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THK  nine  YEABS  which  have  elapsod  smce  this  work  was  commenced 
have  witnesaed  important  changes  in  the  modes  of  viewing  and 
reprewenting  the  oonstitation  of  chemical  compounds.  The  old  B78tem  of 
notatioiii  founded  on  the  dualistic  theory  of  chemical  combination,  and  the 
atomic  weights  adopted  in  Gmelin's  Handbook  and  other  standard  works 
of  older  date,  may  now  be  r^;arded  as  belonging  to  the  past ;  and  even  the 
new  system  introduced  by  Gerhardt  has  undergone  considerable  modifica- 
tion, the  atomie  weights  which  that  chemist  assigned  to  many  of  the  metals 
baying  been  doubled,  and  his  system  of  typical  representation  having  been 
developed  into  the  modem  theory  of  atomicity.  These  changes  and  de- 
velopements  are  explained  in  the  article  Classification  by  Professor  G. 
C.  Foster,  and  the  articles  Atomic  Weights,  and  Metals,  Atomic  Weights 
AKD  Classification  of,  by  Dr.  Odling.  The  smaller  atomic  weights  of 
many  of  the  metals  (Ba=s6d'7 ;  Hg  =  100 ;  Zn  ss  82*5,  &c)  having 
been  adopted  in  the  earlier  part  of  the  Dictionary,  it  was  thought 
advisable,  in  first  introducing  the  larger  ones,  to  distinguish  them  by 
doubled  symbols  (Bba  =  137,  Hhg  =  200,  &o.)\  but  in  the  latter  part 
of  the  work  these  double  symbols,  which  are  rather  dumay,  have  been 
abandoned,  and  the  ordinary  symbols  used,  with  accents  or  dashes,  when 
neoeesazy,  to  indicate  the  equivalent  value. 

In  bringing  the  Dictionary  to  a  conclusion  I  have  to  regret  that  it  is  in 
some  respects  less  complete  than  I  could  wish.  Although  it  has  extended 
coiudderably  beyond  the  limits  originally  contemplated,  the  space  has  still 
been  found  too  narrow  for  the  adequate  treatment  of  many  important 
sobjectB.  I  have  however  endeavoured  to  give  some  notice  of  every  com- 
pound discovered  up  to  the  time  of  the  publication  of  each  Part  of  the 
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work,  and  where  full  deecription  was  impossible,  reference  is  given  to  the 
original  sonrces  of  information.  The  earlier  yolomes  are  necessarily 
somewhat  behind  the  present  state  of  knowledge,  but  should  the  work 
meet  with  the  success  for  which  we  hope,  this  deficiency  may  perhaps  be 
made  good  by  a  Supplement 

In  conclusion  I  have  to  tender  my  best  thanks  to  those  gentlemen  who 
have  enriched  Ihe  work  by  their  yaluable  contributions.  Seyeral  of  these 
articles  have  taken  rank  as  classical  treatises  on  their  respective  subjects, 
and  to  them  the  wodc  will  be  in  a  great  measure  indebted  for  such  success 
as  it  may  attain. 

HENRY  WATTS. 
London  :  Ma^^  1868. 
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^^ASULAMTOMXOM»  A  term  applied  by  H.  Rose  to  oxides  containing  4  atooui 
of  metal  to  1  atom  of  oxygen,  such  as  suboxide  of  silver  Ag^O :  better  called  tetrameUiUic 
oxides  (see  Oxides,  iy.  304). 

QViiSSX  and  QPAPMO*  Prefixes  synonymons  with  Tet&a:  e.ff,  SnCl^  ■- 
Qnadrichloiide  or  Tetrachloride  of  tin. 

QUMMTtL  NaUve  aystalline  anhydrous  silica,  SiO^  occniring  either  in  distinct 
crystals,  often  of  laige  size,  or  in  crystalline  aggre^tes,  or  massive. 

The  oystals  belong  to  the  hexagonal  system,  bemg  six-sided  prisms  with  pyramidal 
aommits,  made  vp  of  the  two  opposite  rhombohedrons,  +B  and  —  R,  witn  the  oor- 
responding  prism  ooB ;  hemihedral  or  t«tartohedral,  exhibiting  the  modifications 
described  under  Cbtstalloobafht  (ii.  139 — 143).  For  B,  the  principal  axis  »  1*100. 
Angle  K :  B  (terminal)  »  94*^  16'.  For  the  hexagonal  pyramid,  the  angle  of  the 
terminal  edces  »  133^  4';  of  the  lateral  edges  —  103^  34.  Cleavage  veiy  imperfect, 
parallel  to  B  and  ooB.  Twins  are  of  frequent  occurrence,  the  face  of  composition  being 
cither  the  basal  plane,  oB,  or  a  plane  truncating  the  pyramidal  edge,  or  the  face  B. 
The  two  crystals  compounded  parallel  to  oB,  sometimes  penetrate  one  another  very 
irregularly,  while  the  external  planes  are  regular  and  even  (Dana,  ii.  146).  Distorted 
ciystals  also  occur,  sometimes  curved,  as  in  figure  356  (ii.  166). 

Hardness  ->  7.  Specific  gravity  «>  2*6 — 2'8;  according  to  Beudant,  ^r  2*6413 — 
2*6541 ;  according  to  Hauy,  =>  2*6701.  Lustre  vitreous,  sometimes  inclining  to  resinous. 
Colourless  when  pure  (rock-crvstal);  but  often  exhibiting  various  shades  of  yellow, 
red,  brown,  green,  blue,  and  black,  from  admixture  of  oxide  of  iron  and  other  metallic 
oxides.  Streak,  of  the  pure  varieties,  whit^' ;  of  the  impure,  often  the  same  as  the 
colour,  but  much  paler.  Transparent  to  opaque.  Fracture  perfect  conchoidal  to 
subconchoidal.  Tough ;  brittle ;  friable.  Infusible  alone  before  the  blowpipe,  but 
with  carbonate  of  sodium  it  fuses  readily,  and  with  efiervescence,  to  a  transparent 
glass. 

Quartz  exhibits  numerous  varieties,  arising  from  peculiar  modes  of  formation  and 
crystallisation,  or  from  impurities.  They  may  be  divided  into  tiiree  groups — ^namely,  the 
vitreous  varieties,  exhibiting  the  bright  glassy  lustre  of  broken  quartz-ciystals ;  the 
chalcedonic  varieties,  exhibiting  the  glistening  subvitreous  or  waxy  lustre  and 
translucency  of  chalcedony ;  and  the  jaspery  varieties,  having  the  dull  lustre  and 
colours  and  the  opacity  of  jasper.  The  varieties  belonging  to  the  second  and  third 
groups  have  been  already  described.  (See  ChaijCedont,  i  844 ;  Jasfbb,  iii.  442 ;  and 
the  names  of  the  several  varieties.) 

The  vitreous  group  includes :  a.  Bock-cri/staf,  or  pure  ci^'stallised  quartz.  An 
asteriated  variety  contains  whitish  impurities  or  opaque  particles,  arranged  along  the 
diametral  planes. — fi.  Amethyst:  clear  purple  or  bluish-white  quartz-ciystal,  the  colour 
being  generally  ascribed  to  a  small  percentage  of  oxide  of  manganese.    Accordiag  to 

Heintz,  however,  it  is  due  to  a  compound  containing  iron  and  sodium y.  Rose-quartz  : 

rose-red  or  pink ;  transparent  or  nearly  so,  with  vitreous  lustre ;  usually  massive, 
and  often  much  cracked.  The  colour  is  probably  due  to  manganese,  but  is  attributed 
by  Fuchs  to  oxide  of  titanium,  and  by  Berthier  to  organic  matter. — 8.  False  topaz :  a 
light-yellow  pellucid  variety  of  quartz-crystals,  resembling  yellow  topaz,  but  dis- 
tineuished  therefrom  by  its  crystalline  form,  and  the  absence  of  cleavage. — c.  Smoky 
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guarie  or  Catrngorm-Btone  has  a  brownish  smoky  tint,  sometimes  pellacicL — C  Milky 
quarts :  one  of  the  most  oommon  yarieties,  massive,  vitreous,  with  a  milk-white  colour. 
Sometimes  it  has  a  greasy  lustre,  and  is  then  called  greasy  quartz. — 17.  Prase  is  a  leek- 
green  variety  of  massive  quartz. — 0.  Aveniurin  quarts  is  minutely  spangled  through- 
out the  mass  with  yellow  scales.  It  is  usually  translucent,  and  of  a  grey,  brown,  or 
reddish-brown  colour. — t.  Sideriie :  a  blue  variety  from  Golling,  near  Saltzburg. — 
K.  FerrugiTuma  quarts  is  of  an  opaque  red,  brownish-red,  or  ochre-yellow  colour,  due  to 
oxide  of  iron.  It  occurs  in  distinct  crystals,  sometimes  minute  and  aggregated  into 
masses,  like  the  grains  of  sand  in  sandstone. 

Quartz  in  some  of  its  varieties  occurs  in  almost  eveiy  rock-stratum.  It  is  an 
essential  ingredient  of  granite,  gneiss,  mica-slate,  and  other  allied  rocks.  The 
chalcedonic  varieties  occur  principally  in  the  vesicular  cavities  of  basaltic  and  allied 
rocks.  Flint  occurs  imbedded  in  chalk.  Homstone  is  sometimes  imbedded  in  lime- 
stone. Jasper  is  also  associated  with  limestone,  and  with  basaltic  rocks  and 
porphyry. 

Quartz-crystals  sometimes  occur  of  enormous  size.  A  group  in  the  Museum  of  the 
University  at  Naples  weighs  nearly  half  a  ton.  The  British  Museum  also  possesses 
some  veiy  larffe  specimens. 

Quartz  is  distinguished :  I.  By  its  hardnesSf  scratching  glass  with  facility. — 2.  /ti- 
fusibUity^  not  flising  alone  before  the  blowpipe. — 3,  Insolubility,  not  being  attacked  by 
W(Vtor  or  acids. — 4.  Undeavability  ;  one  variety  indeed  is  tabular,  but  true  cleavage  is 
never  observed. — 6.  The  reaction  with  soda  (p.  1).  It  is  only  pure  quartz,  however, 
that  Ibims  a  clear  glass. 

QVA&TZ-VORPBTSY.  See  Pobfhtbt  (iv.  691). — ^For  analyses  of  several 
varieties  of  this  rock,  see  Tribolet  (Ann.  Ch.  Pharm.  Izxxvii.  327;  Jahresb.  1863, 
p.  868). 

QVASBZA-CABKPBOS*  A  substance  which  separates  from  an  aqueous  infusion 
of  quassia-wood,  in  white  ciystalline  plates,  lighter  than  water,  and  having  the  odour 
of  the  wood.    (Bennerscheidt,  Handw.  d.  Chem.  vi.  741.) 

QITABSZir.  Quassiin.  Quassite.  C^^^^O*?  (Winckler,  Report,  Pharm.  liv. 
86. — Wiggers,  Ann.  Ch.  Pharm.  xxi.  40.) — The  bitter  principle  of  quassia-wood 
{Quassia  amara,  L.).  To  extract  it,  the  concentrated  aqueous  infusion  of  the  wood, 
after  being  freed  from  pectin  and  other  substances  by  treatment  with  slaked  lime,  is 
evaporated  to  dryness;  tiie  residue  is  digested  in  alcohol  of  80  or  90  per  cent. ;  the 
alcoholic  solution  is  evaporated ;  the  yellow,  bittnr,  crystalline  substance  which 
remains  is  treated  with  a  very  small  quantity  of  absolute  alcohol;  the  resulting 
alcoholic  solution  is  mixed  with  a  laige  quantity  of  ether ;  and  the  filtered  ethereal 
solution,  after  being  concenti^ted  by  evaporation,  is  poured  into  a  small  quantity  of 
water. 

The  liquid,  if  then  left  to  itself,  gradually  deposits  quassin  in  small  white  opaqoe 
prisms — very  bitter,  inodorous,  i^nd  permanent  in  the  air.  It  melts  when  heated,  and 
forms,  on  cooling,  a  transparent,  yellowish,  very  brittle  mass.  At  a  higher  temperature 
it  becomes  more  fluid,  turns  brown,  carbonises,  and  then  yields  acid  products  free 
from  ammonia;  100  pts.  of  water  at  12°  dissolve  0*45  pt.  of  quassin.  Its  solubility  is 
increased  by  the  presence  of  very  soluble  saline  substances  or  organic  acids.  It 
contains,  according  to  Wimers,  66'7  per  cent,  carbon,  and  6*9  hydrogen,  agreeing  very 
closely  with  the  formula  C'*H'K)".  The  aqueous  solution  gives  a  white  precipitate  with 
tannin,  but  is  not  precipitated  by  iodine,  chlorine,  mercuric  chloride,  iron-salta,  or  lead- 
salts.  It  dissolves  without  coloration  in  oil  of  vitriol,  and  in  nitric  acid  of  specific 
gravity  1*25 ;  hot  nitric  acid  converts  it  into  oxalic  acid. 

QVASSZTB,    Syn.  with  Qvisscr. 

An  alloy  consisting  of  9  pts.  tin,  1  antimony,  1  lead,  and 


1  bismuth. 


r,  C^'H«0«».  (Rochleder,  Ann.  Ch.  Pharm.  cxii.  112.)— 
A  substance  extracted  by  alcohol  from  the  leaves  of  the  chestnut  (?  horse-chestnut).* 
It  forms  fine  yellow  crystalline  grains  of  the  size  of  poppy-seeds,  and  is  resolved  by 
hydrochloric  acid  ipto  quercetin  and  glucose : 

C*=H»*«0»  +   3H»0     «     C*H'«0'«  +  3C«H"0«. 

QVBBCSTAMXBB.    An  ammoniacal  solution  of  quercetin  left  to  itself  for  two 
months,  and  then  treated  with  hydrochloric  acid,  deposits  unaltered  quercetin;  but  on 

•  Th«  substance  is  said  by  Roohledw  to  occur  '•  In  den  KastantcnblHttern  ; "  bat  the  name  quenescftrin, 
which  he  gires  to  it,  would  seem  to  imply  that  it  was  obtained  from  the  horse-chestnut  (Aisculus 
fHppwMStanum).    See  Qubrcbtin. 


QDERCETIC  ACID. 


adding  jwrnnnnia  to  theaeid  iiltrtte,  qaercetamide  is  obtained,  as  an  orange-yellow  pre- 
cipitate, whieh  alters  very  quickly  on  exposure  to  the  air.  At. a  temperature  of  146^ 
Id  160^,  this  body  is  formed  in  twelve  hours,  but  in  a  less  pure  state.  It  is  amorphous, 
B%htly  toluUe  in  water,  more  soluble  in  alcohol,  ether,  hydrochloric  acid,  and  excess 
of  ammonia.     (Sehutzenberger  and  Paraf,  Zeitschr.  Ch.  Pharm.  1862,  p.  41.) 


qVMBCarxOAOIB.  C>*H'«0«,  or  C«»H"0",  or  C>»H"0"?  (Hlasiwetz.  Ann. 
Ch.  Fharm.  cxii.  96. — ^Z  wenger  and  Dronke,  ibii.  Suppl.  i.  261 ;  also  cxxiii.  153. — 
Hlasiwetx  and  Pfaundler,  J.  pr.  Chem.  xeiv.  65;  Jahresb.  1864,  p.  561.) — A 
eomponnd  formed,  together  with  phloioglucin  and  other  products,  by  the  action  of 
boiling  potash  on  quercetin : 


C«"H»«0'«  +  HK)     - 


3C"H>«0«    +  HH)     - 


0*»H>"0" 


QuercaCie 
acid. 

QiMrc«tlG 
add. 

Quercettc 
add. 


C^W  (Hlasiwets). 

Phloro- 

gludo. 

30^*0"  (Zwenger  and  Dzonke). 
Phloro- 
gludn* 

C"HH)»  (Hlasiwetz  and  Pfaundler). 

Morto.« 


PnpareHon. — A  hot  rery  concentrated  solution  of  3  pts.  potassium-hydrate  is 
boilea  down  in  a  siirer  basin  with  1  pt.  quereetin,  and  the  residue  is  heated,  till  a 
aample  disaolred  in  water  on  a  watch-glass  no  longer  gives  a  flocculent  precipitate 
(paradatiscetin)  with  hydrccfaloric  acid,  and  the  residue  quickly  turns  dark-red  at  the 
tOKtB ;  it  is  tiien  immediately  diluted  with  water,  and  neutralised  with  hydrochloric 
acid.  After  being  left  to  cool  and  stand  for  a  while,  it  is  filtered  from  the  separated 
lloekB,  which  contain  quercetin  and  paradatiscetin;  the  filtrate  is  eraporated  to 
dryness ;  the  residue  exhausted  with  alcohol ;  the  alcohol  distilled  off  from  the  brown 
tincture;  and  the  residue  diluted  with  water.  On  adding  neutnd  acetate  of  lead  to 
this  solution,  queroetate  of  lead  is  precipitated  (phloroglucin  n^maining  in  solution). 
which  may  be  decomposed  under  water  by  sulphydric  add.  After  the  sulphide  of 
lud  has  been  filtered  off  and  washed  with  boiling  water,  the  solutions  are  evaporated 
in  a  current  of  hydrogen,  and  the  cxystals,  which  separate  after  some  dayf<,  are  collected 
and  decolorised  by  recrystallisation,  with  addition  of  animal  charcoal  (Hlasiwetz). 
Or  the  neutralised  solution,  mixed  with  one-fourth  of  its  volume  of  alcohol,  may  be 
shaken  up  with  ether,  the  ether  evaporated,  and  the  residue  dissolved  in  water,  and 
treated  with  acetate  of  lead  as  above. ^  (Hlasiwetz  end  Pfaundler.) 

iVspsrfies. — Qneroetic  acid  crystallises  in  slender  silky  needles,  which  effloresce  in  a 
warm  atmosphere,  and  give  off  16*49  per  cent,  water  between  120^  and  13P 
(C"H"0*.H<>"  requires  16*47  per  cent).  The  composition  of  the  anhydrous  acid, 
aeeoiding  to  calculation  and  analysis,  is  as  follows : 


Calculation. 

,  « 


Carbon 

Hydrogen 

Oxygen 


Hiastwetz. 
C»'H"0» 

.  59-30 
.  3-48 
.     37*22 


Zwflnger  und   Hlasiwetx  and 
Dronke.  Pfeundler. 

C*'H'«0'*       C»*H»»0' 


100-00 


6915 

3-28 

37-67 

10000 


59-60 

3-31 

37-09 

100-00 


Mean  of 
anafyu*. 

Hlatiwett. 

59*44 

3-73 

36-83 


10000 


The  last  formula  agrees  best  with  the  analyses,  but  it  does  not  afford  so  ready  sn 
explanation  as  the  others  of  the  simultaneous  formation  of  phlor6glucin  from  quercetin 

(P-  «)• 
Quercetic  add  dissolves  sparingly  in  cold,  easily  in  boiling  toater ;  it  is  soluble 

also  in  aieokol  and  ether.    The  aqueous  solution  turns  yellow  when  exposed  to  the  air. 

A  very  dilute  solution,  when  exposed  to  the  air,  acquires  first  a  yellow,  then  a  splendid 

carmine  colour.    The  acid  dispolves  with  red-brown  colour  in  ail  of  vitriol^  and  is  pre- 

dpitated  by  water  in  red  fiocks,  forming  purple  solutions  with  ammonia  and  potash 

(Hlasiwetz). — It  is  coloured  black-blue  hy  ferric  chloride,  or  in  very  dilute  solution, 

a  splendid  bright  blue  (Hlasiwetz).     When  dissolved  in  water  together  with  urea 

it  forms  a  compound,  and  with  excess  of  urea,  a  product  of  decomposition  (Pf  aun  d  1  er). 

By  fusion  with  potash,  it  is  converted  into  protooatechuic  and  quercimeric  acids : 

C»*H«»0»  +  HK)  +   0     «     C'H«0«  +   C^«0». 

Quercetio  Protocntechuic    Quercimeric 

add.  acid.  add. 

•  The  morin  is  laid  to  be  ftirther  trmnsrormed  Into  phlorogluoin,  with  tinultaucoa*  fonnaUon  of 
osallc  add  ;  bat  the  mode  of  deconpotUion  It  not  gWen. 


4  QUERCETIX. 

lUaoeto-qaereetio  aoid.  C»H>«0<«  =  C>'H'«(C>fl'0)>0«?  (Pfaundler, 
Ann.  Ch.  Pharm.  cxiz.  813.) — Obtained  by  heating  qaercetic  acid  witii  chloride  of 
acetyl  to  100^  in  a  nealed  tube,  expelling  the  excess  of  the  chloride  after  the  action  is 
over,  and  drenching  the  residual  glutinous  mass  with  water.  It  then  remains  in 
resinous  flocks,  which  may  be  purified  by  washing  with  water  and  crystallisation  from 
alcohoL  It  is  decomposed  by  heat^  with  formation  of  acetic  acid.  It  reduces  alkaline 
fiolutionB  of  copper-  and  silver-salts  ;  scarcely  colours  a  solution  of  ferric  chloride. 

The  above  reaction  also  gives  rise  to  the  formation  of  a  second  product,  probably 
m(moac€toquercetic  acid,  which  remains  dissolved  in  alcohol,  after  the  diaceto-compound 
has  ciTstallised  out,  and  is  precipitated  by  water  in  white  flocks ;  it  colours  ferric 
chloride  deep  green.    (F f  a  u  n  d  1  e  r.) 

QinatCBTnr.  Afeletin.-^A  product  of  the  decomposition  of  quercitrin  and 
similar  bodies,  discovered  in  1854  by  Eigaud  (Ann.  Ch.  Pharm.  xc.  283),  and 
Airther  examined  byHlasiwetz  (iiid.  cjoL  96),  who  assigned  to  it  the  formula, 
C**H'*0**  ;  by  Zwenger  and  Dronxe  (ibid.  Suppl.  i.  21,  and  cxxiii.  163),  who  adopt 
the  formula  C'H^O",  proposed  by  Wurtz  (Ann.  Ch.  Phys.  [3]  xlii.  244);  and  lastly 
byHlasiwetz  and  Pfaundler  (J.  pr.  Chom.  xciv.  65;  Jahresb.  1864,  p.  560),  who 
regard  it  as  C"H'"0". 

Quercetin  is  produced,  together  with  sugar  or  a  similar  body,  by  boiling  quercitrin 
(Rigaud),  rutin  (Rochleder  and Hlasiwetz),orrobinin  (Zwenger  andDronke), 
with  aqueous  mineral  acids,  and  separates  during  the  boiling  and  on  cooling,  partly  only 
after  the  liquid  has  been  left  at  rest  for  some  time.    It  is  likewise  obtained  in  the 

S reparation  of  quercitrin  by  the  method  presentlj^  to  be  described  (p.  6),  and  by  the 
eoomposition  of  several  substances  identical  or  isomeric  with  auercitrin,  viz. — a.  A 
yellow  colouring-matter  from  ripe  horse-chestnuts,  likewise  found  in  the  full  but  not 
m  the  undeveloped  leaves,  and  in  the  flowers  (Rochleder).  — /3.  A  yellow  dye  from 
hops. — y.  A  yellow  dye  from  the  berries  of  the  sea-buckthorn  or  sidlowtbom  {Hip- 
pophae  rhamn(nd€8).—-9.  Flavin,  a  yellow-brown  powder  from  North  America  (iL  655). 
— «.  The  green  leaves  and  the  flowers  of  plants  contain  either  quercitrin  or  quercetin. 
(Filhol,  J.  Pharm.  [3]  xli.  161.) 

Rhamnetin  and  thujetin  are  regarded  by  Hlasiwetz  as  identical  with  quercetin,  which 
however  is  doubted  by  BoUev  in  the  case  of  rhamnetin. 

Quercetin  forms  either  smfJj,  very  slender,  bright-yellow  needles,  which  do  not  polarise 
light,  or  a  lemon-yellow  powder.  It  contains  water  of  crystallisation,  which,  accordiog 
to  Hlasiwetz,  is  not  completely  expelled  at  120^,  or  even  between  200<>  and  220°. 
Hlasiwetz  originally  assigned  to  hydrated  quercetin  dried  at  various  temperatures  the 
formula  4C«H'«0»».H«0,  2C»'H"0".H»0,and  C»H"0»».H«0.  According  to  the  more 
recent  experiments  of  Hlasiwetz  and  Pfaundler,  anhydrous  quercetin  is  C^'H'HD'^  and 
there  are  two  hydrates  containing  2C"H»«0'«.H«0  and  C*'H»"0".H'-0.  [For  analyses, 
see  Ghnelin's  Handbook,  xvi.  492,  and  the  memoir  of  Hlasiwetz  and  Pfaundler  above 
cited.] 

Quercetin  melts  above  261^  to  a  yellow  liquid,  without  decomposition  when  quickly 
heated,  and  solidifies  in  the  crystallme  form  on  cooling.  At  a  higher  temperature,  or 
when  slowly  heated  even  to  230^ — 250^,  it  sublimes  with  partial  decomposition  in 
yellow  nee^es.    It  is  inodorous,  permanent  in  the  air,  and  neutral. 

Quercetin  is  nearly  insoluble  in  cold,  and  but  slightly  soluble  in  boiling  waUr, 
forming  a  yellow  solution ;  easily  in  ahohol  even  when  very  dilute,  much  less  freely  in 
ether.  It  dissolves  without  decomposition  in  warm  aceik  acid,  and  in  warm  concen- 
trated hydrochloric  acid.  From  solution  in  alcoholic  hydrochloric  acid  it  separates  on 
concentration  in  deep  orange-yellow  crystals. — Cold  nitric  acid  dissolves  it  readily,  and 
on  heating  the  solution,  oxalic  acid  is  formed,  together  with  a  small  quantity  of  picric  acid. 

Quercetin  dissolves  easily  in  alkaline  liquids,  forming  golden-yellow  solutions,  from 
which  it  is  precipitated  in  fiocks  by  acids.  It  forms  with  potash  the  compound 
C«^H>*0«.K*0,  or  C=^H'«K«0".H*0,  a  corresponding  compound  with  soda,  and  with 
zinc-oxide  the  compound  CH"0".Zn"H-0*.    (Hlasiwetz  and  Pfaundler.) 

The  alcoholic  solution  of  quercetin  forms  a  brick-red  precipitate  with  neutral  acetate 
of  lead. — Ferrous  chloride  colours  the  alcoholic  solution  dark-red,  but  scarcely  afifects 
the  aqueous  solution. — Ferric  chloride  colours  the  aqueous  solution  dark-green,  even 
when  very  dilute,  the  colour  changing  to  dark-red  when  heated.  An  alcoholic  solution 
of  quercetin  mixed  with  alcoholic  ferric  chloride  and  evaporated,  leaves  a  dark-green 
amorphous  mass,  nearly  insoluble  in  water,  but  dissolving  completely  in  alcohol  and 
ether,  the  solutions  having  the  colour  of  chlorophyll.     (Pfaundler.) 

Quercetin  easily  reduces  nitrate  of  silver  at  ordinary  temperatures,  chloride  of  gold 
at  the  boiling  heat,  and  cupric  oxide  in  alkaline  solution.  When  heated,  or  left  for 
some  time  in  contact  with  aqueous  ammoniaf  itforms  quercetamide.  (Schiitzenber- 
ger  and  Paraf,  p.  2.) 


QUERCIMERIC  ACID.  5 

Qoere^m  heated  with  potash  yields  quercetic  acid  and  other  products,  raiying 
aooording  to  the  duration  of  the  action.  When  it  is  heated  with  3  pts.  potassium- 
bjdnte  till  a  sample  dissolyed  in  water  exhibits  a  purple-red  colouring  on  the  edges, 
the  prodnct  consists  chiefly  of  quercetic  acid,  phloroglucin,  and  paradatisee- 
tin,*  C"H**0* (formerly  called  by  Hlasiwetz  alpka-qiiercetin,  and  regard^  as  C^R-^O*'), 
which  sc'parates  in  yellow  flocks  on  the  addition  of  hydrocliloric  acid.  If  the  action 
be  farther  prolonged,  protocatechuic  and  quercimeric  acids  are  produced  by 
the  decomposition  of  the  quercetic  acid,  also  a  body  which  has  not  been  obtained  in 
the  free  state,  but  remains  in  the  mother-liquor  from  which  the  phloroglucin  has  been 
deposited,  and  is  characterised  by  yielding  a  fine  yiolet  colour  with  carbonate  of  sodium 
and  ittdigo-blne  with  strong  sulphuric  acid. 

Hlasiwetz  and  P&undler  regard  quercetin  as  a  compound  of  quercetic  acid  and  morin : 

Quercetin.  Morin.  Quercetic  acid. 

a  riew  of  its  composition  which  explains  the  formation  of  quercetic,  quercimeric,  and 
protocatechuic  acids,  but  not  thut  of  paradatiscetin.  The  quercimeric  and  prutocate> 
ehuic  acids  are  formed  as  shown  by  the  equation  already  given  (p.  4).  The  phloroglu- 
cin appears  to  be  formed  from  paradatiscetin,  thus: 

2C"H'»0"  +   6H»0  +  O*     -     SCm'OK 

The  quantity  of  phloroglucin  produced  is  greater  as  the  action  is  more  prolonged.  [The 
mode  of  formation  of  quercetic  acid  and  phloroglucin  according  to  the  older  formulse  of 
quenretin  has  been  already  given,  p.  3.^ 

When  a  solution  of  quercetin  in  dilute  soda-ley  is  treated  with  sodtum-amalgam 
(containing  3  or  4  per  cent  sodium)  till  the  liquid  has  acquired  a  light  browuish- 
yellow  colour,  then  neutralised  wiih  hydrochloric  acid,  and  shaken  up  with  ether,  the 
ether  extracts  phloroglucin,  together  with  two  other  bodies  which  may  be  separated  by 
precipitation  with  acetate  of  lead.  On  decomposing  the  precipitate  with  sulphydric 
acid,  and  eraporating  the  filtrate  in  a  vacuum,  a  crystalline  powder  is  first  deposited, 
consisting  of  a  body,  A,  having  thccx>mpo8ition  C"H"0^  while  another  body  B,  consist- 
ing of  C^HK)',  separates  in  granular  crystals  &om  the  mother-liquid  after  longer 
standing  and  repeated  evaporation. 

The  less  soluble  body  A  is  a  weak  acid,  which  ciystallisea  from  hot  water  in  slender 
prisms,  and  dissolves  easily  in  alcohol  and  ether ;  its  alcoholic  solution  is  coloured  dark- 
violet  by  ferric  chloride,  and  violet  changing  to  brown-yellow  by  potash.  By 
i«^newed  treatment  with  sodium-amalgam  it  is  converted  into  phloroglucin ;  by  fusion 
with  potash,  into  phloroglucin  and  protocatechuic  acid : 

C"H«0*  +   0«     -     C«H«0*  +  CH'O*. 

The  other  body  B  is  also  a  weak  acid :  it  melts  at  130^;  its  aqueous  solution  is  coloured 
dark  yellow-red  by  a  drop  of  caustic  potash,  sreen  by  ferric  chloride,  and  then  purple- 
violet  on  addition  of  sodic  carbonate.  It  reduces  silver-solution  and  alkaline  cupric 
solutiona,  and  is  converted  by  fusion  with  potash  into  protocatechuic  acid : 

C'H«0»  +   n=0     «     C'H'O*  +  2fl«. 

An  alcoholic  solution  of  quercetin  acidulated  with  hydrochloric  add  is  converted  by 
sodium-amalgam  into  a  red  body  (Stein's  paracarthamtn,  iv.  341),  which  is  easily 
reconverted  into  quercetin.    (Hlasiwetz  and  Pfaundler.) 

Q,irBB€JZlKSaLZC  JLCXS.  C"H'*0'. — Produced  by  the  action  of  melting  potash 
on  quercetic  acid,  or  by  its  prolonged  action  on  quercetin.  When  quercetin  is 
fused  with  hydrate  of  potassium  till  the  mass  no  longer  froths  up  in  large  bubbles,  and 
a  sample  of  it  dissolves,  no  longer  with  golden-yellow,  but  with  tawny-yellow  colour, 
changing  to  red  more  quickly  on  exposure  to  the  air,  quercimeric  acid  is  sometimes 
found  in  the  solution,  instead  of,  or  together  with,  quercetic  acid,  and  separates  from 
the  mother-liquor  in  granular  cr^'stals,  which  may  be  purified  by  repeated  fractional 
ciystalhsation  and  decolorisation  with  animal  charcoal,  or  by  decomposition  of  the  lead- 
precipitate  vnth  sulphydric  acid. 

Quercimeric  acid  in  the  crystalline  state  contains  C'H'O'.H'O.    It  is  colourless,  has 

*  To  obtain  thff  tulMtance  poro,  it  is  dissolve  In  alcohol }  the  solution  Is  mixed  with  acetate  of  lead, 
which  throws  down  quercetin  v  the  liquid  freed  from  lead  by  sulphuric  acid,  and  concentrated  to  two. 
thirds,  b  mixed  wlih  water ;  and  the  floclcs  thereby  separated  are  crTstaliised  from  verjr  weaic  spirit. 
Parodatifcethi  is  thus  obtainini  in  yellowish  needles.  It  is  probably  isomeric  with  datiscetin  (ii.  306) 
and  iuteolln  (ilL  736) ;  diasoWes  easily  and  with  acid  reaction  in  dilute  alcohol,  le>s  easily  in  alcohol, 
and  it  nearlr  insoluble  in  water.  The  alcoholic jsnluiion  is  coloured  violet  by  ferric  chloride,  yellow  by 
potash,  turning  frreen  on  exposure  to  the  air,  red  or  red-brnwn  hy  aqueous  bromine  or  chlorine.  It 
reducps  nitrate  of  silver  and  alkaline  cupric  solutions  when  heated  with  them.  W  hen  boiled  with 
alkaline  earths,  it  yields  hjdrated  salts  crystallising  in  long  need  es.  Bt  fusion  with  hydrate  of  potas* 
kium  it  jldds  phloroglucin,  but  no  quercetic  or  protocatechuic  acid.  (Hlasiwets  and  P  fauodler.) 


6  QUERCITANNIC  ACID— QUERCITRIN. 

an  acid  reaction  and  astringent  taste,  diasolves  readily  in  water,  alcohol,  and  ether,  and 
separates  therefrom,  in  granular  or  small  prismatic  crystals.  The  aqueous  solution 
immediately  becomes  purple-red  on  addition  of  a  trace  of  alkali,  dark-blue  with  ferric 
chloride.  Like  quercetic  acid,  it  reduces  nitrate  of  silver  and  alkaline  cuprie  solutions, 
and  is  precipitated  by  acetate  of  lead.  When  fused  with  potash,  it  yields  proto- 
catechuic  add : 

CTB[«o»  +  0   -   cmny*  +  co«. 

^ITB&CXTAairzC  ACI9*  An  acid  of  unknown  composition,  extracted  from 
oak-bark,  and  exhibiting  with  ferric  salts  the  same  reactions  as  gallotannic  add.  It 
dififers  however  from  the  latter  in  not  being  convertible  into  sallic  add,  and  not  yield- 
ing pyro^llic  add  by  dry  distillation,  it  is  predpitated  by  sulphuric  add  in  red 
flocks.    (Stenhouse,  Ann.  Ch.  Pharm.  zlv.  16.) 

According  to  Bochleder  (ibid.  Ixiii.  202),  the  tannic  add  of  black  tea  is  the  same 
as  that  of  oak-bark. 


^  C*H"0*.   Querein,  Suaar  of  Jcoms.  (Braeonnot,Ann.Ch.  Phys, 

[3]  xxviu  892. — ^Dessaignes,  Ann.  Ch.  Pharm.  IxxxL  103  and  251.) — ^A  saccharine 
KUDStance  coutained  in  acorns.  To  prepare  it,  the  aqueous  extract  of  bruised  acorns 
is  freed  from  dissolved  tannic  acid  by  heating  it  with  lime ;  the  filtrate  is  left  to  fer- 
ment with  veast,  to  remove  fermentable  sugar ;  the  filtered  liquid  is  evaporated  to  a 
syrup ;  and  the  crystals  which  separate  after  a  while,  are  waished  with  alcohol,  and 
recrystallised  from  water  or  weak  spirit. 

Querdte  forms  hard  monoclinic  crystals,  grating  between  the  teeth.  It  is  permanent 
in  the  air,  and  does  not  alter  even  at  216^,  but  mnlts  at  235^,  with  partial  sublimation 
and  slight  carbonisation.  It  dissolves  in  8  to  10  parts  of  water,  forming  a  solution 
which  takes  up  a  small  quaotity  of  lime ;  also  in  hot  dilute  alcohol. 

Quercite  triturated  with  strong  sulphuric  acid,  forms  a  conjugated  add,  the  caldum- 
salt  of  which  does  not  crystallise.  By  hot  nitric  acid  it  is  converted  into  oxalic,  not 
into  mudc  acid.  A  mixture  of  nitric  and  sulphuric  acids  converts  it  into  nitroquer- 
cite,  which  is  a  white  amorphous  resin,  insoluble  in  water,  soluble  in  hot  alcohol, 
reduced  to  queidte  when  its  alcoholic  solution  is  treated  with  sulphydric  add. 

With  baryta^  querdte  forms  a  compound  containing  C*-H^0**.Ba*0.2H'0.  It  forms 
a  white  precipitate  with  a  warm  solution  of  basic  lead-acetate  mixed  with  ammonia. 

Bemoquercite,  C»R^^  -  C«H»«0».rC'H*0)«.— A  solid  neutral  compound  pro- 
duced by  heating  querdte  with  benzoic  ada  to  200^  in  sealed  tubes.  It  is  insoluble  in 
water,  soluble  m  ether  and  in  alcohoL  When  dissolved  in  absolute  alcohol  and 
treated  with  hydrochloric  add  gas,  it  is  resolved  into  querdte  and  ethylic  benzoate. 
(Berthelot,  Compt  rend.  xliv.  462.) 

Stearoquercite,  C*«H«»0»  -  C*HW0».(0'»H«»0)«,  is  a  white  solid  mass,  which 
reacts  like  the  preceding,  and  is  obtained  in  a  similar  manner.    (Berthelot.) 

Quercitartario  acid,  C«H«0"  -  C«H>«0*  +  4C«H«0«  -  2HK),  is  obtained 
like  dulcitartaric  add  (ii.  348)  from  querdte  and  tartaric  acid.  Its  calciutnrsalt, 
C«H«^aW^2H*0,  gives oflr  161  percent  water  at  110°.  (Berthelot^  Ann.  Ch. 
Phys.  [3]  Uv.  82.) 

QVS&OZT&XV.  Quercitrio  Acid.  Qte«rctme^m.— A  neutral  substance  occurring 
in  querdtron-bark,  the  bark  of  Quereus  tinetoria. 

Preparation, — 1.  The  bark  is  boiled  with  water,  the  decoction  is  left  to  cool,  and  the 
impure  querdtrin  which  separates  is  collected,  then  rubbed  to  a  pulp  with  alcohol  of 
36^  B.,  heated  over  the  water-bath,  collected  on  linen,  and  pressed,  whereby  theprindpal 
impurities  are  removed.  The  residue  is  dissolved  in  a  lareer  quantity  of  boiling  alco- 
hol, the  solution  is  filtered  hot,  and  water  is  added  to  it  tul  it  becomes  turbid,  -so  that 
the  greater  part  of  the  querdtrin  separates  before  the  liquid  is  quite  cold.  It  is  then 
collected,  pressed,  and  purified  by  a  repetition  of  the  same  treatment  (Bochleder, 
J.  pr.  Chem.  Ixxvii.  34).* — 2.  The  pulverised  bark  is  exhausted  with  six  parts  alcohol 
of  specific  gravity  0*84  in  a  percolator,  till  the  liquid  is  of  a  bright  wine-yellow  colour. 
The  tincture  is  freed  from  tannic  add  by  predpitation  with  washed  ox-bladder  or 
idnglass-solution,  and  filtered ;  and  after  adding  water,  the  alcohol  is  distilled  off,  when  a 
quantity  of  brown  resinous  drops  first  separates,  and  afterwards  quercitrin  crystallises  out. 
The  cnrstaU  must  be  collected  before  remaining  too  long  in  the  mother-liquor,  then 
washed  with  cold  water,  and  dissolved  in  absolute  alcohol;  and  the  filtrate,  after  addi- 
tion of  water,  evaporated  till  it  aystallises  (Bolley,  Ann.  Ch.  Pharm.  xxxvii.  101 ; 
Ixii.  136. — ^Bigauo,  ibid.  xc.  283). — 3.  The  bark,  in  small  pieces,  is  exhausted  with 
boiling  alcohol ;  the  alcohol  is  distilled  off;  and  the  residue,  while  still  wann,  is  mixed 

*  The  querdtrin  remaining  in  the  bark  i«  obtained  ai  quercetin  by  drcompoiing  a  second  decoction 
with  hydrochloric  acid  in  the  coM,then  filtering,  and  heaiintt  to  the  boiling-point,  the  quercetin  then 
■eparating.  It  it  to  be  filtered  whHst  hot,  as  allerwards  only  a  little  impure  quercetin  is  deposited 
from  the  solution.    (Rochleder.) 
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with  A  little  acetic  acid,  and  then  with  neutral  acetate  of  lead ;  the  filtrate,  freed  from 
lead  by  solphydric  add,  is  evaporated ;  and  the  qnercitrin  which  crystallises  is  ppiified 
by  repeated  crystallisation  from  alcohol  (Z  wen ger  and  Bronke,  Ann.  Ch.  Pharm. 
Soppt  i.  266). — Stein  (J.  pr.  Gbem.  Ixzxv.  3^1)  apprehends^  in  this  process,  a 
decomposition  of  the  qnercitrin  by  the  free  acetic  add. 

Pre^tifs, — Hydrated  querdtrin  forms  microscopic,  partly  rectangular,  partly 
ihombic  tablets  having  their  obtuse  lateral  edges  truncated ;  pale-yellow  when  pulverised. 
It  is  neabral,  inodorous,  tasteless  in  the  soUd  state,  bitter  in  solution,  permanent  in 
the  air. 

Air-dried  querdtrin  heated  to  100^  gives  oS)  on  the  average,  5*74  per  cent,  water, 
and  when  heated  to  165^  for  some  time,  a  fruther  quantity,  amounting  altogether  to 
11-81  per  cent,  of  the  air>dried  substance.  After  dehydration,  the  querdtrin  melts  at 
IdQQ  to  a  dark-yellow  resin,  which  solidifies  to  an  amorphous  mass  on  cooling. 
(Zwenger  and  Dronk&) 

HIasiwets  and  Pfaundler  (Jahreeb.  1864,  p.  664)  give  for  anhydrous  querdtrin 
the  formula  C"H»0",  and  state  that  it  forms  three  hydrates— C«»H»0".H«0, 
C»H*H)".2H*0,  and  C»H»»0".3H*0.  Several  other  formulse  have  been  proposed  for 
quereitrin.  Hlasiwetz  at  different  times  assigned  to  it  the  formulae  C-'H*>0"  and 
C»*H*0»  while  Zwenger  and  Bronke  regard  it  as  C'^H'^O'*.  It  is  by  no  means 
certain  that  the  so-called  querdtrins  examined  by  these  several  chemists  are  identical 
with  one  another  (p.  4).  [For  analyses  and  (mlculations,  see  Gmelin's  Handbook, 
xvi.  4»7.J 

Querdtrin  is  slightly  soluble  in  cold,  somewhat  more  soluble  in  boiling  tttitcr ; 
much  more  soluble  in  alcohol,  slightly  in  ether.  It  dissolves  also  in  warm  acetic  acid, 
in  dilute  aqneoofl  ammonia,  and  in  caustic  8oda ;  the  ammoniacal  solution  gradually 
deepens  in  colour  on  ezposnrn  to  the  air. 

Querdtrin  is  almost  wholly  precipitated  from  its  solution  by  neutral  or  basic  acetate 
of  lead,  the  predpitate  being  readily  soluble  in  acetic  acid.  Aqueous  or  alcoholic 
querdtrin  is  coloured  daxk-greenhy  firric chloride,  even  when  diluted  to  4,000  or  6,000 
times  its  bulk  (Bigaud).  It  is  not  coloured  at  first  by  ferrous  chloride,  but  the  solu- 
tion turns  greenish  on  exposure  to  the  air.     (Zwenger  and  Dronke.) 

Jkeompoeitione. — 1.  Querdtrin  yields,  by  dry  distillation,  em]pyreumatic  products, 
together  with  yeUow  crystals  of  qucrcetin,  and  leaves  a  light  difficultly  combustible 
charraeL — 2.  Solutions  of  querdtrin  acquire  a  brown-red  colour  by  exposure  to  the 
air  (BoUey).  Concentrated  nitric  acid  produces  a  violent  evolution  of  nitric  oxide 
and  carbonic  anhvdride,  and  forms  a  dear  red-brown  solution  containing  oxalic  acid 
(Riga  ud).  Besides  a  large  quantity  of  oxalic  acid,  there  is  produced  a  trace  of  picric  acid 
(Zwenger  and  Dronke);  none  according  to  St  en  house  (Ann.  Ch.  Pharm.  zcviii.  179). 
Dilute  nitric  acid,  when  warmed  with  querdtrin,  produces  at  first  the  same  splitting- 
np  as  other  adds,  afterwards  more  complete  decomposition  (Bigaud). — 4.  Querdtrin, 
heated  with  oxide  of  manganese  and  sulphuric  acid  (B  o  1 1  ey),  with  chromate  of  potassium 
and  sulphuric  add  (Bigaud),  yields  formic  add. — 6.  The  dark-brown  predpitate  pro- 
duced by  nitrate  of  silver  in  solutions  of  querdtrin  is  quickly  reduced  to  the  metallic 
state  (Boll  ey).  Querdtrin  reduces  nitrate  of  silver  a.nd  trichloride  of  gold  quickly 
in  the  cold,  cunrate  of  potassium  only  aft^  continued  boiling  or  long  standing 
(Zwenger  and  Dronke). — 6.  Oil  of  vitriol  forms  with  it  a  solution  which  soon 
becomes  daric  and  black  (Bigaud). — 7.  Querdtrin  is  decomposed)  by  boiling  with 
dilute  mineral  acids,  into  quercetin,  which  separates,  and  a  saccharine  substance, 
abo  aooordittg  to  Bigaud  by  boiling  with  alum,  but  not  by  prolonged  heating  with 
acetic  add.  The  decomposition  is  not  effected  by  emulsin  (Zwenger  and  Dronke). 
According  to  Hlasiwctz  and  Pfaundler,  the  sugar  produced  is  isodulcite,  C*H"0*, 

C"H*0"  +  H*0     «     C«^"0»  -H  C^»«0«. 
Querdtrin.  Quercetin.         Itodulcite. 

100  pts.  of  anhydrous  quercetin  were  found  to  yield  26*5  pts.  isodulcite ;  calculation 
requires  26*4  pta.  Hlasiwetz  formerly  found  27*87  per  ce&t.  sugar,  which  he  regarded 
as  isomene  with  glucose,  reptesenting  its  foirmation  by  the  equation, 

C»H»0"    -     0»H'«Q"  +   C*H**0«  +  H^O, 

Qnercitrin.  Quercetin.  Sugar. 

which  reqtiifea  27*4  per  cent.  Bigaud,  oH  the  other  hand)  found  that  100  pts.  of 
querdtrin  yielded  on  the  average  44*36  pts.  sugar  and  61*44  ouercetin,  and  Stein 
obtained  62*9  pts.  quercetin.  These  numbers  agree  approximately  with  the  equation 
given  by  Zwenger  and  Dronke : 

C»»H»K)»*  +  2H»0     -     C'»H"0«  +  C»H'K)«, 
Querdtrin.  Qnercetin.  Sugar. 
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which  requires  60*50  per  cent  qnercetin  and  41*67  sugar.  The  great  diTergeoces  in 
these  results  seem  to  indicate  that  substances  differing  from  one  another  in  constitu- 
tion haye  been  confounded  together  under  the  name  of  querdtiin. 

QVSXCXTROVa  A  yellow  dye-stuff  consisting  of  the  shayings  and  powder  of 
the  bark  and  alburnum  of  Quercus  tinctorial  Q.  niffra,  or  Q.  citrina,  a  kind  of  oak 
indigenous  in  North  America,  especially  in  Carolina,  Georgia,  and  Pennsylyania.  It 
is  used  in  America  for  tanning,  in  Europe  for  dyeing  only.  For  the  latter  purpose, 
the  aqueous  decoction  (which  contains  quercitnn)  mordanted  with  alum  or  stannic 
chloride  is  employed.  According  to  Leesching  (Rep.  of  Patent  Inventions,  Jan. 
1856,  p.  66),  a  product  of  greater  colouring  power  may  be  obtained  by  boiling  the  bark 
with  dilute  sulphuric  acid  or  hydrochloric  acid.  This  result  is  probably  due  to  the 
conversion  of  the  ^uercitrin  into  quercetin,  which,  according  to  Bigaud,  produces 
much  purer  and  brighter  colours  on  tissues  than  quercitnn. 

QUBRCirs.  Oak. — ^The  w  o  o  d  of  Querctts  sessiliflora  *  has  a  specific  gravity  of  0*65, 
and  in  the  air-dried  state  contains  48*8  per  cent,  carbon,  6*1  hydrogen,  and  45*1  oxygen 
(Schadler  and  Petersen,  Ann.  Chem.  Pharm.  xvii.  139).  Vogel  (N.  Jahresb. 
Pharm.  vii.  867)  found  49*5  C  to  5*3  H,  43*7  0,  and  1*5  ash ;  m  the  mould  of  oak-wood 
52*5  C  to  5*0  H,  -O^  O,  and  1*9  ash.  Sprengel  (J.  Techn.  Chem.  xui.  383)  found  in 
the  air  dried  wood  only  0*20  per  cent.  asn. 

The  leaves  of  the  oak  contain,  accordingto  Sprengel,  48  pts.  water  and  52pt8.dr7 
substance,  25  pts.  of  which  are  soluble  in  water,  and  67  pts.  in  dilute  potash-ley.  Ac- 
cording to  Boussingault  (Ann.  Ch.  Pbys.  [2]  Ixvii.  408),  100  pts.  of  the  dried  leaves 
contain  2*1  per  cent,  nitrogen,  and  according  to  Sprengel,  100  pts.  of  the  air-dried 
leaves  yield  6*06  per  cent.  ash. 

Oak -bark  contains,  besides  quercitannic  add  (p.  6),  a  small  quantity  of  gallic 
add,  red  tannin-deposit  (oak-red),  wax,  pectin,  and  other  vegetable  constituents ;  it  also 
yields  2  per  cent,  ash,  consisting  of  lime,  magnesia,  oxides  of  iron  and  manganese, 
phosphoric,  silidc,  and  carbonic  add.  The  proportion  of  soluble  constituents  in  general 
and  of  tannin  in  particular,  is  less  in  old  than  in  young  bark,  less  also  in  the  outer  than 
in  the  inner  bark.  Davy  (Gehl.  N.  Chem.  J.  iv.  343)  found  in  100  pts.  of  oak-bark, 

Inner  white  bark  of  old  oaks 
Inner  white  bark  of  young  oaks  . 
Entire  bark  in  spring 
Entire  bark  in  autumn 
Bark  of  oak  underwood 
Middle  coloured  bark 

Feb  ling  (Wurtemb.GewerbebL  1856,  p.  77)  found  in  old  oak-bark  about  9  per  cent., 
in  bark  of  better  quality  from  13  to  16  per  cent.,  and  in  the  best  inner  bark  19  to  21 
per  cent  tannin.  M  u  1 1  e  r  (Arch.  Pharm.  xxxviii.  266)  obtained  from  the  bark  of  stems 
two  or  three  years  old,  about  11  per  cent,  and  from  that  of  older  stems  5  per  cent. 
tannin. 

The  barks  of  Quercus  u^siliflora,  Q.  pedunculata,  and  Q.  Bex  are  extensively  used 
in  tannin.  Oak-bark  has  also  been  used  for  the  preparation  of  inks,  and  in  medicine 
for  its  styptic  and  astringent  qualities. 

Acorns,  Glandtu  querctu,  the  frnit  of  the  oak,  have  been  examined  by  several 
chemists.  The  shell  or  cup  constitutes  about  one-fourth  of  the  entire  fruit.  Shelled 
acorns  contain,  according  to  Br  and  e,  20*3  per  cent  starch,  2*9  tannin,  51*7  extractive 
matter  and  water,  7*1  wood-fibre,  and  18^0  per  cent  gluten.  The  results  of  analyses 
by  other  chemists  are  as  follows : 

Compoaition  of  shelled  acortu, 

Ldi 

Starch 

Uuczystallisable  sugar 

Gum  and  extractive  matter 

Kitrogenous  substances 

Tannic  add 

Fixed  oil 

Woody  fibre 

Water 

Vegetable  mudlage,  gum,  woody  fibre,  &c.     -~  —         44*0 

*  ThU  It  the  common  oak  In  Geimany  nnd  the  South  of  Eurofie,  and  it  known  at  Querent  R  our. 
In  England  the  Utler  term  is  applied  to  Q,  pedumcuiatay  which  it  the  ninct  common  at  the  present  day  ; 
but  tn  former  times,  the  lesdle-fruited  oak,  which  is  a  larger  and  finer  tree  and  produces  more  durable 
timber  than  the  pedunculated  species,  was  the  most  abundant  (see  Pcnnjf  Cyclojueiitay  article  Qlercus). 


Extractive 

Tannii 

matter. 

22*5 

150 

23*5 

160 

12*7 

6*0 

— 

4*4 

— 

6-6 

90 

4*0 

wig. 

Braconnot. 

T.  Blbm. 

18*0 

370 

84*0 

— 

70 

8*1 

6*4 

50 

— 

— 

160 

7*3 

9*0 

— 

7-0 

4*3 

8*8 

3*8 

1*9 

31*9 
31*8 

-^ 
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Bnconnot  also  foimd  citric  acid  and  quercite  in  acorns.  According  to  v.  Bibra, 
they  also  contain  a  small  quantity  of  volatile  oiL 

An  infusion  of  roasted  acorns  (acorn  coffee)  is  sometimes  recommended  as  a  tonic  and 
astringent.  The  roasting  converts  part  of  the  starch  into  dextrin,  and  forms  bitter 
matter  and  empyreumatic  oil. 

The  ash  of  acorns  has  been  analysed: — a.  By  Graham,  Stenhouse,  and  Campbell 

(Chem.Soc.Q.J.ix.83);  b,  by  £:ieinschmidt(Ann.  Ch.  Fharm.l.  117),  with  the  fol- 

lowii^  results : — 

K«0.    Ka«0.    CaO.     MgO.    F^G^.  P»0».      SiO«.    SCX*.       CI.      C0«. 
a.        54-9  O-fi  6'1  43         0*5        IIM  1-0  48  2*5        13-7     s    dO'S 

k,       64-6         <h5         6-9         5-6         1'4        17  0         1*0  9-7         0  6         _      s  100*3 

The  cnps  of  the  acorns  of  Quercu3  JEgilopa  are  imported  from  Smyrna,  Cyprus,  and 
other  places  in  the  Levant  as  Valonia  ;  they  are  very  rich  in  tannin,  and  are  therefore 
used  in  place  of  gall-nuts;  they  Ukewise  contain  gallic  acid.  The  tannin  contained  in 
them  difiers,  however,  firom  gallo-tannic  acid,  in  not  yielding  pyrogallic  acid  by  dry 
distillation.    (Stenhouse.) 

The  cnps  of  various  kinds  of  oak,  when  distorted  by  the  punctures  of  the  gall-wasp, 
form  the  so-called  oak-apples.  These  are  also  used  in  tanning,  but  they  contain 
only  a  small  proportion  of  tannic  acid.  The  true  gall-nuts  or  nut-galls  are  ex- 
oesences  produced  on  the  leaves  and  leafstalks  of  the  dyer^s  oak  {Quercu^  in/ectoria), 
by  the  punctures  of  the  same  insect  (ii.  762). 

BlU    Syn.  with  Mbbcttbt. 

The  bark  of  QuUlaya  saponaria,  a  tree  growing  in  Mexico,  yields  a 
soapy  infusion,  which  is  used  for  washing.  It  contains  a  considerable  quantity  of 
saponin ;  also  deposits  oT  crystalline  oxalate  and  tartrate  of  calcium,  formerly  mist«Jcen 
for  sulphate.    (Fluckiger,  Jahresb.  1862,  p.  524;  1863,  p.  610.) 

QUIJAJLTXV.  A  name -applied  to  saponin  from  quillaya-bark,  before  its  identity 
with  saponin  from  other  sources  was  recognised. 

QVZWAVXXilBB,  or  Phenyl-quinamide,  C'H^'NO*  =-  N.C'H>'0».C«H».H. 
(0.  Hesse,  Ann.  Ch.  Pharm.  ex.  335. '^ — This  compound  is  produced  by  heating quinic 
acid  with  excess  of  aniline  to  180°,  freemg  the  product  from  unaltered  aniline  by 
means  of  ether,  and  dissolving  the  residue  in  ether-alcohol.  The  solution  on  cooling 
deposits  quinanilide  in  small  white  silky  needles,  containing  1  at.  water,  which  they 
give  off  at  90°.  It  melts  at  174°  (corrected),  and  decomposes  without  subliming 
when  heated  above  240^.  It  dissolves  easily  in  water  and  in  alcohol,  sparingly  in 
ether. 


CydoniavulganB, — ^The  juice ofquinces  contains  malic  acid.  Lancaster 
(Am.  J.  Pharm.  xxxi  198)  obtained  1*6  grm.  crystallised  malate  of  lead  from  the 
add  contained  in  4^3  gnns.  of  the  fruit.  The  seeds  contain  a  large  quantity  of  mucilage 
(iL  968). 

QVnrciTS.  A  hvdrated  silicate  of  magnesium,  occurring  near  the  village  of 
Qnmcey  in  France^  in  light  carmine-red  particles  disseminated  through  a  limestone 
deposit.  Contains,  according  to  Berthier,  64  per  cent,  silica,  19  magnesia,  8  ferrous 
oxide,  and  17  water  ( »  98).  Strong  concentrated  acids  dissolve  out  the  magnesia  and 
iron,  leaving  gelatinous  silica.     (Dana,  ii.  281.) 

QVUTBTXar.  The  name  given  by  Marchand  (J.  Pharm.  xiv.  247)  to  a  product 
which  he  obtained  by  oxidising  quinine  with  peroxide  of  lead  and  sulphuric  acid.  It 
was  not,  however,  a  definite  compound,  as  it  was  separable  by  water  into  a  red  bitter 
substance,  soluble  therein,  and  another  substance  insoluble  in  water  but  crystallisable 
from  alcohoL 


Green  Hydroquinone  (iii.  213). 

CH"0*.  Kinic  acid.  Chinasdure.  Acide  quinique.  (Hof- 
mann,  CrelL  Ann.  ii.  314. — Vauquelin,  Ann.  Chim.  L'x.  162. — ^Pelletier  and 
Caventou,  Ann.  Ch.  Phys.  [2]  xv.  340.— Liebig,  Fogg.  Ann.  xxi.  1;  xxix.  70. — 
Baup,  Ann.  Ch.  Phys.  [2]  h.  6. — Woskresensky,  Ann.  Ch.  Pharm.  xxiv.  257. — 
Uesse,  Ann.  Ch.  Pharm.  ex.  194,  333;  cxii.  52 ;  cxiv.  292 ;  Unterauchungen  uber  die 
CMnonpruppe,  Gottingen,  1860. — ^Clemm,  Ann.  Ch.  Pharm.  ex.  345. — Zwenger 
and  Siebert,  ibid.  cxv.  108;  Suppl.  L  77. — ^Zwenger  and  Himmelmann,  und. 
cxxix.  203.— Gm.  xvi.  222). 

This  acid  was  first  isolated  in  1786  by  Hofmann,  an  apothecary  of  Leer,  from  the 
calcium-salt  of  cinchona-barks,  already  known  by  the  researches  of  Hormbstadt, 
Deschamp,  and  others;  afterwards,  in  1806,  by  Vauquelin. 

Occurrence. — ^In  the  true  cinchona* barks,  in  the  bilberry  plant  (  Vaccinium  MyrtiUvaX 
and  in  coffee-beans ;  albo  in  the  leaves  of  the  coifee-plant,  and  of  the  common 
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holly  (Seae  Jqutfolmm),  of  Sex  paraguavensUf  priyet  {Ligustrum  vulgare\  ivy  (Hedera 
HeUx),  the  oommon  oak  {Quereus  Soour),  the  evergreen  oak  (Q.  'bexX,  the  common 
elm  (  Ulmue  campe8tri8\  the  ash  (Fraxinus  excMor),  and  Oydc^pia  latijolia,  inasmuch 
as  Stenhouse  ^Phil.  Mag.  [4]  viL  21)  found  that  all  these  leaves,  as  well  as  cotfee- 
beans,  when  distilled  with  sulphuric  acid  and  mai^ffanic  peroxide,  yield  quinone,  which 
is  a  product  of  the  decomposition  of  quinic  add.  The  ericaceous  plants,  Calluna 
fndgaria,  Pyrola  umbeUata,  khododendranferru^neum,  and  Jrbutiu  Uva  Urn,  yield  by 
dxy  distillation  hydroquinone,*  also  derived  from  quinic  odd,  or,  in  the  case  of  the 
arbutus,  probably  from  arbutin. 

Preparation  of  the  calcium-salt. — a.  From  Cinchona-bark :  1.  The  liquid  obtained 
by  precipitating  the  sulphuric  add  extract  with  milk  of  lime  in  the  preparation  of 
quinine  (p.  16),  is  evaporated  to  a  qn^p,  decanted  from  sulphate  of  cdldum,  and 
evaporated  over  the  water-bath  to  a  soft  extract ;  this  is  boiled  two  or  three  times 
with  alcohol ;  and  the  residue  is  di  Aolved  in  a  small  quantity  of  water.  The  solution, 
after  standing  for  some  days,  solidifies  to  a  crystalline  mass,  which  is  strongly  pressed 
and  purified  by  recrystallisation.  The  mother-liquor  yields  a  further  quantity  of  the 
salt  (Henry  and  Flisson). — 2.  A  decoction  of  dnchona-bark,  in  water  containing 
sulphuric  add,  is  filtered  whilst  hot,  and  to  the  filtrate  freshly  precipitated  oxide  of 
lead  is  gradually  added,  until  the  liquid  becomes  neutral,  and  exhibits  no  longer  a  red  but 
a  pale-yellow  colour.  (If  too  little  oxide  be  added,  colouring-matter  remains  in  solu- 
tion ;  if  too  much,  basic  quinate  of  lead  is  thrown  down).  The  filtrate  is  freed  from 
lead  by  sulphydric  acid  and  filtered ;  milk  of  Ume  is  then  added,  to  precipitate  the 
quinine  and  dnchonine ;  and  the  filtered  liquid  is  evaporated  to  a  syrup,  which  yields, 
on  cooling,  a  crystalline  mass  of  calcic  quinate  (Henry  and  PI  is  son). — ^The  deposit 
frequently  found  in  extract  of  cinchona  is  impure  quinate  of  caldum ;  it  may  be 
obtained  in  crystals  by  precipitating  an  aqueous  solution  with  neutral  acetate  of  lead, 
removing  the  excess  of  lead  by  sulphydric  acid,  and  evaporating.  (Oenicke,  Fhaim. 
Centr.  1888,  p.  158.) 

iS.  From  the  Bilberry  plant, — The  fresh  plant,  collected  in  3Iay,  is  boiled  in 
water  with  addition  of  lune ;  the  decoction  is  evaporated,  and  the  quinate  of  caldum 
thrown  down  by  alcohol.  The  glutinous  precipitate,  dissolved  in  water  containing 
acetic  add,  is  freed  from  colouring-matter  by  addition  of  neutral  acetate  of  lead,  then 
filtered ;  and  the  filtrate  (freed  from  lead)  is  evaporated  to  a  syrup,  from  which  the 
quinate  of  caldum  crystallises  after  some  days.    (Z  w  e  n  g  e  r. ) 

y.  From  Coffee-beans, — ^The  thoroughly-dried  (or  roasted)  and  coarsely-powdered 
beans  are  boiled  repeatedly  in  water ;  the  decoction,  after  being  mixed  with  milk  of 
lime,  is  concentrated,  first  over  an  open  fire,  and  later,  after  filtration,  on  a  water-luith, 
to  a  eymp ;  twice  its  volume  of  alcohol  is  then  added;  and  the  predpitate  therpby 
formed  is  separated,  aft^r  24  hours,  from  the  solution,  which  contains  caffeine.  The 
precipitate  is  washed  with  alcohol,  pressed,  and  dissolved  in  hot  water.  The  filtered 
solution  is  slightly  addifled  with  acetic  add,  and  precipitated  with  neutral  acetate  of  lead, 
whereby  tannate  of  lead  and  other  substances  are  thrown  down ;  and  after  separating 
these  by  filtration,  the  quinic  add  is  precipitated  by  basic  acetate  of  lead.  The 
lead-salt  thus  obtained,  after  being  washed  and  decomposed  under  water  with  sul- 
phydric acid,  yields  aqueous  quinic  add,  which  is  converted  into  the  caldnm-salt  by 
neutralisation  with  carbonate  of  caldum.   (Zwenger  and  Siebert) 

The  quinate  of  calcium  is  purified  by  repeated  crystallisation,  or  by  precipitating  it 
with  alcohol  of  sp.  gr.  0*849,  and  dissolving  in  alcohol  of  sp.  gr.  0*948. 

Separation  of  the  acid  from  the  calcium-salt. — 1.  A  solution  of  the  caldum-salt  in 
Water  is  decomposed  by  an  exactly  equivalent  quantity  of  oxalic  acid,  filtered  from  tho 
oxalate  of  calcium,  and  evaporated  to  crystallisation  (Vauquelin).  Hesse  employs 
a  slight  excess  of  oxalic  ado,  which  he  removes  from  the  filtrate  by  means  of  neutral 
acetate  of  lead;  the  excess  of  lead  is  then  removed  by  sulphydric  add. — 2.  An 
aqueous  solution  of  the  salt  is  precipitated  by  basic  acetate  of  lead ;  the  washed  pn> 
cipitate,  suspended  in  water,  is  then  decomposed  by  sulphydric  acid ;  and  the  solution 
is  filtered  and  evaporated  (Berzelius). — 3.  The  calcium-salt  is  decomposed  by  an 
aqueous  or  alcoholic  solution  of  sulphuric  acid. 

Properties — Quinic  acid  orstallises  in  monoclinic  prisms,  ooP  .  oP,  with  nPoo  and 
[nPoo]  subordinate;  sometimes  oP  predominates  so  far  as  to  give  the  crystals  a 
tabular  form.  Angle  ooP  :  ooP  »  146<>  48';  ooP  :  oP  -  126®  4^^.  Specific  gravity 
»  1*637  at  8*5^.  The  add  does  not  lose  weight  at  100^,  but  melts,  with  loss  of  water, 
at  161*6°  corrected  (Hesse;  Zwenger  and  Siebert);  at  165°  (Woskresensky), 
and  solidifies  on  cooling  to  a  hard  amorphous  mass.    It  exerts  a  left-handed  action 

*  Th«  hydroquinone  thus  produced  was  regarded  by  Uloth,  who  first  obtained  it  from  ericaceous 
plants,  as  a  distinct  substance,  and  called  eruimone,  Hesse,  howerer,  suRnested  its  identity  with 
■jdroqoinone,  and  the  correctness  of  this  ?iew  has  been  demonstrated  by  Zwenger  and  Himmelmann. 
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00  polarised  lights  the  moleenlar  rotiitozy  power  being  greater  in  a  solution  prepared 
vith  oold  than  in  one  prepared  with  hot  water,  least  of  all  in  a  solution  of  tne  fused 
add.    (Hesse.) 

Quinic  acid  dissolves  slowly  in  2^  pts.  of  oold  waUr,  and  in  a  much  smaller  quantity 
of  boiling  water.  The  solution,  if  quite  pure,  may  be  evaporated  without  turning 
yellow.  The  acid  is  very  slightly  soluble  in  alcohol  of  94  per  cent.,  but  dissolves 
easily  in  alcohol  of  ordinaiy  strength ;  it  is  nearly  insoluble  in  cold  ether, 

Jkeompositions. — 1.  Quinic  acid  heated  to  200^ — 226*^  gives  off  water,  and  is  con- 
verted into  quinide,  C^H'^O*  -  CH'-'O*  -  H*0.  Other  products  are,  however, 
fcrmed  at  the  same  time :  for  the  calculated  loss  of  water,  according  to  the  preceding 
equation,  is  9-9o  per  cent ,  whereas,  according  to  Hesse,  10  per  cent,  are  given  off  at 
165^,  and  more  than  13  per  cent,  at  220^.  Quinic  add  which  has  been  heated  above 
200°  oontains  small  quantities  of  carbohydroquinonic  acid  (iii.  214),  recognisable  by 
its  reaction  with  ferric  chloride  (Hesse). — 2.  The  acid,  when  quickly  heated  in 
ecmtact  with  the  air,  bums  with  a  yellow  flame,  emitting  an  odour  like  uat  of  burnt 
taztar. 

5.  Quinic  add  subjected  to  dry  distillation  in  a  retort,  melts,  boils,  and  at  about  280^ 
turns  brown,  giving  off  water  and  a  gas  which  bums  with  a  pale-blue  flame.  At  a 
higher  temperature,  it  yields  a  sublimate  of  yellowish  prisms,  which  melt  and  condeose 
to  an  oily  distillate  containing  hydroquinone  (iii.  213),  benzoic  acid,  phenol,  benzene, 
and  pyzocatechin.*    The  formation  ofhydroquinoneis  represented  by  the  equa-acid : 

C'ff«0«     =     C^H)«  +   CO  +   3H«0. 

4.  Quinic  add  dissolves  in  strong  aulphuric  acid  at  a  moderate  heat,  with  evolution 
of  earbonic  oxide  and  formation  of  disulpho-hydroquinonic  acid  (iii.  217): 

0'H"0«  +  2S0>     «     C«H«S«0«  +  CO  +   3H«0. 

Sulphuric  anhydride  and  fimung  sulphuric  add  also  produce  disulpho-hydroquinonic 
ado,  but  carbonise  a  large  quantity  of  the  quinic  add  (Hesse). — 6.  A  solution  of 
quinic  add  in  aqueous  phoMhoric  acid  gives  off  a  large  quantity  of  gas  when  con- 
centrated, and  forms  phospno-hydroquinonic  acid  (iii.  217) : 

C'H»«0«  +  H»PO<     =     C»HTO»  +   CO  +   4H=»0  (Hesse). 

6.  Nitric  acid  converts  quinic  add  into  oxalic  acid,  another  add  which  has  not 
been  examined  bdng  also  formed  at  the  beginning  of  the  action. — 7.  The  aqueous  acid 
treated  with  peroxide  of  lead  gives  off  carbonic  anhydride  and  yields  hydroquinone 
(Hesse): 

C^««0«  +  PbO*     -     OH«0«  +   C0«  +   3H«0  +  PbO. 
8.  Quinic  add  or  its  salts  distilled  with  sulphuric  acid  and  peroxide  of  manganese, 
yields  a  yellow  crystalline  sublimate  of  quinone : 

CH^O*  +  0«     =     C*H*0«  +  CO*  +  4H«0. 

This  reaction  is  very  delicate,  and  will  indicate  the  presence  of  quinic  add  in  a  few 
grammes  of  cinchona-bark.  For  this  purpose  the  bark  is  boiled  with  milk  of  lime, 
and  the  alkaline  flltrate  concentrated  by  evaporation  ia  treated  in  a  small  cap- 
sule with  sulphuric  acid  and  oxide  of  manganese :  the  presence  of  quinic  add  is  then 
immediately  indicated  by  the  pungent  odour  of  quinone  (p.  27),  (Stenhouse,  Ann. 
Ch.  Pharm.  liv.  100). — 9.  The  acid  distilled  witn  peroxide  of  manganese^  sulphurio 
acid,  and  common  salif  yields  a  distillate  containing  mono-,  di-,  tri-  and  tetra* 
chloroquinone  together  with  pentachloracetone.      The  same  products,  to- 

g ether  wiUi  lower  cmorinated  acetones,  are  obtained  by  boiling  quinic  add  with 
ydroehloric  add  and  chlorate  of  potassium  (Stadeler,  Ann.  Ch.  Pharm.  Ixix.  300; 
cxi.  293) ;  also  carbohydroquinonic  add.    (Hesse.) 

10.  Bromine  dropp^  into  aqueous  quinic  add  converts  it  into  carbohydroqui- 
nonic acid. 

11.  Quinic  add  heated  for  several  hours  to  115° — 120°  with  saturated  aqueous 
hydriodio  acid,  is  converted  into  benzoicacid.  The  same  product  is  formed  when  a 
syrupy  solution  of  quinic  add  is  distilled  with  4  at  diniodide  of  phosphorus.  When 
quinic  add  is  heat<Ml  to  140°  vrith  hydriodic  add  and  phosphorus  (tne  addition  of 
which  prevents  the  action  of  free  iodine),  an  add  is  produced  containing  6  at.  hydrogen 
more  than  benzoic  add.    The  reduction  appears,  therefore,  to  take  place  as  follows : — 

C'H'»0«  +  SHI     -     C'H»0»  +   4H«0  +  4P; 
Quhile 
acid. 

and  C^w0«  +  4P       -     C'H*0«    +   6HI      +  P.*  » 

Benzoic 
acid. 

*  Wohler  (Ann.  Ch.  Pbarm.  xlv.  354)  found  a1«o  Mlicylous  ncid;  but  according  tn  Zwcnger  and 
Hkmmclnuuan,  ibU  bodj  4oei  not  occur  among  the  products  of  distillation  of  quinic  acid. 
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Quinic  acid  in  the  form  of  cailciuin-salt  is  eonverted  in  the  ammal  oiganism  into  li  i  p  - 
puric  acid.     (Lautemann,  Ann.  Ch.  Pharm.  czxr.  9.) 

12.  Quinic  acid  heated  with  aniline  is  conTerted  into  quinanilide.   (Hesse,  p.  9.) 

Qfilnates.  Quinic  acid  decomposes  carbonates.  It  is  monobasic,  the  general  fur- 
mula  of  its  salts  being  C'K'^MO*.  No  acid  or  double  quinates  are  known,  but  basic 
quinates  of  barium,  lead,  iron,  and  copper  have  been  obtained.  The  quinates  are  for 
the  most  part  crystallisable,  and  have  a  neutral  reaction ;  with  the  exception  of  the 
basic  lead-salt  they  are  soluble  in  water,  but  insoluble  in  alcohol  stronger  than  32°  Bni., 
and  are  separated  from  their  solution  by  strong  alcohol  in  the  fozm  of  glutinous  preci- 
pitates. Most  of  them  retain  their  water  of  crystallisation  at  100°.  By  dzy  distillation 
they  yield  formic  add  and  a  sublimate  of  quinone  (Woskresensky).  Quinic  acid 
acts  like  tartaric  acid  in  preventing  the  precipitation  of  metallic  oxides  by  alkalis. 
(Hesse.) 

Quinate  of  Ammonium  \b  deliquescent,  and  mves  off  part  of  its  ammonia  on 
evaporation. — ^The  potassium-aalt  is  bitter  and  deliquescent — ^The  sodium-salty 
C'H"NaO'.5H^O.  crystallises  in  six-sided  prisms  containing  14*5  per  cent,  water  of 
ciystallisation.     It  dissolves  in  half  its  weight  of  water  at  15°. 

Quinate  of  Barium,  C^*WBa.''0".6lL^0f  ohtsAned  by  saturating  the  acid  with 
carbonate  of  barium,  crystallises  in  dodecahedrons  formed  by  the  junction  of  two  acute 
six-sided  pyramids.  It  contains  17*4  per  cent,  water  of  crystallisation,  is  very  soluble 
in  water,  slightly  soluble  in  alcoh  o  of  b3  per  cent. 

The  calcium-saltf  C'*H"Ca"O".l0H-O,  occurs,  as  already  observed,  in  cinchona- 
bark,  and  is  precipitated  by  chloride  of  calcium  from  alkaline  quinates,  after  adding 
alcohol  and  ammonia,  and  leaving  the  mixture  to  stand.  It  crystallises  in 
rhombo'idal  plates  of  about  78°  and  112°,  often  becoming  hexagonal  by  truncation  of 
the  two  acute  angles^  and  easily  splitting  into  shining  laminse.  It  dissolves  in  6  pts. 
of  water  at  16°,  its  solubility  varying  greatly  according  to  the  temperature;  nearly 
insoluble  in  alcohol  Contains,  according  to  Baup,  29*6  per  cent,  water  of  ciystallisa- 
tion, which  it  loses  at  100°  (calc.  30*3  per  cent.) ;  it  suffers  no  further  loss  of  weight  at 
120°. 

The  strontium-salty  C^H^Sr'O'MOHK),  crystallises  in  tables  apparently  isomor- 
phous  with  the  calcium-salt,  but  distinguished  by  their  rapid  e£9orescenee,  and  the 
nacreous  aspect  which  they  assume  on  exposure  to  the  air.  It  dissolves  in  2  pts.  of 
water  at  12°,  and  in  a  much  smaller  quantity  of  boiling  water.  Contains  27*95  per 
cent  water  of  crystallisation,  of  which  it  loses  three-tenths  by  efflorescence. 

The  maanesium-salt  13  very  soluble,  and  forms  crystalline  efflorescences  like  cauli- 
flower-heads.— The  yttrium-salt  dries  up  to  a  gummy  mass. 

Quinate  of  Cadmium^  C**H"Cd''0'*,  forms  dirty-white  laminse  and  small  white 
crystalline  needles,  permanent  at  180°,  soluble  in  about  253  pt8.43f  cold  water. — The 
eobalt'salty  C"H*2Co''0".6H«0,  separates  from  the  dark-red  solution,  after  it  has 
been  left  for  several  days  to  dry  up  to  a  syrup  and  then  diluted  with  water,  in  small 
red  nodules,  which  quickly  effloresce  and  assume  a  lighter  colour.  After  drying  over 
oil  of  vitriol,  or  in  the  air,  it  gives  off  5  at  water  at  150°,  and  becomes  reddish-blue. 
Does  not  melt  when  burnt 

Quinates  of  Copper.—^  The  normal  salt^  C"H«Cu"0'*,  is  obtained  by 
mixing  aqueous  quinic  acid  in  excess  with  hydrate  or  carbonate  of  copper,  and 
cooling  the  resulting  solution,  or  leaving  it  to  evaporate,  any  portion  of  green  basic 
salt  tl^t  may  be  precipitated  at  the  same  time  being  removed,  and  the  neutral  salt 
crystallised  ^m  water  containing  quinic  acid.  It  forms  pale-blue  laminae  or  needles, 
which  contain  5  at.  water  of  crystallisation,  and  give  off  two-thirds  of  it  in  contact 
with  the  air:  dissolves- in  about  3  pts.  of  cold  water,  the  solution  decomposing  on  stand- 
ing, and  more  quickly  when  heated,  with  separation  of  a  basic  salt. — fi.  A  basic  salt, 
C"H«Cu*'0".Cu''HK)^2H*0,orC'H»«Cu''0«.2H«0,i8obtained:--l.Bydecompo8ingthe 
barium-salt  with  somewhat  less  than  the  equivalent  quantity  of  cupric  sulphate,  and 
adding  a  few  drops  of  baryta- water  to  the  clear  filtrate,  which  then,  on  standing  or 
evaporating,  deposits  regular  crystals. — 2.  By  boiling  aqueous  quinic  acid  with  excess  of 
cupric  hySate,  and  precipitating  the  filtrate  with  ether-alcohoL  In  this  mode  of 
preparation,  however,  it  is  difficult  to  separate  the  sparingly  soluble  salt  &om  the  excess 
of  cupric  hydrate. — 8.  The  salt  is  b'kewise  formed  in  small  quantity,  with  evolution  of 
acetic  acid,  on  evaporating  a  solution  of  calcic  quinate  with  cupric  acetate.  Over  oil 
of  vitriol  it  gives  «ff  only  its  adhering  water  (Kremers),  amounting  to  between  1  and 
2*6  per  cent.  Between  100°  and  120°,  it  gives  off  all  its  water  of  crystallisation 
(Lie big),  and  decomposes  at  a  temperature  above  140°.  Dissolves  in  1150  to  1200 
pts.  water  at  18°. 

The  ferric  salt  ia  &  yellowish-red  gummy  mass,  easily  soluble  in  water. 
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Lead-salts.— <ii.  The  normal  salt,  C'*H«Pb''0'«.2H-0,  fonns  needle-shaped  crys- 
tals »lublp  in  alcohol  and  extremely  soluble  in  water. — /5.  A  basic  salty  C"H'*Pb*0" 
or  CH'Pb'O*,  is  deposited  as  a  white  bulky  precipitate  on  mixing  an  alkaline  quinate 
with  basic  acetate  of  lead,  or  on  adding  a  little  ammonia  to  the  boiling  solution  of  the 
normal  salt.  It  is  insoluble  in  boiling  water,  soluble  in  basic  acetate  of  lead,  and 
qnicklj  attracts  carbonic  acid  from  the  air. 

The  manganese-salt  crystallises  in  rose-coloured  laminae. — The  mercuric  salt 
is  colonrless,  nncrystallisablc,  and  yields  on  desiccation  a  yellowish-red  residue, 
sparingly  soluble  in  water. — The  nickel-salti&s,  green,  gummy,  very  soluble  mass. 

Silver-salt,  C^"AgO^ — On  adding  nitrate  of  silver  to  an  alkaline  qninate,  the 
mixture  blackens,  and  quickly  deposits  metallic  silver.  The  silver-salt  may,  however, 
be  obtained  by  saturating  a  weak  solution  of  the  acid  with  recently  precipitated  car- 
bonate of  silver.  The  solution  evaporated  in  a  vacuum  yields  mammellated  groups  of 
oystals,  which  are  perfectly  white,  but  easily  blacken  when  exposed  to  light. 

The  zinc -salt,  C'^H*'Zn"0",  resembles  the  cadmium-salt  in  appearance,  but  is  veiy 
soluble  in  water. 

quXMTC  BTBSR.  Ethfflie  Quinate,  OH"0«  «  C'H"(C^»)0«,  obtained  by 
heating  quinate  of  silver  with  etliylic  iodide,  is  a  yellow  syrup,  viscid  at  mean  tempe* 
mtures,  mobile  at  60^,  having  a  bitter  taste  and  aromatic  odour,  easily  soluble  in 
water  and  in  alcohol,  less  soluble  in  ether.  It  appears  to  distil,  partly  without  deeom- 
poeitioD,  between  240^^  and  250°,  in  a  stream  of  carbonic  anhydride,  but  a  large  portion 
of  it  is  decomposed  with  intumescence  at  a  temperature  a  little  above  100^.  Heated 
on  platinum -foil,  it  first  volatilises  in  white  smoke,  and  ultimately  bums  away  with 
A  bright  flame.    (Hesse,  Ann.  Ch.  Pharm.  ex.  335.) 

QUIIIACIMIL  C»H"N2q*.  (Pasteur,  Compt  rend,  xxxvii.  Ill  and  166.)— 
An  alkaloid  usomericwith  quinine  and  quinidine,  and  produced  by  the  molecular  trans- 
formation of  either  of  those  bases.  It  is  prepared  similarly  to  cinchonicine  (1.  971),  by 
heating  sulphate  of  quinine  with  a  small  quantity  of  water  and  sulphuric  acid.  The 
salt  remains  fused  even  after  all  the  water  has  been  expelled;  and  by  three  or  four 
hourar  heating  in  the  oil-bath  to  120^ — 130^,  the  whole  mass  is  transformed  into 
sulphate  of  quinicine,  mixed  with  an  extremely  small  quantity  of  colouring-matter. 

Quinicine  is  insoluble  in  water,  but  very  soluble  in  absolute  alcohol  and  in  spirit  of 
ordinary  strength.  It  is  very  bitter,  possesses  febrifugal  properties,  and  is  precipitated 
from  its  solutions  by  alkalis  as  a  fluid  resin.  It  turns  the  plane  of  polarisation  to  the 
right.  It  unites  easily  with  carbonic  acid,  and  expels  ammonia  from  ita  compounds 
at  ordinaiy  temperatures.  A  solution  of  quinicine  in  aqueous  racemic  acid  deposits  at 
first  chiefly  the  dextrotartrate,  whilst  the  Isevotartrate  remains  in  the  mother-liquor. 
Quinicine  is  coloured  green  by  chlorine^water  and  ammonia,  though  le«s  strongly  than 
quinine.    (Herapath.) 

QVnrXBB  or  Quinic  AnhydHde,  C'H'W  =  C'H"0«  -  H^O.—Preparcd  bv  heat- 
ing quinie  add  to  220° — 250°,  dissolving  the  residue  in  boiling  alcohol,  and  leaving 
the  clarified  solution  to  evaporate.  When  recrystallised  from  water,  it  forms  small 
crystals  resembling  sal-ammoniac.  It  has  an  acid  reaction,  dissolves  easily  in  water, 
sparingly  in  dilute  alcohol,  and  in  presence  of  certain  bases  is  reconverted  into'  quinic 
acid.    (Hesse,  Ann.  Ch.  Pharm.  ex.  335.) 

QnXVZBXVlL  C*H**N  0*. — This  base,  isomeric  with  quinine,  exists  in  certain 
cinchona-barks  together  with  quinine  and  cinchonine.  It  was  first  observed  in  1833,  by 
Henry  and  Delondre(J.  Pharm.  xix.  633),  in  the  quinoidine  of  commerce,  in  which 
it  exists,  together  with  smaller  quantities  of  quinine,  cinchonine,  and  reain.  Vau 
Heijningen,  however  (Ann.  Ch.  Pharm.  Ixxii.  302),  first  separated  it  from  this 
mixture  in  the  pure  state,  and  showed  that  it  is  isomeric  with  quinine.  Its  action  on 
polarised  Hght  has  been  studied  by  Pasteur  (Compt.  rend,  xxxvi.  26).  Several  of 
its  double  salts  have  been  prepared  and  examined  byStenhouse  (Proc.  Koy.  Soc. 
Xil491). 

Occwrtfnce, — In  cinchona-barks,  especially  in  some  of  the  yellow  barks  (Henry  and 
Delondre).  According  to  Howard  (Pharm.  J.  Trans,  v.  368),  it  occurs  in  certain 
varieties  of  Cinchona  condaminea,  more  especially  var.  pitayensis ;  according  to 
Henkel  (N.  Repert.  Pharm.  xiii.  200),  in  Cinchona  nitida,  together  with  cinchonine 
and  a  little  quinine.  The  root-bark  of  C.  Calisaya  contains  quinidine  and  a  small 
quantity  of  quinine.  The  red  bark  of  <7.  officinalis,  C.  micrantha,  and  C.  succiruhra, 
grown  in  the  East  Indies,  and  taken  at  the  age  of  eighteen  months  or  less,  was  found 
to  contain  6  per  cent,  of  alkaloids,  of  which  about  4  per  cent,  consisted  of  quinidine, 
cinchonidine,  and  quinine,  and  0*9  per  cent,  of  cinchonicine  with  traces  of  cinchonine 
(Howard).  According  to  Pasteur,  the  quinidine  of  commerce  is  for  the  most  part 
a  mixture  of  true  quinidine  with  a  second  base. 
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PreparaHon. — Commcreial  qninoidine  is  dissolved  in  the  smallest  possible  quantify 
of  ether;  the  filtrate  is  freed  from  ether  by  distillation ;  the  residae  is  dissolved  in 
dilute  snlphnric  acid ;  the  solution  is  decolorised  by  animal  charcoal,  and  precipitated 
by  ammonia;  the  washed  precipitate  is  dissolved  in  ether;  and  the  ethereal  solution, 
mixed  with  one-tenth  of  its  volume  of  alcohol  of  90  per  cent.,  is  left  to  evaporate.  It 
then  deposits  czystals  of  qainidine,  which  are  purified  by  washing  with  alcohoL  The 
motheiJiquors  saturated  with  sulphuric  acid  yield,  first  crystals  of  sulphate  of 
quinidine,  and  afterwards  of  sulphate  of  quinine.  Quinoidine  thus  treated  yields  from 
60  to  60  per  cent,  of  quinidine.    (van  Heij  n  in  gen.) 

De  Vrij  (J.  Pharm.  [3]  xzzL  183,  369)  dissolves  commercial  quinoidine  in  Uie 
smallest  possible  quantity  of  alcohol,  aod  neutralises  the  solution  with  aqueous  hy- 
driodic  acid ;  whereupon  crystals  of  hydriodate  of  quinidine,  amounting  to  23  per  cent, 
of  the  quinoidine  employed,  soon  make  their  appearance. 

Propertie8.---Q,mmdine  separates  from  its  hot  ethereal  or  alcoholic  solution  in  huge 
transparent  monochnic  prisms,  which  eflloresoe  and  become  opaqae  when  exposed  to 
the  air.  They  contain  2  at  »  10*8  per  cent  water  of  crystallisation,  which  they  give 
off  between  110^  and  130^.  The  anhydrous  base  melta  at  160°,  and  soUdifies  in  a 
resinous  mass  on  cooling. 

The  composition  of  anhydrous  quinidine  is  as  follows: — 

Henry  and    vuk  HeUningeo. 


CatemlaUd. 

Deloodre. 

mean. 

Stenbouae. 

C»                240 

74-07 

74-44 

74-08 

74-04 

H**                 24 

7-41 

710 

7-44 

7-71 

N«                  28 

8*64 

8-68 

8-65 

0*                   32 

9-88 
10000 

9-78 
100-00 

9-93 
100-00 

C»H«N«0*  824 

Quinidine  (?  czystallised)  dissolves  in  1600  pts.  of  cold  and  760  pts.  of  boilios 
water  ;  in  3*7  pts.  of  hot  alcohol  of  ordinary  strength ;  in  46  pts.  of  absolute  alcohol,  and 
90  pts.  of  cold  ether  (van  Heijningen).  Its  solution  in  absolute  aJoohol  turns  the 
plane  of  polarisation  strongly  to  the  right;  \a^  «■  260-76^  for  the  transition  tint 
(Pasteur).  This  property  distinguishes  quinidine  from  quinine,  which  is  Ubvo- 
rotatory. 

According  to  Kerner  (Zeitschr.  Anal.  Ghem.  i.  162),  there  are  three  varieties  of 
quinidine — ^viz. :  a.  Slightly  soluble  in  lukewarm  ether,  crystallising  from  alcohol  in 
large  slowly  efflorescent  prisms,  forming  a  sulphate  which  dissolves  in  180  to  300  pt.o. 
of  cold  water. — fi.  Much  more  soluble  in  ether ;  crystallises  from  alcohol  in  small 
needles;  sulphate  soluble  in  10  to  110  pts.  water,  the  solution  yielding  a  pulverulent 
precipitate  with  iodide  of  potassium,  whereas  the  sulphates  of  aU  other  cinchona-bases, 
except  quinine,  yield  oleo-resinous  precipitates  with  iodide  of  potassium. — 7.  Still  more 
soluble  in  ether ;  the  sulphate  has  the  same  solubility  as  that  of  the  a  modification. 

Decomjpositions. — 1.  Quinidine  bums  on  platinum-foil  with  an  aromatic  odour  like 
that  of  melilot,  and  partly  volatilises. — 2.  Quinidine-salts,  when  heated^  are  converted 
into  salts  of  quinicine  (p.  13).  Chlorine-water  and  ammonia  colour  quinidine  green, 
even  in  solutions  containing  only  ^j^Rith  of  the  alkaloid  (Pasteur;  Herapath).  In 
concentrated  solutions  a  precipitate  is  formed,  which  is  not  the  case  with  quinine 
(Herapath).  Cilorine'tDOter^  ferricyanide  0/ potassiumt  and  ammonia,  added  in 
succession  to  salts  of  quinidine,  produce  a  permanent  bulky  precipitate;  whilst  the 
same  reagents  produce,  with  salts  of  quinine,  only  a  red  coloration,  which  quickly 
disappears  (Schwarzer,  N.  Jahrb.  Pharm.  xxiii.  348). — Quinidine  forms  with  iodine 
and  sulphuric  acid  a  compound  corresponding  to  sulphate  of  iodoquinine  (p.  25). 
— Quiniaine  heated  for  half  an  hour  with  iodide  of  ethyl,  forms  hydriodate  of  ethyl- 
quinidine.     (Stenhouse.) 

SaltsofQuinidin  e. — Quinidine  forms  mono  •  and  di-acid  salts,  which  resemble  the 
salts  of  quinine,  but  are,  for  the  most  part,  more  easily  crystallisable.  The  sulphates, 
the  mono-acid  hydrochlorate,  and  the  oxalate  exert  a  powerful  action  on  polarised 
light  (Herapath).  These  salts  are  in  some  cases  more  soluble  than  the  corresponding 
salts  of  quinine,  so  that  oxalic,  acetic,  and  tartaric  acids  do  not  precipitate-  soluble 
quinidine-salts.  The  hydrochlorate  and  nitrate  are  more  difficultly  soluble.  With 
excess  of  acid  the  salts  are  as  highly  fluorescent  as  those  of  quinine.  The  precipitate 
thrown  down  by  ammonia  in  their  solutions  dissolves  far  less  easily  than  quinine,  but 
more  easily  than  cinchonidine,  in  excess  of  ammonia.     (Riegel.) 

Acetate  of  Quinidine  ciystallises  from  its  syrupy  solution  in  fine  transparent 
crystals. 

The  hydrohromate  precipitated  by  bromide  of  potassium  from  the  sulphate  or 
hydrochlorate  is  soluble  in  200  pts.  water  at  14°. 
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EydroeklorateB.^The  numo-aeid  or  netUnd  salt,  C**H**N*0*J9Cl,i8  obtained  by 
dissolving  the  Ixuie  in  hydrochloric  acid,  or  by  precipitating  a  cold  satnrated  solntion 
of  the  sulphate  with  chloride  of  sodium,  in  crystals  containing  1  at.  water,  which 
they  giye  off  at  120^.  It  dissolves  easily  in  water  and  in  alcohol  (van  Heijningen). 
The  add  salt^  C*"H'*N'0'.2HC1|  is  produced  by  exposing  qninidine  to  the  action  of 
hydiochlorie  acid  gas,  100  pta.  of  the  base  taking  up  22*52  pts.  of  the  acid  (cale. 
s  21-91  pts.).    Its  aqneons  solution  yields  large  fine  crystals,    (van  Heijningen.) 

CUonMtttnUe,  C**H^NK)'.2HC1.2AuCl*.— Pale-yellow  precipitate,  melting  and 
turning  brown  when  heated  to  115^,  or  boiled  with  water.    (St enhons  e.) 

Ckhromereuraie,  0»H'*NK)*.2HCLH^''C1'.— White  precipitate,  separating  from  a 
Bohition  in  boiling  alct^ol  in  pearly  laminae.  It  melts  under  boiling  water ;  dissolyea 
slightly  in  oold,  more  easily  in  hot  water,  and  especially  in  water  containing  hydro- 
chloric add,  from  which  last  solution  it  is  occasionally  depodted  in  the  form  of  a  resin. 
(Sten  house.) 

CklorvpUttinaU,  C"H«NH)«.2HCl.Pt«'C112H«0.— Precipitated  immediately  from  cold 
concentrated  solutions,  in  crystals  alter  a  while  from  hot  or  dilute  solutions ;  deoom* 
poses  at  200^,  with  an  odour  of  white-thorn ;  dissolTes  with  difficulty  in  water,  either 
cold  or  boiling;  gires  off  4'86  per  cent  water  at  100^. 

CkiorogincaUs Slightly   add  solutions  of  chloride  of  sine  throw  down   from 

alcoholic  qninidine  a  granular  powder,  slightly  soluble  in  cold  and  in  boiling  water, 
easilT  soluble  in  dilute  hydrochloric  add.  The  easily  formed  solution  of  the  precipi- 
tate m  alcohol  of  50  per  cent  yields  crystals  resembling  calc-spar,  and  containing  26*7 
per  cent  of  chlorine  (C»H"lTO«.2HCLZdi''Cl«  -  2665  per  cent.  Q) ;  when  recrystal- 
lised,  the  compound  gives  up  hydrochloric  acid  and  chloride  of  zinc,  and  is  ultimately 
transformed  into  large  hexagonal  tables  and  prisms.  The  latter  contain  7*44  per  cent, 
of  nnc  at  lOO^,  and  are,  therefore,  2(C*H««NH>*.HCl).Zn*'Cl«  (calc  -  7*58  per  cent, 
dnc    (Stenhouse.) 

Hydriodatet. — ^The  mono-aeid  or  neutral  saU  is  thrown  down  by  iodide  of  potas* 
dum  from  sulphate  or  hydrobromate  of  quinidine^  as  a  white  granular  precipitate, 
which  dissolves  in  1250  pts.  water  at  16°,  and  separates  from  a  boiling  saturated  solu- 
tion in  small,  white,  very  hard  crystals  (De  Vrij).  The  diacid  salt  has  a  pale-yol-> 
low  colour,  and  dissolves  in  90  pts.  water  at  15°.    (De  Vrij.) 

Nitrate. — Large,  flat,  shining  ciystals.  ( v a n  H  eij n i n ge n.) 
Argento^nitrate,  C**H**N'0*.^n6". — ^An  alcoholic  solution  of  qninidine  mixed  with 
nitrate  of  silyer  solidifies  to  a  mass  of  fine  needles,  which  may  be  recrystallised  from 
boiling  water  containing  nitric  acid.  It  then  forms  fine  silky  needles,  haviog  a  silvery 
lustre  when  dry.  When  recrystallised  from  alcohol,  it  decomposes  with  separation 
of  silver.    (Stenhouse.) 

Oleate. — Qninidine  behaves  like  quinine  (p.  21),  with  oleic  add  and  olive  oil. 
(Attfield.) 

Oxalates. — ^By  neutralising  oxalic  add  with  qninidine,  a  neutral  salt, 
2C»H-<NH)«.C*H"0*.H*0,  is  obtained  in  small  britUe  crystals,  nearly  insoluble  in  cold 
but  freely  soluble  in  boiling  water  (Stenhouse).  According  to  van  Heijningen,  on 
the  other  hand,  the  salt  thus  obtained  is  ftnacid  salt  containing  C^'H'^N^O'.C^H'O^.H'O. 

Pier  ate. — A  solution  of  qninidine  in  boiling  picric  acid  deposits  on  cooling  a  resin, 
which  does  not  crystallise  by  evaporation  from  solution  in  alcohol.     (Stenhouse.) 

The #tt«ctna^«  forms  pearly  prisms.    (Henry  and  Delondre.) 

8ulvhates.-^Tl]xQ  neutral  salt,  2C»•H•*N«O^H^S0^6H•0,  is  very  much  like  the  cor- 
responding quinine-salt,  but  more  woolly.  It  dissolyes  at  10°  in  350  pts.  water,  and  in 
32  pts.  abeolute  alcohol.  Gives  off  12*6  per  cent  water  at  130°  (calc.  for  6  at  =  12*84 
per  cent). 
The  acid  sulphate  is  crystaUisable  and  very  soluble  in  water.  (vanHeijningen.) 
Sulphate  of  lodoquinidine. — ^When  a  dilute  solution  of  di-add  sulphate  of  quinidinu 
is  heated  to  70°  or  80°  with  one- third  or  half  its  Yolume  of  alcohol,  and  a  little  tincture 
of  iodine  is  added,  long  four-sided  prisms  of  a  deep  garnet-red  colour  crystallise  out. 
The  ciystals  are  purple-red  by  refiected  and  dark  brown-red  by  transmitted  light,  and 
polarise  light  like  tie  corresponding  quinine-salt  (p.  25).  They  dissolve  in  121  pts, 
of  cold  and  31  pts.  of  boiling  alcohol,  from  which  they  are  precipitated  by  water  in 
the  form  of  a  dnnamon-brown  powder.  They'  contain  3276  per  cent  C,  4-44  N, 
8'98  H,  6-34  SO*,  and  39-78  I,  corresponding,  according  to  Herapath,  to  the  formula 
C^IP^*0*I'.8(^.H0  +  5  aq.— Other  and  optically  different  crrstals  are  obtained 
when  tincture  of  iodine  is  dropped  into  a  strong  solution  of  di-add  sulphate  of  qnini- 
dine mixed  with  80  or  40  volumes  of  alcohol  at  a  temperature  below  70°.  (Herapat  h, 
Chem.  Soc.  Qn.  J.  xi.  139.) 

Tannate  of  Qninidine. — ^Aqueous  qninidine  forms  a  white  predpitate  with 
tannic  add. 
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Tartrate  of  Quinidine. — ^Pearly  crystalfi,  obtained  in  the  same  way  as  tho 
oxalate  (van  Heijningen).  The  dextro-  and  IsYO-tartrates  undergo  the  same 
transformation  as  the  quinine-salts  when  heated.    (Pasteur.) 

Tartrate  of  Quinidine  and  Potassium. — Qainidine  and  cream  of  tartar  yield  crystals 
soluble  in  alcohol.    (Henry  and  Delondre.) 

TartraU  of  Quinidine  and  Antvnumy,  C  •H*'NK)»  OH*(SbO)0«   -  C»H»NH)' 

SbO 
— 1.  Mono>acid  tartrate  of  quinidine  is  boiled  for  some  hours  with  freshly  precipitated 
oxide  of  antimony,  and  the  filtrate  is  left  to  evaporate. — 2.  Powdered  quinidine  is  added  to 
a  cold  saturated  aqueous  solution  of  tartar-emetic ;  the  liquid  is  heated  to  boiling ;  and 
the  excess  of  quinidine,  together  with  the  precipitated  oxide  of  antimony,  is  separated 
by  filtration  from  the  solution  of  the  douole  salt  and  neutral  tartrate  of  potassium. 
Long  slender  needles,  which,  after  drying  in  a  vacuum,  lose  ^  to  1  percent,  of  water  at 
100^.  Dissolyes  slightly  in  cold,  easily  in  hot  water,  and  easily  also  in  boiling  alcohol, 
from  which  it  crystallises.     (Stenhouse.) 

BCbylqiiliildlne,  C«H"N*0«  =  C*H"(C«H»)N«0«.— Not  known  in  the  free  state. 
The  hydriodate^  C"H"N*0*.HI,  is  obtained  by  heating  quinidine  with  excess  of  ethylic 
iodide,  and  crystallises  from  boiling  dilute  alcohol  in  long  silky  needles,  nearly  insolu- 
ble in  water.  On  removing  the  iodine  by  oxide  of  silver,  and  filtering,  a  bitter  alkaline 
solution  is  obtained,  which  absorbs  carbonic  acid  but  yields  no  crystals.  On  decomposing 
the  hydriodate  with  chloride  of  silver,  and  treating  the  filtrate  with  platinic  chloride, 
chlaroplatinate  of  ethylquinidine,  C«fl*'N«0«.2HCl.Pt"Cl<,  is  precipitated  as  a  pale- 
vellow  powder,  which  dissolves  very  slightly  in  water  either  hot  or  cold,  more  freely 
in  hot  dilute  hydrochloric  acid.     (Stenhouse,  Ann.  Ch.  Pharm.  exxix  20.) 

Sulphate  of  lodethylqyinidine  is  obtained  in  the  same  manner  as  the  corresponding 
quinine-compound.    (Herapath,  p.  25.) 

qjOTKTK'm,  C««H'*N*0*.  Chinin.  The  cinchona  resin  of  the  older  chemists.— 
The  memoirs  cited  under  CiNCHomKB  (i.  973)  relate  also  to  quinine;  see  alsoPasteur 
(Gompt  rend,  xxxvi.  26;  xxxvii.  110, 162;  Jahresb.  1853,  p.  419;  Schiitzenberger 
(Ann.  Ch.  Pharm.  cviii.  347,  350;  Jahresb.  1858,  p.  369). — On  quinine  alone:  Robi- 
quet  (Ann.  Ch.  Phys.  [2],  xvii.  316);  Stracingh  (Repert.  Pharm.  xv.  139); 
Pelletier(J.  Pharm.  xi.  249);  Duflos  (Berz.  Jahresb.  xxvii.  1,  110);  Strecker 
(Ann.  Ch.  Pharm.  xci.  155 ;  Jahresb.  1854,  p.  505). 

This  alkaloid,  the  most  important  constituent  of  the  true  cinchona-barks,  on  account 
of  its  tonic  and  antifebrile  properties,  was  first  obtained,  but  in  an  impure  state,  by 
Gomez  of  Lisbon,  and  by  Pfftff  in  1811 ;  Pelletier  and  Caventou,  in  1820,  succeeded 
in  separating  it  from  the  other  constituents  of  the  bark,  and  examined  many  of  its  pro- 
perties ;  and  its  composition  was  established  by  Liebig  in  1838. 

The  proportions  of  quinine  and  of  the  other  alkaloids  in  various  kinds  of  cinchona- 
barks,  as  determined  by  different  analysts,  have  already  been  given  in  the  article 
CiNCKoxA-BARKS  ^i.  970).  The  following  table  exhibits  the  average  results  of  the 
several  determinations  of  the  quantities  of  quinine  and  cinchonine: — 

1.  Brown  or  Ghrey  barks: 


Huanoco 

0*4    per  cent  quinine,  1*7    per  cent,  cinchonine 

Loxa    . 

0-35               „               0-34               „ 

Pseudoloxa  . 

0-35                „               0-66 

Huamalies   . 

0-3                  „               0-8 

Jaen  pallida 

0-56               „               0-60                „ 

2.  Yellow  or  Orange  barks: 

Koyal  or  Calisaya  bark. 

a.  plana 

2-2    per  cent,  quinine,  028  per  cent,  cinchonine. 

b.  convoluta 

1*1                  »               0-42 

Cinchona  flava  fibrosa 

105                „               0-83 

Cinchona  fiava  dura 

0-54                „               0-48 

Piiaya 

1-68                „               0-90 

3.  Bed  bark: 

Cinchona  rubra    . 

0-91  per  cent,  quinine,  105  per  cent,  cinchonine. 

According  to  M'lvor,  a  covering  of  moss  on  the  bark  during  its  growth  increases  the 
percentage  of  the  alkaloids ;  and  this  observation  has  been  confirmed  by  De  Vrij,  who 
found  in  a  young  bark  covered  with  moss,  8*4  per  cent,  of  alkaloids. 

The  extraction  of  quinine  and  cinchonine  from  cinchona-barks,  by  treating  the  bark 
with  a  dilute  acid,  and  precipitating  with  lime  or  carbonate  of  sodium,  has  been 
already  described  under  CiNCHOiaMa  (i.  973) ;  also  the  usual  methods  of  separating  the 
two,  depending:  a.  On  the  greater  solubility  of  sulphate  of  cinchonine  in  water,  and 
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die  gicater  fiwtlity  of  crystallisatioii  of  the  qninine-Balt. — 0.  On  the  greater  solttbilitj 
of  quinine  in  eold  alcohol,  and  in  ether.  Thibonmer^  (J.  Pharm.  [3]  ztL  369) 
extractB  the  alkaloids  from  the  lime-precipitate  with  oil  of  turpentine  or  coal-oil, 
instead  of  alcohol ;  Herring  uses  benzene  for  the  same  piurpose.  Tnese  liquids  dissolve 
the  qninise,  with  Teij  little  cinchonine,  and  gire  it  up  again  to  dilute  acids :  they  have 
the  adrantage  of  taking  up  less  of  the  colouring-matter  than  alcohol  does.  When  the 
alkaloids  haye  been  precipitated  by  carbonate  of  sodium,  hot  fatty  oils  may  also  be  used 
for  the  extraction.  [For  other  methods,  see  ChndirCa  Handbool,  xyii.  266.  For  the 
qoantitatiye  estimation  of  the  alkaloids,  in  cinchona-barks,  see  the  same  work,  xyii. 
268;  also  this  Dictionary,  i.  968.] 

Properties. — Quinine  is  precipitated  by  an  alkali  from  the  solutions  of  its  salts,  as  a 
white  oordy  hydrate,  porous  and  friable  when  dry,  agglutinating  when  heated.  By 
ioaion  in  a  yacanm,  or  by  prolonged  heating  to  120^,  it  may  be  depriyed  of  its  combined 
water,  leaying  a  white  opaque  mass,  whidi  has  a  cryst^ne  surface  and  concentric 
ndiated  fracture,  becomes  strongly  negatively  electric  when  rubbed,  and  melts  to  a 
tzansparent  liquid  at  a  higher  temperature. 

Quinine  is  permanent  in  the  air,  inodorous,  very  bitter,  and  antifebrile.  According 
to  Robin  ^Compt.  rend,  xzxii.  650),  it  prevents  putrefaction.  It  restores  the  blue 
coloor  of  reddened  litmus.  In  alcoholic  solution  it  exerts  a  left-handed  action  on 
polarised  light:  [o]  «  -  141-33*>  at  25*»  for  the  red  ray  (De  Vrij  and  Alluard, 
J.  Pharm.  [S]  xlvi.  192) ;  «  -  12l-60  at  22*5°  and  -  129*66^'  at  16",  weaker  therefore 
in  warm  than  in  cold  solutions.  Acids  increase  the  rotatory  power ;  ammonia  restores 
H  to  its  original  amount  TBouchardat,  Ann.  Ch.  Phys.  [3]  ix.  213).  For  solutions 
of  quinine  in  acetic  or  sulphuric  acid,  [a]  »  287'16^  at  24<^  for  the  transition-tint ; 
therefore  220*15°  for  the  red  ray.    (De  Vrij  and  Alluard.) 

The  composition  of  anhydrous  quinine  is  as  follows : 

Pelleder 


Caimtatitm, 

and  Damai. 

Begnault. 

Liebig. 

Laurent. 

Strecker. 

c»    . 

• 

240 

7407 

75-02 

73-38 

74-09 

73-41 

74-05 

H«*    . 

• 

24 

7-41 

6*66 

7-65 

7-67 

710 

7-50 

N»     . 

• 

28 

8-64 

8-45 

8-65 

0»     . 

• 

32 

9-88 

9-87 

10-42 

C»H«N«0» 

324 

100-00 

10000 

10000 

Pdletier  and  Dumas  gave  the  formula  C^W^NC^;  Regnault  C^iPA^O^;  Laurent 
(^B^lf*0^  or  C"H"N*0»     The  correct  formula  was  deduced  from  Liebig's  analyses. 

Quinine  forms  two  hydrates,  containing  respectively  one  and  thi^  atoms  of 
water. 

a,  Trik^draie,  C»H2«N»0«.3H«0.— This  is  the  ordinary  hydrate  obtained  by  precipi- 
tation. When  a  dilute  solution  of  quinine-sulphate  mixed  with  excess  of  ammonia  is 
left  to  evaporate,  slender  needles,  consisting  of  the  same  hydrate,  gradually  form  on 
the  sTtrfiice ;  when  dried,  however,  they  present  the  appearance  of  an  amorphous 
powder.  A  solution  of  quinine  in  absolute  alcohol  leaves  on  spontaneous  evaporation 
a  resinous  mass,  containing  a  few  needles  of  the  trihydrate,  but  it  does  not  crystallise 
readily  from  alcohol ;  the  ethereal  solution  of  quinine  leaves  nothing  but  a  resinous 


/8.  Mono-hydrate,  C*H*^N*0*.H*0. — ^When  the  amorphous  trihydrate  freshly  precipi- 
tated and  washed  is  exposed  to  the  air  and  frequently  moistened,  it  is  slowly  trans* 
formed  into  crystals  of  the  mono-hydrate,  which  dissolve  in  warm  alcohol,  crystallise 
again  on  coolings  and  give  up  their  water  at  130°  (Van  Heijningen,  Jahresb.  1849, 
p.  374).  This  hydrate  constitutes  Van  Heijningen's  j-quinine.  It  dissolves  less 
easily  than  ordinary  quinine  in  alcohol,  and  is  said  to  form  a  neutral  sulphate  different 
from  the  ordinary  salt.  De  Vrij  (N.  Jahrb.  Pharm.  xiv.  268)  did  not  succeed  in 
preparing  it. 

Quinine  dissolves  in  364  pts.  of  cold  water  (Duflos);  in  480  pts.  water  at  18*7 5^ 
(Abl);  in  200  pts.  of  boilingwater(Pelletier  and  Caventou);  267 pts. (Duflos). 
It  is  very  soluble  in  alcohol,  and  dissolves  in  ether ,  much  more  easily  than  cinchonire. 
It  dissolves  also  in  volatiU  oU»t  fixed  oils,  and  chloroform.  It  is  not  quite  insoluble  in 
aqueous  alkalis,  especially  when  recently  precipitated  from  its  salts.  According  to 
Duflos,  however,  it  is  precipitated  from  aqueous  solution  by  alkalis  and  alkaline  carbo- 
nates, so  that  the  presence  of  acids  probably  influences  its  solubility.  It  dissolves  in 
2, 1 46  pta.  of  lime-water.    (0  al  v  e  r t.) 

Deoomposiivms. — 1.  Quinine  when  strongly  heated  in  the  air  turns  brown,  burns 
with  flame,  evolving  an  aromatic  odour,  and  leaves  a  bulky  easily  combustible  charcoal. 
—2.  Soluticxui  of  quinine-salts  turn  brown  in  sunshine. — 3.  Theyare  violently  acted 
upon  by  the  dectric  current  (Hlasiwetz  and  Rochleder). — 4.  With  aqueous  nitrite 
oj  potassium,  sulphate  of  quinine  evolves  nitrogen,  and  is  converted  into  oxyquinina 
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(Sehntzenberper,  W.  820). — 5.  A  solution  of  quinine  in  strong  niMe  acid  baeomes 
coloured  on  heating  (Riegel),  without  forming  picric  acid  (Lie big). — 6.  A  solution 
in  oil  of  vitriol  immediately  colours  chramate  of  potassium  dark-green,  with  erolution 
of  «I8  (Ri  egel  and  E  boli). — 7.  PermangtmaU  ofpotasnum  acts  upon  quinine  in  the 
oold,  and  more  compIi*tely  at  boiling  heat,  forming  carbonate  and  nitrate  of  potassium, 
and  a  peculiar  add  (Cloez  and  Guignet,  Compt.  rend,  zlrii.  710). — 8.  Peroxide  of 
lead  colours  a  solution  of  quinine  in  sulphuric  add  grej-brown  (Riegel).  When  a 
solution  of  quioine-sulphate  is  boiled  with  peiozide  of  Inid,  and  dilute  sulphuric  add 
is  gradually  dropt  into  it,  a  red  substance  called  quinetin,  partly  soluble  in  water, 
is  produced.     (March and,  p.  9.) 

9.  In  contact  with  eine  and  dilute  ndpkuric  acidf  quinine  takes  up  1  at  of  water, 
and  is  oonyerted  into  hydroquinine,  C''H*'NK)*  (schiitzenberger). — 10.  When 
heated  to  240°  or  260°  with  water  in  a  sealed  tube,  it  forms  chinoline.  (Reynoso, 
Compt  rend.  xxiv.  795.) 

11.  The  solution  of  quinine  in  oU  of  vitriol  acquires  a  yellowish-brown  ooloar  when 
heated  CRiegel);  fuming  sulphuric  acid  colours  quinine yeUowish-green  (Schlieken- 
kamp),  forming  quinine-aulphuric  add  (Bchntzenberger). — Salts  of  quinine 
heated  alone,  or  with  sulphuric  add  and  water,  are  converted  into  salts  of  quinicine 
(p.  13',  Pasteur). 

12.  Quinine  assumes  a  dirty-yellow  colour  in  vapour  of  iodine  (Donne).  When 
triturated  with  iodine,  it  forms  a  brown  compound,  which  appears  to  be  identical  with 
the  predpitate  formed  on  adding  a  solution  of  iodine  in  iodide  of  potassium  to  a 
qqinine-mit.  Quinine  is  decomposed  by  aqueous  periodic  acid,  with  liberation  of 
iodine  (Bddeker).  When  quinine,  or  its  sulphate,  is  warmed  with  an  equal  quantity 
of  iodic  acid,  an  explosive  evolution  of  gas  takes  place.  (Bret^  J.  Fhann.  [3]  zxvii. 
116.) 

13.  Quinine,  sulpkurie  acid,  and  iodine  together  yield  sulphate  of  iodoquinine  (p.  26). 

14.  Quinine  exposed  to  a  current  of  dry  chlorine,  takes  up  a  laige  quantity  of  the 
gas ;  according  to  Andr^  it  assumes  a  carmine-red  colour  in  a  few  secopds,  and 
becomes  soluble  in  water;  but  according  to  Pasteur,  it  turns  greeniah,  and  then 
gives  up  to  boiling  or  cold  water  only  a  small  quantity  of  a  substance  having  an  add 
reaction,  whilst  the  remainder  behaves  like  the  body  formed  by  the  action  of  chlorine 
on  quinine  suspended  in  water.  Quinine  suspended  in  water  is  reddened  by  chlorine 
(Andrd  and  Pelletier).  A  solution  of  quinine  in  400  pts.  of  water,  addolated 
with  sulphuric  add,  is  not  coloured  or  rendered  turbid  on  passing  chlorine  into  it  for 
ten  minutes.    (Lepage,  J.  Phigrm.  xxvi.  140.) 

When  chtorine-tDoter  and  then  ammonia  are  added  to  a  solution  of  a  quinine-salt,  a 
green  predpitate  is  produced,  which  is  dissolved  by  more  ammonia  to  a  fine  emerald- 
green  liquia.  Exact  neutralisation  of  the  liquid  colours  it  a  aky-blue,  changing  to  violet 
or  fiery-red  on  further  addition  of  add ;  ammonia  restores  the  g^reen  colour  (Andr^ 
J.  Pharm.  xxii.  132).  In  this  way  [espedally  by  employing  an  ethereal  solution 
(Leers)]  mere  traces  of  quinine  may  be  recognised;  quinidine,  however,  exhifaitB  the 
same  reaction. 

The  green  colour  is  not  produced  by  other  alkalis  instead  of  ammonia.  It  is  not 
product  when  the  chlorine-water  is  allowed  to  act  too  long,  nor  with  all  proportions  of 
chlorine-iwater  and  ammonia ;  since  with  too  little  chlorine-water,  ammonia  throws 
down  a  grreenish-white  predpitate,  and  with  too  much  it  produces  a  yellow  coloration 
(6  r an d e s).    Beddish-green  or  brown  colours  may  alK>  be  produced.    ( An  d r &) 

When  200  grains  of  sulphate  of  quinine  are  dissolved  in  80  ounces  of  chlorine-water, 
and  the  solution  is  mixed  at  once  with  1 0  ounces  of  ammonia-water,  a  green  precipitate 
is  produced,  amounting  to  about  60  grains,  whilst  the  liquid  remains  of  a  deep-green 
oolour.  The  precipitate  is  Brandes  and  Leber's  daUeiockvne :  the  colourinff*matter  of 
the  solution  is  not  removed  by  agitation  with  ether,  nor  in  an  unchanged  state  by 
other  me^ns,  but  splits  up  on  evaporation  into  red  rusiochine,  soluble  in  alcohol,  and 
dark-brown  melanochine,  insoluble  in  water  and  alcohol.  (See  Gmelin^s  Handbook, 
xvii.  272.) 

15.  When  strong  chlorine- water  free  from  hydrochloric  acid  is  poured  into  a  concen- 
trated solution  of  sulphate  of  quinine,  till  the  liquid  exhibits  a  faint  yellowish  oolour, 
and  finely  pulverised  ferrocyanide  of  potassium  is  then  added  till  the  colour  changes 
to  light  rose-red,  this  tint  gradually  changes  to  dark-red,  especially  on  addition  of  a 
larger  quantity  of  the  ferrocyanide.  The  red  colour  is  not  due  to  the  formation  of  any 
cyanogen-compound,  for  it  may  be  equally  welUproduced  by  means  of  baiyta  or  lime- 
water,  or  of  sodic  borate  or  phosphate.    (A.  Vogel.) 

16.  When  quinine  is  heated  with  strong  potash-ley,  hydrogen  is  evolved,  chinoline 
(i.  869)  distils  over,  and  the  residue  appears  to  contain  formic  acid.  (Gerhardt  and 
Wertheim.) 

17<  With  iodide  of  methyl  and  iodide  of  ethyl,  quinine  forms  hydriodate  of  methyl-  or 
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tidnrl-qtimiiio  (p.  25).  With  cAhride  of  acetyl  and  chloride  qf  hensoyl  it  yields  tlie 
fajfdrodilontes  of  acetyl  and  beiuoyl-qaintne  (p.  26). 

^irtMlua  ■•lUi — Quinine  neutralises  acids  completely,  forminff  mono^cid  or 
•eviral  and  di-add  salts.  The  salts  are,  for  the  most  part,  more  easily  crystallisable 
and  leas  soluble  in  vater  than  the  salts  of  cinchonine.  They  hare  a  strong  bitter 
taste,  and  frequent^  exhibit  a  pearly  or  silky  lustre.  They  are  precipitated  by  alkalis 
and  their  earbonates,  by  the  hfdraUs  ofcalcnun  and  fnagnenum,  and  by  ammonia  and 
cofhonaU  qf  ammonia,  hydrate  of  quinine  being  thrown  down  in  white  flocks.  The 
pncipitate  produced  by  potash,  ammonia,  or  cari)onate  of  potassium  is  pulverulent, 
and  Dol  oystalline  or  soluble,  to  any  great  extent,  even  in  excess  of  the  precipitant; 
the  sulphate  alone  yields  a  jredpitate  easily  soluble  in  excess  of  ammonia  (v. 
Planta).  Cyanide  of  potassium  colours  quinine-salts  carmine-red  (Schwabe)^ 
Lime-water  added  in  excess  to  quinine-salts  redissolves  the  precipitate  formed  at  first 
Sotuticnis  of  quinine-salts  containing  excess  of  add  are  highly  fluorescent 

Acetate  of  Quinine,  C»H*<N*O^C>H^O^  cirstallises  in  long  needles,  which  melt 
to  a  ooloiurleas  ^ass.  It  gives  off  acetic  acid  at  the  heat  of  the  water-bath,  is  slightly 
•olnble  in  eold,  veiy  soluble  in  boiling  water.    (Begnault) 

The  arsenate  forms  needle-ehAped  prisms  resembling  the  phosphate,  but  less 
peaiiy. 

The  aspartate  forms  indistinct  crystals,  easily  soluble  in  water. 

Borate, — ^A  hot  solution  of  quinine  in  aqueous  boric  acid  yields  crystalline  granules 
on  rr)€^m^ ;  \jj  spoutaueous  evaporation  with  an  excess  of  boric  acid,  a  varnish  is 
obtained. 

Carbonate,  C»H"N«0«.H«CO*.H«0,— This  salt  is  not  formed  by  precipitation  ;  but 
when  quinine  precipitated  &om  the  sulphate  by  ammonia  is  suspended  in  water, 
and  carbonic  add  is  passed  into  the  solution  till  the  quinine  dissolves  completely, 
an  alkaline  liquid  is  obtained,  from  which  crystals  of  carbonate  of  quinine  are 
deposited  on  exposure  to  the  air  for  twenty-four  hours.  By  spontaneous  evaporation 
of  the  mother-liquor,  quinine  is  obtainod  free  from  carbonic  acid.  The  carbonate  forma 
translucent  needles,  having  an  alkaline  reaction,  efSoresdng  rapidly  in  the  air,  and 
decomposing  at  110°,  with  liberation  of  carbonic  add ;  they  are  soluble  in  alcohol,  but 
insoluble  in  ether.    (Langlois,  Ann.  Cb.  Fhys.  [3]  xli.  89.) 

The  chlorate,  formed  by  dissolving  quinine  in  warm  aqueous  chloric  acid,  crys- 
tallises in  tufts  of  slender  needles,  melting  to  a  colourless  liquid,  which  solidifies  to  a 
transparent  varnish ;  it  explodes  when  strongly  heated.  (Serullas,  Ann.  Ch.  Pfays. 
[2]  xlT.  279.) 

Chromates.—T^Q  neutral  *a7<,  2Cr*N»H"0«.CrO»,  is  precipitated  from  an  axjueous 
solution  of  neutral  or  add  sulphate  of  quinine  by  neutnJ  cbromate  of  potassium,  in 
the  absence  of  free  adds,  and  is  slowly  deposited  in  tufts  of  shining  golden-yellow 
needles,  not  affected  by  light,  but  assuming  a  green  colour  when  heated  above  92°.  It 
dissolves  in  2,400  pts.  of  water  at  15°,  in  160  pts.  of  boiling  water;  in  alcohol,  but 
not  in  ether.    ( An  d  r  6.) 

The  add  ehromate,  C»IP*N«0*.CrO».BH^O,  is  thrown  down  by  acid  chromate  of 
potassium  from  a  cold  aqueous  solution  of  sulphate  of  quinine  containing  sulphuric  add, 
as  an  orange-yellow  predpitate,  consisting  of  microscopic  needles.  It  decomposes 
rapidly  in  the  light,  turns  brown  at  60®  or  65°,  or  when  boiled  with  water,  evolving 
oxygen.    More  soluble  than  the  neutral  salt.     (Andr^,  J.  Pharm.  [3]  xli,  341.) 

The  citrate,  2C"H'*N»0«.C«H"0',  is  a  sparingly  soluble  salt,  crystallising  in 
delicate  needles. 

Croconate  and  "Rhodizonate  of  Quinine  are  deep  yellow  or  red  amorphous 
masses,  soluble  in  water  and  alcohol  (H  e  1 1  e  r). — The  cyanurateisA  white  amorphous 
mass  (Elderhorst). — The  formate  crystallises  easily  in  needles  resembling  the  sul- 
phateu    (L.  L.  Bonaparte,  J.  Chim.  m^  xvlii.  680.) 

Gal  late, — €kllic  add  and  alkaline  gallates  form  precipitates  with  all  salts  of 
quinine,  provided  the  solutions  are  not  too  dilute.  The  predpitate  dissolves  in  boiling 
water,  the  liquid  becoming  milky  and  yielding  an  opaque  deposit  on  cooling.  Gallato 
of  qm'nine  is  soluble  in  alcohol  and  in  excess  of  add  (F ell e tier  and  Caventou). 
Aecording  to  Pfaff  and  Hennr,  gallic  add  and  alkaline  gallates,  when  free  from  tannin, 
do  not  predpitate  quinine-salto. 

Hydriodate  of  Quinine,  C*H»*N«0«.HI,  is  obtained  by  direct  union  of  the 
add  and  base,  or  by  double  decoinposition,  in  nodular  groups  of  delicate  crvstals 
(Pellet ierX  lemon-ydlow  prisms  (Herapath).  A  solution  ot  sulphate  of  quinine  in 
boiling  water,  mixed  with  an  equivalent  quantity  of  iodide  of  potassium,  yields  on  cooling 
nothing  but  ciystals  of  sulphate  of  quinine ;  but  when  240  pts.of  hydrochlorate  of  quinine 
are  mixed  with  460  pts.  of  iodide  of  potassium,  in  hot  aqueous  solution,  a  colourless 
torpentine-Uke  mass  is  deposited  as  the  liquid  cools  (W  i  n  c  k  1  e  r).  Iodide  of  potassium 

c  2 


20  QUININE. 

throvs  down  from  acetate  or  hydiochlorate  of  quinine,  a  KeaTj  whitfr  powder^ 
which  runs  into  drops  (v.  Flanta).  The  hydriodate  melts  to  a  resin  oyer  the  water? 
bath.  It  dissolves  in  water  more  freely  than  the  sulphate ;  in  nearly  all  proportions  in 
alcohol,  and  in  ether  (Winckler,  Jahrb.  pr.  Phann.  xx.  321).  From  a  solution  con- 
taining excess  of  hydriodic  acid,  an  acid  ht/driodate,  C*'H'*N*0*.2HI.6H*0,  separates, 
accor£ng  to  Begnault,  in  large  laminse  haying  a  fine  yellow  colour  and  strong  acid 
reaction. 

By  mixing  acid  sulphate  of  quinine  with  solution  of  iodide  of  potassium,  Bighini 
(J.  Chim.  med.  xiii.  116),  obtained  a  red  powder,  containing,  according  to  his  analysis, 
50  per  cent  of  quinine,  30  of  hydriodic  acid,  and  20  of  iodine,  being  a  mixture  of 
hydriodate  of  quinine  and  iodoquinine.  According  to  Reignier  (ibid.  119),  on  dis- 
solying  this  precipitate  in  alcohol,  and  evaporating  the  solntion,  transparent  four- 
sided  prisms  are  obtained,  which  turn  dull  and  brown-red  in  the  air. 

Ilydrochlorates.— The  neutral  salt,  2(C»H*»N*0*.HC1).3H«0,  is  easily  obtained 
by  dissolving  quinine  in  a  slight  excess  of  warm  dilute  hydrochloric  acid,  and  separates 
on  cooling  in  long  silky  fibres.  It  may  also  be  prepared  by  precipitating  sulphate  of 
quinine  with  chloride  of  barium,  but  the  salt  thus  formed  soon  turns  resinous  in 
presence  of  an  excess  of  hydrochloric  acid  (Winckler).  At  140^  in  a  current  of  dry 
air  it  gives  off  7*105  per  cent,  water  of  crystallisation.  An  add.  hydrochlorate  separates 
from  a  solution  of  quinine  in  a  large  excess  of  hydrochloric  acid ;  but  on  redissolving  it 
in  water,  the  solution  deposits  the  greater  part  of  the  quinine  as  neutral  hydro- 
chlorate. 

The  neutral  hydrochlorate  forms  yellow  precipitates  with  auric  and  iridic  chlorides. 
— The  chloromercurate,  C~H'*N*0'.2HCl.Hg''Cl*,  is  obtained  as  a  granulo-crystalline 
precipitate,  by  dissolving  equal  parts  of  quinine  and  mercuric  chloride  in  strong 
alcohol,  and  mixing  the  liquids  aftor  adding  a  little  hydrochloric  acid  to  the  quinine- 
solution.  If  weak  alcohol  is  used,  the  precipitate  forms  more  quickly,  but  is  less  crystal- 
line. It  is  very  slightly  soluble  in  water,  cold  alcohol,  and  ether. — The  chloroplaiinate, 
C'*H"N«0«.2HCl.Pt''ClMI*^0,  is  obtained  by  adding  platinic  chloride  to  a  solution  of 
quinine  in  a  slight  excess  of  hydrochloric  acid,  as  a  yellowish  flocculent  precipitate  which 
on  agitation  becomes  orange-coloured  and  crystalline,  sinking  to  the  bottom  of  the 
vessel  and  attaching  itself  to  the  sides.  It  does  not  give  off  any  water  at  100^,  but 
the  whole,  equal  to  2*37  per  cent.  (1  at),  at  HO**.     (Gerhardt.) 

Hydrocyanate. — Quinine  triturated  and  agitated  with  aqueous  hydrocyanic  acid 
dissolves  to  a  yellow  liquid. 

Cyanoplatinatcs.  —  A  solution  of  quinine-sulphate  precipitated  with  platinocya- 
nide  of  potassium  yields  the  salt  C»H"N«0«.2HCy.Pt"Cy^H«0,  and  with  platinid- 
cyanide  of  potassium,  the  salt  C»H"N''0«.2HCy.Pt''Cy*  (Wertheim,  Ann.  Ch.  Pharm. 
Ixxiii.  210). — According  to  Schwa rzenbach  (Pharm.  Vierte\j.  viii.  210),  platinocya- 
nide  of  potassium  throws  down :— a.  From  a  solution  of  quinine  in  aqueous  acetic  acid, 
a  white  precipitate  of  the  salt^  3C*'H"N«0^2HCy.Pt"Cy^  partly  converted  into  needles 
on  standing. — /3.  From  a  solution  of  quinine  in  a  moderate  excess  of  sulphuric  acid,  a 
bulky  white  precipitate,  which  when  left  at  rest  is  transformed  into  tabular  crystals 
containing  2(C-'»H"N«0«.2HCy.Pt''Cy*)  H*0,  warty  groups  of  needles  consisting  of 
^•H**N*0*.2HCvPt''Cy*.HK),  and  a  resin  having  the  same  composition. 

Hydroferricyanate  of  Quinine,  2(C«»H"N«0*  H»Fo"'Cy«)3H-0,  is  precipitated  by  a 
concentrated  aqueous  solution  of  ferricyanide  of  potassium  from  a  strong  aqueous  solu- 
tion of  hydrochlorate  of  quinine  containing  a  little  free  hydrochloric  acid  in  golden- 
yellow  crystalline  laminae,  which  after  drying  resembles  mosaic  gold.  The  salt  does 
not  lose  weight  at  100^;  dissolves  esjBily  in  water,  and  deposits  a  blue  powder  on 
evaporating  the  solution  (Dollfus,  Ann.  Ch.  Pharm.  Ixv.  224). — The  hydroferrocyanate, 
C«»H"N«0-.H*Fe"Cy^2H20,  is  an  orange-yellow  crystalline  precipitate,  obtained  on 
mixing  the  alcoholic  solutions  of  quinine  and  hydroferrocyanic  acid. 

Hypophosphite,  C»H"N«0«.H«PO«.— To  prepare  this  salt,  100  pts.  of  sulphate  of 
quinine  are  heated  to  94°  with  6,000  pts.  of  water  and  38'7  pts.  of  hypophosphorous 
acid ;  a  quantity  of  hypophosphite  of  barium,  barely  sufficient  for  the  complete  decom- 
position of  the  sulphate,  is  then  added,  and  the  liquid  is  filtered  and  left  to  ciystallise. 
The  mother-liquor  and  wash-water  yield  colourless  crystals  only  when  cautiously 
evaporated. — It  is  a  light  very  loose  mass,  having  a  pure  bitter  tiiste ;  melts  and  turns 
brown  at  150°,  with  loss  of  water ;  dissolves  in  60  pts.  of  water  at  15*5°,  and  more 
easily  in  boiling  water.    (L.  Smith,  Zeitsehr.  Ch.  Pharm.  i.  159.) 

Hyposulphite  of  Quinine,  C«»H"N«0«  H'SK)*  (at  I00<^),  is  obtained  by  adding 
hyposulphite  of  sodium  to  a  solution  of  hydrochlorate  of  quinine,  as  a  flocxmlent 
precipitate  sparingly  soluble  in  cold  water.  It  crystallises  from  hot  alcohol  in  fine 
needles  containing  1  at  water,  which  they  give  off  at  100°,  yielding  a  powder, 
0trongly  electric  when  hot. — Hyposulphate. — Deposited  in   crystals  from   a   hot 
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•Dliiti<in  of  sulphate  of  quinine  mixed  with  hyposulphate  of  barium.  (Wetherill, 
Ann.  Ch.  Fharm.  bm.  160;  How,  Ed.  N.  Phil.  J.  [2],  i.  47.) 

Jodates. — ^The  neviral  salt  crystallises  in  moderately  soluble  silky  needles;  the 
acid  tait  is  a  sparingly  soluble  precipitate.     (S  e  r  u  1 1  a  s.) 

Lactate  of  Quinine  crystallises  by  spontaneouR  eraporation,  in  flat  silky  needles 
resembling  the  neutral  sulphate,  but  more  soluble.  It  is  said  to  be  efficacious  in  the 
treaitment  of  intermittent  fever.    (L.  Ll  Bonaparte.) 

Mellitate, — ^AlcohoUc  quinine  produces,  with  solution  of  mellitic  acid,  an  abun- 
dant white  predpitate,  which  becomes  pearly  and  crystalline  when  washed  with  weak 
alcohoL  It  does  not  lose  water  at  100^,  but  erolves  a  little  water  and  ammonia  at 
130^  turning  sulphur-yellow;  dissolves  very  slightly  in  cold,  and  somewhat  more 
freely  in  hot  water,  from  which  it  is  deposited  as  a  crystalline  powder  on  cooling. 
(Earmrodt»  Ann.  Ch.  Fharm.  Ixzxi.  170.) 

Morintannate, — ^Pale-yellow  precipitate,  slightly  soluble  in  water,  easily  in 
aloohoL 

Jfitrate^  C*H*'N'0*.HNO*. — ^An  aqueous  solution  deposits  on  evaporation  oily 
drops,  which  turn  waxy,  and  whpu  kept  under  water  for  many  days  are  tran-sformed 
into  very  oblique  rhombic  prisms  (Pelletier  and  Gaventou).  Crystals  are  obtained 
only  by  evaporating  the  excess  of  acid,  and  dissolving  the  residue  in  water  (van 
Heijningen). — When  neutral  sulphate  of  quinine  is  decomposed  by  nitrate  of 
barium,  and  the  filtrate  is  allowed  to  evaporate  spontaneously,  large  transparent 
prisms  separate,  which  give  off  4*2  per  cent  of  water  at  100^  (1  at.  b.  4*4  per  cent.) 
(.^  t  r  ee  k  er). — Argento-nitrate,  Alcoholic  nitrate  of  silver  throws  down,  frora.  alcoholic 
solution  of  quinine,  a  crystalline  precipitate  containing  1  at.  silver-oxide  to  1  at. 
quinine.     (Strecker.) 

Oleate. — Quinine  is  nearly  insoluble  in  olive-oil,  and  does  not  saponify  when  heated 
with  it»  When  1  pt.  of  quinine  is  digested  with  2  pts.  of  oleic  acid  for  one  to  two 
hoars  at  100®,  a  solution  miscible  with  fat  oil  is  obtained  (Attfield,  Pharm.  J. 
Trans.  1863,  pp.  4,  388).  By  the  action  of  quinine  on  olive-oil  or  margaric  acid^ 
Tripier  (J.  Pharm.  [3],  xlvi.  234)  obtained  soaps  miscible  in  all  proportions  with 
oils  and  &t8.  The  very  viscid  "  Oleomargarate  de  Quinine  "  thus  formed  ultimately 
dTBtallises  by  slow  cooling  in  shining  globules. 

'Oxatatee.^The  neutral  salt,  2C»H«*N«0«.C«H«0^  (at  1260),  is  obtained  by  precipi- 
tating a  cold  solution  of  the  acetate  with  oxalate  of  ammonium,  washing  the  preci- 
pitate with  a  little  cold  water,  and  recr}'8talli8ing  from  boiling  alcohol,  which  deposits 
it  on  cooling  in  very  fine  needles.—  The  acid  salt  forms  needles  very  soluble  in  water. 

Percklorate,  C»H"NW.HaO*.7H»0.— When  sulphate  of  quinine  is  precipitated 
by  perchlorate  of  barium,  and  the  filtrate  is  evaporated,  yellowish  oily  drops  are 
deposited,  which  redissolve  on  gently  warming  the  liquid,  and  afterwards  separate  in 
crystals  on  cooling.  By  concentration,  the  mother-liquor  yields  a  further  quantity  of 
oil,  which  solidifies  in  contact  with  a  crystal. — According  to  Bodeker,  the  salt  forms 
striated  prisms,  exhibiting  a  faint  dichroism  of  blue  and  yellow;  according  to  Dauber 
(Ann.  Ch.  Pharm.  Ixxi.  65),  it  forms  truncated  rhombic  octahedrons,  cleavable  parallel 
to  the  end-face.  P  :  P  basal  —  149®  46';  macrodiagonal  «  80°  30' ;  brachydiagoual 
=  107"^  32*.  The  crystals  melts  at  45°,  and  likewise  at  a  moderate  temperature  over 
oil  of  vitriol ;  and  the  fused  salt  solidifies  on  cooling  to  a  clear  brittle  mass,  which  loses 
14-3  per  cent  of  water  at  110°,  puffs  up  strongly  at  150°,  and  solidifies  again  at  160°, 
baring  then  lost  18*63  pei;  cent,  of  water.  On  further  heating,  a  violent  explosion 
occurs,  accompanied  by  flame. — Aqueous  solutions  of  a  certain  strength  yield  highly 
lustrous,  dichroic,  rhombic  tables,  which  melt  to  an  oil  under  water,  but  only 
at  210^  when  heated  alone,  losing  6*5  per  cent,  of  water  (2  at.  »  6*4  per  cent.), 
(Bodeker.) 

Periodate,  C**H"N*0'.HIO*. — Freshly  precipitated  quinine  neutralises  aqueous 
periodic  acid  but  incompletely  in  the  cold,  and  on  warming  the  liquid,  iodio  acid  is 
formed.  When  the  acid  solution  is  evaporated  over  oil  of  vitriol,  it  becomes  covered 
with  oily  drops,  which  are  convert^^d  into  crystals  as  the  evaporation  proceeds.  The 
periodic  acid  contained  in  the  crystals  is  reduced  on  keeping  for  a  short  time,  the  crystals 
acquiring  a  yellow  colour.  On  neutralising  the  alcoholic  solution,  and  evaporating  at 
30°  to  40^,  roundish  masses  of  needles  are  obtained.  They  dissolve  easily  in  water 
containing  nitric  add,  but  with  difficulty  in  pure  water,  and  after  drying  at  40°  retain 
9  at,  and  at  lOOS  A  At.  water.     (Langlois,  Ann.  Ch.  Phys.  [3],  xxxi.  274.) 

PJkospkates, — Quinine  dissolves  easily  in  warm  aqueous  phosphoric  acid,  and  the 
lolution  on  eooling  yields  a  pulpy  mass  of  needle-shaped  crystals.  A  more  dilute 
■olntion  deposits  rwliated  groups  of  very  thin  silky  needles,  perfectly  neutral  to  test- 
paper.    They  give  off  7*57  to  7*65  per  cent  water  at  120°,  and  probably  consist  of 
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3C**H*«N*0*.2PH*0^  (Anderson,  Ann.  Ch.  Fharm.  Ixri  69),  or,  aoeordmg  to 
Gerhardt  (TraiU,  iv.  118),  of  2C»H"N«0«.PHH)*.2HH).— A  hot  eoLution of  enlphata 
or  h^diochlorate  of  quinine  mixed  with  a  slight  ezceas  of  sodic  phorohate,  deponts  on 
cooling  a  vhite  crystalline  mass,  yeij  slightly  soluble  in  water,    (winckler.) 

A  puropho8pkate  of  quinine  is  obtained  bjr  precipitating  the  hydrochlorate  with  sodic 
pyrophosphate. 

Pier  ate. — Obtained  by  precipitation  as  a  yellow  powder,  Tezy  slightly  solnble  in 
water,  freely  in  alcohol.  W  hen  boiled  in  water,  it  melts  and  floats  on  the  surface  in 
mly  drop8(Ii.  L.  BonaparteV  According  to  Carey  Lea  (SilL  Am.  J.  [2]  zzri.  379), 
it  crystallises  from  the  alcoholic  solution  in  yellow  needles ;  according  to  ll  Bonaparte, 
the  alcoholic  solution  does  not  yield  any  crystals. 

Quinate  of  Quinine  occurs  in  cinchona-barks  (Henry  and  Plisson).  A 
solution  of  sulphate  of  quinine  mixed  with  quinate  of  barium  deposits  the  salt  usually 
in  mammellated  crusts,  having  a  homy  appearance  at  the  edges^  sometimes,  however, 
in  needles.  It  dissolves  in  3*5  pts.  water  at  110^,  and  in  8  pts.  of  alcohol  of  88  per 
cent.    (Baup.) 

Succinate  of  Quinine  forms  pearly  prisms. 

Sulphates  of  Quinine.— a.  Neutral  ealt,  2C«H«*N»0*.H»S0*,  commonly  but  im- 
properly called  Basic  sulphate  of  quinine.  This  salt  is  produced  by  neutralising 
quinine  with  dilute  sulphuric  add,  a  few  drops  of  alkali  added  to  the  solution  quickly 
determining  the  crystallisation  (see  also  p.  16).  It  crystallises  in  scales,  or  in  long 
slightly  flexible  needles,  having  a  nacreous  aspect  The  crystals  are  monodinic,  ex- 
hibiting Uie  combination  oP  .  ooPoo  .  [  ooPoo  ].  Angle  oP  .  [  ooPoo  ]  «-  96^  6(f ; 
ooPoo  :  [  ooPoo  ]  »  90^.  They  are  often  hemitropic.  Cleavage  distinct,  parallel  to 
oP  and  ooP.  The  salt  is  as  light  as  magnesia,  has  a  bitter  taste^  and  effloresces  quickly 
on  exposure  to  the  air. 

The  sulphate  dried  in  the  air  at  S°  to  15^,  or  over  oil  of  vitrol  diluted  with  3*2  to 
3-6  its  volume  of  water,  has  the  composition  2(2C«»H«*NK)*.H«SO*).16H*0;  the  moist 
salt  loses  its  excess  of  water  when  placed  over  acid  of  this  strength,  whilst  the  air- 
dried  salt  does  not  alter  in  weight.  When  heated  to  110°  to  120°,  it  loses  the  whole 
of  its  water  of  crystallisation,  but  rapidly  absorbs  4*87  to  5*1  per  cent,  again  on  ex- 
posure to  moist  air  (4  at.  »  4*82  per  cent)  (Jobst  and  Hesse);  the  same  quantity 
of  water  is  retained  by  the  salt  dried  over  oil  of  vitriol  [or  in  dnr  air  (Baup)].  A 
solution  of  1  pt.  of  the  air-dried  salt  in  40  pts.  or  more  of  alcohol  of  speciflc  gravity 
0*852,  deposits  on  evaporation  white  needles,  containing  4  at  water.  (Jobst  and 
Hesse,  Ann.  Ch.  Pharm.  cxix.  361.) 

Commercial  sulphate  of  quinine  contains  quantities  of  water  varying  between  61  and 
13*3  per  cent.  (Millon  and  Comaille).  It  usually  appears  half- effloresced,  but 
still  contains  1 6"6  per  cent,  of  water.     (Guibourt.) 

The  anhydrous  salt  dissolves  in  793  pts.  water  at  6°,  and  in  788  pts.  at  9'fi  (Jobst 
and  Hesse).  One  part  of  the  salt  [crystallised  or  dry?]  dissolves  in  265  pts.  of  cold, 
and  in  24  pts.  of  boiling  water  (Bussy  and  Guibourt) ;  in  335  pts.  cold,  and  33*5 
pts.  boiling  (Howard) ;  in  720°  pts.  at  18-75°  (Abl) ;  in  740  pts.  at  13°  and  in  30 
pts. at  100°  (Baup);  in  740  pts.  at  10°  (van  Heijningen ;  Cap  and  Garot).  The 
commercial  salt  dissolves  in  738  to  770  pts.  of  water  at  12°  to  15°  (Kerner).  It 
dissolves  verv  sparingly  in  a  cold  saturated  solution  of  Glauber^s  salt,  and  scarcely  at 
all  in  BocheUe  salt,  so  that  the  solution  is  scarcely  clouded  by  ammonia,  or  coloured 
by  chlorine-water  and  ammonia  (Mann).  The  solubility  of  sulphate  of  quinine  in 
water  is  reduced  by  sulphate  of  sodium  and  sulphate  of  magnesium,  but  increased  by 
sal-ammoniac,  saltpetre,  and  chlorate  of  potassium.    (Calloud.) 

One  part  of  anhydrous  sulphate  of  quinine  dissolves  in  100  to  115  pts.  of  alcohol  of 
spedflc  gravity  0*852 ;  the  strength  of  the  alcohol,  however,  is  altered  by  the  salt  dis- 
solved in  it  (Jobst  and  Hesse).  One  part  of  the  salt  [crystallised  or  dry?]  dissolves 
in  60  pts.  of  cold  alcohol  of  speciflc  gravity  0*85  (Baup) ;  in  60  pts.  of  cold  alcohol  of 
21°  (Delondre  and  Henry) ;  in  40  pts.  of  alconol  (Cap  and  Garot) ;  in  7*5  pts.  of 
boiling  alcohol  of  90  per  cent.  (Bussy  and  Guibourt),  from  which  it  is  deposited 
almost  entirely  on  cooling.  Sulphate  of  quinine  dissolves  in  40  pts.  of  glycerin,  bat 
not  in  flitty  oils  (Cap  and  Garot ;  Attfield).  It  dissolves  abundantly  in  creosote  at 
20°,  and  slowly  m  cold  picamar  (Reichenbach).  It  is  insoluble  in  chloroform. 
(Schlimpert.) 

The  solution  of  quinine-sulphate  in  water  acidulated  with  sulphuric  acid  turns  the 
plane  of  polarisation  of  a  ray  of  light  strongly  to  the  left.  For  the  transition-tint 
[a]  —  255*6  for  the  anhydrous  sulphate,  and  210*87°  for  the  sulphate  with  15*72  per 
cent  water  (De  Vrij  and  AUuard,  Compt.  rend.  lix.  201).  The  same  solution  ex- 
hibits a  powerful  blue  fluorescence.    (See  Light,  iii.  633.) 

Sulphate  of  quinine  becomes  luminous  at  100°;  the  phosphorescence  is  likewise 
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prodooed  by  fnction,  the  rubbing  body  beoomiog  charged  at  the  same  time  with 
negatiTe  electridtT  veiy  aenaible  to  the  electrosoope.  The  salt  melts  easily,  forming  a 
fiqaid  like  melted  wax.  At  a  higher  temperature  it  assumes  a  fine  red  colour,  aiid 
ultimately  boms  and  carbonises. 

Impteritieg  and  Adtdteratums  of  StUphaU  of  Quinine, — Sulphate  of  quinine  may  be 
iDt»itionally  adulterated,  either  >irith  inoiganic  substances  (such  as  sulphate  or  carbo- 
BSte  of  calcium  or  magnesium),  the  presence  of  which  is  detected  on  heating,  or  with 
OTganic  substances.  Of  the  latter  class  of  bodies,  starch-powder  and  stearin  are  recog- 
id^  by  their  insolubility  in  acidulated  water,  and  gum  by  its  insolubility  in  alcohol; 
sslicin,  phlorizin,  and  canensugar  assume  a  red  or  brown  colour  with  oil  of  vitriol ;  the 
other  Tarieties  of  sugar,  as  weU  as  other  substances  soluble  in  water,  remain  in  solution 
on  boHing  the  sulphate  with  baiyta-water,  passing  carbonic  acid  into  the  liquid,  and 
filtering,  and  may  be  recognised  on  evaporating  the  solution.  The  pure  sulphate  thus 
treated  leaves  only  a  slight  residue,  corresponding  to  the  solubility  of  the  salt  in 
water. 

Since  einchonine  and  cinchonidine  exist,  together  with  quinine,  in  cinchona-barks, 
the  sulphates  of  those  bases  mav  occur  as  impurities  in  sulphate  of  quinine.  They 
may  be  recognised  by  the  following  quinine-test  of  Liebig : — 10  grains  of  the  sulphate 
to  be  tested  are  warmed  with  10  drops  of  dilute  sulphuric  acid  and  15  drops  of  water 
in  a  te«t-tube;  the  solution  is  cooled;  60  drops  of  commercial  ether  and  20  drops  of 
ammonia^water  are  added;  the  whole  is  shaken;  and  the  tube  stopped.  If  the  quinine 
is  free  firom  einchonine,  and  does  not  contain  more  than  10  per  cent,  of  quinidine,  the 
whole  remains  in  solution ;  but  if  einchonine  is  present,  it  is  deposited  as  a  white 
pulverulent  layer  between  the  ether  and  the  water,  as  is. also  the  case  with  dncho- 
nidine  when  present  in  large  quantity.  Smaller  portions  of  cinchonidine  crystallise 
from  the  ether  on  standing  for  a  short  time,  and  still  smaller  quantities  when  ether 
saturated  with  cinchonidine  is  employed  in  the  first  instance.  As  it  sometimes  happens 
that  the  upper  ethereal  layer  solidifies  to  a  jelly,  even  with  pure  sulphate  of  quinine, 
it  is  more  convenient  to  employ  ether  containing  alcohol,  or  to  take  a  somewhat 
larger  pioportion  of  ether  than  is  directed  above.  Guibourt  evaporates  the  ammonia 
before  adding  the  ether  (J.Pharm.  [3]  xxi.  47). — ^Instead  of  ether,  Riegel  ( Jahrb.  pr. 
Pharm.  xxv.  340)  employs  100  drops  of  chloroform,  whereby  the  cinchonidme  also  is 
dissolved.  To  s^)iirate  this  last  substance,  he  dissolves  10  grains  of  the  sulphate 
in  water,  with  addition  of  tartaric  acid,  and  adds  acid  carbonate  of  sodium  to  the 
solution.  The  resulting  precipitate  consists  of  einchonine  and  cinchonidine,  whilst 
quinine  remains  in  solution.  The  einchonine  and  cinchonidine  may  then  be  separated 
by  chloroform.  O.  Henry  (J.  Pharm.  [3]  xiii.  107)  likewise  separates  quinine  and  ein- 
chonine by  means  of  ether  or  cold  alcohol,  but  first  removes  the  greater  part  of  the 
Siinine  by  converting  it  into  acetate  (by  precipitating  with  caustic  soda  and  dissolving 
e  precipitate  in  acetic  acid),  and  ciystaUising  out  as  far  as  possible. — D  e  1  o  n  d  r  e  and 
O.  Henry  (J.  Pharm.  [3]  xxi.  281)  triturate  10  grms.  of  the  sulphate  and  4  grms. 
of  acetate  of  barium  with  60  grms.  of  water  and  a  little  acetic  acid,  separate  the 
crystals  which  form  after  a  few  minutes,  and  dilute  the  filtrate  with  twice  its  volume 
of  alcohol  of  36®.  After  adding  a  little  sulphuric  acid  and  again  filtering,  the  liquid  is 
boiled  with  excess  of  ammonia,  and  after  standing  for  24  hours,  the  einchonine  crystal- 
lises in  needles.  The  einchonine  may  also  be  obtained  in  crystals  by  dissolving  5  grms. 
of  the  sulphate  in  120  grms.  of  warm  acidulated  alcohol,  boiling  the  solution  with 
excess  of  ammonia,  and  setting  it  aside  for  24  hours.  (For  references  to  other  methods 
see  GmeHn'e  Handbook,  xvii.  280.) 

3.  Add  sufphaie,  C*H''H'0*.H<S0M6HK),  improperly  called  neutral  eulphate.— 
This  salt,  which  always  separates  from  a  solytion  of  quinine  in  excess  of  sulphuric  add, 
is  distinguished  from  the  neutral  sulphate  by  its  much  greater  solubility.  It  usuallv 
crystallises  on  cooling  in  small  needles,  but  by  evaporation  in  a  hot-air  chamber,  it 
may  be  obtained  in  rectangular  prisms  terminated  by  a  truncation,  or  by  two,  three,  or 
four  fMets  resting  on  the  feces  of  the  prism. 

It  melts  in  ite  water  of  crystallisation  at  lOO*',  dissolves  in  11  pts.  of  water  at  18^, 
and  in  8  pts.  at  22^ ;  and  in  dilute  or  absolute  alcohol,  much  more  freely  in  the  hot 
liquids  than  in  the  cold.  From  a  solution  in  absolute  ^oohol  it  is  deposited  in 
crystals,  which  immediately  fall  to  powder  on  exposure  to  the  air.    (Ban p.) 

Sulpiateof  Quinine  and  Iron, — ^A  mixture  of  sulphate  of  quinine  and  ferric  sulphate, 
left  for  some  months  in  a  partially-covered  vessel,  deposits  this  salt  in  small,  perfectly 
regular,  colourless  octahedrons.    (Will,  Ann.  Ch.  Pharm.  xlii.  111.) 

Sulphate  of  lodoquinine  (see  p.  26). 

Sulphite  of  Quinine. — ^Dry  quinine  absorbs  sulphurous  anhydride  with  consider- 
able cTolution  of  heat,  forming  an  anhydrous  salt.    (Liebig  and  Pelouze.) 

Sulphocyanate  of  Quinine,  C**H>^K)*20yHS,  obtained  by  precipitating  a 
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solution  of  quinine-sulphate  with  sulphocyanate  of  potassium,  forms  fine  lemon-yellow 
monoclinic ciystals  (We r t h e i m).  Quinine  treated  with  sulphocyanic acid  yields  two 
salts  crystallising  together,  the  one  white,  the  other  yellow  and  resinous  (Do llf us). 
By  precipitating  sulphocyanate  of  quinine  with  mercuric  chloride  and  cyanide^  two 
double  salts  are  formed,  containing  respectirely  3((?*H'«N*0*.2(>rHS).4Hg''Cl' 
and  2(C»»H"N»0«.2CyHS).Hg''Cy«.    (Wertheim.) 

Tannates, — Qninotannic  acid  occurs  in  cinchona-bark  (Henry  and  Plisson). 
Gallotannic  acid  forms  with  dilute  quinine-solutions,  a  yellowish-white,  amorphous, 
slightly  bitter  precipitate,  sparingly  soluble  in  boiling  water,  yeiy  soluble  in  alcohol, 
l^is  salt  is  used  in  the  treatment  of  feyer,  and  is  said  to  exert  less  action  than  the 
sulphate  on  the  digestiye  organs  and  on  the  neryous  system.  (See  Beport  of  MM. 
Orji/a,  BuMtft  and  Souvier  on  a  Memoir  bv  M.  BarreewU  on  the  j[%erapetUio  Properties 
cfTannaU  of  Quinine,  J.  Pharm.  [3]  xxi.  206.) 

Tartrates.~'a.IkairotaHraU8.T\if^neuiralsalt,%(y^W*WO\(y^n^^ 
on  mixing  sulphate  of  quinine  with  neutral  dextrotartrate  of  potassium,  as  a  crystal- 
line powder,  neutral,  fusible,  and  haying  a  bitter  taste  (Arppe,  J.pr.  Chem.  Uii.  334). 
The  acid  salt,  C»H*«N«0*.C*HH)«.H*0,  is  obtained  by  mixing  equivalent  quantities  of 
the  acid  and  base,  and  leayin^  the  liquid  to  crystallise.  It  gives  off  1*4  per  cent, 
water  at  100°,  and  the  remainder,  4*4  per  cent  in  all,  at  160®,  decomposing  when 
heated  for  some  time  to  that  temperature  (Pasteur). — Tartrate  ofgvinine  and  potas- 
sium forms  crystals  soluble  in  alcohol  (jDelondre  and  Henry).  Quinine  boiled 
with  solution  of  tartar-emetic  does  not  form  a  double  salt  analogous  to  that  of  quinidine. 
(Stenhouse.) 

/3.  LtBVotartrate. — Obtained  like  the  dextrotartrate,  and  has  the  same  composition ; 
it  differs  however  in  crystalline  form,  gives  off  nearly  all  its  water  of  cryslallisation  at 
100^,  and  is  much  more  soluble  in  water  than  the  dextrotartrate.    (Pasteur.) 

Urate  of  Quinine,  C*H«N«0*.C»H*N«0"?— Prepared  by  boiling  uric  acid  for 
some  time  with  quinine  and  a  laxge  quantity  of  water,  and  filtering  the  liquid  while 
hot ;  it  is  a  white,  amorphous,  laminated  mass  (ElderhorstX  or  a  dull  white  powder 
composed  of  microscopic  prisms.  It  has  a  bitter  taste ;  bums  without  melting  when 
heated ;  dissolves  in  85o  pts.  cold  and  36*2  pts.  boiling  water ;  in  1580  pts.  cold  and 
46'Z  pta  boiling  alcohol ;  still  less  freely  in  ether.   (Andrea,  Pharm.  Viertelj.  x.  382.) 

Valerate  of  Quinine,  C'»H««N«0«.C*H»«0«.|H«0. -On  neutralising  alcohoUc 
quinine  with  a  slight  excess  of  valerianic  acid,  and  allowing  a  mixture  of  1  yol.  of  the 
liquid  with  2  yols.  of  water  to  eyaporate  at  ordinary  temperatures,  or  not  above  50°, 
hard  rectangular  octahedrons  or  cubes,  permanent  in  the  air,  and  by  rapid  evaporation 
also,  needles  are  obtained  (L.  Bonaparte).  The  salt  may  also  be  prepared  by  adding 
carbonate  of  sodium  to  a  mixture  of  1  pt  of  valerianic  acid  and  2  pts.  of  water  in 
sujficient  quantity  to  render  the  liquid  slightly  alkaline,  and  pouring  the  mixture, 
at  a  temperature  of  48°,  into  a  solution  of  2  pts.  of  sulphate  of  quinine  in  water 
containing  sulphuric  acid :  the  solution,  on  standing  for  24  hours,  deposits  crystals, 
which  are  washed  with  water  at  36°  (Chatin,  J.  Pharm.  [4]  i.  268).  It  smeUs  of 
valerianic  acid  t  tastes  very  bitter,  and  afterwards  of  the  acid,  melts  at  90^  to  a  trans- 
parent liquid,  giving  off  8}  per  cent,  of  water,  and  solidifies  to  a  glass  on  cooling. 
When  more  strongly  heated,  it  givAs  off  valerianic  acid.  The  salt,  fused  at  90°, 
dissolves  easily  in  alcohol,  and  remains  on  evaporation  as  an  amorphous  mass  when 
the  alcohol  is  strong,  or  in  the  form  of  ciystals  when  weaker  alcohol  is  employed, 
(Bonaparte.) 

The  crystals  dissolve  in  110  pts.  of  cold  [96  pts.  at  18*75°  (Abl)],  and  in  40  pts.  of 
boiling  water  (Witt stein).  The  solution  on  boiling  deposits  resinous  drops  of  the 
anhydrous  salt^  which  do  not  become  crystalline  on  cooling  or  standing  in  water,  but 
crystallise  from  dilute  alcohol  The  same  anhydrous  salt  is  precipitated  by  valerianic 
add  from  an  aqueous  solution  of  the  crystals  (Bonaparte,  J.  Chim.  m^d.  xviiL  680 ; 
xix.  330).  Dissolves  in  6  pts.  of  cold,  and  in  1  pt  of  boiling  alcohol  of  80  per  cent^ 
(Witts  tein,  Bepert.  Ixxxvii.  295).  The  salt  prepared  with  natural,  but  not  that  made 
with  artificial,  valerianic  aoid,  becomes  phosphorescent  when  rubbed,  especially  after  it 
has  effloresced.  The  two  salts  also  exhibit  different  crystalline  forms.  (Xanderer,  N. 
3r.  Arch.  cxix.  240.) 

PSBiyATIVES  OF  QuiinNB. 

1.  By  Addition, 

Bydro«niBliie»  C»fl»»NW  -  C~H"N»0«.H»0  (at  150°)  (Schiitzenberger, 
Ann.  Ch.  Pharm.  cviii.  347). — ^This  compound,  which  contains  the  elements  of  1  at 
water  more  than  quinine,  is  obtained  by  the  action  of  zinc  and  sulphuric  acid  on 
quinine.    It  is  an  amorphous  resin  nearly  as  bitter  as  quinine.    When  dried  at  120^, 
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it  retains  1  at,  "wat«r,  forming  the  mono-hjdrate  C*H*N*OM[*0,  which  slowly  gives 
off  half  its  water  at  140^,  leaving  the  compound  2C»H«N»0MI*O.  The  mono-hydrate 
softens  at  35°  and  melts  at  100^.  Hydroquinine  dissolves  in  alcohol  and  ether,  and 
exhibits  with  chlorine-water  and  ammonia  the  same  green  coloration,  as  quinine.  JKi 
salts  are  more  soluble  than  the  corresponding  salts  of  quinine.  The  sulphate  cr}'stal- 
lisps  with  difficulty.  The  chloropiaiinate  dried  at  100^  contains  26*2  per  cent, 
platinum,  agreeing  exactly  with  the  formula  0*H=^*0'.2HCLPl''Cl^ 

SMloqiiliiiiiey  2C**H'*N'0'J'  ?. — By  triturating  quinine  with  iodine,  a  brown 
substance  is  obtained,  exactly  resembling  iodocinchonine  (i.  979),  and  containing  280 
percent,  iodine  (calc.  s  30*3).     (Pasteur,  Compt  rend,  xxxvii.  110.) 

Sttlphate  of  lodo^uiniuBj  or  Sul^hatO'iodide  of  Quinine.  This  salt,  dis- 
coTerea  by  Herapath,  is  obtained  by  dissolving  acid  sulphate  of  quinine  in  strong 
acetic  acid,  and  gradually  dropping  into  it  an  alcoholic  solution  of  iodine.  The 
mixUire,  if  left  at  rest  for  a  few  hours,  deposits  the  salts  in  large  plates,  generally 
rectangular,  sometimes  rhombic,  octagonal,  or  hexagonal.  These  crystiils,  when  viewed 
by  reflected  light,  exhibit  an  emerald-green  colour,  with  an  almost  metallic  lustre  like 
the  wing-csaes  of  cantharides  or  the  crystals  of  murexide ;  by  transmitted  light  they 
BTD  nearly  colourless,  having  only  a  faint  olive-green  tint ;  but  when  two  of  them 
are  placed  across  one  another,  so  that  their  longest  dimensions  shall  intersect  at  right 
angles,  the  superposed  portions  are  quite  impervious  to  light,  just  like  two  crossed 
tourmalines.  This  effect  is  produced  even  with  crystals  not  thicker  than  i^th  of  a 
millimetre.  In  polarised  light,  the  crossed  plates  exhibit  complementary  colours,  one 
for  example  being  green  and  the  other  rose-coloured,  and  the  superposed  portions  are 
of  a  dark  chocolate-brown  colour.  In  short-,  these  crystals  possess  all  the  optical  pro- 
perties of  tourmalines,  and  may  be  substituted  for  them,  presenting  moreover  the 
advantage  of  transmitting  a  greater  proportion  of  the  incident  light ;  but  they  are 
somewhat  difficult  to  manipulate  with,  on  account  of  their  brittleness. 

The  composition  of  this  salt  has  not  yet  been  ascertained  with  ceitaiuty.  Herapath 
originally  assigned  to  it  the  improbable  formula  (^'H"N'0^P.2HS0*.ZH0.  His 
latest  analysis,  however,  agrees  better  with  the  formula  2C*"H**N«0*.3H*SO*.I«.  Von 
Hauez^s  analysis,  made  in  Kraut's  laboratory,  agrees  nearly  with  same  formula  +  3H^0 : 


Calc. 

Herapath. 

Calc. 

T  Haiicr 

c» 

9600 

40-81 

41-35 

C* 

960-0 

39-89 

39-39 

H»« 

1020 

4-34 

4-70 

Sim 

108-0 

4-48 

4-67 

»• 

112-0 

4-76 

3-54 

N* 

1120 

4-64 

!• 

762-6 

32-42 

30-83 

P 

762-6 

31-67 

31-69 

0" 

1760 

7-48 

9-81 

0»« 

2240 

9-36 

3S0* 

2400 

10-19 

9-77 

8S0« 

240-0 

9-96 

9-98 

2362-6 

10000 

100-00 

2406-6 

10000 

—Herapath,  Phil.  Mag.  [4],  iii.  161 ;  iv.  186:  vi.  171,  346;  vii.  352;  ix.  366  ;  xiv. 
224;  complete  Chom.  Soc.  Qu.  J.  xi.  130;  Chem.  Gaz.  1858,  p.  437;  Jahresb.  1858, 
p.  364. — Hai dinger  and  Stokes,  Wien.  Akad.  Ber.  x.  106;  Jahresb.  1853, 
p.  198.— Gm.  xvii.  312. 

Sulphate  of  lodethylquininey  prepared  in  like  manner,  forms  either  thin  needles  per- 
fectly opaque,  or  thick  plates,  transparent  and  purple  in  thin  films,  and  of  a  shining 
metallic  green  colour  by  reflected  light,  or  dark-red  or  orange-rod  laminae,  transparent 
and  orange-yellow  by  triinsmitted  light. 

Ozjrquiiiliief  CH^'N'O*. — Producod  by  boiling  sulphate  of  quinine  with  nitrate  of 
potassium,  and  precipitating  by  ammonia.    Already  described  (iii.  320). 

2.  By  Suhstitution. 

KetbyUiiiSiiiiie,  C»»H--N«0«  -  C»H»(CH«)NW.  (Strecker,  Ann.  Ch, 
Fharm.  xd.  164.) 

When  iodide  of  methyl  is  added  to  an  ethereal  solution  of  quinine,  crystals  of  hydHo- 
date  of  methytquimne^  C"H^'NK)^HI,  are  formed  in  the  liquid  after  standing  for 
a  while.  The  compound  resembles  hydriodate  of  ethylquinine  in  its  behaviour  with 
ammonia  and  caustic  potash. 

BtbyiqiUiiiiie,  C«H»N«0»  =  C»H»(C'H»)N'0«.  (Strecker,  ^oc  ctV.)— Iodide 
of  ethyl  in  contact  with  alcoholic  or  ethereal  solution  of  quinine,  forms,  after 
some  hours,  yellow  needles  of  hydriodate  of  ethylquinine,  an  aqueous  solution  of 
which  is  converted  by  oxide  of  silver  into  iodide  of  silver  and  a  strongly  alkaline  solu- 
tion of  etiiylquinine.  When  the  latter  is  evaporated,  and  the  amorphous  residue  is 
dissolved  in  alcohol  and  mixed  with  ether,  a  ayrup  is  precipitated  which  is  gradually 
converted  into  colourless  needles,  probably  of  hydrate  of  ethylquinine.      Tie 
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base  taates  caustie  and  bitter  in  aqaeons  solntion.— When  boated  to  120^,  it  erolrcs 
an  odoor  of  chinoline  and  decomposes.  A  strong  alcoholic  solution  is  not  altered  by 
iodide  of  ethyl. 

Ethylqninine  dissolyes  easily  in  water  and  in  alcohol.  It  forms  with  aeids  mono- 
and  di-acid  salts.  Aqueous  ethylquinine  absorbs  carbonic  acid  firom  the  air,  and  is 
oonTerted  into  an  uncrystallisabie,  alkaline  salt. 

Hydroehlorate  of  Eihylqtdnine,  C"H«N«0«.HC1,  or  C«*BP*N«0«.C«HKn,  crystal- 
lises in  lender  needles  united  in  hemispherical  groups. — ^The  chloroplatinatf, 
C*'H'^K)*.2HCl.Pt'^Cl\  is  a  yellow  precipitate,  soluble  in  bouing  water,  and  separating 
in  indistinct  crystals  on  cooling.  

The  hydriodate,  C«*H«^H)«.HI,  or  C"'^*NK)*.C«H»I,  when  purified  by  washing 
with  water,  and  recrystallising  firom  ether,  forms  yery  light,  colourless,  siU^  needles, 
neutral,  unchangeaUe  at  110^,  melting  at  a  higher  temperature,  without  loss  of  weight, 
and  solidifying  to  a  yitreous  mass  on  cooling.  Tastes  tbij  bitter.  BiasolTes  freely  in 
water,  and  is  not  precipitated  by  ammonia,  but  is  tiuown  down  in  an  unaltered  state 
by  a  large  quantity  of  caustic  potash  after  standing  for  some  time.  Dissolyes  in 
alcohol,  but  not  in  ether. 

The  neutral  sul^haU,  2C*'H^N>0*.H'S0«,  obtained  by  decomposing  the  hydriodate 
with  sulphate  of  silyer,  is  slightly  soluble  in  water,  more  soluble  in  alcohol  than  the 
acid  salt. 

The  acid  nUphate,  C**H^K)*.H*SO*,  ci^stallises  in  needles,  which  haye  an  add  re- 
action, and  after  drying  oyer  oil  of  yitriol,  giye  off  6*2  per  cent  water  (  »  2  at)  at  120^. 
It  is  yery  soluble  in  water,  less  soluble  in  alcohol  than  the  neutral  sulphate.  Potash 
added  to  the  concentrated  aqueous  solution  throws  down  a  precipitate  of  the  neutral 
solphate,  which  dissolyes  in  water. 

BmuMTl-qalnliM,  G>'H"N'0*  -  G**H"(0'H>0)NK)*.  (SchutEenberger, 
Gompt  rend,  zlyii.  334). — When  chloride  of  benzoyl  is  poured  upon  quinine  dried  at 
130°,  an  eyolution  of  heat  occurs,  and  the  quinine  deliquesces  to  a  thick  qrrup,  com- 
posed of  hydrochlorate  of  benzoyl-qninine  and  excess  of  chloride  of  benaoyl.  The  syrup 
18  dissolyed  in  water ;  the  base  is  precipitated  by  ammonia ;  and  the  white  resinous 
mass  is  dried  at  140°,  at  which  temperature  it  giyes  off  a  Luge  quantity  of  water. 

Benzoyl-quinine  is  coloured  green  by  chlorine-Vfater  and  ammonia.  The  plattnum- 
salt  contains  23*2  per  cent  of  platinum  (calc.  for  C"H»N'0*.2HCl.Ft'^Cl^  requires 
23-5  per  cent  Pt). 

qvim  IHB-SITLPKinttC  ACn»,  C^H*«N*SO^  -  2C^B*'NK>*SG*,-^8ulphoquinie 
acid.  Obtained  by  dissolying  quinine  in  fuming  sulphuric  add,  neutralising  with  baryta, 
and  decomposing  the  barium-salt  with  sulphuric  add.  It  is  a  solid  amorphoas  add 
mass,  easily  soluble  in  water  and  in  alcohol. — ^The  bariumsaltt  C^*H^a'7t^S0',  is  a 
transparent  friable  yitreous  mass  haying  a  bitter  taste.  (Schiitzenb  erger,  Ann.  Ch. 
Pharm.  cviii.  353.) 

Cinchonine  forms  a  similar  add,  containing  C^H^^O*.    (Schutzenberger.) 

\m    See  CHENOFonroM  (i.  868). 

This  name  is  applied  to  the  brown  resinous  mass  obtained  in 
the  manufartare  of  quinine  and  dnchonine,  by  predpitating  the  brown  uncrystallisable 
mother-liquor  with  ammonia  or  potash,  or  by  eyaporatin^  the  mother-liquors  of  sul- 
phate of  quinine  to  dryness.  There  appear  to  be  two  kinds  of  quinoidine — ^the  one 
freely  soluble  in  ether,  and  containins  ^uinidine,  with  smaller  quantities  of  quinine^ 
cinchonine,  and  resin ;  the  other,  whidi  is  only  partially  soluble  in  ether,  consisting 
chiefly  of  uncrystallisable  transformation-products  of  the  cinchona-bases.  The  former 
is  obtained  from  inferior  kinds  of  dnchona-bark,  but  not  from  Cinchona  regia  or 
C  ftava  dura,    ( W  i  n  c  k  1  e r ;  see  Omdin's  Handbook^  zyii.  303.) 

Animal  quinoidine, — This  name  is  applied  by  Bence  Jones  and  Dupr^  (Proc. 
Roy.  Soc.  xy.  73),to  a  fluorescent  substance  resembling  quinine  in  optical  and  chemical 
properties,  which  may  be  extracted  from  eyery  texture  of  man  and  of  some  animals,  and 
IS  identi<»Ll  with  the  fluorescent  substance  existing  in  the  crystalline  lens. 

MA 

An  old  name  of  Quinine. 


QVnrOUnVB.    Syn.  with  Chinolikb  (i.  860). 

QimroWAMIG  ACZB.    Syn.  with  Quinoytjlmjo  Acid. 

QVZaroWAMZBB.  C^*NO.  (Woskresensky,  J.  pr.  Chem.xzxiy.  261.)— A 
product  intermediate  in  composition  between  quinone(C*H*0')  and  diphenine  (C*H*N*), 
formed  by  the  action  of  dry  ammonia  or  quinone : — 

C«H*0«     +     NH»      -      C«H»NO     +     H«0. 

It  is  a  crystalline  mass  of  a  fine  emerald-green  colour,  soluble  in  water,  but  quickly 
decomposing,  and  yielding  a  nearly  black  solution. 


QUINONE.  27 

^VXWOmw  C^K>*  (WoBkreBonsky,  Ann.  Ch.  Phann.X2jmL  168.— Wohler, 
iHd^  li.  14& — ^Laurent*  Compt  chim.  1849»  p.  190. — ^Hesse,  Ann.  Gh.  Fharm.  xiv. 
299.) — A  oomponnd  prodnoed :  1.  Bj  the  oxidation  of  qninio  acid.  When  quinie 
add  or  a  qninate  is  heated  with  abont  4  pts.  peroxide  of  manganeBe  and  1  pt.  Btrong 
Bidphnric  aod  diluted  with  half  its  weight  of  water,  the  mass  froths  up,  and  giyes  on 
thick  white  TapourB,whidi  oondense  in  the  reoeiyer  to  shining  golden-yellow  needles  of 
quinone ;  the  reaction  is : 

CH»«0«  +  0«    -     C«H*0«  +  C0«  +  4H*6. 
Qnliilc  add.  Quinone. 

The  product  is  pressed  between  paper,  and  purified  by  sublimation.  In  like  manner 
quinone  may  be  obtained  from  coffee  and  other  vegetable  substances  containing  quinie 
add  (pl  9).~2.  By  the  dzy  distillation  of  quinates. — 3.  From  hydxoquinone,  by  the 
action  of  heat  ^iii  213).— 4.  Erom  benzidine,  aniline,  and  phenylene-damine,  espedally 
the  ^-modification  (iy.  481^  by  oxidation  with  man^;anic  peroxide  and  sulphnnc  add. 
Benaidine  thus  tzeated  yields  a  huge  quantity  of  quinone : 

C«H»«N«  +  HH)  +  0«     »     2C«H*0«  +  2NH«. 

Aniline  yields  but  a  small  quantity :  iyHTS  +  0*8  C*H^O*  +  KH^,  the  greater 
part  Bufraring  more  complete  decomposition.    (Hofmann,  Proe.  Roy.  Soc.  xiii.  4.) 

IVoperfMs. — Quinone  when  sublimed  forms  long,  transparent,  golden-yellow,  shining 
needles  CWoskresensky);  after  ciystalljsation  from  hot  water  it  is  of  a  darker  and 
dingier  colour,  and  less  transparent  (Wo hie r);  from  solution  in  hot  ethylic  iodide, 
it  aystallises  in  beautiful  laminae  (Hesse).  It  is  heavier  than  water,  mdts  at  100^ 
(Woskresensky),  at  116*7^  (Hesse),  to  a  yellow  liquid,  which  crystallises  on  cooling 
(Wohler),  at  116*2^  (Hesse).  Ityolatilises  without  alteration,  and  sublimes,  eyen  at 
ordinaiy  temp«ratures,  from  one  part  of  the  containing  vessel  to  another.  It  has  a 
pungent  irritating  odour.  It  is  very  sb'ghtly  soluble  in  oold  water,  more  soluble  in 
aletSol  and  ether;  the  solutions  have  no  effect  on  vegetable  colours,  but  the  aqueous 
aolutioii  colours  the  skin  brown.  It  dissolves  with  yellow  colour  in  dilute  hydrocUorio 
and  fdlrie  acids.  The  aqueous  solution  forms  a  pale-yellow  gelatinous  predpitate  with 
basie  acetate  of  lead^  but  does  not  predpitate  the  neutral  salts  of  lead,  copper,  or  silver. 

Decompoaitiana, — 1.  Theaqueons  solution  of  quinone  Jicquires,  by  exposure  to  the 
air,  a  continually  deeper  yellowish-red  colour,  and  ultimately  deposits  a  black-brown 
mouldy  substance  (Wohler).  Theaqueons  solution  mixed  with  ammonia  or  potash 
absorbs  oxygen,  and  assumes  a  black-brown  colour  on  exposure  to  the  air,  ana  then 
fixnns  with  adds  a  blade  mouldy  precipitate,  resembling  melanic  acid  (iii.  867; 
Laurenty  Compt.  rend.xxyi.  36). — 2.  With  dzy  chlorine  gasy  quinone  forms  trichloro- 
quinone,  the  action  being  attended  with  great  rise  of  temperature  and  evolution  of 
hydzoddoric  add  (Woskresensky) : 

cra*o»  +  a«  «  c^ci»o«  +  8Ha. 

— 3.  Heated  with  hydrodiloric  add  and  chlorate  of  potussium,  it  is  quickly  converted 
into  tetradiloroquinone  (Hofmann,  Ann.  Ch.  Pharm.  Ixii.  65). — 4.  Oil  of  vitriol 
carbonises  quinone  (Woskresensky).  —  5.  Strong  hydrochloric  add  colours 
quinone  brownish-black,  and  then  dissolyes  it,  forming  a  red-brown  afterwards  colourless 
liquid,  which  no  longer  smells  of  quinone,  but  contains  chlorohydroquinone,  CH^CIO*. 
(Wohler).  The  first  products  are  probably  quinhydrone  and  ehloroquinhydrone  (iii. 
213,  217)f  the  presence  of  both  of  which  in  the  black  magma  formed  at  the  begininng 
of  the  action  was  pointed  out  by  Stadeler  (Ann.  Ch.  Pharm.  Ixix.  808)  : 

4C^*0«  +  2HC1     =     C>«H'»0*  +   C^'H^CPO*; 

and  these  compounds,  by  the  further  action  of  the  hydrochloric  acid,  aze  oonverted 
into  dilorhydroquinone,  being  at  the  same  time  dissolved  and  decolorised : 

C»«H'*0*  +  C»rH»CPO*  +  2HC1     «     4C«H*C10\ 

Chlorhydroquinone  is  likewise  formed  by  the  action  of  hydrochloric  add  gas 
upon  dry  quinone  (Wohler). — 6.  Quinone  heated  with  nitric  acid  yields  oxalic 
and  picric  adds.  On  treating  it  with  nitric  and  strong  sulphuric  acids,  and 
immening  metaUic  zinc  in  the  diluted  solution,  a  base  is  produced  resembling 
ancine  or  dnchovatine  (Schoonbroodt,  Bull.  Soc.  Chim.  1861,  p.  107).  — 7. 
Amnuyttiaoal  gas  passed  over  quinone,  quickly  conyerts  it^  with  separation  of 
water,  into  quinonamide  (p.  26). — 8.  Sulphydrie  acid  gas  has  no  action  upon  dry 
quinone,  but  when  passed  through  the  cold  aqueous  solution,  first  reddens  it, 
and  then  throws  down  flakes  of  brown  sulphohydroquinone,  which,  if  the  pas- 
sage of  the  gas  be  still  continued,  and  especiidly  if  the  action  be  aided  by  heat^  is 
conyerted  into  yellow  sulphohydroquinone.  The  same  compound  is  formed  when 
Bulphydrate  of  ammonium  is  poured  upon  quinone  (Wohler). — 9.  Quinone  dissolved 
in  water  is  converted  into  hydroqninone  by  excess  of  hydriodic  or  hydroteUuric  acid, 
with  precipitation  of  iodine  or  tellurium ;  and  by  sulphurous  acid,  with  formation  of 
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flolphiirie  acid  (Wohler).  Sulphurous  anhydride  has  no  action  upon  dzyquinone; 
and  even  phoaphnretted  hydrogen,  arsenetteid  hydrogen,  and  hydrocyanic  acid  are 
withont  action  npon  it  (Wohler). — 10.  Quicklime^  or  hydrate  qfpoiassiumj  in  contact 
with  moist  crystalB  of  quinone,  acquires  a  fine  indigo-blae  colour ;  and  on  trituration  a 
blue  powdfT  IS  formed,  having  a  coppezy  lustre,  and  yielding  a  blackish -green  solution 
with  water  (Hesse). — 11.  Quinone  heated  with  hydrate  of  potassium  is  converted 
into  quinonic  acid,  C'H'O*  (Schoonbroodt,p.  30). — 12.  Quinone  heated  for  a  long 
time  to  118°  with  ufSide  of  ethyl  in  sealed  tubes,  yields  long  white  orystals  (Hesse).^ 
13.  With  aniline  in  boiling  alcoholic  solution,  it  forms  diphenyl-quinoyl-diamide. 
(Hofmann,  iv.  430.) 

CniloroqiilBOiiMk  When  quinic  acid  or  a  quinate  is  heated  with  a  mixture  of  per- 
oxide of  manganeflf",  sulphuric  acid,  and  common  salt,  a  yellow  crystalline  sublimate  is 
obtained,  consisting  of  several  chlorinated  derivatives  of  quinone,  which  may  be 
separated  by  their  different  degrees  of  solubility  in  alcohol.  These  compounds  are 
more  like  quinone  in  proportion  as  they  contain  less  chlorine,  mono-  and  di-chloro- 
quinone  still  ciystalluiing  in  prisms,  whereas  tri-  and  tetra-chloroquinone  crystallise 
in  laminae.  By  reducing  agents,  and  especially  by  sulphurous  acid,  they  are  converted 
into  the  corresponding  chlorhydroquinones  (iii.  216). 

Monochloroquinone,  OH'CIO*  (Stadeler,  Ann.  Ch.  Pharm.  Ixix.  300).  Pre- 
paration,—One  pt.  of  quinate  of  copper,  or  any  other  quinate  (25  grammes  at  most), 
IS  distilled  with  4  pts.  of  a  mixture  of  3  pts.  common  salt,  2  pts.  peroxide  of  manga- 
nese, and  4  pts.  oil  of  vitriol  (diluted  with  three  times  its  bulk  of  water),  in  a  flask 
provided  with  a  descending  tube  six  feet  long,  and  kept  cool  at  the  upper  part  by  a 
wot  cloth,  but  not  so  much  as  to  cause  the  liquid  which  distils  over  to  crystallise. 
At  first  the  mixture  froths  up  considerably,  giving  off  carbonic  anhydride  with  a  small 
quantity  of  chlorine ;  but  when  the  liquid  begins  to  boil,  the  evolution  of  chlorine 
ceases.  The  rapid  ebullition  must  be  kept  up,  as  long  as  any  oil  passes  into  the  receiver 
from  the  tube,  in  which,  if  it  be  moderately  cooled,  all  the  tetrachloroquinone  is  deposited. 
This  oil,  which  solidifies  on  cooling,  is  collected  on  a  filter,  repeatedly  washed  with 
cold  water,  dried,  pulverised,  and  exhausted  with  successive  small  quantities  of  cold  alco- 
hol of  85  per  cent.,  as  long  as  the  alcohol  acquires  a  yellow  colour  and  gives  a  precipitate 
with  water.  Dichloroquinonf  then  remains  undissolved,  together  with  a  small  quantity 
of  tri-  and  tetra-chloroquinone,  whilst  the  alcohol  retains  in  solutiou  the  quinone  and 
trichloroquinone,  which  colour  it  yellow.  These  compounds  are  precipitated  from  the 
solution,  by  addition  of  a  triple  volume  of  water,  in  slender  needles  and  lamina;,  and 
dissolved  in  a  small  quantity  of  hot  moderately  strong  alcohol ;  the  solution  is  cooled, 
till  the  large  yellow  laminae  of  trichloroquinone,  which  separate  out,  begin  to  be  asso- 
ciated with  needles  of  monochloroquinone ;  the  liquid  is  then  immediately  filtered  and 
mixed  with  water ;  and  the  precipitate,  consisting  of  monochloroquinone  and  a  small 
quantity  of  trichloroquinone,  is  freed  from  the  latter  by  repeatedly  treating  it  as 
above  with  alcohol,  which  however  cannot  be  effected  completely,  and  is  attended 
with  great  loss. 

Monochloroquinone  crystallises  in  long  yellow  neciles,  very  soluble  in  cther^  mode- 
rately soluble  in  alcohol  and  acetic  acid.  It  dissolves  also  in  boiling  watcTf  and  separates 
on  cooling ;  but  if  the  boiling  be  prolonged,  the  solution  becomes  dark-red  and  opaque, 
with  formation  of  brown  cbloroquinhydrone  (iii.  217).  Chloroquinone  melts  at  160°  to 
a  deep  yellow  oU,  having  an  aromatic  odour  and  biting  taste.  It  colours  the  epidermis 
purple,  like  gold-salts.  It  dissolves  in  cold  aqueous  stdphurovs  acid,  and  is  reduced 
thereby  to  chlorohydroquinone  (iii,  216). 

Dichloroquinone,  C'H'CTO*. — This  compound  forms  the  portion  of  the  oily 
product  obtained  in  the  preparation  of  monochloroquinone,  which  is  but  slightly 
soluble  in  alcohol.  When  purified  by  repeated  crystallisation  from  hot  alcohol,  it 
forms  shining,  deep  yellow,  well-defined  monodinic  prisms,  melting  at  160°,  insoluble 
in  water,  nearly  insoluble  in  cold  alcohol,  soluble  in  hot  alcohol,  very  soluble  in  ether. 
It  dissolves  in  weak  potash,  forming  a  red-brown  solution,  from  which  hydrochloric 
acid  throws  down  prisms  consisting  of  a  peculiar  acid. — Dichloroquinone  dissolves 
slightly  in  ammonia,  forming  a  yellow  solution  gradually  changing  to  red  and 
brownish-black.  Sulphuric,  hydrochloric,  nitric,  and  acetic  acide  dissolve  dichloro- 
quinone,  especially  when  hot,  and  deposit  it  in  crystals  on  cooling.  Sulphurous  acid 
at  the  boiling  heat  converts  it  into  dichlorohydroquinone  or  dichloroquinhydrone. 
(Stadeler,  he  cit,) 

Trichloroquinone,  CB*C[*0\  (Woskresensky,  J,  pr.  Chem.  xviii.  419.— 
Stiideler,  Ann.  Ch.  Pharm.  Ixix.  318.)— Produced  by  the  direct  action  of  chlorine 
on  quinone;  also,  together  with  the  other  chloroquinones,  by  the  action  above-mentioned. 
The  action  of  chlorine  on  quinone  is  so  violent  at  first,  that  tiie  vessel  requires  to  be 
kept  cool  at  the  beginning,  but  towards  the  end  of  the  process  it  must  be  surrounded 
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vith  boiling  water.  The  produci  then  rolatilises  with  the  Tsponn  of  hydzochloric 
acid,  and  is  deposited  in  ciystala  on  the  cold  parts  of  the  apparatus ;  it  may  be  purified 
by  ciystallisation  from  hot  alcohol. 

Trichloroquinone  forms  small  yellow  prisms  melting  at  160^  and  subliming  at  a 
lower  temperature.  It  does  not  colour  the  skin,  is  ouite  insoluble  in  water,  rery 
soluble  in  ethtr,  soluble  in  hot  alcohol.  Aqueous  potask  colours  it  green,  and  forms  a 
brown  solution,  which  gradually  deposits  long  needles  of  a  red  salt,  the  add  of  which 
is  precipitated  by  hydrochloric  acid  in  red  needles. 

Trichloroquinone  is  coloared  green  by  strong  aqneous  ammonia,  but  the  solution 
gradually  assumes  a  brown-red  colour,  and  yi^ds  by  sjpontaneous  evaporation  hard 
dark-brown  cxystals. — Sulphuric  and  nitric  acids  dissolve  trichloroquinone  without 
altemtion  ;  sulphurous  acid  converts  it  into  trichloroquinone. 

The  alcoholic  solution  of  trichloroquinone  does  not  precipitate  acetate  of  lead  qik 
nitrate  of  silver. 

Tetrachloroquinone,  Perchloroquinone,  or  Chloranil,  C*CPO*.  ^Erd- 
mann,  J.  pr.  Chem.  xxiii.  273  and  279;  Hofmann,  Ann.  Ch.  Pharm.  lii.  65; 
Hesse,  ibid.  cxiv.  303.) — This  compound  is  formed  by  the  action  of  a  mixture  of 
hydrochloric  acid  and  chlorate  of  potassium  on  quinone,  aniline,  phenol,  trichloro- 
phenol,  dinitrophenol,  trinitrophenol,  salicin,  salicylous  acid,  salicylic  acid,  nitrosali- 
cylic  acid,  isatin,  chlorisatin,  dichlorisatin,  and,  according  to  Wagner  (J.  pr.  Chem. 
IxviL  441),  on  pyrocatechin ;  also,  together  with  the  other  chloroquinones,  when 
quinone  is  heated  with  peroxide  of  manganese,  sulphuric  acid,  and  common  salt. 
(p.M). 

Preparation. — 1.  From  Phenol:  Strong  hydrochloric  acid  is  poured  upon  phenol  in 
a  basin ;  chlorate  of  potassium  added  in  small  crystals ;  and  the  mixture  nested  as 
soon  as  the  first  violent  action  is  over,  the  heating  being  continued  for  some  time,  till 
in  fact  the  phenol,  which  at  first  becomes  thick  and  red-brown,  is  converted  into  a  light 
yellow  crystalline  mass,  which,  after  washing  with  water,  may  be  crystallised  fi^m 
boiling  alcohoL  The  transformation  takes  place  more  quickly  when  the  phenol  is 
dissolved  in  boiling  water  or  in  alcohol ;  but  if  alcohol  be  used,  it  is  necessary,  on 
account  of  the  readiness  with  which  explosion  takes  place,  to  use  more  dilute  hydro* 
chloric  acid,  and  to  add  the  chlorate  gradually  (Hofmann). — 2.  From  Salicin:  This 
substance  is  dissolved,  together  with  chlorate  of  potassium,  in  boiling  water;  and  small 
quantities  of  hydrochloric  acid  are  added,  whereupon  the  solution  immediately  acquires 
a  deep  orange-yellow  colour,  and  becomes  coveml  with  a  crust  of  small  crystals  of 
perchJoroquinone,  amounting  to  30*27  per  cent,  of  the  udicin.  If  the  salicin  be  first 
heated  with  hydrochloric  acid  alone,  saliretin  is  formed,  which,  when  afterwards  heated 
with  chlorate  of  potassium,  does  not  yield  any  perchloroquinone  (Hofmann). — 
3.  Quinone,  or  the  wash-water  obtained  in  its  preparation  (p.  27)i  may  also  be  boiled 
with  hydrochloric  acid  and  chlorate  of  potassium. 

Properties. — Perchloroquinone  forms  pale-yellow  scales,  having  a  nacreous  and 
metalUc  lustre.  When  gentlv  heated,  it  sublimes  completdy  without  melting,  but  if 
suddenly  heated,  it  melts,  and  suffers  partial  decomposition.  It  is  insoluble  in  water, 
and  nearly  insoluble  in  cold  alcohol;  but  dissolves  in  boiliuff  alcohol,  forming  a  pale- 
yellow  solution,  from  which  it  crystallises  on  cooling  in  iridescent  scales  resembling 
iodide  of  lead.    Ether  dissolves  it  somewhat  more  readily  than  alcohol. 

Perchloroquinone  is  not  acted  upon  by  hydrochloric,  nitric,  or  ordinary  sulphuric 
acid,  even  at  the  boiling  heat  (Erdmann),  but  dissolves  without  alteration  in  Juming 
sulphuric  acid,  and  in  a  mixture  of  sulphuric  and  nitric  acids  (Hesse).  Sulphurous 
aetd  converts  it  into  tetrachlor-hydroquinone  or  chlorhydranil  (Stadeler).  Std' 
phurous  anhydride  passed  through  a  warm  mixture  of  tetrachloroquinone  and  strong 
alcohol,  forms  octochlorinated  eihyl-dibydroquinone  (iii.  217))  probably  thus: 

2CHn*0*  +  C«H«0  +   3H«0   +   2S0«     «     C'«H»(C»H»)C1»0^  +   2H«S0*. 

In  like  manner  with  sulphurous  anhydride  and  glacial  acetic  acid,  it  yields  octochlo- 
rinated acetyl-dihydroquinone  (Hesse).  A  hot  filtered  solution  of  perchloroquinone 
in  concentrated  aqueous  acid  sulphite  of  potussiujii deposita  crystals  ofthiochronate 
of  potassium,  (}*H*K*S*0'*  (Hesse),  thus: 

CKJI*0*  +   4SHK0«  +   21P0     =     C»H*K*S«0>*   +  4Ha  +  C0«. 

A  solution  of  tetrachloroquinone  in  concentrated  acid  sulphite  of  ammoniwn  yields  on 
cooling  colourless  crystals,  consisting  of  the  ammonium-salt  of  dichloro-disulphosalicylio 
acid,  C*H*C1*S'0',  an  acid  which  may  be  regarded  as  derived  from  sulphosalicylic  acid 
(CTI"O.CO*.SO«),  by  the  substitution  of  Cl«  for  H«  and  of  S0»  for  C0«  (Hesse).  The 
maion  of  the  ammonium-salt  takes  place  as  shown  by  the  equation : 

(>CI<0«  +  2SH(NH*)0«  +  2S02  +  3HH)  =  C«n»(NH*)»Cl»S*0'  +  2HC1  +  2H^0*. 
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2JkgCl  +  CH-O*  +  CCtKf  (SeMt).) 

AcMIc  ID-     DlthturaqiiliHirllii 
hidiiile.  ub;drtile. 

FrachloroqniDone  dkaolres  eudly  in  hat  dilute  pat^uk  or  loda,  fbrmilig  a  porpla  liquid, 
which  OD  cooling  depcaiu  dichloraquiiil^Uta  (cbloraoiliitc)  of  potuuam  or  ■odium 
(p.  31): 

CCl'G'  +   2H*0     -     CHKUK)*  +   2HC1. 
It  diitoltM  Msily  also  Id  sqDeonl  moDomlphide  of  potasanm,  forming  a  yellow  liquid, 
which  in  conlset  with  the  Kir  qnickly  tunia  brown  and  ttaHy  bluck,  and  deposite  u 
black  gnnnlai  powder.    The  Teceotlj  prepared  yellow  loliitJoii  jield^  with  hydro 
chloric  acid,  a  jellowish-vbite  precipitate,  wlable  in   alcuhol,   ethm,  and  caustic 

FerchloToqniDone  heated  with  aqaeona  ammonia  is  converted  into  dichloroqniDoyla- 
mate  of  ammoninm  ;  with  fJcoholic  ammonia  it  yielda  the  tuime  nit,  togeuier  with 
dicbli»t>gninoylamide  (Laurent): 

CH:1'0'   +   NH*  +  HH}     -     CnPO'NO*   +   2HCL 

Pnnhlaro-  DlcblaroqulDDr- 

CSn-O'  +   2HH«  -      (^H'd'N'O'  +   URd. 

Firehion*  DIcbUiTDquhiojl- 

With  an^im  in  pneence  of  sleohol,  perohloToqmnone  jpielda  dtphenj'l-dichloroqninoyl- 
diamide.    (Hofmann,  ir.  426.) 

QVXWOMZO  ACnt.  C"E*0'?— An  acM  obtaiaed  bj  Scboonbroodt  (Bull. 
Boc  Chim.  1861,  p.  in7).  by  healing  qninone  with  poluh,  but  rery  impetfectly  de- 
scribed. When  heated  with  ezceai  of  potiisb,  it  i*  said  to  yield  a  brown  empyrenmHtic 
oil,  C"H*0',  iDBOlable  ia  water,  and  solidifying  in  tlie  rold  to  hmwn  crystalline 
lamina.  With  tlie  rspour  of  fuming  nitric  acid,  this  oil  fbrmi  a  nitru-com pound 
insoluble  in  water ;  and  from  this,  by  the  action  of  line  and  sulphnrio  ncid,  a  colourless 
baae  is  said  to  bs  obtained,  soluble  in  alcohol,  insolDble  ij  ether,  slightly  soluble  in 
water,  and  forming  oncrystallisable  salts,  which  haTe  a  sharp  bitter  tusle,  and  yield 
with  potash  or  ammonia  a  precipitate  insoluble  in  excess  of  the  reagent 

The  name  qninonicacid  is  also  used  as  synonymona  with  qninovlic  acid 
<P.3*>. 

QmvOTAnZO  ACnt,  or  Cinchonalantiie  aeid.  (Berzelins,  Lekrbuth, 
3  Anil.  vi.  249.— Pelletier  and  CaTPnton,  Ann.  Ch.  Phys.  [3]  iv.  337.— R. 
Schwari,  J.  pr.  Chem.  lii.  78.) — Cinchona-barks  contain  a  tannic  acid  difftTent  from 
gallptannic  acid,  which  imparti  to  them  the  property  of  precipitating  lartar-emetio 
greyish-yeUow,  colouring  ferric  salts  green,  and  precipitatisg  a  solution  of  gelulin 
(Berielins).  The  tannin,  both  ftflm  brown  and  from  red  cinchona-bark,  precipitates 
ferric  salts  daA-green  ;  that  from  yellow  cinchona-bark  forms  a  lighter  green  precipitate 
with  fmric  saJts.     (Pelletiomnd  CaTentou.) 

Prtparation. — The  decoction  of  cinchora-bari  is  miied  witii  a  small  quantity  of 


calcined  magnesia,  which  precipitates  dnchona-rod  ;  the  filtrate  is  precipitated  with 
neutral  acetate  of  lead ;  the  precipitate  Is  decomposed  under  water  by  salpbjdric 
acid  ;  the  liqnid  filtered  from  the  sulphide  of  lead  is  precipitated  with  basic  aeelats 


of  lead;  the  precipitate  sepsraled  by  filtration  is  dissolrod  in  dilute 
(which  leaTes  cincbona-red  undissolved);  and  the  filtrate  ia  precipilated  by  am- 
monia. The  light-yollow  precipitate  is  washed  and  decomposed  by  sulphydric  acid, 
and  the  liquid  filtered  from  the  snlphide  of  lead  is  iiRiin  precipitated  by  an  alcoholic 
solution  of  neutral  acetate  of  lead.     If  the  quinotannale  of  lead  thus  obtained,  ha 

I a  nuijpp  water  by  sulpbydric  acid,  and  the  liquid,  filtered  from  the  sulphide 

eTBporated  in  vacuo  over  oil  of  vitriol  and  a  mixture  of  ferrous  sulphate 
of  potash,  qninotannic  acid  remains  behind,  hut  already  somewhat  altered. 

nic  acid  is  a  light-yetlow,  friable,  very  hygroscopic  maas,  which  becomes 
Mction.  Its  taala  is  slightly  sour  and  somewhat  aslringent,  bnt  not  at  all 
iiasotTss  in  vattr,  alcohol,  and  Hhrr  ;  the  ethereal  solution  is  nearly  colour- 
acid  cannot  be  nitractrd  ^m  tbe  bark  by  mpaua  of  ether,  because  it  ia 
ion  with  sn  alkali.]  Scbwat^  fbond  it  to  contain  4475  per  cent,  carbon, 
^n,  and  49-76  oxygen,  whence  he  deduces  the  formula  C"H"0". 
nic  acid  subjected  to  dry  distillation  gives  off  an  odour  of  phenol.  Its 
utiou  rapidly  absorbs  oxygen  from  the  air,  eapecislly  in  presence  of  fixed 
Hiring  a  brown-red  colour,  and  yielding  cinchona-red  (i,  969).    A  concen- 
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bated  solution  of  the  acid,  boiled  with  a  little  h^diochlorio  acid,  deposita  red  floeks, 
vhieh  diMolTe  vith  green  colour  in  alkaline  liquids  (Schwara).  from  the  ooncen- 
tiatcd  aqueona  solution,  hydrochloric  and  sulphuric  adds  throw  down  compounds  of 
quinotannie  add  with  those  adds,  but  less  easfly  than  from  aqueous  gallotannie  add. 

QninoCannic  add  unites  with  bases,  forming  salts  which  decompose  in  contact  with 
the  air,  much  more  easilj  than  the  gallotannates,  yielding  dnchona-red  and  a  carbo- 
nate^   (Berseliua.) 

With  starch,  gelatin,  and  wkiie  of  egg,  quinotannic  add  reacta  like  gallotannie  acid. 
It  coioazflyerrtcaaiifo  green,  and  produces  an  abundant  yellowish-grey  predpitate  with 
ttrioT'emetie,  Its  aqueous  solution  mixed  with  gallotannie  add  &es  up  to  a  transpa- 
rent lanuah. 


See  Qumovui. 

qUnwoyyjL'-muUAM,  CVK)*.  (Hlaaiwets  and  Ghilm,  Ann.  Gh.  Fharm. 
exi.  182 ;  Jahresb.  1859,  p.  681.) — A.  saccharine  substance  produced,  together  with 
quinoric  add,  by  the  action  of  hydrochloric  add  gas  on  quinoyin  in  alcoholic  solution 
(p.  82).  It  remains  in  the  add  mother^liquor  from  which  the  quinoric  add  has 
crystallised  out,  and  may  be  separated  by  quickly  neutralising  the  liquid  with  anhy« 
drous  carbonate  of  sodium  or  carbonate  of  lead,  filtering,  washing  the  predpitate  with 
a  small  quantity  of  absolute  alcohol,  then  distilling  off  the  alcohol,  oTaporating  to 
diynesa  at  100^,  treating  the  residue  with  water,  evaporating  again,  and  exhausting 
the  residue  with  absolute  alcohoL  The  aloohoUc  solution  thus  obtained  leares  the 
quinora-sngar,  on  eraporation,  as  an  unaystallisable  hygroscopic  mass,  haying  a  faint 
and  alig^tly  bitter  taste.  It  emits  an  odour  of  caramel  when  neated,  giyes  off  a  little 
water  when  ezpoeed  for  some  time  to  a  temperature  of  100^,  reduces  an  alkaline 
cupric  solution  only  when  concentrated.  It  resembles  maonitan  more  than  any  other 
kind  of  sugar. 

^[OnroVATAmzc  AOZB.  A  tannic  add  obtained  by  HI  as  i  wets  (Ann. 
C3i.  Pbarm.  Ixxix.  130;  Gm.  xy.  464),  from  the  bark  of  Cinchona  nova  or  C.  surinamen^ 
m.  It  is  yery  much  like  quinotannic  add,  but  differs  from  the  latter  in  having  a 
somewhat  bitter  taste,  and  in  not  giving  a  predpitate  with  gelatin  or  tartar-emetic  It 
yielded  by  analysis  51*8  per  cent  carlwnand  6*8  hydrogen,  whence  Hlasiwetz  deducea 
the  formula  C^E^CP,  requiring  5201  C,  6*9  H,  and  42*1  0. 

rOVATBO  ACZD.    See  QunroyiK. 

C**H"0^  (Hlasiwetz  and  Gilm,  Ann.  Ch.  Pbarm.  cxi, 
1829 ;  Jahresb.  1859,  p.  579.) — ^This  term  was  otiffinally  uaed  as  a  ^onym  for 
quinovin  or  quinoya-bitter,  but  is  now  applied  by  Hlasiwets  to  an  add  produced, 
together  with  quinova-sngar,  by  the  decompodtion  of  quinovin. 

When  dry  hydrochloric  add  gas  is  passed  into  a  solution  of  quinovin  in  strong 
alcohol,  the  liquid  becomes  hot,  and  depodts  quinovic  acid  as  a  white  dystalline 
powder,  while  quinova^sogar  remains  in  solution.  The  quinovin  may  be  obtained  pure 
by  washing  it  with  alcohol,  then  boiling  it  with  a  large  quantity  of  strong  alcohol, 
concentrating  the  solution  by  distillation,  and  leaving  it  tocooL  The  quinovin  is  thon 
deposited  as  a  white  sandy  powder  composed  of  six-sided  laminae,  belonging  to  the  tri« 
metric  system.  It  is  tasteless,  insoluble  in  toa^,veiy  slightly  soluble  in  cold,  and  not 
veiy  freely  in  boiling  alcohol,  sparingly  soluble  in  ether.  It  has  the  properties  of  a  weak 
add,  and  diasolyes  eadly  in  alkalis;  but  is  predpitated  from  the  ammoniacal  solution 
by  strong  adda  as  a  bnll^  gelatinous  mass,  which  becomes  pulverulent  when  left  for 
some  tnne  under  the  liquid.    The  alcoholic  solution  is  not  coloured  by  ferric  chloride. 

Quinovic  add  does  not  lose  weight  at  140^.  When  somewhat  strongly  heated  on 
platinum-foil,  it  melts  and  solidifies  to  a  fissured  mass ;  at  a  higher  temperature  it 
gives  off  a  vapour  smelling  like  incense,  and  bums  with  flame,  leaving  no  residue.  By 
diy  distillation  it  first  gives  off  an  dl  smelling  like  oil  of  turpentine,  then  vapours 
having  an  odour  of  incense,  and  a  thickish  amber-vellow  liquid,  which  condenses  in  the 
neck  of  the  retort.  It  is  scarcely  affected  by  h^orochloric  or  even  by  boiling  nitrio 
add ;  it  dissolves  in  sulphuric  acid,  and  is  precipitated  therefrom  by  water.  When 
triturated,  or  warmed  withphospharie  chforide,  it  liquefies,  evolving  hydrodiloric  acid, 
taid  on  distillation,  ^▼m  olBr  phosphoric  oxyohloride,  leftving  a  blackened  reddue. 

QuinoTates. — Qninovic  add  is  dibadc,  the  general  formula  of  its  salts  being 
C^WMH)*.  It  dissolves  in  alkalis  and  decomposes  ^kaline  carbonates,  but  its  ammonia* 
cal  solution  gives  off  ammonia  on  evaporation.  The  same  solntion  oves  precipitates 
with  salts  of  the  heavy  metals.-— The  ^^a#*w/«-M//,  2C^H»^«0*.3fi«0  (at  160°),  ia 
obtained  as  a  bull^  pasty  precipitate,  on  adding  strong  caustic  potash  to  a  concentrated 
ammoniacal  solution  of  the  acid,  also  by  concentrating  a  solntion  of  the  acid  in  potash, 
—The  sodium-^t  resembles  it,  and  ia  obtained  in  like  manner. — ^The  barium-,  stron' 
tium-,  and  ealcium-salts  separate  as  gelatinous  predpitate8,on  adding  the  corresponding 
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chlorides  to  the  ammoniacal  solution  of  the  add. — ^The  copper-salt  is  a  light-bine  pre- 
cipitate, whose  composition  (at  120^)  is  approximately  represented  hy  the  formnis 
C"H'*Cu''0*.5H*0. — The  sUoer-salt  is  a  bnlky  precipitate,  quickly  changing  on 
exposure  to  light,  and  exhibiting  when  dried  in  a  vacuum,  and  then  at  120^,  &e  com- 
position C"H»«Ag*0*. 

QVXWOVXW.  C"H^*.  ^inova-lntter ;  formerly  also  called  Quinovie,  Quinova' 
tic,  or  Chiococcic  acid.  (Pelletier  and  Caventou,  J.  Pharm.  vii.  112. — ^Winckler, 
lUpert.  Pharm.  li.  193, — Buchner,  jun.  Ann.  Ch.  Pharm.  xvii.  161. — Peterson, 
ibid,  xvii.  165. — Schnedermann,  ibid.  xlv.  277. — ^Rochleder  and  Hlasiwetz, 
ibid.  Ixxvi.  238.— Hlasiwetz,  ibid.  Ixxix.  129.— Schwarz,  ibid.  Ixxx.  380.— Hla«i- 
wetz  and  Gilm,  t6u/.  cxi.  182;  Jahresb.  1859,  p.  578). — ^A  substance  discovered  by 
Pelletier  and  Caventou  in  the  false  cinchona-bark  of  commerce  {Oinchona  nova), 
found  also  by  Schwarz  and  by  De  Vrij  (J.  Pharm.  [3]  xxxvii.  255)  in  the  true  cin- 
chona-barks. According  to  Eochleder  and  Hlasiwetz, quinorin  (or  perhaps  rather 
quinovic  acid)  is  formed  by  the  action  of  acids  and  alkalis  on  camcic  acid  (i.  710).  It 
may  be  extracted  from  false  clncbona-bark  by  boiling  with  milk  of  lime,  precipitating 
the  extract  with  hydrochloric  acid,  and  purified  by  dissolving  the  precipitate  in  alcohol, 
reprecipitating  with  water,  and  repeating  this  operation  tUl  a  perfectly  colourless  pro- 
duct is  obtained.     (Schnedermann.) 

According  to  Be  Yrij,  the  crude  quinova^bitter  extracted  from  cinchona-bark  may  be 
separated  by  chloroform  into  quinovin,  soluble  in  that  liquid,  and  easily  soluble  in 
alcohol ;  and  quinovic  acid,  insoluble  in  diloroform  and  only  sparingly  soluble  in  alcohol. 
He  obtained  qui  nova-bitter  from  all  parts  of  Cinchona  Catisaya,  cultivated  in  Java : 
from  the  woody  parts  of  the  roots,  2*57  per  cent ;  from  the  root-bark,  1*08  ;  from  the 
wood  of  the  stem,  1*80  ;  from  the  bark  of  the  stem,  0*36  ;  from  the  bark  of  the  woody 
branches,  0'68 ;  from  the  herbaceous  stalks,  0*85 ;  and  from  the  dried  leaves,  0*23 
per  cent  The  amount  of  quinova-bitter  in  the  several  organs  (excepting  the  leaves, 
which  contain  no  alkaloids)  is  inversely  proportional  to  the  quantity  of  alkaloids  present. 

Quinovin  when  dry  forms  amorphous  fragments  resembling  gum.  It  has  a  very 
bitter  taste,  is  nearly  insoluble  in  water,  moderately  soluble  in  ether,  very  soluble  in 
alcohol,  and  is  not  deposited  from  its  solutions  in  the  crystalline  state  (Schneder- 
mann). It  is  soluble  in  chloroform,  and  turns  the  plane  of  polarisation  of  a  luminous 
ray  to  the  right,  but  less  strongly  than  quinovic  acid.    (De  Vrij.) 

The  analyses  of  quinovin  (or  quinova-bitter)  by  different  chemists  do  not  exhibit 
very  close  agreement,  probably  because  some  of  the  products  examined  consisted  of 
crude  quinova-bitter,  containing  quinovic  acid  as  wm  as  quinovin.  Schnedermann 
found  67*2  per  cent,  carbon,  9'0o  hydrogen;  Hlasiwetz,  666  ciurbon  and  8*9  hydrogen — 
numbers  agreeing  nearly  with  the  formula  C*"'H**0',  which  requires  67*2  carbon,  9-0 
hydrc^en,  and  11*9  oxygen. 

Quinovin  yields  by  dry  distillation  a  thick  oil,  having  a  strong  odour  of  incense  and 
potroleum,  together  with  a  small  quantity  of  shining  crystals.  With  nitrons  acid  it 
gives  off  red  vapours ;  and  on  adding  water  to  the  solution,  wliit«  amoiphous  flocks  are 
precipitated,  together  with  a  resinous  matter ;  no  oxalic  acid  is  produced. 

When  dry  hydrochloric  acid  gas  is  passed  into  the  alcoholic  solution  of  quinovin,  the 
latter  is  resolved  into  quinovic  acid  and  quinova-'Sugar  (Hlasiwetz): 

CMH«o«  +  H«0  -  C^H^O*  +  C«H"0*. 
QVZVOTXi.  A  diatomic  radicle,  which  may  be  supposed  to  exist  in  quinone  and  its 
derivatives,  quinone  itself  being  regarded  as  the  hydride  (C''H-0*)''H*,  dichloroquinone 
as  the  chloride  of  quinoyl  (C*HK)*)"C1*,  a  view  which  is  in  accordance  with  its  reactions 
with  alkalis  (p.  28),  and  perchloroquiuone  in  like  manner  as  the  chloride  of  dichloro- 
quinoyl  (C'Cl-O'/'Cl*. 

QVZWOTXJiBKZC   ACXD,  (C^H-O^)"  >q  ,  is  not  known ;  but  dichloroquinoy- 

H        } 

lamicacid,  C-OI'CraO*  «  (C«CPO«)"Iq,    aUo   called   dicMoroqmnonaTnic  acid, 

chloranilam,  and  chloranilamie  acid,  was  discovered  by  Erdmann  (J.  pr.  Chem.  xxii. 
287),  and  further  examined  by  Laurent  (Ann.  Ch.  Phys.  [31  iii.  493).  It  is 
produced  by  the  action  of  aqueous  ammonia  on  perchloroquiuone  (cnloranil): 

C«C1*0«  +   NH«   +   H«0     =     C-n'OPNO*  +   2HC1. 

The  resulting  red  liquid,  when  concentrated,  deposits  crystals  of  dichloroquinoylamate 
of  ammonium;  and  on  mixing  a  saturated  solution  of  this  salt  with  hydrochloric  or 
sulphuric  acid,  dichloroquinoylamic  acid  is  deposited  on  cooling  in  blade  needles  con- 
t;aining  2C*H'C1'N0*.5H*0,  having  a  fine  adamantine  lustre  and  often  several  inches 
long :  it  may  be  purified  by  crystallisation  from  boiling  water. 
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Dichknoqmnoylamic  add  is  sb'ghtly  solnble  in  water,  fonninga  yiolet  Bolution,  which 
pradpitates  metaJlic  salta  GanBtic  ^tash  deoompoaes  it,  elimiBatiog  ammonia,  aud 
forming  dichloro^ninojlate  of  potassram  (p,  34).  It  is  not  altered  by  hydrochloric 
or  snlphnric  add  in  the  cold, bat  at  the  boiling  heat  these  adds  convert  it  into  dichlo- 
xoqviDojlie  add. 

JHckloroqumoylamaU  of  Jmnumium  (or  Chloraniiammon)  C*fl'(NH<)Cl=N0».2H*0, 
ibrms  flattened  chestnut-colooied  shining  needles,  soluble  with  purple  colour  in  water, 
e^Mdally  when  warm.  The  solution  predpitates  metallic  salts. —  The  bariumsaU 
is  a  light-brown  predpitate,  soluble  with  purple  colour  in  hot  water. — ^The  copper-salt 
is  a  greeniah-brown  predpitate,  obtained  by  mixing  the  ammonium-salt  with  cupric 
aeetate. — ^The  lead-salt  is  a  red-brown  predpitate ;  the  mercurous  salt  a  dark-brown 
predpitate.  Mercnric  chloride  does  not  form  a  predpitate  with  the  ammonitiro-salt. — 
The  tilfxr-Milt,  C*H'AgCl*NO»,  is  predpiuted  in  brown  flocks,  often  crystalline,  and 
af^fiarently  easily  deeompodble. 

OynroxiiAMrpnB.     l.  Quinoyl-diamide,  ^      ^V  '  |n*,  is  not  actually  known, 

bat  would  pfTobably  be  obtained  by  the  action  of  ammonia  on  quinone  in  presence  of 
alcohol,  in  the  same  manner  as  its  deriyatiTes,  described  below.  Quinone  treated  with 
dry  ammonia  gas  takes  up  2  at.  ammonia,  and  forms  quinonamide,  C*H^NO  (p.  26). 

Dickloroquint^l'diamide,^     ^«    ^  iN\    IHckloroquinonanUde,  Ckloranila- 

mide  (Laurent,  Ber.  Sdent  ziz.  141). — ^This  compound  is  formed  by  the  action  of 
■mmonia  on  percfaloroquinone  (chloranil)  in  presence  of  alcohol : 

{CKSiHyyCi*  +  4NH«     -    (^'^'y'jN*  +   2NH*C1. 

When  a  miztore  of  perefaloroquinone,  alcohol,  and  ammonia  is  gently  heated,  the 
liquid  becomes  red-brown,  part  of  the  solid  substance  dissolves  (the  solution  contain- 
ing dichloroqninoylate  of  ammonium),  whilst  another  portion  remains  in  the  form  of 
a  brown-red  precipitate.  This  predpitate  is  washed  with  alcohol,  then  redissolved  in 
the  liquid  with  addition  of  potash,  aud  gentle  heating ;  the  liquid  is  filtered  if  neces- 
sary ;  and  the  potash  is  neutralised  by  an  acid,  while  the  liquid  is  still  warm.  Dicblo- 
roquinoyl-diamide  is  then  separated  almost  immediately,  as  a  red-brown  precipitate, 
the  ooloar  of  which  is  finer  in  proportion  as  the  quantity  of  alcohol  used  is  lareer,  and 
the  temperatore  of  the  liquid  higher.  Too  great  a  heat  must  however  be  avoided,  as 
above  a  certain  temperature  the  product  would  be  decomposed  by  the  potash. 

Dichloroqoinoyl-diiunide  in  the  dry  state,  is  a  crystalline  powder  composed  of  micro- 
scopic needles  of  a  deep  crimson  ooloar  and  ahnost  metallic  lustre.  It  is  insoluble  in 
water,  and  nearly  insoluble  in  alcohol  and  ether.  When  cautiously  heated  on  a  glass 
plate,  it  partly  snblimes,  partly  decomposes.  It  is  not  attacked  by  hydrochloric  acid, 
even  at  uie  boiling  heat.  It  cussolves  in  strong  sulphuric  acid,  forming  a  violet  solu- 
tion, from  which  it  is  almost  wholly  predpitated  by  water.  Boiling  potash  eliminates 
ammntiio^  and  converts  the  amide  into  dicnloroquinoylate  of  potassium. 

(C«H»)»  ) 

Diphenyl-quinoi^Udiamide,  C'»H>«NK)«  -  (CmK)*)" VN«,  is  produced  by  the 

action  of  qoinone  on  aniline,  in  presence  of  a  large  quantity  of  boiling  alcohol : 

(C-H»)«  % 
Zip'SSH^fB*  +.2(C^»)H«N     -     (C^«0«)''fN«  +   2C^«0«. 

Qnfaiooe.  Aniline.  Diphenyiauinoyl*         Hjdro- . 

diamiae.  quinone. 


The  resnlting  brown  solution  deposits  the  diamide  on  cooling,  in  red-brown  scales 
having  an  almost  metallic  lustre,  and  the  mother^liquor  evaporated  with  hydrochloric 
add,  yields  a  miztore  of  hydrochlorate  of  aniline  and  hyoroquinone.  (Hofmann, 
Froe.  Boy.  Soc.  ziii  4.) 

(C«H»)«     ) 
Bipkinyl-diohloroquinoyl'diamide^O^ll^KSi^K)*  »  (CH)l«0»y>N«  — This 

H«        ) 
compound  is  piodaoed  by  the  action  of  aniline  on  peonhloroquinone,  according  to  the 
equation: 

(XJ1H>«  +  4C«H^    -    C»«H»«C1»N»0*  +  2(C«H^.HC1). 

It  was  first  obtained  hj  Hesse  (Ann.  Ch.  Pharm.  cziv.  292;  Jahresb.  1860,  p.  283), 
who  regarded  it  as  dicnloro-quinoifl-pentaphenyl-pentamide;  but  Hofmann  (toe.  eit.) 
has  shown  that  its  true  formula  is  that  above  given.  It  forms  brown-black  crvstals, 
sublimable,  insoluble  in  water  and  in  cold  alcohol,  ether,  hydrochloric  acid,  and 
Vol,  V.  D 
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alkalis,  but  soluble  in  benzene,  by  which  it  may  be  separated  from  another  8nbstflnc(», 
formed  in  the  same  reaction.    (Messe.) 

Q^mroTXZO   AOIB*  or   Quinonio  acid,  ^         -ai  |0',  is  not  knocrn,  bnt  its 

dichlorinated  derivative  has  been  obtained. 

Dichloroquinoylie  acid,  C*H*C1*0*  =  ^         -qJ  >0*. — Dichloroqtdnonie  acid, 

dUoranUie  acid  (Erdmann,  J.  pr.  Chem.  xzii.  281). — ^Produced  by  the  action  of 
potash  on  perchloroquinone,  dicbloroquinoylamide,  or  dichloroqatnoylamic  acid.  On 
adding  hydrochloric  acid  to  a  solution  of  perchloroquinone  in  warm  potash-ley,  the 
liquid  turns  red,  and  deposits  dichloroquinoylie  acid  in  yellowish-white  nacreous  scales, 
which,  when  collected  on  a  filter  and  viewed  in  mass,  exhibit  the  colour  of  minium. 

The  crystallised  add  contains  7*1  per  cent  (s»-l  at.)  water  of  crystallisation,  which 
it  gives  off  at  115° ;  when  heated  in  a  test-tube  it  partly  sublimes  unaltered,  but  a  con- 
siderable portion  turns  brown  and  decomposes.  It  dissolves  in  water,  forming  a  violet 
solution,  fiom  which  it  is  precipitated  by  sulphuric  or  hydrochloric  acid. 

Dichloroquinoylie  acid  is  dibasic. 

The  potMsium-adt,  C*K*Cl'O^HK),  is  deposited  in  crystals  from  a  solution  of  per- 
chloroquinone in  warm  caustic  potash  on  cooling,  and  so  completely  that  the  mother- 
liquor  retains  only  a  very  faint  reddish  or  brownish  tint.  It  is  purified  by  recrystalli- 
sation  from  water.  The  ciystals  do  not  give  off  their  water  at  100°.  The  salt  heated 
on  platinum-foil  bums  with  slight  detonation,  ^ving  off  purple  vapours.  It  dissolves 
in  water  and  alcohol,  with  pursue  colour,  inclinmg  to  violet ;  less  freely  in  potash.  Its 
aqueous  solution  precipitates  several  metallic  salts. — ^The  neutral  ammonium-salt,  pro- 
duced by  the  action  of  aqueous  ammonia  on  perchloroquinone,  aystaUises  like  the 
potassium-salt. 

The  barium-salt  is  obtained  by  precipitation  with  chloride  of  barium,  in  red-brown 
micaceous  scales,  slightly  soluble  in  boilmg  water.  Cobalt-salts,  nickel-salts,  tLnd ferrous 
salts  are  not  precipitated  by  dichloroquinoylate  of  potassium. 

Ferric  dicMoroquinoylate  is  a  blackish  precipitate,  obtained  with  ferric  nitrate  The 
cupric  salt  is  a  greenish-brown,  the  lead-salt  a  brown  precipitate.  The  mercurous  salt 
is  a  yellowish-brown  precipitate  obtained  with  mercurous  nitrate.  Mercuric  chloride 
gives  no  precipitate. — The  silver-salt,  C*Ag*Cl*0*,  is  a  brown-red  pulverulent  preci- 
pitate, which  dissolves  but  very  slightly  in  water,  forming  a  reddish  solution. 

^^OTMTMBBWMCMm  The  alchemists  distinguished  four  essences,  answering  to  the 
four  Aristotelian  elements ;  to  these  Raimund  Lullius  added  a  fifth,  namely  alcohol, 
denominated  quinta  essentia  on  account  of  its  enlivening  action.  The  term  is  sometimes 
also  used  to  denote  the  therapeutic  constituents  of  any  substance. 

QUUyxO.    Prefix  synonymous  with  pBirrA. 

QVntlWB  OZSb.  A  kind  of  rock-oil  or  petroleum,  of  thickish  consistence,  so 
called  from  the  Chapel  of  St.  Quirinus,  at  Tegernsee,  near  which  it  issues.  It  is 
brownish-yellow,  olive-green  by  reflected  light,  and  has  a  specific  gravity  of  0*835. 


R 

.  C*H*0«  -  (C*H«^)«'  I Q,     Paratartaric   acid.      Uvic  acid. 

Trauhensaure, — An  acid,  isomeric  with  tartaric  acid,  but  distinguished  from  the  latter 
by  several  characters,  and  chiefly  by  its  optical  properties, — ^tartaric  acid  exhibiting  the 
power  of  circular  polarisation,  whereas  racemic  acid  is  optically  inactive,  but  may  be 
separated  into  eqiutl  quantities  of  dextrotartaric  and  Iffivotartaric  acids,  exerting 
equal  and  opposite  actions  on  polarised  light.  There  is  also  a  modification  of  tartaric 
acid,  called  inactive  tartaric  acid,  likewise  optically  inactive,  but  not  separable  into 
ihe  two  optically  opposite  acids. 

Bacemic  add  exists  ready-formed  in  certain  tartars,  and  was  discovered  in  1822  by 
Sestner,  a  manufacturer  of  tartaric  add  at  Thann,  in  the  Vosges,  who  obtained  it  in 
large  quantity  from  the  tartars  produced  in  the  vintages  of  1822-1824.  It  has  since 
been  found  by  Kestner  and  others  in  the  crude  tartars  of  Austria,  Hungary,  Saintonge, 
and  espedaUy  of  Italy,  but  never  in  such  quantity  as  from  those  in  w^ch  it  was  first 
discovered. 

It  is  formed  artifidally  by  several  processes : — 1.  By  the  direct  combination  of  equal 
weights  of  dextrotartaric  and  laevotartaric  acid.— 2.  By  the  action  of  heat  on  tartaric 
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ether,  and  on  the  dextrotartrate  or  IsBTOtaztrate  of  qninine  or  einehomDe  (Fas  tear, 
Ann.  Cfa.  Pharm.  Ixsii  164,  Ixzxviii.  211). — 3.  By  neafcing  inactiye  tartaric  acid  to 
200°,  or  by  boiling  it  with  hydrochloric  acid  (Dessaignes,  Boll.  8oc.  Chim.  1865, 
i.  34). — 4.  From  cane-flngar  and  other  carbohydrates,  and  £rom  mannite,  dolcite,  sorbin, 
mucic  acid,  and  saccharic  add,  by  oxidation  with  nitric  acid,  sometimes  alone, 
aometimes  together  witli  tartaric  add  (Carle t,  B^p.  Chim.  pure,  ii.  345;  iv.  17. — 
Hornemann,  J.  pr.  Chem.  Ixxxiz.  263;  Jahresb.  1853,  p.  880).  The  following  are 
the  relative  quantities  of  tartaric  and  racemic  acids  produced  by  oxidation  of  dif- 
ferent carbohydrates  and  of  saccharic  and  mudc  acids  (Hornemann): — 

In  100  pts.  of  add. 

Tartaric.  Racem  c 

Milk-sugar 55*4  44'6 

Ghun 63-0  370 

CHne-sugar 597  40*3 

Starch 100  .    .    " 

Bextroglucose 100  .     . 

LsToglucosc 100 

Saccharic  add 72*6  27*4 

Mudc  add ?  100 

Hornemann' 8  experiments  confirm  the  suppositiou  of  Liebig  (Jahresb.  1859,  p. 
281)  and  of  Heintz  {ibid.  1860»  p.  259),  tluit  the  formation  of  tartaric  add  fix)m 
sugars  by  oxidation  i84>reoeded  by  that  of  saccharic  add,  and  the  formation  of  racemic 
acid  by  that  of  mudc  add. 

5.  By  boiling  dibromosuccinate  of  ^verwith  water  (Perk in  and  Bnppa,  Chem. 
Soc  Qu.  J.  xiii.  102): 

C*H»Ag«Bi«0*  +   2HH)     -     C«H«0«  +  2AgBr. 

6.  By  heating  an  aqueous  solution  of  racemo-carbonic  (desoxalic)  add,  or  a  dilute  solu- 
tion of  its  ethylic  ether  slightly  acidulated  with  sulphuric  acid,  to  100°  in  a  sealed  tube 
for  a  considerable  time :  C»HK)"  «  C0»  +  C*H«0«  (Lowig,  Jahresb.  1861,  p.  605). 
The  add  obtained  by  the  last  two  processes  has  not,  however,  been  actually  separated 
into  dextro-  and  Iserotartaric  acid,  so  that  it  may  possibly  be  inactive  tartaric  acid. 
The  caldum-salt  of  the  acid  obtained  from  dibromosuccinic  add  differs,  also,  in  some 
respects  from  that  of  natural  racemic  add.     (Kekul6,  p.  37<) 

Preparation. — 1.  From  crude  tartar.  Hacemic  acid  accumulates  in  the  mother- 
liquors  obtained  in  the  refining  of  tartar;  and  when  these  mother-liquors  are  treated 
with  chalk,  and  the  insoluble  calcium -salt  thus  produced  is  decomposed  by  sulphuric 
add,  an  add  liquid  is  obtained,  which  when  concentrated  yields  crystals  of  racemic 
and  tartaric  adds.  In  most  cases  the  tartaric  add  forms  the  greater  part  of  the 
product,  and  is  deposited  in  large  transparent  crystals,  the  spaces  between  which  are 
more  or  lees  filled  up  with  small,  white,  opaque  neeidles  of  racemic  acid.  By  separating 
these  needles,  dissolving  them  in  water,  and  evaporating,  the  racemic  acid  may  be 
obtained  in  large  crystals. 

2.  From  tartrate  of  cinchonine. — ^This  salt  (either  the  dextro-  or  the  Isevo- 
tartrate),  when  subjected  to  a  gradually  increasing  temperature,  is  first  converted  into 
tartrate  of  cinchonicine  (i.  971);  and  if  the  heat  be  continued,  the  cinchonicine  gives  off 
water,  and  is  transformed  into  cinchonidine,  while  the  tartaric  acid  likewise  undergoes 
alteration,  and  after  exposure  for  five  or  six  hours  to  a  heat  of  170^,  is  partly  con- 
verted into  racemic  add.  To  extract  this  acid,  the  black  resinous  mass  is  treated 
several  times  with  boiling  water;  the  filtered  liquid  is  mixed  with  excess  of  chloride  of 
caldnm ;  the  racemate  of  caldum  thereby  predpitated  is  decomposed  by  dilute  sulphu- 
ric add ;  and  the  filtrate  is  concentrated  to  the  ciystallising-point.     (Pasteur.) 

Part  of  the  racemic  add  formed  in  the  process  just  described  is  further  converted 
into  inactive  tartaric  add,  the  quantity  of  the  latter  increasing  as  the  heating  is  pro- 
longed ;  and  if  the  solution  obtained  as  above  be  filtered  immediately  after  the  addition 
of  the  calcic  chloride,  the  inactive  tartrate  of  caldum,  which  is  more  soluble  than  the 
racemate,  remains  in  the  mother-liauor,  and  separates  after  24  hours  quite  free  from 
racemate.  By  decomposing  this  salt  with  sulpnuric  acid  as  above,  and  concentrating 
the  solution,  tiie  inactive  tartaric  acid  may  be  obtained  in  eiystals.  Now  Dessaignes 
has  lately  shown  (Bull  Soc.  Chim.  1865,  i.  34),  that  this  add  in  the  firee  state  is 
partially  converted  by  heat  into  racemic  acid,  although,  when  the  latter  is  in  combina- 
tion with  certain  organic  alkaloids,  the  opposite  transformation  takes  place.  If  the 
inactive  tartaric  acid,  after  being  dried,  be  heated  in  a  retort  to  200^,  till  about  a 
third  of  it  has  passed  off  in  the  form  of  volatile  products,  a  distillate  is  obtained, 
consisting  chiefly  of  pyroracemic  add  (iv.  770),  and  the  residue  consists  partly  of 
racemic,  partly  of  unaltered  inactive   tartaric  acid.      On  dissolving  this  residue  in 
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water,  and  half  neutrHlUing  with  ammonia,  acid  racemate  of  ammoninm  crystallines 
out  first,  while  the  more  soluble  inactive  tartrate,  constituting  about  two-thirds  of  the 
whole,  remains  dissolved.  Inactive  tartaric  acid  may  also  be  partly  converted  into 
zacemic  acid  by  boiling  with  hydrochloric  acid. 

Properties. — ^Bacemic  add  forms  hydrated  cirstals,  C^HD'.H'O,  belonging  to  the 
tridinio  sytem.  Dominant  combination :  <»',P  .  ooPoo .  oop/  .  ool^ao  .  ^J***  .  ^^oo  .'j^^oo , 
sometimes  with  oP,F.  and  ,1^00.  Angle '^oo  :  oofoo  »  128®  33*;  'I>'oo  :  oePoo  - 
123°  32';  oo/P:  oo  Poo  «  110°  46';  oo'^P :  J?oo  «  1290  61';  ooPoo  :  ooF,  - 
152^  64';  ooP;:  ooPao  -  146°  30';  'Fooi^Poo  «  111©  67';  '^oo  :  ooF,  -  1130 
32';'*  00  :oo'^  »  107°  28';  'P'oo  :  coPoo  «  84°  26';  'Poo  :  «  P  -  120°82'.  Eatio 
of  axes,  aibic  -  048434  :  1  :  0 S0602.  Angle  a  »  120°;  ^  «  96°  19';  7  » 
76°  6'.    (De  la  Provostaye,  Ann.  Ch.  Phys.  [3]  iii.  181.) 

The  crystals  have  a  specific  gravity  of  1*690  (Bui g net,  Jahresb.  1861,  p.  16):  they 
effloresce  slowly  on  exposure  to  the  air,  give  off  all  their  water  of  crystallisation  at  100°, 
dissolve  in  6*7  pta.  water  at  16°,  and  in  48  pts.  cold  alcohol  of  specific  gravity  0*809. 
In  these  respects  racemic  acid  differs  considerably  from  tartaric  acid,  which  forma 
anhydrous  monoclinic  czystals,  much  more  soluble  in  water  than  those  of  racemic  acid. 

Towards  reagents  racemic  acid  behaves  for  the  most  part  like  tartaric  add.  Its 
calcium-salt  is,  however,  less  soluble  than  the  tartrate,  so  that  racemic  add  piedpitates 
a  solution  of  gypsum,  whereas  tartaric  add  does  not.  Racemate  of  caldum  is  likewise 
insoluble  in  acetic  add,  whereas  the  tartrate  is  soluble.  On  adding  ammonia  to  a 
solution  of  caldc  racemate  in  hvdrochloric  add,  a  crystalline  predpitate  is  formed  in 
a  few  seconds ;  whereas  with  the  tartrate,  the  precipitation  does  not  take  place  for 
several  hours. 

Bacemic  add  when  heated  above  100°,  remains  unaltered  up  to  200°,  and  then  yields 
the  same  products  as  tartaric  add ;  being  converted,  before  complete  decomposition 
takes  place,  into  tartrelic  acid,  tartralic  acid,  and  other  products  formed  by  abstraction 
of  water,  which,  however,  have  not  been  completely  investigated.    (See  Tabtabic  Acid.) 

When  a  solution  of  neutral  racemate  of  ammonium  is  mixed  with  a  small  quantity 
of  the  soluble  portion  of  beer-yeast,  or  an  albuminous  body,  a  vegetable  extract,  or 
any  animal  liquid,  and  exposed  to  a  temperature  of  30°,  fermentation  takes  place, 
and  the  whole  of  the  racemic  acid  is  converted  into  Isevotartaric  add  (Pasteur, 
Jahresb.  1868,  p.  248).  The  same  transformation  is  produced  when  add  racemate 
of  ammonium  is  fermented  under  the  infiuence  of  PenicUlium  fflaucum,  (Pasteur, 
Jahresb.  1860,  p.  ^60.) 

Saeemates.  Bacemic  add,  like  tartaric  add,  is  tetratomic  and  dibasic,  the 
formulsB  of  the  racemates  containing  monatomic  metals  being : 

H« 
Neutral  Bacemates  C*IL*WO* 


M*       ) 


Add  Bacemates         C*H»MO«     -     (C^H*0-)»' (.0*. 

HM      3 

With  diatomic  metals  it  forms  only  neutral  salts,  C*JE[*M*0*. 

The  racemates  are  very  much  like  the  corresponding  tartrates,  but  their  ciystalline 
forms  are  always  holohedral,  and  their  solutions  exert  no  action  on  polarised  light; 
whereas  the  tartrates  are  homihedral,  and  exhibit  circular  polarisation  (see  Light,  iii. 
676).  Most  of  tlie  racemates  have  been  analysed  byFresenius  (Ann.  Ch.  Pharm, 
xli.  1 ;  liii.  230). 

Racemates  of  Amtnoniu m. — ^The  neutral  salt^  C 'H*(NH*)*C)«,  obtained  by  spon- 
taneous evajporation  of  a  solution  of  the  acid  neutralised  with  ammonia,crystallise8  in 
rhombic  prisms  exhibiting  the  dominant  combination,  ooP  .  oo&2  .  a  Poo  .  P  .  !Pao  . 
ffoo.  Angle  ocP:  ooP  «  99°  30';  ooP  :  ooI>2  =  160°  60';  Poo  :  I^oo  »  118°; 
f  00  :  |f  00  «  169°.  Batio  of  axes,  a  :  6  :  <?  «  0*6087  :  1  :  0*8466.  The  crystals  when 
exposed  to  the  air  become  duU,  and  give  off  ammonia :  they  are  very  soluble  in  water, 
nearly  insoluble  in  alcohoL — The  acid  saltt  C*H*(NH*)0*,  is  precipitated  as  a  crystal- 
line powder,  on  neutralising  1  pt.  of  racemic  acid  with  ammonia,  and  adding  an  equal 
quantity  of  the  add.  It  dissolves  in  100  pts.  water  at  20°  and  in  a  much  smtUler 
quantity  of  boiling  water.  It  reddens  litmus,  and  is  insoluble  in  alcohol.  Prom  an 
aqueous  solution  slowly  cooled,  it  crystallises  in  monodinie  prisms,  often  assuming  the 
tabular  form  from  predominance  of  oP.  The  decomposition  of  the  racemates  of  ammo- 
nium by  fermentation  has  been  already  described. 

Racemate  of  Antimoji  y» — White  granular  predpitate,  obtained  by  adding  alcohol 
to  a  solution  of  antimonious  oxide  in  aqueous  niremic  acid.   (Berzelius.) 
Potasaio-antimonioua  Racemate,  2C*H'(SbO)KO*.H'^0,  is  obtained  by  aatiirating  a 
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boiling  solntum  of  SfCid  ncemate  of  potaseium  with  antimoniotis  oxide,  and  crystallises 
oD  ecKMing  from  a  saturated  solntion  in  monoclinic  prisms  terminated  by  the  facets  of 
a  Twy  obtuse  octahedron.  Observed  combination,  ooP  .  }P.  Angle  coF :  ooP  -i  85^ 
20*;  »P:  iP  «  118°  2^;  ^P :  4P  -  140°;  the  same  behind  «  142°  66'.  Axes, 
a:i:e  «  1*074  :  1  :  0*9217  (De  la  ProTostaye).  Like  tartar-emetic,  after  drying 
at  100^,  it  loses  6*6  per  c«nt.  water  at  260°. 

Raeematet  of  Arsenic  and  the  Alkali-metale. — ^These  salts  are  prepared 
by  adding  to  a  boiling  solution  of  a  neutral  racemate  of  alkali-metal,  first  a  small 
quantity  of  arsenious  acid,  then  raoemic  acid,  and  so  on  alternately  till  a  sufficient 
qoantity  of  the  double  aalt  is  produced,  while  a  large  excess  of  add  racemate  of  the 
alkali-metal  remains  in  solution.  On  evaporating  &e  liquid,  the  double  salt  and  the 
add  racemate  are  deposited  separately.— The  ammonttfm-^A  2C*HXAsO)(NH*)0«.H''0, 
furms  8maU.efflorescent  crystals,  soluble  in  10*6  pts.  of  water  at  15°.  Its  solution  is 
decomposed  by  evaporation  into  arsenious  add  and  acid  racemate  of  ammonium. — The 
poltuMttmsalt,  2C^H<(AsO)KO*.3H*0,  forms  well-defined  nacreous  crystals,  which 
effioresoe  and  giTc  off  4*23  per  cent,  water  at  100°,  the  remainder  of  the  crystallisation- 
wdter  between  166^  and  170°. — The  anhydrous  sail  may  be  heated-  to  200°  without 
alteiation,  but  at  266°  it  gives  off  water  and  empyreumatic  pro  ducts.  It  dissolvea  in 
a  Tery  small  quantity  of  hot  water,  but  the  solution  is  partially  decomposed  by  evapo- 
ration, acid  racemate  of  potassium  being  deposited,  while  arsenious  acid  remains 
in  sohition.  The  crystals  dissolye  in  7*96  pts.  water  at  16°. — The  sodium-salt, 
2C*H*(A80)NaO*.5HK),  forms  large  non-efflorescent  crystals,  which  dissolve  in  14-6 
pes.  water  at  19°,  give  off  |ths  of  their  crystallisation- water  at  100°,  and  the  remainder 
at  130°.     (Wert her,  J.  pr.  Cliem.  xxxii.  385.) 

Racemate  of  Barium,  2C'H*Ba''0*.6H.H). — ^Bacemic  acid  forms  with  baryta- 
water,  white  flo<^  which  dissolve  in  excess  of  the  acid;  but  the  solution  soon  becomes 
turbid,  and  deposits  the  whole  of  the  barium-salt  as  a  crystalline  predpitate.  The 
same  predpitate  is  formed  on  mixing  racemate  of  sodium  with  chloride  of  oarium. 

Racemate  of  Calcium,  C*H*Ca"0*.4H*0. — Obtained  in  the  same  manner  as  the 
barium-salt.  Aqueous  racemic  acid  also  gives  a  predpitate  after  a  while,  with  sulphate 
of  caldiim.  Baoemate  of  calcium  assumes  the  form,  either  of  an  amorphous  precipitate 
or  of  fine  needles.  The  crystals  give  off  their  water  (27*75  per  cent.)  at  200°.  The 
salt  is  nearly  insoluble  in  cold  water,  but  dissolves  in  hydrochloric  add,  and  is  precipi- 
tated tfaere&om  by  ammonia.  It  is  insoluble  in  acetic  acid,  snd  likewise  in  excess  of 
racemic  add,  after  it  has  become  crystalline.  The  caldum-salt  of  racemic  acid  pro- 
duced from  dibromosuednic  acid  (p.  85),  crystallises  fh>m  boiling  water  in  cubie 
crystals  containing  C^H^Ca'O'.SHK),  whereas  that  of  natiual  racemic  acid  separateg 
from  boiling  water  in  small  white  prisms  containing  4  at.  water.  The  ardfidaf  calde 
racemate,  when  dissolved  in  hydrochloric  add  and  predpitated  by  ammonia,  likewise 
forms  prisms  with  4  at.  water,  but  on  recrystallisation  from  boibng  water  it  assumes 
the  cubic  form  with  3  at  water.  The  caldum-salt  of  the  artifidal  add  is  also  some- 
what more  soluble  in  water  than  that  of  the  natural  add.  (Kekul^  Jahresb.  1861, 
p.  364.) 

Racemates  of  Chromium. — ^The  violet  solution  of  chromic  hydrate  in  raAemie 
add  leaves  on  evaporation  a  violet  crystalline  mass  soluble  in  water ;  alcohol  added  to 
this  solution  throws  down  a  violet  basic  salt,  which  blackens  in  drying,  and  dissolves  in 
water  only  en  addition  of  raoemic  add. — ^With  potash^  racemate  of  chromium  forms  a 
solution  which  leaves  a  dark-violet  mass  on  evaporation,  and  is  completely  precipitated 
by  lime-water. 

Racemate  of  Cobalt. — The  solution  of  recently  predpitated  cobalt-oxide  in 
racemic  add,  yields  bv  evaporation  a  pale  red  crystalline  crust,  soluble  in  water 
containing  racemic  add ;  it  dissolves  also  in  potash,  forming  a  violet  solntion,  which 
on  dilution  deposits  a  dingy-blue  predpitate. 

Racemates  of  Copper. — a.  The  cuprous  salt  is  obtained  by  digesting  cuprous 
oxide  with  racemic  add  in  a  tightly-doeed  vessel.  It  is  moderately  soluble  in  water, 
and  is  deposited  on  cooling  in  colourless  rhombo'idal  prisms.  When  exposed  to  the  air 
it  is  converted  into  the  cupric  salt. 

0.  Cupric  Racemates. — A  mixture  of  the  hot  solutions  of  racemic  acid  and 
cupric  sulphate,  deposits,  after  a  while,  pale-green  tabular  crystals.  A  dilute  solution, 
of  cupric  acetate  forms  with  racemic  acid  pale-blue  needles,  containing  C*H*Cu''P'.2H'0 
This  salt  gives  off  its  water  at  100°,  dissolves  sparingly  in  water,  easily  in  hydro- 
chloric acid;  the  solution  when  mixed  with  potash  assumes  a  fine  blue  colour,  and  is 
not  decolorised  even  at  the  boiling  heat.  Alkaline  racemates  form  a  green  precipitate 
with  cupric  salts. 

Cupnc  racemate  dissolves  in  caustic  alkalis  and  alkalifle  carbonates.  On  adding 
alcohol  to  a  saturated  solution  of  the  salt  in  caustic  soda,  dark-blue  ncedle-Bhapcd 
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OTiUls  9ie  cUpontod  on  the  aidn  of  the  ressel,  and  ligfatrbliie  tables  at  the  bottom  ; 
both  coDSUtuig  of  the  salt,  C*U«Na*O.Ca'0.4HH),  sparingly  aolnble  in  oold,  more 
■olnble  in  boiHng  water,  and  depositing  enptons  oxide  when  boiled  with  excess  of 
aUcalL 

Baeemates  of  Iron, — ^Ferric  hjdnte  diasolTCi  in  neemic  add,  an  insolnble  basic 
salt  being  formed  at  the  same  time.  The  sototion  when  evaporated  leares  a  brown 
amorphoos  mass,  easily  pnlrerised,  Teij  soluble  in  water,  not  predpitable  by  aDEalis. — 
Wilhpotash,  ferric  raoemate  forms  a  dark-brown,  grannlar,  deliquescent  double  salt* 
soluble  in  raoemic  add. 

Baeemaie  of  Lead,  C*H<Pb''0*  (at  100^).— On  adding  raeemic  add  drop  by  drop 
to  a  hot  solution  of  lead-^oetate  as  long  as  the  predpitate  ledisBolyes,  and  cooling  the 
filtrate,  racemate  of  lead  is  deposited  in  shining  grains  or  ddicate  needles^  soluble  in 
hot  aqueous  raeemic  add« 

Raeemaie  of  Magne»ium^  (yEfyi^Q^^bTLH^. — A  solution  of  magnesium-carbo- 
nate in  the  boiling  aqueous  add  depodts  this  salt  on  slow  cooling  in  small  right 
rhomboidal  prisms ;  by  quick  cooling  or  prolonged  eTsporation  as  a  white  powder.  It 
effloresces  in  dry  air,  gives  off  4  at.  ^27*24  per  cent.)  water  at  100°,  the  rest  without 
decompodtion  at  200°.  It  dissolves  in  120  pts.  water  at  19°,  in  a  small  quantity  of 
boiling  water,  is  insoluble  in  alcohol,  dissotres  in  raeemic  add,  but  the  solution 
depodts  nothing  but  the  neutral  salt  and  the  free  add. 

A  saturated  solution  of  magnesium-carbonate  in  an  acid  racemate  of  alkali-metal 
yields  by  slow  evaporation,  a  Byrupy  mass,  which  gradually  changes  on  cooling  to  an 
amorphous  double  salt,  from  which  water  extracts  bat  a  small  quantity  of  Skaline 
racemate,  even  at  the  boiling  heat. 

Racemate  of  Manganeee,  C'H*Mn''0*.H*0. — Obtained b^ evaporating  a  solution 
of  manganous  acetate  mixed  with  raeemic  add,  in  yellowish-white  crystals,  per- 
manent in  the  air  even  at  100°,  slightly  soluble  in  water,  easily  soluble  in  acids  and 
alkalis. 

Racemate  of  Mercury. — ^Raeemic  acid  forms  with  mercurous  nitrate,  a  white 
heav^  predpitate,  which  becomes  coloured  on  exposure  to  lights  is  insoluble  in  wat«r 
and  m  raeemic  add,  but  soluble  in  nitric  add. 

Racemate  of  Nickel,  C^H^Ni"0'.dHK),  is  obtained,  like  the  manganous  salt,  in 
green  needles,  whidi  effloresce  slowly  at  ordinary  temperatures,  rapidly  at  100°.  It  is 
but  sliffhtly  soluble  in  pure  water,  more  soluble  in  water  containing  raeemic  add. 
It  dissolves  with  green  colour  in  potash,  also  in  hot  aqueous  carbonate  of  sodium, 
the  liquid  solidifying  to  a  gelatinous  mass  on  cooling. 

Racemates  of  Potaesium.—Uhe  neutral  soli,  C«H*K*0«.2H*0,  crystallises  by 
slow  evaporation,  according  to  Pasteur,  in  six-sided  tables  belonging  to  the  trimetric 
system,  and  exhibiting  the  combination  oP  .  oof*  oo  .  odP.  Angle  aol^ao  :  ooP  » 
128°  20'.  According  to  v.  Lang,  on  the  other  hand  (Wien.  Akad.  Ber.  xlvi.  [21  31 ; 
Jahresb.  1862,  p.  306),  the  cxystals  (with  the  same  amount  of  water)  are  monoclinic, 
exhibiting  the  combination  ooPoo  .  [  ooPoo  ]  .  oP  .  [Poo  j  .  [2Pao  ]  .  ooP  .  ooPf  .  -P . 

-I-  P  .  +P2.  Axes  a:b:e  ^  I:  0*9134  :  07686.  Angle  of  indined  axes  «=  92°  35' . 
[Poo]  :  [ooPoo]  a  97°  9';  [2Poo]  .  [ooPoo]  »  146°  36';  [2Pa>]  :  oP  =  122°  66', 

ooP  :  ooPoo  -  137°  87';  ooP  :  oP  «  88°  6';  ooP| :  oP  «  87°  43' ;  -P:oP  « 
1 32°  43^.  The  crystals  dissolve  in  0*97  pt  water  at  26°,  are  nearly  insoluble  in  alcohol, 
and  give  off  all  their  water  at  100°.  Mineral  adds  or  raeemic  acid  added  to  the  solu- 
tion throw  down  the  acid  racemate. — The  acid  salty  obtained  like  the  corresponding 
ammonium-salt,  forms  aystals  soluble  in  180  pts.  of  water  at  19°,  in  139  pts.  at  26°, 
and  in  14*8  pts.  of  boiling  water ;  it  is  insoluble  in  alcohol,  but  dissolves  easily  in 
mineral  adds. 

Racemate  of  notassium  and  ammonium,  C^H^K(NH*)0',  is  obtained  by  slow  evapo- 
ration of  a  solution  of  the  add  potassium-salt  saturated  with  ammonia,  in  acicular, 
longitudinally  striated,  rhombic  pnsms,  having  the  angle  ool^oo  :  ooP  «»  130°  46',  and 
not  modified  at  the  ends.    (Pasteur.) 

A  rac&moborate  of  potassium  is  obtained,  according  to  Fresenins,  by  evaporating  a 
solution  of  1  at  boric  add  and  2  at  acid  potassic  racemate,  at  1 00°,  as  a  white,  acid, 
almost  czystalline,  friable  mass,  very  soluble  but  not  deliquescent  Similar  products 
are  obtained  by  evaporating  a  solution  of  borax  and  add  racemate  of  potasdum  or 
sodiam.    (Presenius.) 

Racemate  of  Silver,  C^H^Ag'O*. — ^When  a  warm  moderately  strong  solution  of 
the  acid  potassium-salt  is  added  to  a  solution  of  silver-nitrate  heated  to  80°  or  86°,  till 
the  precipitate  begins  to  be  permanent,  the  liquid  on  cooling  deposits  racemate  of 
silver  in  fine  shining  sc^es,  less  soluble  in  water  than  tho  tartrate,  soluble  iu 
ammonia. 
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Rffcemates  of  Sodium,— The  neutral  salt,  C^H*Na*0«,  CTystalliaes  readily  in 
auhjdious  rhombic  prisms  soluble  in  2*63  pts.  of  water  at  26°,  insolable  in  alcohol. — 
The  acid  wH,  C*H*NaO*JB[*0,  is  precipitated  by  alcohol  ftom  a  mixture  of  equivalent 
qnautities  of  the  neutral  salt  and  racemic  acid,  and  may  be  obtained,  by  recrystallisa- 
ttoo  firom  water,  in  monoclinic  prisms  with  striated  faces.  It  has  a  pleasant  acid  taste, 
gires  off  its  water  (9*41  per  cent)  at  100°,  dissolves  in  11*3  pts.  water  at  19°,  in  a 
much  smaller  quantity  of  boiling  water,  but  is  insoluble  in  alcohoL 

Sodio-ammonic  and  Sodio-potassie  raeemates  exist  only  in  solution,  being  separated 
1<y  recrystallisation  into  mixtures  of  equal  quantities  of  the  corresponding  dextro-  and 
In'Totartrates. 

liaccmaie  of  Strontium,  C*H*Sr*0*.4H'0. — ^Precipitated  by  racemic  acid,  from 
^trontia-water  in  white  flocks,  and  by  the  neutral  potassium-salt  from  chloride  of 
MroDtium,  as  A  crystalline  precipitate.  It  gives  off  its  water  (22'87  per  cent.)  at  100^, 
i«  nearly  insoluble  in  cold,  and  onlv  slightly  soluble  in  boiling  water ;  dissolves  easily 
in  hydrochloric  acid,  but  is  insoluble  in  acetic  acid. 

Raeemate  of  Thallium  forms  small,  closely-aggregated,  easily  soluble  crystals, 
ivMmbling  those  of  the  neutral  ammonium-salt  ooP  :  ooP  ss  100°.  (Be  la 
Provost  aye,  Ann.  Ch.  Pharm.  cxxvL  79.)  • 

Raeemate  of  Tin  is  very  soluble  and  crystallisable. 

Raeemate  of  Zinc. — ^Bacemic  acid  dissolves  zinc  with  evolution  of  hydrogen,  and 
the  solution  yields  by  evaporation  colourless  needles  of  raeemate  of  zinc  Kacemic 
acid  forms  with  acetate  -of  zinc,  a  gelatinous  precipitate,  nearly  insoluble  in  water  and 
difficult  to  dry. 

Vitroraeemlo  aeld.  C«H'(NOSK)«.  (Dessaignes,  J.  Pbarm.  [3]  xxxii.  46).-< 
Prepared  by  quickly  dissolving  perfectly  dehydrated  and  finely  pulverised  racemic  acid 
in  lukewarm  nitric  acid  of  specific  gravity  1*52,  and  mixing  the  decanted  solution  with 
hiilf  its  volume  of  strong  sulphuric  acid.  Th  e  resulting  magma  dried  between  bricks  under 
abeU-jar,form8  a  light  white  silky  mass,  the  saturated  solution  of  which  in  lukewarm 
water  yields,  when  filtered  and  cooled  to  0°,  nacreous  prisms,  thinner  and  shorter  than 
those  of  nitrotartaric  acid.  It  has  no  action  on  polarised  light.  In  aqueous  solution 
h  decomposes,  giving  off  gas  and  yielding  tartronic  acid,  together  with  other  products. 
It  dissolves  without  decomposition  in  absolute  ulcohol,  and  crystallises  therefrom  by 
spontaneous  evaporation,  in  small  plates  composed  of  microscopic  crystals.     It  forms  a 

f»recipitAte  with  basic  acetate  of  lead,  but  not  with  acetate  of  potassium,  calcium  or 
ead,  or  nitrate  of  silver.    The  ammonium-salt  decomposed  by  sulphydric  acid,  yields 
rcicemic  and  tartaric  acid. 


The  only  known  compounds  of  this  group  are  the  acid 
raeemates  of  ethyl  and  methyl. 

Ethyl-racemieacid,  or  Racemovinic  acid,  C"H'»0«  =  C^H»(C*H»)0«  (Gu^rin- 
Varry,  Ann.  Ch.  Phys.  [2]  Ixii.  77).— Produced  by  boiling  4  pts.  absolute  slcohol 
with  1  pt  of  racemic  acid,  and  cohol^ting  the  mixture  in  a  retort  at  a  gentle  heat  till 
the  liquid  evaporated  to  a  syrup  no  longer  deposits  any  solid  matter  on  cooling.  It  is 
vhen  diluted  with  water,  and  saturated  with  carbonate  of  barium  ;  the  filtrate  is  evapo- 
mted  at  50°  or  60°  ;  and  the  crystallised  ethyl-racemate  of  barium  thus  obtained  is 
decomposed  by  sulphuric  acid. 

Ethyl-racemic  acid  crystallises  in  colourless  elongated  prisms  with  obliquely  inclined 
basns,  deliquescent)  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  The  solu- 
tion has  no  action  on  polarised  light,  and  is  decomposed  by  ebullition  into  alcohol 
and  racemic  acid,  which  crystallises  out. 

Ethyl-racemic  acid  is  decomposed  by  dry  distillation,  yielding  alcohol,  water,  ethylic 
acetate,  acetic  acid,  ethylene  gas,  pyroracemic  acid,  &c. — Ifitric  acid  converts  it  into 
acetic,  carbonic,  and  oxalic  adds.  Its  solution  dissolves  xinc  andiron,  with  evolution 
of  hydrogen;  yields  with  ^tash  a  pulverulent  precipitate,  and  with  soda  an  opaline 
precipitate,  which  appears  just  before  the  liquid  becomes  neutral,  and  increases  with 
the  quantity  of  acid  added.  When  added  drop  by  drop  to  bart/ta-water,  it  forms  a  pre- 
cipitate, which  diminishes  as  the  liquid  approaches  neutrality,  but  reappears  when  the 
acid  is  added  in  excess.  The  precipitate  is  soluble  in  nitric  acid. — ^With  lime-twater 
ethyl-racemic  acid  forms  a  precipitate  insoluble  in  water,  and  in  excess  of  the  acid, 
but  soluble  in  nitric  acid.  The  acid  does  not  produce  any  turbidity  with  calcic  or 
sodic  sulphate.  It  forms  a  white  precipitate  with  acetate  of  lead,  and  with  a  concen- 
trated solution  of  nitrate  of  silver. 

Ethyl-racemic  acid  is  monobasic  Its  salts  crystallise,  but  not  so  well  as  the 
ethyl-tartrates  :  some  of  them  contain  water  of  crystallisation,  which  they  give  off  in  a 
vacuum. — The  barium-^t,  0'*H'"Ba''0".2H'0,  crystallises  in  small  prisms  arranged 
in  nodular  groups.  It  is  Tnu<h  more  soluble  in  hot  than  in  cold  water,  insoluble  in 
absolute  alcohol  and  in  ether. — The  poiassittm-salt,  C*fl^H0*.H'O,   forms  prisms. 
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apparently  monodinic,  givoB  oflf  7*66  per  cent  prater  in  vacno.— The  sUffer-saft, 
O*H*A«0*  ciystalliBes  in  priums  slightly  aoluble  in  cold  water,  decomposing  at  100^. 

Methyl-raeemic  acid,  C*H«0«  «  C*H»(CH»)0«  (Gu6rin-Varry,  loc,  cU,)  - 
Prepared  bv  dissolTing  1  pt.  of  lacemic  acid  in  1  pt.  of  methylic  alcohol,  at  the 
boiling  heat,  evaporating  to  a  ayrup  at  a  temperature  below  100°,  leaving  the 
syrup  to  evaporate  freely,  and  drying  the  resulting  crystals  in  a  vacuum.  It  fonns 
colourless  rectangular  prisms  truncated  on  the  longitudinal  edges,  and  passing 
into  rhomboidal  prisms.  It  dissolves  easily  in  water,  alcohol,  and  wood-tpirU, 
slightly  in  ether,  fey  boiling  with  water,  it  is  resolved  into  methylic  alcohol  and  race- 
mic  acM.  Its  aqueous  solution  decomposes  zinc  and  trofi,  with  evolution  of  hydrogen. 
"With  baryta-toater,  it  forms  a  precipitate  soluble  in  excess  of  the  acid,  and  in  water ; 
withKww-iMfer,  it  forms  a  precipitate  composed  of  radiate  groups  of  acicular  prisms, 
insoluble  in  excess  of  the  acid.  Methyl-raeemic  add  does  not  precipitate  caustic 
soda  or  carbonate  of  sodium. 

Methyl-^acemaU  of  Barium,  C'*H'*Ba"0".4H«0,  crystallises  in  monodinic  pnsms, 
which  give  oflf  part  of  their  dystallisation-water  on  exposure  to  the  air.  When  not 
efflore^ed,  it  softens  at  60®,  and  at  100°  gives  off  vapours,  which  condense  in  beautiful 
crystalline  laminae.  It  is  more  soluble  in  hot  than  m  cold  water,  insoluble  in  alcohol 
and  ether.— The  lead-salt  is  precipitated  on  pouring  methyl-raeemic  add  into  a  solu- 
tion of  lead-acetate ;  the  precipitate  redissolves  in  excess  of  acid. — The  potaatiumsalt, 
2C*H'K0*.H*0,  forms  rectangular  prisms,  which  are  decomposed,  by  prolonged  ebulli- 
tion with  water,  Into  methylic  alcohol  and  acid  racemate  of  potassium.  Methyl-nM»mic 
acid  added  to  aqueous  potash  forms  a  pulverulent  predpitate  soluble  in  a  laice  quan- 
tity of  water.— The  silver-salt,  OH'AgO,  is  precipitated  on  adding  methyl-raeemic 
acid  to  a  moderatdy  concentrated  solution  of  silver-nitrate ;  it  is  soluble  in  excess  of 
methyl-raeemic  add.  rC»H»0*r ) 

RACBMOC ARSOanO  ACZB.    Desoxalto  acid,  C»H«0"  »  H*        |  ^** 

(Lowig,  J.  pr.  Chem.  Ixxix.  466 ;  Ixxxiii.  129;  bcnriv.  1 ;  Jahresb.  1860,  p.  404; 
1861  p  601  )— This  add,  which  contains  the  elements  of  raeemic  add  and  carbonic 
anhydride  (C»HW  -=  C*H*0«  +  C0«),  is  produced  in  the  form  of  an  ethylic  ether, 
by  ttie  action  of  sodium-amalgam  on  ethylic  oxalate.  It  is  probably  formed  by  the 
deoxidation  of  oxalic  add,  thus : 

5Cra*0*  +   H-0  -  0»     -     2C»H»0«; 

whence  the  name  desoxaUc  acid;  but  the  reaction  is  complicated,  yielding  a  number  of 
products  which  have  not  been  thoroughly  investigated. 

Preparation. ^An  amalgam  of  30  grms.  sodium  and  800  to  2,C00  grms.  mercury  is 

asritated  in  a  glass  cylinder  with  about  an  equal  part  of  ethylic  oxalate,  the  mass  being 
Spt  cool  by  occasionally  plunging  the  vessel  into  cold  water;  the  resulting  unctuous 
mass  is  stirred  up  with  ether,  the  liquid  is  decanted  from  the  mercury ;  the  residue  is 
treated  several  tunes  more  with  ether ;  the  united  ethereal  liquids  are  left  at  rest  for 
a  while;  and  the  darified  solution,  decanted  from  the  sediment,  ia  repeatedly  and  vio- 
lently agitated  with  small  quantities  of  water,  till  a  pasty  mass  no  longer  separates 
from  itand  the  ethereal  solution  rises  to  the  surface  free  from  colour.  This  ethereal 
solution,  when  freed  from  the  greater  part  of  the  ether  by  distillation,  and  left  to  eva- 
porate in  a  warm  place,  deposits,  after  a  while,  large  transparent  shining  crystals  of 
ethylic  racemocarbonate,  which  increase  in  quantity  on  further  evaporation,  while 
the  uncrystallisable  portion  thickens  to  a  yellow  syrup.  .  ,        ^  .      ^ 

The  ethylic  racemocarbonate  may  be  converted  by  heating  with  carbonate  of  potas- 
slum  or  by  treatment  with  caustic  potash,  into  alcohol  and  racemocarbonate  of  potas- 
sium*- the  solution  of  this  salt,  predpitated  by  nitrate  of  lead,  yields  the  corresponding 
load-salt  •  and  this,  when  decomposed  by  sulphuretted  hydrogen,  vields  racemocar- 
bonic  acid,  the  filtered  solution  of  which  may  be  made  to  crystallise,  by  first  evapo- 
rating it  at  a  gentle  heat  over  the  water-bath,  and  then  leaving  it  under  a  boU-jar  over 

Properties  and  Reactions.— 'Racemocfobome  add  thus  obtained  is  a  dry  crystalline 
mass  yielding  a  dazzling  white  powder.  It  is  very  soluble  in  water  and  in  alcohol, 
and  deliquesces  in  the  air.  It  softens  at  the  heat  of  the  water-bath,  and  at  a  somewhat 
hiirh  temperature  becomes  dark-coloured ;  swells  up,  giving  off  an  odour  like  that  of 
burnt  tartaric  add ;  then  carbonises,  and  bums  with  a  faintly  luminous  flame,  leaving 
no  residue.  When  its  dilute  aqueous  solution  is  heated  for  some  time  to  100°  in  a 
sealed  tube,  it  splits  up  into  raeemic  add  and  carbonic  anhydride. 

Racemocarbonates.- Racemocarbonic  acid  is  tribasic,  the  formula  of  its  neutral 
salts  being  C*H*M*0*.  It  likewise  forms  acid  and  basic  salts.— The  neutral  potassiumr 
salt  C*H"K'0",  formed  by  direct  neutralisation,  or  by  decomposing  the  ethylic  ether 
with  caustic  potash,  or  boiling  it  with  potussic  carbonate,  remains,  on  leaving  ita 
aqueous  solution  to  evaporate,  as  a  gummy  mass,  which  becomes  cr>'8tallin€  after  sUnd- 
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izig  over  oil  of  vitriol,  and  dries  up  at  100°  to  a  white  porous  mass.  The  Bolndon  3rield8 
the  barium-,  lead-^  and  silyer-aalts  by  double  decomposition.— An  acid  pottustum'Salt, 
OH'SK)*,  is  obtained  by  decomposing  the  ethylic  ether  with  a  solution  of  potash  in 
abscdute  aJoohol,  as  a  viscid  m&ss,  which  dries  up  to  a  dazzling  white  powder,  becom- 
ing  moist  on  exposure  to  the  air.  The  same  salt  is  obtained  in  shining  white  crystal- 
line crusts,  by  supersaturating  a  solution  of  racemocarbonic  add  in  potash  with  acetic 
add.  It  has  a  slightly  sour  taste,  dissolves  in  19*4  pts.  water  at  16P,  and  does  not 
dceompoae  till  heated  above  100^. — The  neutral  sodium^^alt  is  veiy  soluble,  and  decom- 
poses at  130°.— The  hanum-salt,  C»»H«Ba»0»*,  and  ihecaicitm^alt,  C'«HH:la»0»*.3HH), 
are  white  powders.  When  racemocarbonic  acid  is  mixed  with  excess  of  lime-water, 
and  the  bulky  precipitate  is  dissolved  iu  a  few  drops  of  hydrochloric  acid,  the  solution 
instantly  yields  with  ammonia  a  flocculent  precipitate  of  calcic  racemocarbonate, 
whereas  the  racemate  is  predpirated  under  similar  circumstances  as  a  heavy  crystalline 

powder,  and  only  after  the  lapse  of  a  few  seconds. — ^The  netitrallead-saltf  C'*H*Pt*0'«, 
18  when  diy,  a  daaszling  white  powder,  not  quite  insoluble  in  hot  water.    It  appears  to 

retain  1  at.  water  at  100°— A  basuf  Uad-mLt,  C'*H«#b«0".C'«H*AH>'«  is  obtained  as 
a  balky  precipitate,  by  heating  the  aqueous  solution  of  the  ethylic  ether  with  basic 
acetate  of  lead — ^The  neutral  t^versalt,  C^H'Ag'O*,  is  a  white  precipitate,  soon  turning 
bliick  when  moist,  slightly  soluble  in  water,  easily  soluble  in  dilute  nitric  and  in  racemo- 
carbonic acid,  the  latter  solution  depositing  a  mirror  of  silver  on  standing. — A  some- 
what more  soluble  add  siltfersalt,  G'H'Ag'O*,  is  obtained  by  precipitating  the  corre- 
sponding potassium-salt  with  nitrate  of  silver. — The  precipitates  formed  in  the  solution 
of  the  nentral  potassium-salt  by  the  sulphates  of  £inc,  copper,  and  manganeu^  dissolve 
in  excess  of  the  precipitant* 

Ethylic  Baeemoearbonate,  C"H»"0*  «  C»H»(C«H»)H)",  prepared  as  above 
de8crifa«d,  forms  laige,  transparent,  colourless,  highly  lustrous  crystals,  which  resemble 
chlorate  of  sodium,  but  do  not  appear  to  belong  to  the  regular  system.  They  retain 
their  lustre  for  months,  dissolve  in  10  pts.  water  at  16°,  also  in  alcohol  and  ether, 
have  no  odour,  but  a  strong  purely  bitter  taste,  melt  at  86°,  forming  a  liquid  which 
siolidifies  again  at  86°.  When  the  fused  compound  is  exposed  for  some  time  to  the 
heat  of  boiling  water,  it  remains  after  cooling  as  a  thick  oily  liquid,  which  does  not 
»>lidify  for  a  considerable  time.  The  ether  may  be  sublimed  by  careful  heating  in  a 
glass  tube,  but  if  heated  for  some  time  to  140° — 160°,  it  yields  on  cooling  (without 
loss  of  weight)  a  perfectly  colourless^  svmpy,  extremely  bitter  mass,  which  no  longer 
solidifies.  When  distilled  in  a  retort,  it  leaves  only  a  trace  of  carbonaceous  residue ; 
the  distillate  is  oily,  has  a  bitter  taste,  and  does  not  appear  to  contain  racemocarbonic 
add. 

Ethylic  racemocarbonate  heated  with  baiyta-water,  caustic  alkalis,  or  alkaline  car- 
bonates, is  decomposed,  yielding  alcohol  and  a  racemocarbonate  of  barium,  &c.  (p.  40). 
When  a  dilate  solution  of  the  ether,  slightly  addulated  with  sulphuric  or  hydrochloric 
add,  is  heated  to  100°  in  a  sealed  tube,  the  racemocarbonic  acid  is  resolved  into  car- 
bonic anhydride  and  racemio  add.  If,  on  the  other  hand,  a  concentrated  solution  of 
the  ether  is  used,  only  partial  decomposition  takes  place;  andLowig  thinks  it  probable 
that  an  add  interme(Uat€  between  racemocarbonic  and  racemic  add,  or  perhaps  a  com- 
pound of  the  two,  may  be  formed.  When  a  dilute  solution  of  ethylic  racemocarbonate 
containing  a  little  sulphuric  or  hydrochloric  add,  is  boiled  in  a  platinum  dish,  scarcely 
any  gas  is  evolved,  so  long  as  the  water  lost  by  evaporation  is  renewed ;  but  on  subse- 
quently concentrating  the  liquid,  it  becomes  darker  and  gives  off  gas.  The  syrupy 
hquid  remaining,  aft«r  the  hydrochloric  acid  has  been  completely  expelled,  solidifies  on 
cooling  to  a  brittle  friable  mass,  easily  soluble  in  water ;  and  if  the  concentrated  solu- 
tion be  left  to  evaporate,  a  tolerably  abundant  crystallisation  of  racemic  acid  is 
obtained ;  the  greater  part,  however,  forms  a  syrupy  add,  which  dries  up  ovn  oil  of 
vitriol  to  a  translucent  mass,  and  yields  a  nlver-salt  having  the  composition  of  silver-* 
racemate. 

The  yellow  syrup  (p.  40),  obtained  together  with  the  crystals  in  the  preparation  of 
ethylic  racemocarbonate,  is  an  uncrystfdlisable  modification  of  that  compound.  By 
heating  it  with  strong  hvdrochloric  add,  and  then  evaporating  off  the  whole  of  that 
add,  a  very  add  syrup  is  obtained,  which  dries  up  over  oil  of  vitriol  to  an  amorphous 
transparent  mass,  easily  soluble  in  water.  The  acid  thus  obtained  is  isomeric  with 
racemic  add,  but  is  distingushed  from  that  acid  and  from  racemocarbonic  acid  by  its 
reaction  with  lime-water,  yielding  therewith  a  precipitate,  which  when  dissolved  in  a 
small  quantity  of  hydrochloric  acid  is  not  reprecipitated  by  ammon  .  Moreover,  it 
does  not  form  a  sparingly  soluble  add  salt  with  potash.    (Lowig.) 

XABZAtaOW  AVS  COVBirCTZOXr  OT  BBAT.  There  are  various  modes 
in  which  heat  may  be  transferred  from  one  place  to  anotheV.  Of  all  these,  the  most 
caisily  intelligible— in  the  sense  of  our  being  able  dearly  to  conceive  and  follow  the 
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several  parts  of  the  process— consists  in  the  bodily  moYement  of  heated  matter.  A 
very  important  case  of  the  transference  of  heat  in  this  manner  is  presented  by  the  so- 
called  phenomena  of  convection,  upon  which  the  distribution  of  heat  in  liquid  and 
iieriform  bodies  almost  entirely  depends.  Another  way  in  which  the  motion  of  material 
bodies  may  intervene,  as  the  medium  of  the  transference  of  heat,  is  exhibited  in  many 
cases  of  the  evolution  of  heat  by  mechanical  means.  For  instance,  if  a  steam-engine 
is  employed  to  overcome  friction,  or  to  do  other  work  in  opposition  to  molecidar  forces, 
and  so  to  develop  heat,  the  process  may  be  correctly  described,  so  far  as  the  general 
result  is  concerned,  as  consisting  in  the  transfer  of  part  of  the  heat  of  combui^tion  of 
the  coals,  from  the  furnace  to  Uie  place  where  the  heat-producing  work  is  performed. 
In  other  cases,  again,  electricity  is  the  medium  of  the  transference  of  heat  fipom  one 

Elace  to  another.  But,  in  addition  to  all  these  various  wavs  in  which  the  motion  of 
eat  may  be  brought  about  by  the  action  of  other  forms  of  energy,  there  are  two  dis- 
tinct ways  in  whidi  it  can  occur  without  the  intervention  of  energy  in  any  other  form. 
These  are  Radiation,  or  the  spontaneous  outflow  of  heat  in  all  directions  which  is 
constantly  taking  place  at  the  free  surface  of  material  bodies  ;  and  Conduction,  or  the 
propagation  of  heat  by  communication  through  the  substance  of  material  bodies, 
whereby  the  temperature  of  every  mass  of  matter  tends  constantly  to  become  uniform 
throughout.  We  shall  attempt  in  this  article  to  state  the  most  important  laws  and 
conditions  by  which  the  transference  of  heat  in  these  two  ways  has  been  found  to  be 
determined. 

Kadiation. 

The  radiation  of  heat  is  a  phenomenon  completely  analogous  to  the  radiation  of 
light ;  in  fact,  all  the  known  properties  of  radiant  heat  and  of  light  point  to  the  con- 
clusion, that  there  is  no  difference  of  a  fundamental  kind  between  them.  And  if.  as 
seems  inentable,  we  adopt  the  hypothesis  that  temperature  in  material  bodies  consista 
in  a  vibratory  or  other  movement  of  their  particles  (Heat,  iii.  131),  we  must  regard 
puliation,  whether  of  heat  or  light,  as  due  to  vibrations  of  the  luminiferous  etner 
(Light,  iii.  589),  excited  by  the  heat-vibrations  of  the  particles  of  ordinary  matter,  and 
propagated  by  the  ether  in  all  directions  from  their  source.'  According  to  this  view,  a 
radiating  body  may  be  compared  with  a  vibrating  tuning-fork,  or  other  source  of 
sound  ;  and  the  rays  of  heat  or  light  which  it  emits,  with  the  progressive  undulations, 
constituting  waves  of  sound,  which  the  vibrations  of  the  sounding  body  excite  in  the 
air.  The  cooling  of  a  heated  body  by  radiation  would  thus  answer  to  the  gradual  dying- 
out  of  the  vibrations  of  the  tuning-fork,  as  it  gives  up  its  motion  to  the  air :  any  cir- 
cumstance which  increases  the  rate  of  radiation,  that  is  to  say,  the  quantity  of  heat 
given  out  in  a  given  time,  hastening  the  fall  of  temperature  of  the  heated  body ;  just  as 
whatever  increases  the  amDunt  of  motion  imparted  to  the  air  in  a  given  time  by  a 
vibrating  fork,  and  so  augments  the  loudness  of  the  resulting  sound,  causes  the  fork 
to  come  to  rest  more  quickly.  On  the  same  view,  a  rise  of  temperature  in  a  material 
body,  caused  by  rays  of  heat  absorbed  by  it,  would  correspond  with  the  production  of 
sympathetic  vibrations  in  solid  bodies  under  the  influence  of  sound-waves  transmitt^-d 
to  them  through  the  air ;  and  just  as  those  conditions,  which  facilitate  moftt  the  com- 
munication of  motion  by  a  vibrating  body  to  the  air,  are  also  the  conditions  most 
favourable  to  its  being  thrown  into  vibration  by  undulations  of  the  air,  so,  as  we  shall 
see,  the  conditions  which  most  promote  the  loss  of  heat  by  radiation  are  also  those 
which  are  most  favourable  to  the  absorption  or  gain  of  heat  in  the  same  way.  Again, 
the  different  refrangibility  which  characterises  raj's  of  light  of  various  colours,  as  well 
as  rays  of  heat  from  various  sources,  being  cans.-d  by  different  rates  of  vibration,  cor- 
responds to  the  different  pitch  of  various  sounds.  (On  the  analogies  of  heat  and 
sound,  comp.  Thomas  Young,  Lectures  on  Natural  Philosophy,  2  vols.  4to.  Loud. 
1807,  vol.  i.  p.  666.) 

Rafliation,  considered  as  a  mode  of  transference  of  heat,  is  obviously  a  process  which 
cm  only  go  on  between  at  least  two  material  bodies,  of  which  one  gives  out,  and  the 
other  receives,  heat  And,  except  in  the  case  of  radiation  through  a  vacuum,  a  third 
body  also  intervenes  in  the  phenomenon — namelv,  that  through  which  the  radiation 
takes  place.  Hence  the  entire  process  consists  of  three  distinct  parts — Emission,  Ab- 
sorption, Transmission — the  course  of  each  of  which  is  dependent  on  the  physical 
properties  of  the  particular  material  substances  concerned.  But,  before  consi<tering 
radiant  heat  in  relation  to  the  properties  of  individual  substances,  we  will  briefly  de- 
scribe its  general  properties,  and  enumerate  the  most  important  and  decisive  of  tl  e 
experiments  by  which  the  essential  identity  of  radiant  heat  and  light  has  been  provetl, 
and  which  therefore  justify  the  conclusion  that  radiant  heat,  like  light,  consists  in  un- 
duhitions  propapited  by  the  luminiferous  ether,  in  the  same  way  as  waves  of  sound  are 
propaj^atod  by  the  air 
^^^    '^  diant  heat  traverses  a  vacuum,  or,  ant/  /tomogeneaus  medium,  in  straight  lines. 
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This  &et  is  proved,  like  the  corresponding  fact  in  the  case  of  light,  by  the  effect  of 
opaque  screens,  which,  with  the  exceptions  mentioned  at  page  46  (parag.  7),  prevent 
the  heat  of  any  radiant  source  from  arriving  at  any  point  so  situatt^d  that  a  straight 
line  drawn  firom  it  to  the  source  would  cut  such  a  scr<>ten. 

2.  Badiant  htat  is  emitted  in  straight  lines  in  all  directions  from  a  radiating  point. 
Hence  the  quantity  of  heat  which  in  a  given  time  falls  on  a  given  surface  from  a 
radiating  point  is  inifersely  proportional  to  the  square  of  the  distance  of  that  surface 
from  the  radiating  point.  The  most  complete  and  decisive  proof  of  this  law  was 
furnished  by  Helloni,  who  showed  that  when  a  thermo-electric  pile  (Electjzicitt,  ii. 
413;  Hb^t,  iii.  22),  fitted  with  a  non-reflecting  cone,  is  turned  towards  a  large,  flat, 
uniformly  heated  surface,  the  heating  effect,  as  shown  by  the  deflection  of  the  needle 
of  a  galvanometer  connected  with  the  pile,  is  the  same  at  all  distances  of  the  pile  from 
the  heated  surface.  In  this  case  the  portion  of  the  flat  surface  subtended  by  the  face 
of  the  pile,  or  visiUe  therefrom,  increases  proportionably  to  the  square  of  the  distance: 
that  is  to  say,  the  number  of  points  of  the  heated  surface  from  which  rays  can  reach 
the  jnle  is  directly  proportional  to  the  square  of  the  distance ;  but,  since  the  total 
heating  effect  remains  the  same  at  all  distances,  it  follows  that  the  effect  of  each  point 
must  be  inversely  proportional  to  the  square  of  its  distance  from  the  pile.  (Melloni, 
La  Thcrmochrose,  Naples,  1850,  p.  129.) 

3.  The  velocity  of  propagation  of  radiant  heat  has  not  yet  been  measured  directly,  in 
consequence  of  the  time  required  by  it  to  produce  sensible  effects  being  greater  thsn 
the  time  of  its  transmission  through  such  distances  as  are  available  for  experiment. 
There  is,  however,  evezy  reason  to  suppose  that,  in  substances  not  possessed  of  disjier^ 
sive  power,  it  is  the  same  as  that  of  light.  Melloni  found  the  time  of  transmission 
through  367  feet  of  air  inappreciably  short,    {Op,  cit.  pp.  121-123.) 

4.  It  follows,  from  the  laws  which  hold  with  respect  to  the  propagation  of  wave- 
motions,  that,  whenever  a  train  of  waves  arrives  at  a  surface,  on  opposite  sides  of  which 
the  relation  between  the  elasticity  and  density  of  the  medium  of  propagation  is  different^ 
partial  or  total  reflection  must  tike  place ;  and  that  this  reflection  must  take  place  so 
that  the  reflected  ray  lies  in  the  same  plane  with  the  incident  ray,  and  the  normal  to 
the  reflecting  surface  at  thp  point  of  incidence,  and  that  the  incident  and  reflected  rays 
make  equal  angles  with  the  normal.  That  radiant  heat  is  thus  reflected  on  arriving  at 
the  surface  of  separation  of  two  media,  may  be  proved  by  means  of  a  thermo-multiplier 
placed  in  such  a  position  relatively  to  a  source  of  heat  and  a  plane  metallic  reflector, 
that  the  radiation  from  the  source  cannot  reach  it,  except  by  the  rays  being  reflected 
ill  accordance  with  the  above  conditions.  The  equality  of  the  angles  of  incidence  and 
rt'flection  can  be  still  more  decisively  demonstrated  by  means  of  two  parabolic  reflectors 
placed  with  their  concave  surfaces  towards  each  other,  and  their  axes  coincident :  if  a 
K>urce  of  heat  be  placed  in  the  focus  of  one  reflector,  the  rays  which  strike  this  reflec- 
tor will  be  brought  to  a  focus  again  at  the  focus  of  the  other  reflector. 

But,  as  in  the  case  of  lights  this  law  can  only  be  recognised  when  reflection  takes 
place  at  polished  surfaces,  that  is,  at  surfaces  each  element  of  which  is  situated  sen- 
sibly at  the  same  plane,  or  coincides  with  the  same  curve.  Since,  however,  even  with 
the  most  perfect  polish  that  can  be  obtained,  many  superficial  elements  are  doubtless 
inclined  in  directions  which  do  not  coincide  with  the  general  form  of  the  surface,  the 
intensity  of  the  heat  reflected  in  such  a  direction  as  to  make  with  the  normal  to  the 
general  surface  an  angle  equal  to  that  made  by  the  direction  of  the  incident  heat,  is 
always  less  than  the  intensity  of  the  incident  heat,  even  allowing  for  the  quantity 
whicn  may  penetrate  the  reflecting  surface.  The  amount  of  heat  thus  irregularly 
reflected,  or  diffused^  necessarily  varies  with  the  nature  of  the  reflecting  sur&ce,  being 
less,  under  otherwise  similar  circumstances,  in  proportion  as  the  latter  is  more 
perfectly  polished ;  it  also  varies  with  the  absolute  value  of  the  angle  of  incidence. 

The  tact  of  the  diflfusive  reflection  of  heat  was  flrst  placed  beyond  doubt  by  Mello- 
ni, whose  method  of  experiment  consisted  in  determming,  by  means  of  the  thermo- 
multiplier,  the  relative  quantities  of  heat  radiated  obliquely  by  very  thin  unpolished 
screens,  upon  which  rays  were  incident  normallv  from  a  source  of  heat.  The  screens 
were  so  thin  that  both  surfaces  might  be  regarded  as  having  the  same  temperature; 
nevertheless,  the  quantity  of  heat  radiated  in  a  direction  making  a  given  oblique  angle 
with  the  suriace  turned  towards  the  source  of  heat,  exceeded  that  radiated  in  a  direc- 
tion making  the  same  angle  with  the  other  surface ;  showing  that  the  radiation  from 
the  former  surface  did  not  consist  entirely  of  the  heat  given  out  by  the  screen  itself, 
but  also,  in  part,  of  heat  irregularly  reflected.  The  influence  of  the  absolute  value  of 
the  angle  of  incidence  on  the  proportion  of  heat  reflected  irregularly,  has  been  investi- 
gated by  Knoblauch.  "With  solar  heat  and,  in  one  set  of  experiments,  a  glass 
mirror  blackened  at  the  back,  and  in  another  set  with  a  metallic  mirror,  he  obtained 
the  following  results : — 
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Angle  of  iDddam  Deflection  of  the  GalTaoomeCer-needle  prodaced 

meesured  flrom  the  Mirror.  bjr  the  Ravs  regnUrhr  reflected— 

From  the  Blackened  Mirror.   From  the  Metallic  Mirror. 

60O  lO-O^  660® 

60  100  660 

40  11-0  64-6 

30  16*1  680 

20  28-1  480 

10  43-0  430 

The  xramben  in  the  last  oolnmn  show  that  the  quantity  of  heat  reflected 
teguhirly  by  the  metallic  mirror  diminished,  and  consequently  the  quantity 
reflected  irregularly  increased,  as  the  inddent  rays  made  a  smaller  angle  with  the 
surfeuse  of  the  mirror.  The  increased  reflection  from  the  glass  minor  at  low  angles  of 
inddenoe  ia  to  be  attributed,  not  to  diminished  diffbsion,  but  to  diminished  absorp- 
tion. 

4.  In  addition  to  the  portion  which  is  reflected,  regnlarly  or  irregularly,  when 
radiant  heat  arrives  at  the  surflice  of  separation  of  two  media,  a  certain  quantity 
usually — ^perhaps  always — penetrates  the  second  medium.  Of  the  heat  which  thus 
passes  onwards  into  the  second  medium,  a  ereater  or  less  proportion  is  always  absorbed; 
or,  in  the  language  of  the  view  we  have  adopted  respecting  the  nature  of  radiant  heat^ 
the  vibratory  motion  of  the  particles  of  the  ether  is  given  up  to  the  material  particles 
of  the  medium.  The  proportion  of  heat  so  absorbed  varies,  from  a  barely  perceptible 
amount,  even  when  a  considerable  thickness  of  the  second  medium  is  traversed,  as  in 
the  case  of  rock-salt,  to  the  total  quantity  which  enters  the  medium,  as  in  the  case  of 
the  metals,  in  which  the  absorption  of  heat  is  so  complete,  within  a  very  short  distance 
fW)m  the  suiiace,  that  it  was  only  by  employing  exceedingly  thin  films  of  metal, 
deposited  on  glass  by  chemical  means,  that  Knoblauch  succeeded  in  proving  that  the 
metals  are  not  absolutely  impenetrable  by  radiant  heat  The  proportion  of  radiant  heat 
absorbed  in  its  passage  through  a  given  thickness  of  a  given  medium  is  not,  however, 
a  constant  quantity;  it  varies  to  a  great  extent,  as  we  shall  presently  see,  with  the  tem- 
perature of  the  source  from  which  the  heat  comes,  just  as  the  absorption  of  light  by 
various  media  depends  on  the  colour  of  the  light. 

6.  Anotiier  consequence  of  the  ^eral  principles  of  wave-motion,  is  that,  upon  the 
theory  we  have  adopted,  when  radiant  heat  passes  from  one  medium  into  another,  in 
which  the  elasticity  and  density  of  the  luminiferons  ether  are  to  each  other  in  a  diffe- 
rent ratio  from  what  they  were  in  the  first  medium,  its  velocity  of  propagation  must 
be  difierent  in  the  two  media.  Consequently,  if  the  rays  of  heat  are  incident  upon  the 
separating  surface  of  the  media  in  any  other  direction  than  that  of  the  normal  to  the 
surface  at  the  point  of  incidence,  their  direction  will  be  altered  on  passing  from  tl^^ 
first  medium  into  the  second,  or  they  will  undergo  refraction;  and  this  refraction  will 
take  place  according  to  the  same  laws  as  the  refraction  of  light — ^that  is,  the  refracted 
ray  will  be  in  the  same  plane  with  the  incident  ray  and  the  normal  to  the  surface, 
and  the  sine  of  the  angle  which  the  incident  ray  makes  with  the  normal  will  be  to 
the  sine  of  the  angle  which  the  refracted  ray  makes  with  the  normal,  as  the  velocity  of 
the  ray  in  the  first  medium  is  to  its  velocity  of  propagation  in  the  second  medium  (see 
Light,  iii.  608,  60d).  A  familiar  example  of  the  refraction  of  heat  is  afforded  by  the 
effects  of  burning-glasses. 

The  second  part  of  the  law  of  refraction  of  heat,  as  above  stated,  has  not  hitherto 
received  direct  experimental  confirmation,  for,  as  has  been  already  said  (p.  43),  the 
velocity  of  propagation  of  radiant  heat  has  not  yet  been  measured.  It  is,  however, 
abundantly  proved  that  the  inder  of  refraction  (Light,  loe,  eit,)y  correspondiog  to  the 
passnge  of  radiant  heat  from  a  given  medium  into  a  given  second  medium,  has  a  con- 
stant value.  But,  just  as  there  are  various  kinds  of  light,  differing  from  each  other 
in  refrangibility  (Light,  iii.  618),  so  there  are  various  kinds  of  raidiant  heat  which 
differ  from  each  other  in  the  same  way.  The  indices  of  refraction  of  heat  of  several 
kindiB,  corresponding  to  its  passage  from  air  into  rock-salt,  have  been  measured  by 
Forbes,  by  Wollaston's  method  (iii.  614),  depending  on  the  total  reflection  which 
takes  place  when  rays  traversing  one  medium  are  incident  very  obliquelvon  the  surface 
of  another  medium  of  less  refractive  power.  In  the  following  table  (taken  from 
Wiillner^s  Lehrbuch  der  Experimental-pnysik^  2  vols.  Leipzig,  1863-66,  vol.  ii.  p.  327) 
the  numbers  in  the  last  column  represent  the  indices  of  refraction  of  the  rays  present 
in  greatest  abundance  in  the  heat  of  the  various  kinds  specified ;  but  it  is  to  be  under- 
stood that  each  kind  of  heat  examined  contained,  in  a  smaller  proportion,  rays  of  both 
greater  and  less  refrangibility  than  those  which  formed  the  largest  part 
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Indices  of  Befraction  of  Heat-rays  in  Rock-soft, 

Kind  of  bi-at.  Index  of  Refractioo. 

Heat  finom  a  Locatelli's  lamp  (an  oil-lamp  with  solid  square  wiek  bat do>  i.eoi  ^ 
d)imney)     .        .        •        .*.        .        .        .        «        .        ,^ 

The  tame  after  passxng  through  a  plate  of  alum 1*558 

„  „  window-glass  ....  1'547 

n  *>  bkckglAJBs     ....  1*553 

«  „  black  mica      ....  1*543 

Heat  from  incandeflcent  platinum 1*532 

The  same  after  passing  tniough  a  plate  of  window-glass  ....  1*548 

„  ,,  black  mica      ....  1*544 

Heat  from  brass  at  Sn^' 0 1*528 

Luminous  rays  of  mean  refrangibilitj  from  the  lamp        •        •        .        .  1*562 

The  index  of  refraction  for  crown-glass  of  the  least  refrangible  solar  rays  has 
been  deduced  by  J.  Miiller,  from  an  examination  of  the  solar  spectrum  produced 
by  a  prism  of  crown-glass,  b^  means  of  a  linear  thermo-electnc  pile  (Miiller's 
Ltkrhuch  der  Physiky  6th  ed.,  li.  743-745).  Miiller  gives  the  number  1*506,  but 
from  a  criticism  of  his  experiments  by  F«  Eisenlohr  (Fogg.  Ana.  cix.  240),  it  appears 
that  1*516  would  be  more  correct. 

We  shall  have  occasion,  as  we  proceed,  to  return  several  times  to  the  difference 
between  the  kinds  of  heat  emitted  by  various  sources ;  but  we  may  take  this  first  occa- 
sion, upon  which  such  differences  call  for  special  mention,  to  state  wherein  they 
probably  consist,  and  also  how  far  there  is  any  real  difference  between  radiant  heat  and 
li^t. 

If  radiant  heat  be  regarded  as  consisting  in  an  undulatoiy  motion  of  theluminiferous 
ether,  all  the  differences  (irrespective  of  intensity  and  state  of  polarisation)  which  have 
been  obeerved  between  various  rays  of  heat  may  be  refenea  to  differences  in  the 
rapidity  of  the  vibrations  by  which  they  are  produced,  and  consequent  differences  in 
the  length  of  the  waves  of  which  they  consist ;  the  most  refrangible  rays  having  the 
most  rapid  vibrations  and  the  smallest  wave-length,  and  the  least  refrangible  rays 
having  the  slowest  vibrations  and  the  sreatest  wave-length.  These,  it  wm  be  seen, 
are  differences  of  precisely  the  same  kind  as  those  existing  between  rays  of  light  of 
various  colours.  Hence,  unless  the  vibrations  constituting  radiant  heat  have  a  different 
direction,  or  a  different  form,  from  those  constituting  light  (of  which,  however,  there  is 
not  the  slightest  evidence,  for,  as  we  shall  see,  all  the  characteristic  properties  of  light, 
with  the  single  exception  of  visibility,  are  shared  by  radiant  heat),  we  are  forced  to  ad- 
mit that  rays  of  heat  and  rays  of  light  of  the  same  wave-length  are  in 
all  respects  identical,  and  this  conclusion  is  borne  out  by  every  test  which  it  has 
hitherto  been  possible  to  apply  (oomp.  iu.  632).  But  although  there  is  absolutely  no 
known  difference  between  rays  of  heat  and  rays  of  light  of  the  saine  refrangibility  (rate  of 
vibration,  wave-length),  rays  of  heat  exist  whose  r^rangibility  is  less,  and  accordingly 
tiieir  rate  of  vibration  slower  and  wave-length  greater,  than  that  of  the  least  refran- 
gible rays  of  light.  The  relation  between  radiant  heat  and  light  may  therefore  be 
summed  up  as  follows :  All  luminous  rays  are  rays  of  heat,  but  all  rays  of  heat  are 
not  luminous ;  they  only  become  so  when  their  rate  of  vibration  exceeds  a  certain 
minimum  limit  (about  400  millions  of  millions  per  second),  and  their  wave-length  con- 
sequently foils  below  a  certain  maximum  (about  7  ten-millionths  of  a  millimetre). 
According  to  this  view,  the  difference  between  radiant  heat  and  light  is  subjective  and 
not  objective,  being  dependent  on  the  structure  of  our  eyes,  and  not  upon  any  want  of 
similarity  between  radiant  heat  and  light  themselves. 

6.  Like  rays  of  light,  rays  of  heat  interfert  with  and  neutralise  each  other,  when  two 
rays  from  the  same  source  arrive  at  the  same  point  by  paths  of  very  slightly  different 
lengths.  This  phenomenon  was  first  observed  byFizeauund  Foucault  (Compt. 
rend.  xxv.  447),  by  means  of  Fresners  interference-mirrors  (iii.  599),  and  a  spirit  the> 
mometer  whose  bulb  was  not  more  than  1*1  mm.  in  diameter,  and  which  could  be  read 
to  ^^  of  a  degree  centigrade.  When  this  instrument  was  g^*adually  moved  across  the 
midole  of  the  field,  the  readinjKS  were  8ucce68ively|20*9,  35*9,  and  20,  the  number  35*9 
corresponding  to  the  middle  of  the  central  fringe.  • 

Knoblauch  afterwards  (Ann.  Ch.  Fhys.  [3]  lix.  493)  observed  the  same  phe- 
nomenon by  means  of  a  Fouillet's  interference-prism  (iii.  600),  and  a  linear  thermo- 
electric pile  ;  and  the  same  philosopher  showed,  at  the  same  time,  that  the  positions  of 
the  alternate  maxima  and  minima  of  heating  effect  (corresponding  to  tb«  light  and 
dark  bands  in  the  case  of  li^ht)  suffered  a  lateral  displacement  when  a  slightly  wedge- 
shaped  piece  of  glass  was  mterposed  between  the  prism  and  the  thermo-electric  pile, 
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thafl  proving  that  the  velocity  of  propagataon  of  radiant  heat  is  not  the  same  in  glass 
as  it  IS  in  air.    (See  Light,  iii.  601.) 

Knoblanch  has  likewise  demonstrated  the  interference  of  radiant  heat  onder  the 
same  circumstances  as  those  under  which  the  colours  of  thin  plates  (iii.  643)  are  pro* 
duced  by  light 

7.  D^fraction  (iii.  601)  of  radiant  heat  occun  whin  nys  ftom  a  source  of  sufficiently 
small  extent  pass  through  a  small  aperture,  or  by  the  edge  of  an  opaque  screen.  Kn  ob  - 
lauch  ascertained  that  when  heat  from  a  linear  source  passes  through  a  narrow  slit, 
the  thermal  effect  on  the  further  side  of  the  slit  extends  to  points  which  the  rays  could 
not  reach  if  they  all  followed  straight  paths ;  and  he  found  that  the  lateral  extension 
of  the  heating  effect  increased  (1)  with  the  d^tance  from  the  slit  of  the  position  where 
the  effect  was  examined,  (2)  with  the  narrowness  of  the  siit>  and  (3)  with  the  distance 
of  the  slit  from  the  source  of  heat. 

The  diffraction  of  radiant  heat  and  the  simultaneous  interference,  when  it  passes  the 
edge  of  a  simple  screen,  were  observed  by  Ficean  and  Foucault ;  and  its  oiffiEttction 
by  "gratings"  (iii.  605),  by  Seebeck  in  1849  (Fogg.  Ann.  Izxvii  574),  and  subse- 
quenmr  b^  Knoblauch. 

8.  The  interference  and  diffraction  of  radiant  heat  prove  conclusively  that  it  consists 
in  undulations;  and  that  these  undulations,  like  those  of  light,  take  place  in  directions 
perpendicular  to  that  in  which  the  unduUi^iy  movement  advances,  is  proved  by  the 
phenomena  of  the  polarisation  of  radiant  heat.  Like  light,  radiant  heat  may  be 
polarised,  by  reflection,  by  ordinary  refraction,  by  double  refraction,  and  by  absorption 
in  doubly-refracting  crystals. 

The  polarisation  of  heat  by  reflection  from  the  surfiice  of  glass  was  distinctly 
proved  in  1812  by  B6rard,  who  showed  that  when  heat  was  reflected  successively  by 
two  glass  mirrors,  the  intensity  of  the  beam  reflected  from  the  second  mirror  was 
decidedly  greater  when  the  plane  of  reflection  of  the  two  mirrors  coincided,  than  when 
they  were  at  right  angles  to  each  other.  But  the  accurate  investigation  of  the  phe- 
nomena of  the  polarisation  of  heat  is  chiefly  due  to  K  noblauch  and  De  la  Provo- 
st ay  e  and  D  e  sain  s  (Ann.  Ch.  Phys.  [3]  xxviL  109 ;  xxx- 159 ;  267 ;  276).  Knoblauch 
found  that,  as  in  the  case  of  light  so  in  that  of  radiant  heat,  the  polarisation  produced 
by  reflection  is  most  complete  when  the  rays  are  incident  at  some  particular  angle  de* 
pending  on  the  nature  of  the  reflecting  substance.  Thus,  out  of  100  rays  reflect^  frt>m 
gla^s  at  various  angles  (measured  from  the  normal),  he  found  the  proportion  of  polarised 
rays  to  be  that  stated  below: — 


Angto  of  laeidaMa.     .... 

90O. 

S60. 
11-1 

50O. 
40« 

S50. 
666 

40°. 
6G-6 

450. 
G9-2 

803. 
69-3 

55°. 

60°. 
44-4 

650. 
30-5 

TOO. 
28*4 

750. 

8O0, 
19-8 

PercrnUee  of  polarlied  \ 
heat  (n  the  whole 
quuitlty  reflected    j 

OO 

74-1 

250 

It  will  be  seen  that  the  maximum  of  polarisation  occurred  when  the  angle  of  in- 
cidence was  66^,  which  agrees  almost  exactly  with  the  angle  (54°  35')  at  which  the 
most  complete  polarisation  takes  place  in  the  case  of  luminous  rays  (iii.  653).  When 
a  steel  mirror  vras  used  as  the  polarising  apparatus,  the  maximum  of  polarisation 
(34  per  cent,  of  the  total  beat  reflected)  occurred  with  an  angle  of  incidence  of  about 
75°. 

De  la  Provostaye  and  Desains  not  only  proved  that  the  polarisation  of  heat  takes 

place  under  the  same  conditions  as  the  polarisation  of  light,  but  showed  that  the 

properties  of  polarised  heat  asree  precisely  with  those  of  polarised  light.    Fresnel 

had  establish^  that,  when  polarised  light  is  reflected  at  the  surface  of  a  transparent 

medium,  the    intensity  of  the    reflected  light  may  be  expressed  by   the  formula 

sin'  (i'^T'^ 

-.  ^. — ^  when  the  plane  of  polarisation  is  parallel  to  the  plane  of  reflection,  8uid  by 

tan*(t  — r) 
the  formula  - — j^. — -.  when  the  plane  of  polarisation  is  perpendicular  to  the  plane  of 

reflection,  t  and  r  denoting  the  angles  of  incidence  and  refraction  respectively.  Taking 
the  index  of  refraction  of  glass  as  «»  1*52,  De  la  Provostaye  and  Desains  calculated 
the  intensity  of  the  reflectei^beam  for  various  angles  of  incidence,  for  the  two  cases  to 
which  these  formulie  correspond,  and  found  the  results  to  agree  precisely  with  those 
furnished  by  direct  experiments  with  polarised  heat,  as  shown  by  the  following  table :— 


PROPERTIES  OF  RADIANT  HEAT. 


47 


Reflection  of  Polarised  Heat 


Heat  polaiiittl  to  plane  of  Incidence. 

Heat  polarised  at  rifilit  angles  to  plane  of 
incidence. 

Angeof 

1 
Intensit J  of  reflected  beam. 

Angle  of 
incidence. 

Intensity  of  reflect^  beam. 

ObMrred. 

Calculated. 

ObterTtd. 

Calculated. 

80 

66-1 

64-6 

80<> 

240 

23-6 

76 

40-7 

40-8 

76 

110 

10-6 

70 

30-6 

30-8 

70 

4-3 

415 

60 

18-0 

18-3 

28 

30 

2-9 

bO 

11-7 

11-7 

40 

81 

81 

30 

61 

61 

20 

60 

50 

l>e  la  ProTostaye  and  Desains  haTelikewiM  observed  that  rotution  of  the  plane 
pdarifiation  of  heat  is  caused  when  polarifled  heat  is  transmitted  through  a  piece  uf 
neavy  glass  placed  between  the  poles  of  a  powerfol  electro-magnet,  and  also  when  it  is 
made  to  pass  through  certain  liquids,  sncn  as  oil  of  turpentine  and  solution  of  sugar, 
and  have  ascertained  that  in  both  cases  the  action  is  precisely  the  same  as  in  the 
analogous  phenomena  presented  by  polarised  light  (see  iii.  671  and  676).  Some  of 
the  numerous  other  points  of  agreement  which  the  same  observers  have  detected 
between  the  properties  of  polarised  heat  and  polarised  light,  are  mentioned  beJow  in 
connection  with  the  double  refraction  of  heat. 

The  polarisation  of  heat  by  ordinaiy  re&action  was  observed  by  Forb  e  s  (Phil.  Mag. 
[3]  vi.  209)  and  Melloni,  but  this  phenomenon  also  has  been  more  completely  in- 
vestigated by  Knoblauch  and  De  la  Provostaye  and  Desains,  than  by  pre- 
vious observers.  It  has  been  shown  by  their  experiments,  that  when  a  beam  of  radiant 
heat  is  incident  upon  a  bundle  of  thin  plates  of  glass  at  the  polarising  angle,  it  is 
separat«>d  into  two  parts — a  reflected  beam  polarised  in  the  plane  of  incidence,  and  a 
refracted  beam  polarised  at  right  angles  to  the  plane  of  incidence ;  and  they  have  also 
proved  that  the  intensity  with  which  a  beam  of  polarised  light  is  transmitted  through 
one  or  more  plates  of  glass  can  be  calculated  by  precisely  the  same  formuln  as  those 
which  apply  in  the  case  of  light. 

9.  The  same  investigators  have  demonstrated  the  doubfe refraction  of  heat^  and  proved 
that  the  phenomenon  agrees  in  all  respects  with  the  double  refraction  of  light. 
Knoblauch  caused  a  penal  of  solar  rays,  reflected  from  a  heliostat.,  to  fall  upon  the 
natural-cleavage  faces  of  a  crystal  of  calc-spar,  and  received  the  transmitted  rays  upon 
a  thermo-electric  pile,  the  flice  of  which  presented  only  a  vertical  strip  of  0*26  mm.  in 
widdL  As  the  pue  was  placed  successively  in  the  path  of  one  of  the  luminous  beams 
produced  by  the  double  refraction  of  the  incident  light,  in  the  dark  space  between  the 
two  beams,  and  in  the  path  of  the  second  luminous  beam,  the  needle  of  the  galvano- 
meter was  deflected  to  20*6°,  then  came  back  to  6°,  and  was  then  deflected  again  to 
20*75^,  showing  that  the  heat-rays  had  been  completely  separated  into  two  pencils  of 
equAl  intensity.  Knoblauch  ftiither  found  that,  when  the  ciystal  was  turned  round  the 
incident  ray  as  an  axis,  one  of  the  transmitted  pencils  of  heat-rays  (the  extraordinary 
pencil)  rotated  round  the  other  (the  ordinaiy  pencil),  which  remained  stationary. 

Similar  results  have  been  obtained  by  De  la  Provostaye  and  Desains.  A  beam  of 
solar  rays  was  directed,  by  means  of  a  heliostat,  on  to  an  achromatic  double-image 
prism,  and,  one  of  the  emergent  beams  being  stopped  by  a  screen,  the  other  was  re- 
ceived upon  a  glass  mirror  placed  vertically,  whereby  it  was  reflected  at  an  angle  of 
66^  upon  the  tne  thermo-electric  pile.  When  the  principal  section  of  the  prism  was 
horiaontal,  and  the  ordinary  ray  (which  was  consequently  polarised  in  a  horizontal 
plane,  iii.  664)  was  allowed  to  fall  upon  the  mirror,  the  galvanometer-needle  was  de- 
flected to  75^,  whereas  it  remained  completely  at  rest  when  the  prism  was  turned 
round  through  90^ ;  thus  proring  that  the  two  transmitted  beams  were  completely 
polarised  in  planes  at  right  angles  to  each  other,  a  result  which  was  also  arrivea  at  by 
Knoblauch. 

Be  la  Provostaye  and  Desains  have  also  proved  that  when  a  beam  of  polarised  heat 
falls  upon  a  doubly-refracting  crystal,  so  that  the  plane  of  polarisation  is  neither 
pafallel  with,  nor  perpendicular  to,  the  principal  section  of  the  crystal,  it  is  broken 
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up  into  two  beams  whose  lelatiTe  intensities  follow  the  same  law  as  the  intensities  of 
the  two  beams  of  light  produced  under  simihir  cirenmstances.  In  the  case  of  light,  if 
the  intensity  of  the  incident  beam  be  represented  by  I,  that  of  the  ordinary  refeocted 
beam  by  0,  that  of  the  extraordinary  refracted  beam  by  £»  and  the  angle  which  the 
pUne  of  polarisation  makes  with  the  principal  section  of  the  crystal  by  a,  Mains 
showed  that  these  quantities  are  relatea  to  each  other  as  follows : — 

O     «     I  .  cos>a;  £     »    I  .  nn%. 

Putting  Is  1,  De  la  Frovostaye  and  Desains  found  the  following  Taluea  for  0  cor- 
responding to  TaiiouB  values  of  a :  namely,  for — 

«    -    80<»,    -    as**,    -    450,  -    62* 

O     «   075,     -   0*67.     -   0-60,  -     0*3 

results  which  agree  exactly  with  the  above  formula. 

When  a  doubly-refracting  czystal  absorbs  one  of  the  two  beams  produced  by  double 
refraction,  as  is  the  case  to  a  great  extent  with  tourmaline  cut  parallel  to  the  principal 
axis  (lit  655),  the  beam  which  is  transmitted  is  necessarily  polarised,  either  in  the  case 
of  light  or  heat.  The  polarisation  of  heat  by  tourmaline,  observed  by  Forb  es,  was  the 
earliest  discovered  instance  of  the  polarisation  of  heat  by  double  renaction;  and  it  was 
supposed  by  him  for  a  time  to  reveal  an  essential  difference  between  radiant  heat  and 
lignt,  since  he  found  the  polarisation  of  heat  from  some  sources  apparently  much  less 
complete  than  that  of  light.  The  cause  of  this  apparent  anomaly  was  afterwards 
ascertained  by  MeUoni  to  be  that^  although  tourmaline  is  opaque  for  luminous  rays 
whose  vibrations  take  place  perpendicularly  to  its  principal  axis,  and  therefore  completely 
absorbs  one  of  the  two  luminous  beams,  it  is  not  equally  opaque  for  rays  whose  vibra- 
tions are  perpendicular  to  the  axis  but  are  as  slow  as  those  of  the  invisible 
heat-rays. 

Having  thus  briefly  stated  the  most  important  of  the  general  properties  of  radiant 
heat,  we  have  still  to  consider  it  in  its  relation  to  material  bodies^  under  the  three  heads 
of  Emission,  Absorption,  and  Transmission. 

Emission  of  Badiant  Heat 

It  is  a  matter  of  universal  experience,  that,  under  otherwise  similar  circumstances, 
a  given  body  gives  out  more  heat  in  a  given  time,  the  hotter  it  is.  Temperature,  there- 
fore, is  one  condition  which  determines  the  emissive  power  of  bodies  for  heat ;  but 
further  examination  shows  that  it  is  not  the  only  condition  upon  which  this  phenomenon 
depends.  It  was  observed  as  early  as  1804,  by  Lesli  e,  that  different  substances  have 
very  different  powers  of  emitting  heat,  even  when  their  temperatures  are  exactly  the 
same.  He  placed  in  front  of  a  concave  metallic  mirror  a  cubical  metal  vessel  filled 
with  boiling  water,  and  put  one  bulb  of  a  differential  thermometer  in  the  focus  of  the 
mirror,  the  other  bulb  being  protected  frt)m  the  radiation.  By  coatins  the  different 
sides  of  the  cube  with  the  various  substances  to  be  examined,  and  turning  them  suc- 
cessively towards  the  mirror,  he  was  able  to  compare,  by  the  effect  on  the  thermometer, 
the  relative  emissive  powers  of  the  several  substances,  independently  of  any  difference 
of  temperature.  M ell  o n  i  subsequently  made  similar  comparative  experiments,  using 
his  thermo-multipUer  instead  of  Leslie's  differential  thermometer.  Among  all  the  sub- 
stances examined,  both  Leslie  and  Melloni  found  that  lampblack  had  the  greatest 
emissive  power,  or  at  least  that  the  emissive  power  of  no  other  substance  exceeded  it^ 
and  they  accordingly  adopted  it  as  a  standard  of  comparison  for  all  the  rest.  The  nu- 
merical results  given  in  the  following  table  are,  therefore,  to  be  understood  as  giving 
the  intensity  of  the  radiation  at  100°  C.  from  %  superficial  unit  of  each  of  the  substanoee 
named,  the  radiation  from  a  unit  of  surface  covered  with  lampblack  being  taken  at 
100:— 


Emissive 

"Powers  for  Radiant  Heat  at  lOO^  C. 

Leilie. 

y                 Mellonl. 

Lampblack 

.     100 

Mica 

80 

Lampblack  . 

100 

Paper 

.       08 

Ghraphite    . 

75 

White  lead    • 

100 

Resin 

.       96 

Tarnished  Lead . 

45 

Isinglass 

91 

Sealing-wax 

.       95 

Mercury    . 

20 

Indian  ink    . 

85 

CrowD-^lass 
Indian  mk 

.       90 

Polished  Lead  . 

19 

Gum-lac 

72 

.       88 

Polished  Iron     . 

15 

Polished  Metals    . 

12 

lee  . 

.       85 

Tinplate     . 

Gold,  Silver,  Copper,  . 

12 

Bed  lead. 

.       80 

12 
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The  ezAct  numbers  in  this  Uble  cannot,  howeyer,  lay  claim  to  any  very  great  degree 
of  accuracy.  For  it  was  found  both  by  Leslie  and  Melloni,  that  the  radiating  power 
of  the  same  snbetanoe  varied  considerably  according  to  the  condition  of  its  surface,  and 
the  same  fact  has  beui  repeatedly  observed  by  later  investigators.  The  metals,  for 
inistanoe,  when  polished,  radiate  much  less  than  they  do  when  tamiahed  or  roughened. 
That  a  tarnished  metallic  surface  should  have  a  different  emissive  power  from  a  bright 
mftal  is  not  surprising  :  for  the  taruidh  consists  in  the  formation  of  a.  thin  film  of 
oxide  or  sulphide,  and  it  is  this  film,  and  not  the  metal  itself,  which  forms  the  true  sur- 
£ice  ^m  which  a  great  part  of  the  radiation  proceeds.  .  But  even  when  the  chemical 
nature  of  the  surface  undergoes  no  change,  the  emissive  power  is  often  effected  to  a 
considerable  extent  by  the  physical  state  of  the  sur&ce.  This  is  vezj  distinctly  shown 
in  the  following  experiment  of  Melloni's  (T^ennochrosef  p.  87,  note):  he  prepared 
four  plates  of  pure  silver,  two  of  which  were  strongly  hammered,  and  the  other  two 
simplj  cast  and  not  hammered ;  all  four  plates  were  then  polished  with  pumice-stone 
and  charcoiil,  but  without  the  use  of  a  hammer  or  burnisher ;  and  lastly,  one  plate 
cf  each  pair  was  scratched  by  rubbing  it  in  one  direction  with  coarse  sandpaper. 
The  four  plates  so  prepared  were  used  to  form  the  vertical  sides  of  a  cube  which  was 
filled  with  boiling  water,  and  the  radiating  power  of  the  four  sides  was  determined. 
The  deflections  of  the  galvanometer-needle  which  they  severally  produced  weie — 


PolisMed. 

Scratched, 

Hammered  plate    . 

.      10'' 

18<» 

TTohammered  pint* 

.   13-7 

11-3 

The  following  numbers,  obtained  by  De  la  Provostaye  and  Desains  (Ann.  Ch. 
Phys.  [3]  xxii.  372)  for  the  relative  radiating  powers  at  120^  C,  of  several  metals  in 
diffisrent  conditions,  compared  with  the  radiating  power  of  lampblack  at  the  same 
temperature  taken  as  100,  show  similar  differences,  although  the  absolute  values  of  the 
numbers  are  considerably  below  those  found  by  Melloni  and  Leslie.  The  comparisons 
with  lampbladc  were  made  in  two  ways :  the  first  method  depended  on  determining -the 
siae  oi  the  surface  of  the  substance  under  examination  which  caused  as  great  a  deflection 
of  the  galvanometer  as  a  given  surface  of  lampblack  at  the  same  temperature ;  in  the 
second  method  the  radiating  surfaces  were  equal,  and  their  respective  radiating  powers 
were  calculated  from  the  excess  of  temperature  of  the  metMs  over  the  lampblack  at 
which  they  emitted  equal  quantities  of  heat. 

Emisaive  powers  of  MetdU  at  12XP  C. 


Pure  silver,  roUed, 

„        „      polished 

„        „  „        after  long  heating       .        .        .        . 

Silver  chemically  deposited  on  silver         .... 
Silver  chemically  deposited  and  burnished 
Silver  chemically  deposited  on  copper,  dull 

Platinum,  roUea 

Platinum,  poshed 

Gold-leaf 

Copper-foil 


BminfTe  power. 


Bj  ilrit 
method. 


8*0 
2-5 
2-76 


2-26 
6-4 
10-8 
9-5 
4-3 
4-9 


By  second 
method. 


2-9 
2-2 
30 
206 
2-2 
5-3 
10-4 
90 
4-3 


The  general  rule  which  may  be  deduced  from  these  and  numerous  allied  observations, 
is  that  the  denser  and  more  compact  the  itar&ce  of  a  body  is,  the  smaller  is  its  emissive 
pofwer,  while  any  treatment  which  diminishes  the  density  of  the  surface  increases 
the  emissive  power.  The  mere  flact  of  the  snrfoce  beinff  polished  or  not  polished,  if 
these  differenees  do  not  involve  differences  of  density,  does  not  affect  the  emissive 
power  of  a  substance:  thus  marble,  ivoiy,  agate,  quartz,  selenite,  and  other,  similar 
substances  which  are  capable  of  receiving  a  polish,  but  in  which  the  polishing  process 
does  not  idter  ^e  density  of  the  superficial  stratum,  have  the  same  emissive  powers 
whether  polished  or  unpolished.  (Melloni,  Za  ThirTMchrdtef  p.  83,  note.-^Comparo 
also  Knoblauch,  Pogg.  Ann.  Izx.  343.) 
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The  fbfiowing  table  giyef  the  relaJdre  emaaire  power,  at  100^  C,  of  sereni  sabstaiices 
in  a  state  at  fine  powder,  aooording  to  Tyndalr  b  experimenta : — 

Emissive  powers  of  Powders  at  10Q9  C. 

85-3 


Bodc-salt       . 

Hercnrtc  iodide  • 

Salphnr 

Chloride  of  lead  . 

Carbonate  of  ealeinm 

Bed  lead       .  • 

Oxide  of  cobalt  . 


S9-7 
40-6 
66-4 
70-2 
74-2 
76-7 


Sulphate  of  calcimn 
Ferric  oxide  • 
Zinc  hydrate 
Ferroeo-fenic  oxide 
Fenons  snlphide  . 
Lampblack   • 


77-7 
78-4 
80-4 
81*3 
81-7 
840 


PreviouB  ezperimenten,  in  particular  Mas  son  and  Conrt^p^e  (Compt  rend.  xxt. 
936),  had  oonduded  that  the  emissiye  powers  of  all  substances,  in  a  sufficiently  fine 
state  of  division,  were  equal ;  but,  accormng  to  Tyndall,  this  apparent  result  was  due 
to  the  powders  examined  having  been  mixed  witn  gum  in  order  to  attadi  them  to  a 
metallic  surface,  whereby  radiation  from  the  gum  took  the  place,  to  a  great  extent,  of 
radiation  from  th&  particles  of  powder  enveloped  by  it. 

Another  circumstance  which  exerts  an  influence  on  the  quantity  of  heat  emitted  by 
a  given  substance  at  a  given  temperature,  is  the  thickness  of  the  radiating  stratum. 
The  effect  of  variations  of  this  condition  is  not  however  sensible,  except  in  the  case  of 
substances  which  are  perceptibly  transparent  for  radiant  heat,  and  therefore  allow  the 
particles  which  lie  below  the  actual  surface  to  take  part  in  the  radiation,  such  as  glass 
and  varnishes  of  various  kinds ;  with  metals,  on  the  other  hand,  which  are  completely 
opaque  for  radiant  heat  as  well  as  for  light  in  any  thicknees  in  which  they  can  be 
used,  the  effect  of  variations  of  thidmess  is  imperceptible.  Thus  Melloni  found,  on 
applying  successive  coats  of  varnish  to  the  metal  face  of  a  radiating  cube,  that  the 
raaiating  power  was  increased  by  each  coat  of  varnish  up  to  the  sixteenth ;  but  on 
coating  one  of  the  faces  of  the  cube  with  gold-leaf  of  various  thicknesses,  the  radiating 
power  WAS  diminished  to  the  same  extent  in  each  case 

The  intensity  of  the  radiation  from  a  plane  surface  is  not  the  same  in  all  directions, 
but  is  greatest  in  the  direction  of  the  normal  to  the  surface.  Leslie,  who  investigated 
this  point  experimentally,  believed  that  the  radiation  in  any  direction  was  proportional 
to  the  cosine  of  the  angle  which  that  direction  made  with  the  normal;  that  is  to  say, 
if  B  represents  the  quantity  of  heat  radiated  by  a  unit  of  surface  in  the  direction  of 
the  normal  to  the  surface,  and  B'  the  quantity  of  heat  radiated  by  a  unit  of  surface  in 
any  direction  making  an  angle  a  with  the  normal,  Leslie  concluded  that  the  relation 
between  these  two  quantities  might  be  expressed  in  all  cases  by  the  e<|uation 

R    B=   B.  cosa 

Aooording  to  the  experiments  of  Be  laProvostayeandDesains,  however,  this  rela- 
tion does  not  hold  good  except  for  a  small  number  of  substances,  lampblack  being  one  of 
them.  They  placed,  between  a  radiating  surface  of  considerable  extent  and  the 
thermo-electric  pile,  a  screen  pierced  with  a  comparatively  small  aperture,  through 
which  alone  the  rays  could  reach  the  pile.  Now  it  is  obvious  that  with  this  arrange- 
ment, the  extent  of  surfiice  from  which  rays  could  arrive  at  the  pile  was  less  when  the 
surface  was  placed  so  as  to  radiate  normally  through  the  aperture,  than  when  it  was 
placed  so  as  to  radiate  obliquely,  and  that  the  extent  of  sumce  from  which  rays  were 
received  by  the  pile  in  the  latter  case,  was  to  the  extent  of  surface  from  which  thoy 
were  received  in  the  former  case,  inversely  as  the  cosine  of  the  angle  through  which  the 
radiating  body  had  been  turned.  Hence,  if  the  intensity  of  the  radiation  from  a  miit 
•of  surface,  varied  directly  as  the  cosine  of  the  same  angle,  the  total  heating  effect  upon 
the  pile  must  have  remained  the  same  for  all  positions  of  the  radiating  surface ;  tnis, 
however,  was  not  the  case  except  with  lampblack,  as  will  be  seen  from  the  following 
table:— 

Emissive  Powers  at  various  Angles. 


Angle  of  emluioD. 
(measured  from 
normal). 


f 


70«» 
76® 
80O 


Lampblack. 


100 
100 

loo' 


Glafts. 


900 
83*6 
760 
66-8 
64*4 


White-lead 
▼amlsb. 


100 
94*« 
88'9 

66-9 


Red  ochre    Black  rambh 
▼amUh. 


100 
91*2 
82-8 


100 


76 
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Trom  theee  reeuHa  it  appenn  tfaftt  the  emissiTe  pownnof  the  substanoes  mentioned,  for 
oUiqne  directions,  diminish  moie  npidly  than  the  coeine  of  the  angle  of  obUqiiitj, 
except  in  the  eaae  of  lampblack. 

In  oooflidering  the  ejfeei  of  Us  tat^perahire  of  the  radiating  body  on  the  quantity  of 
heat  emitted,  it  ia  important  to  bear  in  mind  that  what  ia  measured  in  the  various 
methods  for  determining  the  emissiye  poirerB  of  different  bodieSi  is  not  the  actual 
quantity  of  heat  giTen  out  in  a  given  time  bj  a  given  extent  of  surface,  but  merely  the 
rate  of  exchange  of  heat  betw^een  the  radiating  w>dj^  and  surrounding  objects,  including 
the  thermometiic  apparatus  itself.  If  in  a  given  time  a  thermo-electric  pile  gives  out 
to  a  body  placed  opposite  to  it  exactly  as  much  heat  as  it  receives  back  again  from 
that  bodv.  Us  temperature  is  not  alte^d,  and  the  state  of  things  is  the  same  as  though 
DcHher  the  pile  nor  the  radiating  body  near  it  had  any  emissive  power  whatever.  But 
this  stationary  condition  will  be  disturbed  equally  by  raising  the  temperature  of  the 
radiating  body,  so  as  to  make  it  give  out  more  heat  than  it  receives  in  return,  or  by 
lowering  the  temperature  of  the  thermo-electric  pile,  so  as  to  make  it  give  out  less  heat 
than  it  receives ;  that  is  to  say,  the  same  thermometrio  effect  may  be  produced  upon 
the  thermo-electric  pile  by  lowering  its  temperature,  as  by  raising  that  of  the  radiating 
body.  There  is  therefore  obviously  no  reason  to  expect  that  any  simple  relation 
would  be  apparent  between  the  emissive  power  of  a  given  body,  as  measured  by  the 
methods  above  described,  and  its  absolute  temperature  (Heat,  iii.  52),  much  less 
between  this  property  and  the  temperature  of  the  body  on  the  centigrade  or  any  other 
arbitz&iy  thennometrie  scale.  We  might,  however,  expect  to  find  me  actual  (quantity 
of  heat  which  a  given  body  loses  in  a  given  time,  proportional  to  the  excess  of  its  tem- 
perature over  that  of  surrounding  bodies. 

To  ascertain  whether  this  is  so,  it  is  needful  to  examine  the  rate  at  which  the  same 
body  eools  in  a  vacuum,  when  its  initial  temperature  exceeds  that  of  the  surrounding 
apace  by  different  known  amounts.  A  veiy  elaborate  investigation  of  this  subject  was 
made  by  Bnlongand  Petit  (Ann.  Ch.  Phy^  [2]  vii.  226, 337).  They  determined  the 
rate  of  cooling  of  a  latge  mercurial  thermometer,  placed  in  the  middle  of  an  exhausted 
brua  globe  kept  at  a  constant  known  temperature,  with  various  definite  difierences  of 
temperature  between  the  thermometer  and  the  globe,  and  at  various  absolute  tempera* 
tares  of  each.  Their  most  important  results  are  given  in  the  following  table,  where 
the  eolamns  headed  *'  Bate  of  Cooling  **  ^ve  the  number  of  degrees  through  which  the 
temperature  of  the  thermometer  woula  sink  in  one  miwite  under  the  various  conditions 
specified,  if  it  continued  during  the  whole  time  to  lose  heat  as  fast  as  at  the  beginning 
of  the  interval : — 


Bxeea  of  tem- 

Temp, 
of  globe 

Temp, 
of  globe 

Temp, 
of  globe 

Temp, 
of  globe 

Temp, 
ofglolw 

peratuTO  of  tber- 

--<P. 

M 

-90°. 

•i 

tt40O. 

•i. 

=  f»o. 

•4 

=  8flP. 

mnacterovcr 
globe. 

Rate  of 

-2l 

Rstsof 

•i 

Rate  of 

Rate  of 

•t 

Rate  of 

Cooling 

9 

Cooling 

CooMng 

V 

Co  'ling 

Cooling 

CSV. 

-•i- 

«e,. 

^H' 

=  •4. 

240OC. 

10*69 

116 

12-40 

116 

14-35 

220    „ 

8-81 

118 

10-41 

115 

11-98 

200    „ 

7-40 

116 

8-58 

116 

10-01 

115 

11-64 

115 

13-45 

180    „ 

610 

115 

7-04 

116 

8-20 

1-16 

0-55 

1-15 

11-05 

160    „ 

4*89 

116 

5-67 

117 

6-61 

1-16 

7-68 

116 

8-95 

HO    „ 

8-88 

117 

4-67 

116 

5-32 

115 

614 

1-17 

7-19 

120    „ 

302 

117 

3-56 

1-17 

415 

1-17 

4-84 

116 

5-64 

100    „ 

2-30 

1-18 

2-74 

115 

816 

116 

3-68 

M7 

4-29 

80    „ 

1-74 

115 

1-99 

1-16 

2-30 

1-18 

2-78 

1-17 

818 

60    „ 

■        • 

t    • 

1-40 

1-16 

1-62 

116 

1-88 

1-15 

217 

IVom  this  table  it  appears  that  the  rate  of  cooling,  or  quantity  of  heat  lost  in  a  given 
time,  depends  not  merefy  upon  the  difference  of  temperature  between  the  cooling  body 
and  suRonnding  olrjects,  but  also  upon  its  absolute  temperature.  Thus,  for  instance, 
when  the  temperatnre  of  the  thermometer  was  200^,  and  that  of  the  globe  0^,  the  rate 
of  cooling  was  7*4 ;  but,  when  the  temperature  of  the  globe  was  60^,  and  that  of  the 
thermometer  260°,  the  rate  of  cooling  was  11-64,  although  the  difference  of  temperature 
was  the  same  as  in  the  former  case,  namely  200°.  It  further  appears  that  the  quotient 
obtained  by  dividing  the  rate  of  cooling  corresponding  to  a  given  excess  of  temperature 
of  the  thermometer,  by  the  rate  of  cooling  corresponding  to  the  same  excess  vmen  the 
temperatures  of  bodi  thermometer  and  globe  are  20°  lower,  is  constant,  namely-*  1' 16 ; 
that  is  to  say,  the  rate  of  cooling  increases  in  a  geometrical  ratio  when,  for  a  given 
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excess  of  temperature  of  the  cooling  body,  the  temperature  of  an  enyelope  rises  in  an 
arithmetical  ratio.  Hence,  if  k  denotes  the  rate  of  cooling  corresponding  to  a  giren 
excess  of  temperature  t^  when  the  temperature  of  the  globe  is  0*^,  the  rate  of  cooling 
corresponding  to  the  same  excess  of  temperature  when  the  temperature  of  the  globe  is 
«^,  will  be 

k.afi, 

where  a  is  the  ratio  of  the  rate  of  cooling  when  the  temperature  of  the  globe  is  1^  to 
the  rate  of  cooling  when  the  temperature  of  the  globe  is  0°,  the  excess  of  temperature 
being  in  both  cases  the  same.     Making  $  =  20,  the  results  contained  in  the  above  table 

give  us  for  a9  =  a*  the  value  1'16,  whence  we  get  a=*S/l  16  =  1"0077.  Dulong  and 
Petit  found  that  the  dependence  of  the  rate  of  cooling  in  vactw,  of  a  heated  body,  upon 
its  temperature,  and  its  excess  of  temperature  over  that  of  the  envelope,  might  be  ex- 
pressed by  the  following  equation : — 

A   -     M.a*(a*-1), 

where  A  is  the  rate  of  cooling,  M  a  constant  depending  on  the  mass,  extent  of  surface, 
and  emissive  power  of  the  body,  and  a,  0,  and  t  have  the  meanings  already  assigned  to 
them.  The  numerical  value  of  M  in  Dulong  and  Fetitfs  experiments  may  be  deduced 
from  any  of  the  results  given  in  the  table :  thus,  taking  t  a  140  and  9  «  0,  we  have 
for  the  rate  of  cooling  As  3*88,  and  therefore 

M  «     ,  ^ «      1?? «   1-9829. 

a«(a*-l)  10077'*«-1 

The  values  of  the  constants  M  and  a  require  to  be  determined  in  every  case  by  special 
experiments ;  M  necessarily  varies  &om  one  body  to  another,  and  it  has  been  proved 
by  De  la  Provostaye  and  Desains,  that  a,  or  the  rate  at  which  the  rate  of  cooling 
for  a  constant  excess  of  temperature  of  1°  increases  with  rise  of  temperature,  is  different 
for  different  bodies.  If  the  coefficient  a  were  the  same  for  all  bodies,  we  should  have 
for  the  rates  of  cooling  of  any  two  bodies  under  the  same  circumstances  of  temperature 

A»  M  .  aKa^-l)  and  A'  »  M* .  a9(a«-l),  and  therefore 

A  M 

-T—     ■"     -—     B  constant: 

that  is  to  say,  the  rates  of  cooling  of  the  two  bodies  would  be  to  each  other  in  a  constant 
proportion,  so  long  as  they  both  had  the  same  temperature,  and  the  same  excess  of 
temperature  over  surrounding  objects.  But  the  rates  of  cooling,  other  things  being 
equal,  must  depend  on  the  radiating  powers  of  the  two  bodies,  which  therefore^  under 
the  circumstances  above  supposed,  must  be  to  each  other  in  a  constant  ratio.  To 
ascertain  whether  this  constant  ratio  really  existed,  De  la  Provostaye  and  Desains  con- 
nected a  strip  of  platinum-foil,  one  face  of  which  was  coated  with  lampblack,  and  the 
other  with  borate  of  lead,  with  the  terminals  of  a  galvanic  battery,  so  that,  by  sending 
through  it  an  electric  current  of  greater  or  less  intensity,  its  temperature  could  be  raised 
to  any  required  point,  and  placed  it  between  two  thermo-electric  piles,  regulating  the 
relative  positions  so  that,  when  the  strip  was  heated  by  a  moderate  current^  the  effect 
of  its  radiation  on  both  piles  was  exactly  the  same.  On  now  raising  the  temperature 
of  the  platinum  to  a  higher  degree,  it  was  found  that  this  equality  of  radiation  was  no 
longer  maintained,  the  blackened  side  radiating  more  heat  than  the  side  coated  with 
borate  of  lead,  so  that,  after  the  piles  had  been  adjusted  to  equality  of  effect  with  the 
platinum  strip  at  100^,  they  indicated  differences  in  the  amoimt  of  radiation  from  its 
two  surfaces  in  the  ratio  of  0*75  to  1  when  its  temperature  was  550^.  Hence  the 
emissive  powers  of  different  substances  do  not  vary  according  to  the  same  law  with 
variations  of  temperature,  and  therefore  the  quantity  denoted  above  by  a  is  not  the 
same  for  all  bodies. 

Jt  was  supposed  by  Newton  that  the  rate  of  cooling  of  a  given  body  was  directly 
proportional  to  the  excess  of  its  temperature  over  that  of  surrounding  objects.  It  has 
been  already  pointed  out  that  Dulong  and  Petit's  experiments  prove  this  not  to  be  the 
case ;  nevertheless  Newton's  law  of  cooling  corresponds  very  closely  with  their  formula 
when  the  value  of  9  is  constant  and  that  of  t  small,  and  therefore  the  factor  a<— 1, 
which  expresses  the  effect  of  the  excess  of  temperature  of  the  cooling  body,  nearly 
proportional  to  t,  which  denotes  that  excess.  In  the  cases  of  most  frequent  occurrence, 
in  which  the  law  of  cooling  has  to  be  taken  into  account,  —such,  for  instance,  as  the 
calculation  of  the  corrections  to  be  applied  in  calorimetrical  experiments  for  differences 
of  temperature  between  the  calorimeter  and  external  objects  (see  Heat,  iii.  27) — ^the 
above  conditions  are  very  approximately  fulfilled;  and  hence,  in  such  cases,  Newton*s 
law  may  generally  be  applied  instead  of  the  more  accurate,  but  more  complicatecl, 
formula  of  Dulong  and  Petit. 
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When  a  betted  body  is  in  contact  with  air  or  any  other  gas,  as  usually  happens  in 
pcBcdee,  it  loses  heat  not  alone  by  radiation,  but  also  by  conduction  and  oommunication 
of  heat  to  the  partidea  of  gas.  Hence,  in  such  a  case,  the  rate  of  cooling  may  be 
represented  by 

V    ■=     A  +  Ai, 

vheie  A  represents  the  cooling  which  is  due  to  radiation,  and  Ax  the  cooling  due  to 
coDductioo,  ^oe.  Dulong  and  Petit  found  experimentally  that  ^e  term  A^  may  be 
expressed  by  Uie  empirical  formula 

Aj  -N.i^.<>« 

where  K  is  a  constant  depending  on  the  mass,  extent  of  suifu^e,  and  nature  of  the 
cooling  body,  and  also  on  the  nature  of  the  surrounding  gas ;  p  is  the  pressure  of  the 
gas ;  e  is  a  constant  depending  on  the  nature  of  the  gas,  being  0*45  for  air,  0'38  for 
hydrogen,  and  0*517  for  carboooic  anhydride;  and  t  is  the  excess  of  temperature  of  the 
cooling  body. 

The  complete  expression  for  the  rate  of  cooling  of  any  given  body  whose  temperature 
is  t  4-  9,  in  a  space  whoee  temperature  is  0,  and  in  contact  with  a  gas  whose  pressure 
is  j9,  is  Uierefors 

This  equation  may  be  put  under  a  somewhat  different  form.  If  we  denote  the  weight 
of  the  cooling  body  by  P,  its  specific  heat  by  C,  its  superficial  area  by  S,  and  the 
quantity  of  heat  given  out  by  a  unit  of  surface  in  a  unit  of  time  by  W,  we  have,  for 
Uie  quantity  of  hoat  giren  out  by  the  whole  body  in  a  unit  of  time^ 


S .  W  «  P .  C .  r,  and  therefore  v  « 


8.W 
P.O 


But,  since  W  is  made  up  of  two  parts,  one  of  which  ■»  «;  is  proportional  to  afi  (a*  «  I), 

and  the  other  s  v'is  proportional  to  n" .  t*-'"*,  we  hare  -^ — r — —  »   const.  «  H,  and 
_,  a*(a*— 1) 

K;  we  may  therefore  write 
8 


|f.<»' 


■*  const. 


M  »H. 


P.C 


and    N 


S 

•p.c 


and  hence 


P^|h  a«(a«   -    1)    +   K.jp«<'«| 


or 


W  -  H .  a9(cfi  -  1)  +  K  .!)•<»••". 

In  order  to  apply  this  formula  to  special  cases,  it  is  necessary  to  determine,  experi- 
mentally, the  numerical  values  of  the  constants  H  and  K.  This  has  been  done  in  the 
case  of  several  aubttances  by  Hopkins  (Phil.  Trans.  1860,  p.  379;  Proc  Koy.  Soc. 
X.  514),  whose  principcd  results  are  given  in  the  following  table,  where  W  expresses, 
in  terms  of  the  quantity  of  heat  required  to  raise  the  temperature  of  1000  grains  of 
water  1^  C,  the  heat  given  out  by  one  square-foot  of  surface  in  one  minute ;  a,  ^,  0,  and 
f  have  the  meanings  and  yalues  already  assigned  to  them,  |>  being  measured  in  metres 
of  mercury : — 

Abtolute  Emissive  JPotoers, 


SalMtencef. 


Emission  per  square-foot  per  minuie. 


Glass       •        •        .        . 
Dry  Chalk 

Dry  New  Bed  3andBtone  . 
Sandstone  (fimlding  sUme) 

Polished  Limestone 

Unpolished  Limestone    ) 
(same  block  as  ike  last)  > 


w  - 

0-566  a^efi 

w  - 

8-61S  a^o* 

w  « 

8-377  a«(a* 

w  - 

8-822  a9{a* 

w  - 

9 106  a9(a^ 

w  - 

12-808  a%a* 

1)   +  0-0872o(-^)»'«<»^ 

1)  +  0-08720  (-^-^y«<'-«» 

1)   +  0-03720  f-^V«  ^  »-«• 

1)   +  003720f-^  •.«<>.»» 
VO-72/ 

1)   +  0-03720  f  ^.-y«<i-w 
'  \0-72/ 

1)   +  0-03720 /J*  \m.<i-«i 
'  \0-72/ 


54  RADIATION  AND  CONDUCTION. 

The  more  reooDt researches  of  De  la  Provostaye  and  Desains  have  aenredinthe 
main  to  confirm  the  accuracy  of  Dulong  and  Fe  tit's  formula :  but,  in  onler  to  make 
it  reproduce  still  more  closely  the  results  of  observation,  they  have  introdnccnl  some 
modifications ;  for  which  we  must  refer  to  their  original  papers.  (Ann.  Ch.  Phys.'  [3] 
xvi.  337 ;  xxii.  858.) 

Still  another  circumstance  afiTecting  the  emissive  power  of  bodies  for  radiant  heat 
has  been  pointed  out  by  Glausius  (Pogg*  Ann.  czzi.  43X  vho  airives  by  mathema- 
tical reasoning  at  the  conclusion  that  the  emissive  power  of  a  body  d^>ends  on  the 
Telocity  with  which  rays  of  heat  (or  light)  are  propagated  through  the  surrounding 
medium,  the  emissive  powers  of  the  same  body  wnen  immersed  in  any  two  media  being 
to  each  other  in  the  inverse  ratio  of  the  squares  of  the  velocities  of  propagation  of 
radiant  heat  in  those  media,  or,  what  oomee  to  the  same  thing,  in  the  direct  ratio  of 
the  squares  of  the  indices  of  refraction  of  the  two  media.  And  by  comparing  the 
radiation  of  heat  through  hydrogen  and  through  carbonic  anhydride,  firomthe  blackened 
surface  of  a  metallic  vessel  filled  with  boiling  water,  v.  Quintus  Icilius  (Fogg.  Ann. 
czxvii.  30),  believes  that  he  has  obtained  an  experimental  verification  ofClausius'a 
deduction. 

Quality  of  Emitted  Bay». — ^We  have  hitherto  ooneidered  only  those  eircum- 
stances  which  afiect  the  total  intensity  of  the  radiation  by  heated  bodies;  but  the 
quality  of  the  heat  emitted,  as  well  as  its  quantity,  varies  with  the  temperature  and 
nature  of  the  radiating  body. 

By  comparing  together  the  relative  penetrating  powers  of  radiant  heat  fh>ui 
difTerent  sources  through  a  great  variety  of  substances,  Melloni  found  that,  as  a 
general  rule,  the  higher  the  temperature  of  the  radiating  source,  the  greater  wtis  the 
number  of  different  substances  through  which  a  greater  or  less  proportion  of  the 
radiated  heat  was  capable  of  passing.  Hence  he  concluded  that  the  heat  radiated  by 
sources  of  low  temperature  was  more  homogeneous  than  the  heat  radiated  by  sources  of 
high  temperature,  the  latter  containing  ra^s  capable  of  penetrating  substances  through 
which  none  of  the  rays  emitted  by  sources  of  low  temperature  were  able  to  pass.  On 
the  theory  we  have  adopted  as  to  the  nature  of  radiant  heat,  this  is  equivalent  to 
saying  that,  among  the  neat-waves  emitted  by  sources  of  high  temperature,  there  is  a 
greater  variety  of  wave-lengths  than  there  is  among  the  waves  emitted  by  sources  of 
low  temperature.  But  at  the  same  time  that  new  kinds  of  rays  are  successively  emitted 
as  the  temperature  of  a  radiating  body  is  raised.  Hello ni  showed  that  the  rays 
previously  g^ven  out  by  it  still  continue  to  be  emitted,  and  with  increased  intensity. 
(See  La  Tkermockroeo^  pp.  311—815.^ 

By  examining,  in  the  manner  that  nas  been  mentioned,  the  heat  radiated  by  metals, 
whether  polished,  varnished,  oxidated,  or  blackened,  as  well  as  by  wood,  leather,  or 
marble,  when  each  was  heated  to  160^,  Melloni  was  unable  to  detect  any  difference 
of  quality  ( Op.  cit,  p.  825) ;  but  between  the  heat  radiated  from  a  source  at  100^,  and 
that  radiated  from  a  source  at  400^,  he  found  very  marked  differences.  By  experiment- 
ing in  a  similar  manner,  Knoblauch  could  not  detect  anv  difference  of  quality  in 
the  heat  radiated  by  such  various  substances  as  metals,  wood;  porcelain,  leather,  cloth, 
and  cardboard,  when  heated  to  temperatures  between  30^  and  112^  (Fogg.  Ann.  Ixx. 
352).  Moreover,  Draper  (FhiL  luig.  [3]  xxx.  345)  found,  by  heating  very  varioua 
substances,  such  as  platinum,  chalk,  marble,  fluoTHspar,  brsMS,  antimony,  gas-carbon, 
and  lead,  in  a  ^n-barrel,  that  they  all  became  if>d-hot,  that  is  to  say,  they  all 
began  to  emit  red  rays,  at  the  same  temperature,  estimated  at  525^ ;  and  it  has  been 
shown  by  Eirchhoff  (Ann.  Ch.  Phys.  [8j  Ixii.  179),  that,  on  theoretical  grounds, 
such  must  be  the  case :  that»  in  fiict,  all  bodies  whose  tempmture  is  gradually  raised 
begin  by  emitting  rays  of  the  same  wave-length ;  at  a  certain  temperature  all  become 
red-hot,  and  at  a  certain  higher  temperature,  which  is  the  same  for  all,  they  begin  to 
emit  orange  rays,  then  at  a  still  higher  temperature  yellow  rays,  and  so  on— rays  of 
greater  and  greater  refirangibility  making  their  appearance  as  the  temperature  rises. 
This  conclusion  is  in  exact  accordance  with  an  experiment  long  previously  made  by 
Draper  (/ee.  oit,).  This  consisted  in  examining,  by  means  of  a  prism,  the  rays 
emitted  by  a  platinum-wire  raised  to  successively  higher  and  higher  degrees  of  in- 
candescence by  sending  an  electric  current  through  it  The  first  visible  rays  which 
the  wire  emitted  were  red ;  then,  when  the  temperature  was  raised  to  about  655°,  the 
prismatic  appearance  of  the  wire  was  that  of  a  spectrum  extending  from  the  red  as  far 
as  FraunhoWs  line  F  in  the  oreen  (iii.  621) ;  at  a  temperature  estimated  as  718^,  a 
narrow  strip  of  blue  was  visible  in  addition  to  the  previous  colours ;  at  782^  the 
spectrum  reached  towards  the  more  refrangible  end  as  far  as  the  line  G-  in  tJie  indigo,  and 
at  the  other  end,  the  portion  between  the  lines  B  and  A  which  was  not  visible  at  first, 
had  made  its  appearance,  thus  proving  that  the  emission  of  rays  of  greater  refrangi- 
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hQity  WB8  aeeompttnied  by  increased  intensity  of  the  rays  preTionsly  emitted.  Lastly, 
at  1165^,  the  extent  of  the  speetram  was  nearly  ecjual  to  tW  of  daylight 

But  although  the  qoslity  or  wave-length  of  the  mdiridoal  rays  which  constitute  the 
tot«l  mdiation  from  a  heated  body,  depends  solely  npon  the  temperature  and  not  upon 
the  nature  of  the  radiating  body,  the  latter  circumstance  exercises  an  important  influence 
on  the  relative  intensities  of  the  ravs  of  different  waTe-length.  Companng  radiant 
'best  fcr  a  moment  to  a  compound  substance,  we  may  say  that  the  radiation  from 
difbrent  soumces  at  the  same  temperature  consists  of  the  same  component  parts,  but 
that  these  components  are  not  present  in  all  cases  in  the  same  relative  proportions. 
Hence  when  the  radiation  from  ojifierent  sources  at  the  same  temperature  is  examined 
as  a  whole,  it  sometimes  appears  to  differ  not  only  in  intensity,  but  also  In  quality : 
whereas  the  real  difference  is  in  the  relative  intensity  of  the  rays  of  particular  wave- 
lengths. It  is  in  this  way  that  we  must  interpret  the  observations  of  De  la 
Provostay  e  and  Besains  on  the  heat  radiated  from  a  surfeice  of  copper,  heated  to 
173^,  one  half  of  which  was  covered  with  lampblack,  and  the  other  half  with  cinnabar: 
obaerratioiis  which  proved  that  the  quantity  of  heat  capable  of  passing  through  a  thin 
sheet  of  glass  which  was  radiated  by  the  lampblack,  was  to  the  quantity  of  heat  capable 
of  passing  throngh  the  glass  radiated  by  the  cinnabar,  as  100  to  67,  although  the  total 
quantitiesof  heat  radiated  by  the  two  substances  respectively  were  to  each  other  as  100 
to  87.  The  same  remark  applies  to  the  experiments  of  Melloni  (Tkermochroset  p.  178), 
Knoblauch  (Pogg.  Ann.  Ixxi.  63),  and  Tyndall  (PhiL  Mag.  [4]  xxviii.  627)  on 
the  different  characters  of  the  heat  radiated  by  certain  feebly  luminous  flames,  and  by 
a  spiral  of  platinum-wire  made  incandescent  by  the  same  flanus;  as  well  as  to 
Tyndall's  experiments  {ibid.  p.  614)  on  the  differences  between  the  radiation  from 
lampblack  and  platinum  at  100^..  In  certain  experiments  by  Magnus  (Pogg.  Ann. 
cxxiv.  476 ;  PhU.  Mag.  [4]  xxx.  81),  which  appear  at  first  sight  to  establish  a  difference 
of  anaUty,  between  the  heat  radiated  by  polisned  platinum  and  by  platinum  covered 
wim  a  pnlvemlent  coating  of  spongy  platinum,  depending  on  the  nature  of  the  radiat- 
ing surfltce,  the  observed  efibcts  were  clearly  due  in  reality  to  difference  of  temperature, 
the  platinised  platinum  having  a  greater  emissive  power  than  the  bright  platinum,  and 
being  in  consequence  more  cooled  than  the  latter.  Accordingly,  the  general  result  of 
the  experiments  was  that  the  rays  of  greatest  wave-length  (lowest  refrangibility) 
eonstitnted  a  largerproportion  of  the  total  heatradiated  by  the  platinised  platinum  than 
of  that  radiated  by  the  polished  metaL 

In  further  Olustration  of  the  qualitative  differences  between  the  heat  radiated  by 
dl£&rent  sources,  it  may  be  mentioned  that,  according  to  Tyndall's  experiments,  the 
proportionate  intensity  of  the  ravs,  whose  wave-length  is  greater  than  that  of  red 
light,  to  the  intensity  of  the  total  radiation  is  as  24  :  26  for  the  radiation  from  the 
brightest  part  of  a  flame  of  coal-gas,  as  23  :  24  for  the  radiation  from  platinum  at  a 
damling  white  heat»  and  as  9  :  10  for  the  radiation  from  the  electric  light  produced  by 
dischargiiig  a  Grove's  battery  of  40  cells  between  carbon  points. 

In  the  case  of  most  solid  bodies  that  are  sensibly  opaque  for  both  light  and  radiant 
hMt,  the  emissive  power  does  not  exhibit  any  abrupt  variations  for  rays  of  different 
wave-lengths;  certain  transparent  solids,  however,  nave  decidedly  greater  powers  of 
emitting  rays  of  certain  determinate  wave-lengths,  than  they  have  of  emitting  other 
rays  {rSd,  infr.  p.  60).  Ghises  and  vapours,  on  the  other  han^  generally  possess  very 
marked  maxima  of  emissive  power  corresponding  to  particular  rays  :  thus,  the  emissive 
power  of  sodium-vaponr  is  incoroporablv  greater  for  a  group  of  orange-yellow  rays, 
coinciding  in  refrangibility  with  fVaunhofrr's  line  D,  than  for  any  other  visible  rays ; 
lithium  vapour  has  a  maximum  of  emissive  power  for  red  rays  of  refrangibility 
intermediate  between  Fraunhofei's  lines  B  and  G,  another,  but  much  smaller  maximum 
for  orange  rays  of  somewhat  less  refrangibilitv  than  the  line  D,  and  a  third,  still 
smallear  raaximam,  for  blue  rays  intermediate  in  refrangibility,  between  the  lines  P 
and  G ;  potassinm-vapour,  again,  has  maxima  of  emiseive  power  for  red  rays,  equal 
in  refrangibility  with  the  line  A,  and  for  violet  rays  somewhat  less  refrangible  than 
the  line  H,  while,  for  nearly  all  the  rays  whose  refrangibilities  are  intermediate 
between  those  of  the  lines  C  and  F,  it  has  a  low,  but  almost  uniform  emissive  power 
(See  LiOBT,  iii.  622;  also  Sfbctbax.  Ahaltsis).  About  the  emissive  powers  of 
vapours  and  gases  for  rays  of  lower  refrangibility  (greater  wave-length)  than  the 
least  refrangible  red  says,  nothing  exact  is  known;  but  there  is  no  reason  to  doubt 
the  essential  similarity  of  their  invisible  to  their  visible  radiation ;  and  Tyndall  haa 
shown  thaty  at  temperatures  not  very  greatly  exceeding  the  ordinary  temperature  of  the 
atmosphere,  there  are  well-marked  differences  between  the  emissive  powers  of  different 
gases  and  TB|M>aEB. 
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Absorption  of  Radiant  Heat, 

It  has  been  explained  already  (p.  43),  that  when  radiant  heat  arnTes  at  the  anrfaoo 
of  a  material  body,  part  of  it  is  always  reflected,  either  reg;alarly  or  difinaiyely ;  bat 
this  reflection  is  never  complete;  another  portion  of  the  heat  penetrat«8  into  the 
substance  of  the  body,  and  according  to  the  particular  properties  of  the  latter,  is  either 
wholly  or  in  part  transmitted  through  it,  or  is  wholly  or  in  part  annihilated,  causing 
an  increase  of  temperature  in  the  body.  It  is  this  extinction  of  radiant  heat  in 
causing  rise  of  temperature  in  material  bodies,  that  constitutes  the  phenomenon  of 
absorption.  Upon  the  undulatory  theory  of  radiant  heat,  we  must  oonceiTe  of  it  as 
consisting  in  the  production  of  vibrations  of  material  particles  by  the  impinging 
waves  of  ether.  Upon  this  view,  it  is  obvious  that  the  vibrations  excited  by  radiant 
heat  can  never  be  more  rapid  than  those  of  the  rays  themselves,  nor,  therefore,  than 
those  of  their  source ;  in  other  words,  a  body  can  jierer  be  raised  by  radiation  to  a 
higher  temperature  than  that  of  the  body  from  which  the  rays  are  emitted ;  and  it  is 
likewise  obvious  that  whatever  rays  a  body  most  plentifully  emits,  those  it  will  also 
most  plentifully  absorb.  Both  these  deductions  from  theory  have  received  the  most 
complete  verification  from  experiment ;  in  fact  the  phenomena  of  absorption  hare 
been  found  to  present,  even  in  the  minutest  particulars,  the  exact  counterpart  of  those 
of  emission,  as  upon  the  undulatory  theory  they  must  necessarily  do. 

The  absorptive  power  of  a  substance,  or  ita  coefficient  of  absorption^  is  the  ratio  of 
the  quantity  of  heat  absorbed  to  the  quantity  of  heat  which  is  incident  upon  it. 
Calling  the  quantity  of  heat  absorbed  Q',  and  the  total  quantity  of  incident  heat  Q,  the 
coefficient  of  absorption  may  be  represented  by 

If  a  body  absorbed  all  the  heat  which  fell  upon  it>  its  coefficient  of  absorption 
would  attain  a  maximum  value  a  1,  but  the  absorption-coefficient  of  no  known 
substance  quite  reaches  this  maximum,  though  that  of  lampblack  probably  makes  a 
near  approach  to  it. 

The  experimental  measurement  of  the  absorptive  powers  of  different  substances  is  a 
problem  of  considerable  complexity.  The  first  person  to  attempt  its  solution  was 
SirJohnLeslie  {Experimental  Inquiry  into  the  Nature  of  Heat^  JLondon,  1804).  He 
coated  the  bulb  of  a  differential  thermometer  successively  with  the  different  substances 
to  be  examined,  and  observed  the  temperature  which  the  thermometer  attained  in 
each  case  when  it  was  exposed  to  the  radiation  of  a  source  of  constant  intensity.  The 
results  were  stated  with  reference  to  the  absorptive  power  of  lampblack ;  calling  the  ab- 
sorptive power  of  this  substance  Ai,  and  the  excess  of  temperature  above  the  surround- 
ing air  attained  by  the  thermometer  when  its  bulb  was  coated  with  lampblack  t^^ 
Leslie  assumed  that  the  relative  absorptive  power  A  of  any  other  substance  which 
caused  the  thermometer  to  acquire  the  excess  of  temperature  ^,  might  be  deduced  front 
the  equation 

Ai     "    t^ 

This  assumption,  however,  is  not  correct.  When  the  thermometer  has  become  stationaiy 
at  some  maximum  point  of  temperature,  it  is  because  it  is  then  giving  out  precisely  as 
much  heat  as  it  absorbs.  If  we  denote  by  Q  the  constant  quantity  of  heat  which  falls 
upon  the  thermometer,  the  quantity  absorbed  in  the  two  cases  will  be 

Q  .  A    and    Q  .  Aj  ; 

andif  S  is  the  superficial  area  of  the  Uiermometer>bulb,  and  Ex  and  E  the  respective 
emissive  powers  of  lampblack  and  the  substance  to  be  compared  with  it,  we  shall  have 

QA     »     SE^    and    QA^     «     SE^^^ 

A  E       t 

or  J.     «  .    - 

At  iii     tx 

Hence  we  see  that  the  temperature  attained  by  the  thermometer  depends  on  the 
emissive  power  as  well  as  on  the  absorptive  power  of  the  substance  with  which  it  is 
coated,  and  can  only  be  taken  as  a  measure  of  the  former,  on  the  supposition  (which 
we  know  to  be  erroneous)  that  the  emissive  power  of  all  substances  is  the  same. 

A  somewhat  similar  but  rather  more  accurate  process  was  employed  by  Mel  Ion  i. 
Ho  coated  one  side  of  a  thin  copper  disk,  a  little  larger  than  the  opening  of  the  conical 
reflector  of  the  thermo-electric  pile,  with  lampbladc,  and  the  other  side  with  the  sub- 
stance to  be  examined,  and  fixed  it  dose  against  the  open  end  of  the  refiector  with  the 


• 
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bUdened  side  inwardB.  Ou  now  exposing  the  enter  sorface  of  the  disk  to  the  radiation 
from  asj  Bontee  its  temperature  rose,  and  it  consequently  itself  began  to  radiate  heat 
from  its  blackened  surface  upon  the  thermo-electric  pile:  thus  causing  a  deflection  of 
the  galvanometer,  which,  after  a  certain  time,  reached  a  maximum  at  which  it  remained 
eonetant.  Denoting,  as  before,  the  quantity  of  incident  heat  by  Q,  the  absorptive  and 
ctniasiTe  powers  of  the  substance  by  A  and  E,  and  the  corresponding  quantities  in 
the  ease  of  lampblack  by  A^  and  E^,  and  further  putting  S  for  the  area  of  one  side  of 
tiie  disk,  we  hare  for  the  quantity  of  heat  absorbed  by  the  disk  QA,  and  for  the 
qnanti^  of  heat  emitted  by  it  8£^  +  SE^^,  where  t  represents  the  excess  of  the 
temperature  of  the  disk  above  that  of  surrounding  objects.  When  the  temperature 
of  the  disk  has  become  stationaiy,  these  two  quantities  of  heat  are  equal,  that  is 

Q.A     «     S(E  +  Ei),<; 

and  if  both  sides  of  the  disk  are  covered  with  lampblack,  its  temperature  becomes 
stationary,  when 

Q .  Aj     -     2SEi  .  <i 

Hence  for  the  relatiTe  absorptive  powers,  we  have 

A      ^    E  -f  El       t 

It  IS  evident  that  the  value  of  the  factor  —^ — ,  which  appears  in  this  equation, 

must  always  lie  between  the  limits  ^  and  1,  and  that  it  is  always  more  nearly  equal  to 

E 
unity  than  the  £ictor  ^  ,  which  occupies  the  corresponding  place  in  the  equation 

applicable  to  Leslie's  experiments;  in  other  words,  the  effects  measured  by  Melloni 
were  more  nearly  proportional  to  the  absorption-coefficients  of  the  various  substances 
than  the  effects  measiured  by  Leslie.  The  values  of  the  absorptive  powers  of  various 
substances,  as  thus  estimated  by  Melloni,  are  given  in  the  following  table,  compared 
with  the  absorptive  power  of  lampblack  taken  as  100: — 


Sources  of  Heat 

LocatelU't 
Lamp. 

Incandeicent 
Platinum. 

Copper 

at400<'. 

a^ss^: 

Lampbla4^ 

Indian  ink 

100 
96 

100 
95 

100 
87 

100 
86 

White  lead 

53 

56 

89 

100 

Ldnglafs 

Gum-lac 

52 
43 

54 
47 

64 
70 

91 
72  • 

Metallic  surfaces .        .               m 

14 

13-5 

13 

13 

This  table  shows  not  only  that  different  substances  differ  greatly  in  absorptive 
power,  those  substances  which  have  the  greatest  emissive  powers  being  also  the  best 
absorbers,  but  also  that  the  same  substance  exerts  very  different  absorbent  actions  on 
radiant  heat  ftom  different  sources.  And  it  mav  be  observed  that  although,  for  the 
reasons  already  stated,  the  numbers  in  this  table  oo  not  represent  quite  accurately  the 
relative  absorptive  powers  of  different  substances,  they  do  ejcpress  accurately  the 
relative  absorptive  powers  of  the  same  substance  for  different  kinds  of  heat.  For,  if 
we  denote  by  A  and  A' the  absorptive  powers  of  the  same  substance,  for  the  heat  from 
two  different  sources,  and  by  t  and  t  the  excess  of  temperature  attained  by  the  disk 
tnder  the  radiation  from  the  respective  sources,  we  shall  have  for  the  conditions  of 
equilibrium  of  temperature  in  the  two  cases, 

QA  -  S  (E  +  EO  .  ^  and  QA'  =  S(E  ^.  Ei)^ 

the  difference  between  t  and  t'  being,  under  the  circumstances  of  the  experiment,  so 
small  that  we  may  consider  the  emissive  power  of  the  substance  constant,  and  represent 
it  in  each  case  by  E.    Hence  we  get  as  above : — 


or. 


A 
Ax 

E  +  El 
2Ei 

t 

and 

A'         '  E  +  El     * 
Aj               2Ei         <i 

• 

A 
AT 

t 
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From  tbe  foregoing  discuMion  of  Leslie's  and  Mellonrs  experiments,  it  will  be 
evident  that  in  oraer  to  be  able  to  deduce  the  absorptiTe  powers  of  various  substances 
from  the  elevation  of  temperature  which  they  undeigo  under  the  influence  of  radiant 
heat,  the  conditions  of  the  experiments  must  be  such  that  the  quantity  of  heat  emitted 
by  each  substance  shall  be  the  same. 

These  conditions  were  fulfilled  for  the  first  time  in  the  experiments  of  De  la  Pro  to- 
stave  and  Desains  (Ann.  Ch.  Pbys.  [3]  xxx.  431),  the  general  principle  of  whose 
method  will  be  intelligible  from  the  following  considerations.  If  a  thermometer, 
placed  inside  a  dosed  and  exhausted  envelope,  remains  at  a  constant  temperature,  it  can 
only  be  because  the  quantity  of  heat  which  it  emits  in  a  given  time,  is  precisely  equal 
to  the  quantity  it  absorbs  of  the  heat  radiated  upon  it  from  the  envelope.  The  quan- 
tity of  neat  emitted  in  a  unit  of  time  is  plainly  s  v .  P .  c,  if  v  denotes  the  rate  of  cooling 
of  the  thermometer  under  the  given  conditions  of  temperature,  P  its  mass,  and  o  its 
specific  heat.  Hence,  if  Q  is  the  quantity  of  heat  radiated  by  the  envelope^  and  A  the 
coefficient  of  absoiption  of  the  substance, 

OA    -   v.P.o 

If  now  the  same  thermometer  is  covered  with  lampblack,  with  the  absorption-coeffi- 
cient A]j  the  envelope  and  its  temperature  remaining  unchiinged,  we  have  also 


and  therefore 


QAx   B   Vi^V  .0 


A      ^ 


that  is  to  say,  the  determination  of  the  relative  absorbing  powers  is  resolved  into  a 
determination  of  rates  of  cooling. 

In  the  practical  application  of  these  principles,  De  la  Provostaye  and  Desains 
employed  a  very  sensitive  thermometer  with  a  spherical  bulb,  which  they  coated  suc- 
cessively with  the  substances  to  be  examined.  The  thermometer  was  fixed  in  each 
experiment  in  exactly  the  same  position  in  the  interior  of  a  metal  globe,  blackened  on 
the  inside,  exhausted  of  air  as  completely  as  possible,  and  kept  at  a  constant  tempera- 
ture by  being  surrounded  with  water.  In  the  side  of  the  globe  was  inserted  a  convex 
lens,  the  focus  of  which  was  a  little  in  front  of  the  thermometer-bulb.  By  means  of 
this  lens,  the  surface  of  which  was  so  small,  compared  virith  the  total  interior  surface  of 
the  globe,  that  it  did  not  make  the  loss  of  heat  by  the  thermometer  sensibly  difierent 
from  what  it  would  have  been  if  the  surface  of  the  globe  had  been  unbroken  and  of  a 
uniform  temperature  throughout,  the  heat  of  the  sun  or  of  a  lamp  could  be  concentrated 
upon  the  bulb  of  the  thermometer.  The  temperature  of  the  thermometer  then  rose, 
until  it  became  stationary  at  the  point  at  which  the  loss  of  heat  by  radiation  exactly 
balanced  the  gain  of  heat  by  absorption.  The  stationary  temperature  having  been 
found,  the  rate  of  cooling  ooirespondin^  to  this  temperature  was  ascertained  by  sepa- 
rate experiments ;  and  such  determinations  having  been  made  when  the  thermometer 
was  coated  with  several  difieront  substances,  the  coefficients  of  absorption  of  these 
substances  could  be  deduced  as  above  explained.  The  following  table  gives  the 
results  obtained,  compared  with  the  coefficient  of  absorption  of  lampblack  taken  as 
unity : — 

BdaHw  CoefficimU  of  Ab$t>rpium, 


Solar  heat. 

Subataaoe. 

CoHDciniU  of 
AbtorpUoD. 

White  lead. 

Gold-leaf    .... 

Silver-leaf  .... 

0-19 
0-13 
0076 

Heat  of  a  *'  Moderator  "  lamp. 

Platinum  black    . 
Cinnabar     .... 
White  lead  . 
Silver,  pulverulent 
Oold-leaf     .... 

1 

0-285 
0*21 
0-21 
0-04 
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In  the  aiae  of  oertein  fabstanees,  another  method  is  applicable  for  the  determiaation 
of  thcor  eoefficientfi  of  abaorption,  and  thia  method  gives  absolute  values  for  these 
coefficients,  and  not  merely  comparative  values  referred  to  some  one  substance  chosen 
aH>itraril7  as  a  standard.  According  to  what  was  said  above  (pp.  43,  44),  a  quantity 
of  radiant  heat  Q  filling  npon  a  material  body  is  in  general  broken  up  into  four  parts, 
of  which  one  QA  ia  absorbed,  another  QT  is  transmitted,,  another  (Ut  is  regularly  re- 
flected, while  the  last  QD  is  difiksively  refl.ected.    Hence,  we  may  write 

Q  -  Q(A  +  T  +  R  +  D). 

But,  for  metallic  substances,  the  power  of  transmittinff  radiant  heat  is  imperceptible, 
and  many  of  them,  when  thoroughly  polished,  do  not  diffiise  any  sensible  quantity  of 
heat  Hence,  for  perfectly  polished  metals,  T  and  D  in  the  above  equation  both 
become  s  0,  and,  for  the  ooeSQcient  of  absorption,  we  have  the  expression 

A     -    —Q      . 

For  anch  aiibetaiieea)  therefbre,  the  coefficient  of  absorption  maybe  found  by  dividing 
the  difference  between  the  reflected  heat  and  the  total  mddent  heat  by  the  incident 
beat.  In  this  way,  De  la  Provostaye  and  Desains  {loe.  cit.  p.  442)  obtained  the 
nnmbeis  giren  in  the  following  table.  They  remark  that  they  may  be  considered  as 
applicable  to  all  incidences  between  (P  and  70^,  but  that  they  must  be  a  little  in  excess 
of  the  truth  for  sneh  metals  as  cannot  be  polished  sufficiently  to  completely  destroy 
diflusiTe  reflection:— 

Co^gUsknU  o/AhwrpHan  of  Foluhed  MeiaU, 


Soaroe  of  Haal. 

Metal. 

TlieSaa. 

**  Moderator** 
lamp. 

LoeatalU*! 
lamp. 

Flame  of  alcohol 
•atureted  with  chlo- 
ride of  sodium. 

Copper 

Steel. 

Speculum  metal. 
Pktinum  . 
Zinc  . 
Tin    . 
Braaa 
Gold. 

Plated  silver,  yea 
bright 

'i' 

0-42 
0-34 
0-39 

•    • 

0-18 
008 

0-34 
0-30 
0-30 
0-32 
0*32 
0-16 
•    • 

0-036 

0-176 

0-146 

0-17 

0-19 

016 

0-07 

0-046 

0-026 

0-12 
Oil 

0-06 

•     • 

0106 

0-066 
0-046 

The  close  agreement  between  the  numbers  ^vea  in  this  table  and  those  given  m 
the  last  for  the  absorptive  powers  of  gold  and  silrer  for  solar  heat,  proye  that  the  num- 
bers of  the  last  table  may  likewise  be  taken  as  very  nearly  representing  the  absolute 
coefficients  of  absorption  of  the  substances  included  in  it,  or  that  the  coefficient  of 
absorption  of  lampblack  is  very  nearly  equal  to  unity,  as  it  is  there  assumed. 

We  may  mention  here  an  observation  of  De  la  Provostaye  and  Desains  which 
illustrates  Terr  strikingly  the  important  influence  of  the  emissive  power  of  a  substance 
as  well  as  of  Its  absorbing  power,  on  the  facility  with  which  it  is  heated  by  radiant 
heat.  They  placed  under  the  receiver  of  an  air-pump  a  differential  thermometer,  one 
of  *the  bulbs  of  i^ich  was  covered  with  gold-leaf,  and  the  other  with  white  lead,  a 
small  blackened  metallic  screen  being  placed  between  them  in  order  to  intercept  their 
mutual  radiation.  After  the  receiver  was  exhausted,  a  powerful  lamp  was  placed 
symmetrically  with  respect  to  the  two  bulbs  so  as  to  radiate  equally  upon  each  of  them, 
when  it  was  fbund — ^notwithstanding  the  absorptive  power  of  white  lead  for  the  heat 
of  Uie  lainp  being  0*21  and  that  of  gold-leaf  only  0*04 — that  the  gilded  bulb  was  most 
heated.  This,  at  first  sight,  paradoxical  result  is  easily  understood  when  it  is  remem- 
bered that,  although  white  lead  absorbs  five  times  as  much  of  the  heat  of  the  lamp 
as  gold-leaf  does,  its  emissive  power  for  obscure  rays  is  twenty-five  times  as  great  as 
that  of  gold-leaf. 

By  comparing  the  above  numbers  and  those  of  Melloni  (p.  67)  with  the  numbers 
previously  given  (p.  48),  for  the  emissive  powers  of  various  substances,  it  will  be 
seen  that  the  best  absorbers  of  heat  are  also  the  bodies  which  radiate  most  abundantly, 
while  the  worst  absorbers  are  also  the  worst  radiators.  And  if  this  comparison  is 
carried  further,  it  is  found  that  the  correspondence  between  the  absorptive  and  emissive 
powers  of  bodies  is  not  merely  general  but  exact ;  that,  in  fact,  any  circumstance  which 
modifies  the  emissive  power  of  a  body  in  any  manner  whatever,  modifies  its  abK>rptive 
power  to  a  prttcisely  similar  extent,  and  in  precisely  the  same  way.    Thus,  taking 
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Melloni*8  determioations  of  the  emissiTe  powenof  cerUdn  subetanoeB  at  100^,  and  of  the 
absorptive  powers  of  the  same  substances  for  the  heat  radiated  by  copper  at  100^,  ire 
find  the  following  results :~- 


EnisaiTe  Poven. 

Abiorptive  Pow«n 

Lampblack 

100 

100 

White  Lead  . 

100 

100 

Isinglass 

91 

91 

Indian  Ink    . 

85 

86 

Gum-lac 

72 

72 

Metals   . 

12 

13 

Again,  it  has  been  mentioned  (p.  60),  that  when  a  heated  body  is  covered  with  a  thin 
ooating  of  a  substance  which  is  more  or  less  transparent  for  heat,  the  emisdTe  power 
increases  with  the  thickness  of  the  superficial  film.  Precisely  similar  results  have  been 
obtained  byKnoblauchinthe  case  of  absorption.  He  covered  a  metallic  plate  with 
layers  of  varnish,  black  lac,  and  white  lead  of  various  thicknesses,  and  found  that  in 
each  case  the  absorption  increased  with  the  thickness  of  the  layer.  In  order,  however, 
that  this  effect  ma^  be  perceptible,  it  is  necessary  that  the  total  thickness  should  be 
but  small ;  otherwise  the  external  ooating,  in  consequence  of  its  low  conducting  power, 
becomes  heated  at  the  surface,  and  then  the  increased  emission  more  than  counter- 
balances the  better  absorption. 

The  correspondence  between  emission  and  absorption  naturally  extends  to  visible 
radiant  heat  (light),  as  well  as  to  invisible  heat,  and  in  this  case  many  very  striking 
observations  in  confirmation  of  it  can  be  made  with  very  simple  means.  For  instance, 
Balfour  Stewart  has  pointed  out  (Proc.  Boy.  Soc.  x.  386),  that  when  a  black  and 
white  china  cup  is  heated  in  the  fire  and  held  in  the  dark,  the  parts  of  the  pattern 
which  by  daylight  are  black,  in  consequence  of  their  absorbing  nearly  all  the  visible 
rays  which  fall  upon  them,  are  more  luminous  than  the  parts  which  by  daylight  are 
white,  in  consequence  of  diffusively  refiecting  nearly  all  the  visible  rays  which  they 
receive.  The  same  observer  has  also  shown  that  media,  which  are  opaque  for  certain 
rays  but  transparent  for  others,  emit^  when  heated,  rays  of  the  kiud  for  which  they  are 
opaque ;  thus,  red  glass  which  absorbs  greenish  rays,  emits  greenish  rays  when  heated 
and  viewed  in  the  dark ;  while  green  glass,  which  absorbs  red  rays^  emits  red  rays. 
The  emission  and  absorption  of  rays  of  the  same  wave-length  is  still  more  strikingly 
exhibited  by  gaseous  bodies.  It  has  been  already  stated  (p.  65),  that  these  substances 
usually  emit  rays  of  certain  definite  degrees  of  refrangibihty,  or  length  of  wave,  with 
much  greater  intensity  than  other  rays,  and  it  has  been  proved  byEirchhoff  that  the 
rays  which  a  gas  or  vapour  most  readilv  absorbs  are  precisely  those  which  it  most 
freely  emits  (see  Light,  iii.  622).  The  identity  in  the  absorbing  and  emitting  proper- 
ties of  the  same  body  has  been  round  to  hold  good  even  in  respect  to  the  state  of  polar- 
isation of  the  rays  absorbed  or  emitted.  Thus  at  ordinary  temperatures  a  plate  of 
tourmaline,  cut  with  faces  parallel  to  the  principal  axis  of  the  crystal,  transmits,  with 
little  diminution  of  intensity,  rays  polarised  in  a  plane  perpendicular  to  the  axis,  but 
absorbs  almost  completely  rays  which  are  polarised  in  a  plane  parallel  to  the  axis 
(iii.  665);  and  Kirchhoff  (Ann.Ch.Phys.  [3]  Ixii.  186)  has  found,  not  only  that  this 
difference  of  action  on  differently  polarised  rays  is  retained,  though  in  a  less  degree,  at 
temperatures  at  which  tourmaline  itself  becomes  luminous,  but  that  the  light  which  the 
crystal  then  emits  is  polarised  in  the  same  manner  as  the  light  which  it  absorbs.  The 
same  fact  was  independently  observed,  at  about  the  same  time  by  Stewart  (Pnc. 
Roy.  Soc  X.  603),  who  also  showed  that  the  absorption  and  radiation  of  heated  tour- 
maline are  equal  in  deffree  as  well  as  in  kind. 

Among  the  non-luminous  rays,  differences  of  refrangibility  are  not  recognisable  by 
any  character  so  distinctly  marked  as  the  various  colours  which  reveal  such  differences 
in  the  case  of  the  visible  rays ;  hence,  at  temperatures  below  that  at  which  they  become 
luminous,  it  is  less  easy  to  aemonstrate  that  the  rays  which  particular  substances  give 
out  are  identical  in  quality  with  those  which  thev  absorb.  Nevertheless  the  following 
observations  seem  to  prove  conclusively  that  sucn  is  the  case.  Colourless  rock-salt, 
which  is  perfectly  transparent  for  visible  rays,  is  likewise  so  transparent  for  the  invi- 
sible rays  emitted  by  a  surfiice  of  lampblack  at  100^,  that  a  plate  of  rock-salt  0*77  inch 
thick  allows  76  per  ceni  of  them  to  pass,  whereas  the  same  plate  allows  only  30  per 
cent,  to  pass  of  tne  heat  radiated  by  rock-salt  at  100^.  Similarly,  a  thin  plate  of  crown- 
glass  allows  only  half  as  much  heat  £h)m  heated  crown-glass  to  pass  as  from  heated 
^mpblack.    (B.  Stewart.  Op,  cit,  p.  387.) 

It  has  also  been  shown  by  Tynd all  (Phil.  Kag.  [4]  xxviii.  618)  that  aqueous 
vapour  is  specially  opaque  for  the  heat  of  a  hydrogen  name,  wherein  the  principal 
radiater  is  no  doubt  aqueous  vapour;  that  carbonic  anhydride  is  especially  opsone  for 
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the  heat  of  a  carbonic  oxide  flame;  and  sulphoTOUS  anhydride  fbr  the  heat  radiated 
bj  the  flame  of  sulphide  of  carbon. 

From  tho  foregoing  facts,  we  may  conclude  that  the  difference  between  the  two  pro- 
cesses of  emission  and  absorption  of  radiant  heat,  is  a  difference  of  the  kind  which 
would  be  represented  in  mathematics  by  a  difference  of  sign.  The  mechanism  of  the 
two  processes,  if  we  may  use  the  expression,  appears  to  be  absolutely  identical, 
but  in  the  one  case  it  operates  in  the  opposite  sense  to  what  ii  does  in  the  other. 

The  equality  of  emission  and  absorption  may  be  deduced  from  the  fact  that  a  body 
whidi  is  in  equilibrium  with  surrounding  objects  undergoes  no  change  of  temperature 
when  the  condition  of  its  sur&ce  is  changed.  A  thermometer,  tor  instance,  is  not 
affected  by  wrapping  its  bulb  in  muslin ;  and  since-  in  this  case  its  emissive  power  is 
greatly  increased,  its  temperature  can  be  maintained  unaltered  ^by  the  same  quantity  of 
heat  fidling  upon  it  from  without,  only  if  its  power  of  absorbing  this  heat  is  increased 
in  exactly  the  same  proportion. 

ft 

Transmission  of  Radiunt  Heat, 

In  prerious  parts  of  this  article,  we  have  already  had  occasion  several  times  to  speak 
of  the  differences  exhibited  by  various  bodies  in  respect  of  their  power  of  transmitting 
radiant  heat,  and  of  the  differences  shown  by  the  same  body  in  its  power  of  transmitting 
heat  from  various  sources.    Before  proceeding  to  a  somettrhat  more  detailed  considera* 
tion  of  the  phenomena  of  transmission,  it  will  be  convenient  to  explain  certain  terms 
that  are  often  employed  in  the  description  of  them;    These  terms  Were  introduced  by 
Hellonito  facilitate  the  conception  and  expression  of  the  &ct,  first  clearly  established 
by  his  own  researches,  that  the  relations  of  the  invisible  rays  of  heat  to  material  bodies, 
are  essentially  identical  with  those  of  light.    Bodies  which,  like  atmospheric  air,  rock- 
salt,  glasa,  &C. — afford  a  more  or  less  free  passage  to  rays  of  he'lit,  are  called  by  Melloni 
diathermic;  while  those  which  like  the  metals,  entirely  obstruct  the  passage  of 
radiant  heat,  are  called  adiathermic;  tiie  corresponding  properties,  which  we  have 
hitherto  in  this  article  spoken  of  as  tranaparence  and  opacity  for  radiant  heat,  being 
called  diathermacy  and  adiathermacy,  sometimes'  also  diathermaneity  and 
ad  i  at  h  e  r  m  a  n  e  i  ty.  The  property  q{ selective  transmission  which  most  diathermic  bodies 
pooDcnH,  that  is  the  property  of  transmitting  rays  of  certain  wave-lengths,  and  not 
transmitting  other  ra^  s,  is  called  thermochrose  (from  BtpfjAy  and  xp^<'^^)t  cmd  bodies 
which  possess  this  property  are  termed  thermochroic,  and  those  which  do  not  possess 
itathermochroic.  The  terms  thermochrose  and  thermochrolcare,  however,  also  used 
in  reference  to  sources  of  heat  in  whose  radiation  rays  of  certain  wave-lengths  predo- 
minate, and  to  the  heat  itself  which  such  sources  give  out,  as  well  as  to  aidiathermio 
bodies  which  exhibit  a  power  of  selective  absorption  or  reflection ;  just  as,  in  the  case 
of  light,  the  words  colour ^  coloured,  &c.,  are  used  equally  in  spealdng  for  instance,  of 
the  flame  of  alcohol  charged  with  chloride  of  sodium,  of  the  light  which  such  a  flame 
gives  out,  of  a  piece  of  yellow  glass,  or  of  a  piece  of  gold,  and  the  same  word,  yelloWy  is 
used  to  describe  the  light  itself^  the  flame  which  emits  it,  the  glass  which  transmits  it, 
and  the  metal  irhich  reflects  it 

By  maintaining  a  constant  source  of  heat  at  a  constant  distance  from  the  thermo- 
electric pile,  and  interposing  between  them  various  substanceer  in  succession,  Melloni 
was  able  to  determine,  on  the  one  hand,  the  influence  of  the  transmitting  substance  on 
the  quantity  of  heat  transmitted ;  and  by  pladna;  different  sources  of  heat  at  such 
distances  from  the  thermo-electric  pile  that  each  caused  the  same  deflection  of  the 
galvanometer,  and  interposing  the  same  substance  on  the  path  of  the  rays  from  each 
source,  he  was  able,  on  the  other  hand,  to  measure  the  influence  of  the  source  of  heat 
on  its  transmission.  The  following  tables  contain  the  results  of  a  large  number  of  ex- 
periments of  this  kind. 

The  four  sources  of  heat  employed  in  the  experiments,  the  results  of  which  are  given 
intheflrst  table,  were— lst,.an  oil-lamp  (Locatelli*s),  with  a  solid  square  wick  and 
without  chimney ;  2nd,  a  spiral  of  platinum-wire  heated  to  incandescence  in  the  flame 
of  a  spirit-lamp ;  3rd,  a  plate  of  copper  covered  with  lampblack,  and  heated  to  about 
400^  by  the  fl^e  of  fi  spirit-lamp  applied  to  theback  of  it ;  4th,  a  cubical  copper  vessel 
coated  with  lampblack,  and  filled  with  water  at  100^.  The  next  table  gives  in  like 
manner  the  intensity  of  the  heat  of  axx  Argand  oil-lamp,  provided  with  a  glass  chimney, 
after  passing  through  a  thickness  qf  9*21  millimetres  of  certain  liquids,  enclosed 
between  plates  of  glass,  th^  intepsity  of  the.  incident  heat  being  taken  as  100 : — 
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TVoiiMMfmofi  ofRadiani  Beat  by  Solids. 


SubftuMti. 

(Rfldoesd  to  a  common  tbickaaH  of 

9-6  miUim«trM.) 


Hock-salt  (limpid)  • 
Sulphur  (Sicilum,  yellow) 
Fluor-spar  (limpid)  . 
Bock-sut  (transluoent) 
Beryl  (greeniah-yellow) 
Fluor-spar  (greenish)  . 

I<^«l«"d  "pari   (limpid) 


Glass 


i 


t* 


>  (limpid) 


Bock-crystal  Tlimpid^  •        • 

„        „        (smoky). 
Potassic  bichromate  (orange) 
Topaz  (limpid)    •        .        • 
Carbonate  of  lead  (limpid)  . 
Sulphate  of  barium  (translucent) 
Felspar  (adularia ;  translucent) 
Amethyst  (violet)        . 
Artificial  amber  (yellow)     • 
Beryl  (aquamarine ;  bluish-green] 
Agate  (yellow,  translucent)  • 
S^c  borate  (translucent)  . 
Tourmaline  (dark-green)     • 
Gum  (common;  yeUowish)  . 
Heavy  spar  (veined,  translucent) 
Selenite  (limpid)         • 
Citric  acid  (limpid)  .  • 
Ammonic  carbonate  (translucent 

streaked) 
Fotassio-sodic  tartrate  (limpid) 
Amber  ^natural;  yellow)     . 
Alum  (limpid)    • 
Glue  (yellowish-brown)       , 
Sugarcandy  (limpid)   . 
Fluor  spar  (dark  K^een,  veined) 
Melted  sugar  (baney-sugar?  yd- 

lowish^         •        .        . 
Ice  (limpid)        •        • 


Poroentoge  of  Hoafc  tranimitted— 


Loeatolirf 
lamp. 


92-3 

74 

72 

65 

54 

46 
[89 
1 38 

39 
[38 

38 

87 

84 

83 

82 

24 

23 

21 

21 

19 

19 

18 

18 

18 

17 

14 

U 

12 

11 
11 

9 

9 

8 

8 

7 
6 


IncnidetceDt 
platinum. 


92-3 
77 
69 
65 
23 
88 
28 
28 
24 
26 
28 
28 
28 
24 
23 
18 
19 

9 

5 
18 
12 
18 
16 

3 
11 

5 

2 


8 
6 
2 
2 
1 
6 


1 
0-5 


Coppw      I      Copper 
at400».  at  100". 


92-3 

60 

42 

65 

18 

24 

6 

5 

6 

5 

6 

6 
15 

4 

4 

8 

6 

2 

0 

2 

2 

8 

3 

0 

3 

0 

0 


0 
0 
0 
0 
0 
4 


0 

0 


92-8 
64 
88 
66 

0 
20 
0 
0 
0 
0 
8 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
8 


0 
0 
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Mama  of  Uqald.   (  ThicknoM  of  stratum 
B  9*21  milliroetraa.) 

Bisulphide  of  carbon  (colourless)  • 
Bichloride  of  sulphur  (dark  garnet-red) 
Phosphorous  chloride  ^colotirl^ss) . 
Chloroform  (colourless)         •        . 
Nut-oil  (yellow)    .... 
Oil  of  turpentine  (colourless) 
Oil  of  rosemary  ^oolourless)  .        « 
Colza-oil  (yellow)         .        .        • 
Olivo-oil  (greenish-yellow)    . 
Kock-oil  (brownish-yellow)  • 
Balsam  of  copaiba  (yellowish-brown) 
Oil  of  lavender  (colourless)   . 
Poppy-oil  (yellonish-white) 


Percentage  of  Heat 
triuumltted  fk-om 
Argand  lamp  with 
gUiM  chlmner. 

63 

63 

62 

87 

81 

81 

80 

80 

80 

28 

26 

26 

26 
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Tht9umis8um  of  Radiant  Heat  hy  lAqwda  (continued). 

Percentage  of  Heet 
of  Liquid.    (ThickneM  of  •tralum  tranfmitted  from 

as  ^%\  mUllmetret.)  Arnuid  lamp  with 


Rflctifled  naphtha  (colourless) 

Ether  (pure ;  colourless)        .        .        • 

Sulphuric  and  (pure ;  colourless)  .        • 

Kordhausen  sulphuric  acid  (hrown) 

Solution  of  ammonia  (colourless)  . 

Concentrated  nitric  acid  (colourless)     . 

Absolute  alcohol  (colourless) 

Hydnite  of  potassium  (colourless) 

Bectified  acetic  acid  (colourless)    . 

Pfroligneous  acid  (broim)    . 

Solution  of  sugar  (concentrated,  colourless) 

Solution  of  rodc-salt  (colourless)  • 

Solution  of  alum  (colourless) 

White  of  egg  (jeUowish-'white)     . 

DisdUed  water 


gUM  chlmuey. 

26 
21 
17 
17 
15 
15 
16 
13 
12 
12 
12 
12 
12 
11 
11 


The  following  short  table  gives  the  quantities  of  heat  transmitted  through  a  layer  of 
water  50  millimetres  in  thickness,  contained  between  highly  polished  plates  of  glass, 
aeeoiding  to  the  experiments  of  Be  la  ProTostaye  and  Besains  (Ann.  Ch.  ]rhys. 
[S]  xzz.  286)i  These  results  illustrate  very  well  the  influence  which  the  source  of 
heat  exerts  upon  the  reJative  proportion  in  which  it  is  able  to  pass  through  the  same 
"»*«l»'»"  The  numbers  of  tUs  table  represent  the  intensity  of  the  heat  transmitted 
from  eaeb  mndoc^  the  intensity  of  the  incident  heat  being  in  each  case  taken  afl 
-  100  :— 

Trantmiuion  o/Badiant  Seat  through  Water 

Source  of  Heat.  Fereentage 

'  tnuumlttod. 

Thtb  Sob.    Solar  rays  which  had  already  passed  through  52  centi* 

metres  of  water •  02 

The  Sun.    Total  Solar  radiation 58 

Argand  lamp.    Bays  which  had  already  passed  through  a  lens 

and  10  centimetres  of  water  .•.'•••.  51 

Electric  light  (carbon  points) 23  to  24 

Lime  made  incandescent  in  tiie  flame  of  ether  fed  with  oxygen  •  20 

The  Sun.      Invisible  rays  from  a  part  o^the  spectram  as 

&r  beyond  the  red  as  tne  distance  between  red  and  the  limits 

of  the  green  and  blue 14 

Locatelli  or  Areand  lamp  with  chimney 10 

Flame  of  aloohm  saturated  with  chloride  of  sodium  .        .        •  2  to  S 

The  Son.    Invisible  rays  still  less  refrangible  than  tiie  above  •  0* 

After  the  explanations  that  have  been  already  given,  the  results  recorded  in  the 
above  tables  do  not  caU  for  much  further  discussion.  We  must)  however,  direct 
attention  to  the  remarkable  properties  of  rock-salt  in  relation  to  radiant  heat.  It  wiU 
be  seen  that,  according  to  Melloni's  experiments,  a  plate  of  dear  colourless  rock- 
salt  transmits  the  same  proportion  (02*3  per  cent)  of  the  heat  which  falls  upon  it,  from 
whatever  source.  Hence  Mellon i  condiuLed  that  rock-salt  exerts  no  absorbiuff  power 
whatever  on  heat-rays  of  any  kind,  or  that  it  is  in  fact  perfectly  diathermic  and  ather- 
mochroic.  The  7'7  per  cent  by  which  the  intensity  of  the  incident  rays  is  diminished 
by  passing  through  a  plate  of  rock-salt,  Melloni  attributed  to  fJ^e  effect  of  reflection 
at  the  surfaces  of  entrance  and  exit,  not  to  absorption  within  the  substance  of  the 
plate ;  lor  if  this  loss  were  due  in  whole  or  in  part  to  absorption,  its  amotmt  could 
hardly  have  been  the  same  for  heat  from  sources  so  greatly  differing  in  temperature. 
This  condusion  is  supported  hy  the  further  observation  of  Mdloni,  that  the  quantity  of 
heat  transmitted  by  perfectly  dear  and  transparent  rock-salt  is  independent  of  its 
thickness,  being  always  92*3  ^r  cent,  of  the  neat  incident  upon  it ;  whereas  if  two 
plates  of  ro<&-salt  are  used  instead  of  one,  in  which  case  the  number  of  reflecting 

02*3         92'S 
smfMies  is  doubled,  the  percentage  of  heat  transmitted  is  reduced  to  ■>---    x   ^^   *" 

'^         ^  100  100 

85*2.  According;  however,  to  the  more  recent  experiments  of  Dela  Fro  vest  aye 
and  Desains  (Compt  rend,  xzxvi.  84, 1073),  as  well  as  of  Tyndall  (Fhil.  Msg.  [4] 
xzviii.  582),  xoek-salt  does  exert  a  slight  but  perceptible  absorbent  action  upon  rays  from 
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sources  of  low  temperature,  and  an  experiment  of  Stewart's  has  been  alreadj 
mentioned  (p.  60)  which  shows  it  to  be  opaque  to  a  great  extent  for  zajs  emitted  bj 
rock-salt 

In  the  case  of  all  other  substances  except  rock-salt,  the  thickness  of  the  transmitting 
stratum,  as  well  as  the  nature  of  the  source  of  heat,  has  a  fpresi  influence  on  the 
amount  of  heat  trai^smit^ed.  Xhe  effect  of  Tariadons  of  thickness  was  made  bj 
Mel  Ion i  the  subject  of  an  extended  experimental  investigation,  but,  before  giving  the 
numerical  results  arrived  at  by,  him,  it  will  be  well  to  explain  the  theoretiou  investi- 
gation of  the  same  subject  bv  Biot  (Mim,  de  VAcadtin,  des  Seiencet,  xiv.  466, — 
Dagui  n's  Traiti  ilimentairede  Phynque,  ii.  62).  Suppose  a  pencil  of  rajs  of  sensibly 
the  same  wave-length  to  fall  perpendicularly  upon  a  plate  of  some  diathermic  substance 
and  let  the  intensity  of  the  pepcil  be  represented  by  I,  the  reflecting  power  of  the 
surface  of  the  plate  by  r,  and  the  thickness  of  the  plate  by  e.  Then  a  pencil  of  the 
intensitv  Ir  wul  be  re^ecte^  at  t}ie  first  surface,  and  the  intensity  of  the  pencil  which 
enters  the  plate  will  be  I  (X  —  r).  Of  this,  a  certain  proportion  will  undeigo  absorption 
while  traversing  the  plate,  fhe  amount  of  absorption  being  some  function /(e)  of  the 
thickness,  which  has  .to  be  dete^ined.  The  quantity  of  heat  which  arrives  at  the 
second  surface  will  therefore  be  I  (1  —  r)f(e).  Here  a  second  reflection  will  take 
place,  whereby  a  fi»ction  r'  of  this  heat  will  be  kept  back,  and  the  qnantitj  which 
issues  from  the  plate  iiill  consequently  be 

I  (1  -  r)  (1  -  O/ («)• 
If  a  second  plate  of  the  same  substance,  having  the  thickness  e\  be  placed  in  the  path 
of  the  pencil  emergent  from  the  first  plate,  the  intensity  of  the  heat  which  issues  nom 
the  second  plate  will  be  found,  by  reasoning  similar  to  the  above,  to  be 

<- 1(1- ryCl-fO"/ («)/(«-)• 
Now  let  the  same  original  pencil  pass  through  a  single  plate,  still  of  the  same  Bubstance^ 
but  of  the  thickness  0  +  ^ ;  the  intensity  of  the  emergent  pencil  will  be  found  as  above, 
to  be 

t--I(l-r)(l-r^)/(d  +  0. 
But  it  is  found  by  experiment  that  i  s  t"  (1  —  r)  f  1  —  r'),  that  is  to  sav,  that  the  loss 
by  absorption  is  the  same  for  the  same  thickness  01  substance,  whether  ttdS  is  disposed 
in  two  plates  or  united  int^  one,  the  factor  (1  -  f)  (1  -  r')  representing  the  additional 
loss  by  refiection  in  the  former  case.    Hence  we  have 

•     • /(«  +  «")  ^/w-zw. 

which  can  only  hold  good  if/  (e)  «  a*,  where  a  is  a  constant  dependent  on  the  natore 
of  the  substance  aiid  on  that  of  the  incident  rays,  sothat/(«)  ./  («  )  s-  «•  .  o^  «  «•  +  «•'. 
Consequently,  the  expresuoxi  for  I3ie  quantity  of  heat  which  passes  through  a  plate  of 
the  thickness  e  is 

I  (1  -  r)  (1  -  O  «•. 

which  shows  that  the  intensity  of  the  transmitted  Heat  varies  according  to  a  yeometrieal 
progression  when  the  thickness  of  the  plate  increases  in  an  arithmetical  progression.  The 
ratio,  a,  of  the  former  progression,  which  depends  as  we  have  said  on  the  nature  of  the 
plate  and  of  the  incident  heat,  is  called  the  coefficient  of  transmission  of  the  substance 
of  which  the  plate  is  made,  for  the  particular  kind  of  heat  in  question ;  it  represents  the 
quantity  of  heat  transmitted  through  a  thickness  of  1  millimetre. 

It  follows  also  from  the  above  considerations,  that  the  quantities  of  heat  absorbed  by 
snccessive  layers  of  equal  thickness  of  the  same  substance  likewise  form  a  diminishing 
geometrical  progression ;  for,  calling  the  intensity  of  the  heat  which  penetrates  the  first 
surface  of  the  substance  T,  we  get,  for  the  quantities  transmittea  and  absorbed  by 
successive  layers  of  the  same  thickness,  the  following  expressions : — 


By  ^^  first  layer 
By  the  second  iHijet 
By  the  third  layer  . 


Transmitted. 

I'a 

I' 

ra« 

I'a 

IV 

I'fl« 

Absorbed. 

-  I'fl     -  I'  (1  -  a) 

-  I'a«    -  I'a  .  (1  -  a) 

-  To*    -  I'a«.(l  -a) 


By  the  «♦»»  layer      ...        la*  I'a ■**-  I'o"     -  I'a^»  •  (1  -  «) 

If  the  incident  pencil  consists  of  rays  of  various  wave-lengtiis,^  having  the  respective 
intensities  I,  Ii,  I„  .  .  .  .  and  if  the  coefficients  of  transmission  of  the  diathermic 
plate  for  these  various  rays  are  respectively  a,  a|,  a,,  .  .  .  .  the  intensity  cf  the  pencil 
on  emerging  from  a  plate  of  the  thickness  e  will  be  the  sum  of  the  intensities  of  the 
rays  of  each  several  wave-length,  and  will  therefore  be  represented  by — 

(1  -  r)  (1  -  r')  (la-  +  I,  a»*,  +  Va*  +   •  •  •  •  > 
Hence  it  is  evident  that  the  composition  or  thermochroseot  the  emergent  pencil  will  not 
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he  ^e  Bune  *»  «>«t  of  the  incident  pencil  except  when  the  coefficients  a,  a,,  n,  &c 

?%^T^'    Jl  "^*^  '^  immediately  that  each  of  these  deductiona  from  tEeoiy 
n  folly  Gonnrmed  by  expenment.  ^ 

TheiwidtB  of  Mellon  i;8  experiments  on  the  transmiasion  of  heat  thioogh  layers 
of  TBijmg  thickness  are  collected  in  the  following  table :—  "^^t^u  layers 

ofBadiant  Heat  through  layers  ofmrwus  Thicknesses. 


Gta$$fhmSi.OcMD.  Limpid ifocft-ciyifaiL 


Smoky  Roek-cfystal, 


Colza  Oil. 


Di»tili6d 
Water. 


By  snUracting  the  quantity  of  heat  transmitted  by  a  layer  of  n  millimetres  in  thick- 
neiB  from  that  transmitted  by  a  layer  of  n  —  1  millimetres,  we  obtain  the  quantity  of 
heat  oAforM  by  the  n*^  stratum  of  1  millimetre  thick.  Thus,  for  instance,  for  the 
absorption  of  the  heat  of  a  Locatelli*8  lamp  by  successive  strata  of  water  1  millimetre 
in  thickness,  we  obtain  the  following  results : —  ' 

Number  of  each  stratum       •.1234i$67g 
Quantity  of  heat  absorbed    .        .        80*7   6-4     2*5      1*4     0*9     OS     04     0*2 
Here  the  diminution  of  absoiption  in  successive  strata  of  the  same  thickness  is 
▼eiy  apparent,  but  the  ratio  of  the  absorption  of  a  given  stratum  to  the  absorption  of 
the  previous  one  is  by  no  means  constant,  as,  according  to  the  foregoing  discussion 
must  be  the  case  for  homogeneous  heat.    The  reason  of  this  is,  that  the  heat  employed 
in  the  experiments  was  far  from  homogeneous,  but  consisted  in  part  of  visible  and  in 
part  of  invisible  rays,  and  each  of  these  portions  contained  rays  differing  greatly  from 
one  another  in  wave-length.     Consequently,  the  coefficient  of  tmnsraission  of  water  for 
visible  rays  being  nearly  equal  to  unity,  but  very  mudi  less  forin visible  rays,  the  different 
component  parts  of  the  h«it  underwent  unequal  absorption,  and  hence  the  quality  of  the 
heat  which  arrived  at  each  stratum  was  different  from  that  of  the  heat  which  arrived  at 
the  preceding  and  the  succeeding  strata.    When,  however,  homogeneous  heat  ya  used, 
the  absorption  in  successive  equal  strata  of  the  same  material  takes  place  according  to 
a  regularly  decreasing  geometrical  series.     This  is  clearly  shown  in  the  following  ex- 
|>eriments  by  Hasson  and  Jamin  (Wiillner's  Lehrbwch  der  Experimentalvhysik 
il  836).    The  constituent  raprs  of  a  beam  of  solar  heat  were  separated  from  each  other 
by  means  of  §  rock-salt  pnsm,  and  a  portion  of  the  yellow  rays  of  the  spectrum  so 
produced  was  allowed  to  fall  upon  one,  two,  or  three  pieces  of  the  same  yellow  glass 
of  equal  thickness,  and  the  intensity  of  the  emergent  rays  was  measured  in  each  case. 
•Representing  the  thickness  of  each  piece  of  glass  by  e,  and  its  coefficient  of  transmission 
for  the  rays  m  question  by  a,  we  find  the  following  values : — 

For  the  heat  transmitted  by  1  piece  of  yellow  glass  «  A^  a  I  (i  ^  r)  (1  —  O  ^ 
For  the  heat  transmitted  by  2  pieces  of  yellow  glass  «  A^  —  1(1  —  r)*  (1  —  r')^  a"** 
For  the  heat  transmitted  by  3  pieces  of  yellow  ghiss  «  Ag  «  I  (1  —  r)*  (1  —  t^)*  ah. 

The  same  beam  of  yellow  rays  was  next  allowed  to  fell  upon  one,  two,  or  three  thick- 
Vou  V.  F 
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nesses  of  dear  colourless  glass,  whose  coefficient  of  transmission  was  nearly  equal  to 
unity,  and  the  intensity  of  the  heat  transmitted  in  each  case  was  determined.  Calling 
these  qoaqtities  of  heat  respectively  B^,  B^,  and  Bs,  we  haye— 

Bi  -  I(l-r)  (1-/);B.  «  I(l-r)«(l-r7,and  B,  =  I  (l-r)«  (1 -r')*; 


and  conse<^aently 


Ax_ 


=  a«:   :^ 


B, 


The  coefficients  of  tmnsmission  for  one,  two,  and  three  thicknesses  of  yellow  glass  were 

thus  found,  independently  of  the  effects  of  reflection  at  the  snriuces.    The  square-root  of 

the  second  and  the  cube-root  of  the  third  ought  obviously  to  be  equal  to  the  first,  if  the 

calculation  was  made  with  perflsct  strictneas,  and  the  following  numerical  resists  show 

that  such  was  nearly  the  case : — 

Number  of 
Flatei  of  Gla^i.  Heat  transmitted.  a«. 

0-497 
0-458 
0-465 

The  gradual  decrease  in  the  value  of  a*  is  to  be  attributed  to  the  ooefficient  of  trans* 
mission  for  colourless  glass  having  been  taken  as  exactly  equal  to  unity,  whereas  ia 
reality  it  is  only  nearly  so. 

The  following  table,  taken  from  Melloni  (ThermochrOse,  p.  227),  illustrates  on  the 
other  hand,  the  change  qf  qi^lity  which  a  pencil  of  non-hqmogejieous  radiant  heat 
imdergoes  on  passing  through  diathermic  substances.  The  numbers  in  the  table  repre- 
sent the  intensities  of  the  transmitted  pencils  compared  to  that  of  the  incident  pencil 
taken  as  100.  The  original  source  of  heat  was  a  LocatelIi*s  lamp,  and  the  thick- 
ness of  the  plates,  except  where  otherwise  stated,  was  2*6  millimetres : — 


1 

a*    -  0-497 

2 

a^  «  0^8097 

3 

0^  «  0-094 

TVanamisswn  of  Radiant  Heat  through  Tw9  Media. 

Percentage  transmitted  of  the  heat  of  a  Locat«Hi*s  lamp     | 

Direct 
radiation. 

after  passing  through 

a  pUte  of 

Substances  iDtarpoaedl, 

Opaque 

Rook-salt. 

Alum. 

PotassichU. 
chromate. 

• 

Gypsum. 

black 

glass 

(I-H5  mm. 

thick). 

Bock-salt    . 

92-3 

92-3 

92-3 

92-3 

923 

92-3 

Pluor-spar  . 

78 

78 

90 

88 

91 

91 

iPeiyl. 

64 

68 

80 

66 

91 

67 

Iceland  spar 

39 

40 

91 

66 

89 

66 

Glass  (0*6  mm.  thick)  . 

64 

64 

90 

68 

86 

80 

Glass  (8  mm.  thick)    . 

34 

33 

90 

47 

82 

46 

Rock-crystal 

38 

39 

91 

62 

86 

64 

Potasaio  bichromate    . 

34 

33 

67 

71 

63 

24 

Sulphate  of  barium     . 

24 

26 

36 

26 

4T 

67 

White  agate 

23 

23 

70 

30 

78 

17 

Felspar  (adularia) 

23 

22 

23 

43 

68 

23 

Yellow  amber     , 

21 

20 

66 

20 

61 

8 

Opaque    black    glass 
(1-8  mm.  thick) 

!■• 

16 

0 

14 

18 

62 

Opaque     black    mica 

I  90 

20 

0 

16 

12 

43 

rO'9  mm.  thiol;) 
Yellow  a^te 
Aquamaiuia 

{ 

^  ^^ 

*^^ 

19 

19 

67 

24 

64 

14 

19 

IS 

60 

26 

67 

21 

Borax 

18 

18 

23 

23 

33 

24 

Green  tourmaline 

18 

17 

1 

14 

10 

30 

Common  gi^m     • 

18 

18 

61 

12 

62 

4 

Gypsum 

14 

14 

69 

22 

64   • 

15 

Gypsum  (12  mm.  thick) 

10 

10 

66 

17 

46 

0-6 

Carbonate   of   ammo- 

• 

!" 

12 

44 

11 

34 

6 

mum 

Citric  add  . 

11 

10 

88 

16 

§2 

2 

Potassio-sodic  tartrate 

11 

U 

86 

16 

60 

1 

Alum 

9 

9 

90 

15 

47 

0 

It  will  be  observed  that,  of  the  five  substances  through  which  the  heat  of  the  lamp 
^s  caused  to  pass  in  these  experiments,  rock-salt  is  the  only  one  which  did  not 


TRANSMISSION  OF  RADIANT  HEAT. 


67 


materiallj  alter  its  properties;  all  the  other  substances  having  strongly  marked 
thennochroiccharacters,  or  transmitting  rays  of  different  ware-lengths  with  yery  unequal 
&eility  (as  may  be  seen  from  the  table  on  page  62),  emit  heat  of  decidedly  different 
composition  £rom  that  which  ^Is  upon  them.  Two  of  these  substances  indeed,  alum 
and  black  glass,  are  to  a  great  extent  of  opposite  thermochroic  properties :  of  the  heat 
^meigent  from  tibe  plate  of  alum,  90  per  cent,  was  able  to  pass  through  a  second 
plate  of  the  same  material,  but  none  of  it  was  able  to  pass  through  a  plate  of 
black  glafis ;  while  of  the  heat  emergent  from  the  latter  body,  52  per  cent  was  trans- 
mitted by  a  second  plate  of  the  same  kind,  but  none  at  all  was  transmitted  by  a  plate 
of  alum.  Alum,  although  almost  perfectly  transparent  for  risible  rays,  is  in  very 
moderalB  thicknesses  completely  opaque  for  the  invisible  heat-rays ;  hence,  as  shown  by 
the  table  on  page  62,  it  completebr  intercepts  the  heat  radiated  by  sources  at  tom- 
peratnree  below  visible  redness.  Iji  this  property  alum  closely  resembles  ice,  and  it 
probably  owes  it  in  great  measure  to  the  large  proportion  of  solidified  water  (of  crys- 
tallisation) which  it  contains.  Black  glass,  on  the  other  hand,  is  very  opaque  for 
visible  rays,  and  relatively  transparent  for  invisible  rays.  Hence,  to  some  extent,  it 
filters  off  the  visible  rays,  and  allows  heat  richer  in  rays  of  great  wave-length  to  pass. 
This  effect^  however,  is  produced  much  more  completely  by  blackened  rock-salt,  or 
better  stfll,  as  Tynd  all  has  shown  (Phil.  Mag.  [4]  xxviii.  333),  by  a  solution  of  iodine 
in  bisolphide  of  carbon.  Such  a  solution,  though  perfectly  opaque  for  luminous  rays, 
does  not  absorb  any  appreciable  quantity  of  the  rays  of  greater  wave-length.  Hence, 
by  placiiig  a  ceU  filled  with  this  liquid  on  the  path  of  a  beam  of  rays  flx)m  a  powerful 
electric  lamp,  Tyndall  has  succeeded  in  cutting  off  completely  the  luminous  rays,  and 
obtaining  a  beam  of  invisible  heat-rays  of  very  much  greater  intensity  than  has  ever 
been  obtained  in  any  oUier  way. 

B^  comparing  the  absorbing  and  transmitting  powers  of  various  substances  in  the 
liquid  and  vaporous  states,  Tyndall  has  arrived  at  the  important  conclusion  that  the 
numbers  by  which  these  properties  are  measured  are  to  each  other  in  the  same  relative 
proportion  in  the  case  of  vapours,  as  in  the  case  of  the  liquirls  from  which  those  vapours 
are  finrmed  (Phil.  Mag.  [4]  xxviii,  451).  The  foUowing  tables  contain  some  of  the 
results  on  which  this  conclusion  is  founded ;  the  numbers  express  the  percentage  of 
the  incident  heat  absorbed,  the  source  of  heat  being  a  platinum  wire  heated  by  an 
current: — 

Absorption  ofBadvant  Heat  by  Liquids. 


MqoSd. 

Thickness  of  liquid  in  parts  of  an  Inch. 

O'OI                  001 

0^07         1                      1        0-37 

Sulphide  of  carbon  . 
Chloroform 
Methylic  iodide 
T^hylic  iodide  . 
Beneene  . 
Amylene  . 
Ether 

Ethylic  acetate 
Ethylie  formate 
Alcohol    . 
Water      . 

6-6 
16-6 
861 
38-2 
43-4 
58-3 
63-3 

65-2 
67-3 
80-7 

8-4 
250 
46-5 
50-7 
66-7 
65*2 
73-6 
74-0 
76-3 
78-6 
861 

12-6 
350 
532 
59-0 
62-6 
736 
761 
780 
79-0 
83-6 
88-8 

152 
400 
65-2 
690 
71-5 
77-7 
78-6 
820 
840 
85'3 
9J-8 

178 
44-8 
68-6 
71-5 
73-6 
82-3 
85-2 
861 
870 
891 
910 

Absorption  of  Radiant  Heat  by  Vapours. 


• 

1*Utinam  spiral. 

Name  of  Vapour. 

BArelf 

Brightly 

White 

Near        ! 

visiole. 

red-hot. 

hot. 

fusion.       1 

I — 

t  Sulphide  of  carbon      . 

6-5 

4-7 

2-9 

2-5 

Chloroform         .... 

91 

6-3 

5-6 

3-9 

Methylic  iodide  . 
Ethylie  iodide    . 

>                •                #                • 

12-5 

9-6 

7-8 

•                  a                   • 

210 

17-7 

128 

Benaene 

B                  •                  •                  • 

26-3 

20-6 

165 

Amylene    • 

•                   a                  f 

35-8 

27-5 

22-7 

Ether 

»                  •                  •                  • 

43-4 

31-4 

25-9 

23-7 

Ethylie  formate  . 

45-2 

3  -9 

25-1 

21-3 

Ethylic  acetate  . 

»                 •                 e                  • 

49-6 

34-6 

27-2 

F  2 


68 


RADIATION  AND  CONDUCTION. 


That  the  quality  of  the  abflorption  of  the  same  sabstance  may  remain  oonstaxit,  not- 
withatanding  great  changes  of  physical  condition,  is  prored  by  the  observation  of 
Bun  sen  (Ann.  Ch.  Fharm.  cxxzi.  255),  that  phosphate  of  didyminm  in  a  state  of 
Igneous  fusion  shows  the  same  absorption-band  in  the  yellow  as  that  which  characterises 
didymium-salts  in  aqueous  solution.   (See  ii.  322.) 

From  the  great  absorbing  power  of  water,  as  shown  in  the  first  of  the  above  tables, 
and  from  the  general  correspondence  which  is  apparent  between  the  absorbing  powers 
of  liquids  and  their  vapours,  it  appears  probable  that  aqueous  rapour  would  bare  a 
relatively  high  absorbing  power.  This  view  is  taken  by  Tyndall,  and  is  supported 
by  the  results  of  a  great  number  and  great  variety  of  apparently  conclusive  experiments, 
ftom  which  he  infers  that,  **  weight  for  weight,  aqueous  vapour  transcends  all  others 
in  absorptive  power."  It  is,  however,  proper  to  add  that  Magnus,  who  has  also  devoted 
a  great  deal  of  attention  to  the  same  point,  differs  widely  from  Tyndall  in  his  esti- 
mate of  the  absorptive  power  of  aqueous  vapour,  regarding  it  as  very  much  lower ;  and 
so  long  as  the  source  of  the  divergence  in  the  results  of  these  two  experimenters  remains 
unexplained,  the  question  between  them  cannot  be  considered  as  decided. 

The  transmission  of  radiant  heat  through  permanent  gases  has  also  been  investigated 
by  l^dall,  who  has  found  that  these  substances  differ  very  greatly  in  their  power  of 
absorbing  heat  from  sources  of  low  temperature.  The  following  table  gives  the  relative 
absorbing  powers  found  by  him  for  a  column  32  inches  long  of  several  gases,  under  a 
pressure  of  760  millimetres,  for  the  heat  radiated  from  a  plate  of  copper  heated  by  a 
Bunsen's  gas-lamp : — 


Njuneofgai. 

Air. 

Oxygen  . 
Nitrogen. 
Hydrogen 


AbflorpUoa. 
(That  of  air  a  I) 


1 
1 
1 
1 


Chlorine 39 

Hydrochloric  acid    .        .        .62 


Name  of  gat. 

Carbonic  anhydride 
Nitrous  oxide 
Marsh -gas    . 
Sulphurous  anhydride 
Ethylene 
Ammonia     . 


Abtorptlon. 
(That  of  air  a  t) 

90 
355 
403 
710 
970 
1195 


When  the  same  gases  are  compared  in  shorter  columns,  or  under  lower  pressures^ 
the  difference  in  their  relative  absorbing  powers  becomes  even  more  strikingly 
evident 

There  is  one  other  circumstance,  besides  the  nature  of  the  medium  and  the  wave- 
length of  the  rays,  which  affects  the  transmission  of  radiant  heat  This  is  the  ampLi- 
tude  of  the  vibrations,  or  the  intensity  of  individual  rays.  It  has  been  already  stated 
(p.  54)  that,  as  the  temperature  of  a  radiating  body  is  raised,  it  gives  out  rays  of 
smaller  and  smaller  wave-length,  but  that  the  amplitiide  of  the  more  slowly  yibrating 
rays,  which  it  gave  out  at  first,  is  increased  at  the  same  time.  This  is  very  distinctly 
proved  by  some  experiments  of  Tyndall  (Phil.  Mag.  [4]  xxviii.  334),  from  which  it 
appears  that  the  intensity  of  the  invisible  radiation  (capable  of  parsing  through  an 
opaque  solution  of  iodine  in  bisulphide  of  carbon)  of  a  spiral  of  platinum-wire  may  be 
increased  four-hundredfold  by  raising  the  temperature  of  the  wire  from  a  dark  heat  to 
a  dazzling  white  heat.  Hence  the  non-luminous  rays  of  luminous  sources  are  not>  in 
all  respects,  equivalent  to  the  rays  of  the  same  wave-length  from  non-luminous  sources ; 
and  Tyndall  accordingly  found  that  20  per  cent,  of  the  non-luminous  rays  of  the 
electric  lamp  passed  through  a  layer  of  concentrated  solution  of  alum  more  than  an 
inch  thick,  although  alum  and  its  solution,  even  in  much  thinner  layers,  are  quite 
opaque  for  the  same  rays  emitted  from  sources  of  lower  temperature. 

The  temperature  of  the  medium  has  not  been  clearly  proved  to  exert  any  influence 
on  the  transmission  of  radiant  heat.  According  to  Wilhelmy  (Ann.  Ch.  Fhys.  [3] 
xlvii.  206),  glass  transmits  the  rays  of  an  Argand  lamp  more  abundantly  when  hot  than 
when  cold;  but  De  la  Frovostaye  and  Desains  failed  to  detect  any  difference  in 
the  transmission  of  rock-salt  or  glass  at  ordinary  temperatures,  or  at  150^.  (Daguin, 
TraiU  de  Pkyeique,  il  52.) 

Conduction. 

If  one  part  of  a  material  body  is  at  a  higher  temperature  than  the  rest,  the  high 
temperature  of  this  part  can  be  maintained,  and  the  temperature  of  other  parts  can  be 
prevented  from  rising,  only  by  the  action  of  external  causes.  If  the  body  is  left  to  itself, 
it  will  sooner  or  later  acquire  a  uniform  temperature  throughout,  the  hot  part  losing 
heat  and  the  colder  parts  gaining  heat.  This  tendency  towards  equalisation  of 
temperature  throughout  any  continuous  portion  of  matter,  manifests  itself  in  the  phe- 
nomena of  conduction  of  heat,  the  property  of  bodies  which  is  known  as  their  con- 
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doctiDg  power  or  eondnetiTity  being  the  rapidity  «ith  which  this  equalisation 
if  efleeted  under  certain  specified  conditions.  The  different  degrees  of  this  property 
in  difi&rent  bodies,  as  exhibited  by  the  rarions  lengths  of  time  during  which  equal 
differences  of  temperature  can  be  maintained  between  equally  distant  parts,  are  so 
Btn'king  and  Cuniliar  that  there  is  no  need  to  draw  attention  to  the  mere  fiict  of  their 
existence. 

The  laws  of  the  conduction  of  heat  have  been  inrestigated  in  relation  to  the  two 
caws  of  conduction  through  a  plate  or  wall  with  parallel  surfaces,  and  of  practicall/ 
uoliraited  area,  and  of  conduction  in  a  prismatic  or  cylindrical  bar.  For  these  two 
cases  the  connection  of  conducting  power  with  the  distribution  of  temperatures  has  been 
iarestigated  mathematically,  especially  by  Fourier  {7%eorie*ana/ytique  de  la  ChaUur^ 
Fkrisi  1822)  and  Poisson  (T^eoris  math&maiique  de  la  Ckaleur,  ^ati^  1835),  but 
we  cannot  attempt  to  do  more  here  than  to  giye  the  principal  results  that  have  been 
arrived  at  experimentally. 

The  coefficient  of  conductivity  of  a  substance  is  defined  as  the  guaniity  of 
heal  ttkiek  pastes  in  a  unit  of  time  through  a  plate  of  that  substance  of  unit  thickness 
and  unit  artA,  whose  surfaces  are  maintained  at  constant  temperatures  differing  from 
one  another  by  one  degree.  This  coefficient  has  been  measured  experimentally  by  three 
processes,  which  differ  from  eiich  other  in  principle  as  well  as  in  the  manner  in  which 
they  have  been  carried  out.  The  most  direct  process  is  that  adopted  by  Pee  let  (Ann. 
Ch.  Phya.  [3]  ii.  107),  which  consisted  in  measuring  the  time  required  for  a  given 
quantity  of  heat  to  pass  through  plates  of  different  materials  of  definite  thickness,  the 
two  surfaces  being  maintained  at  known  constant  temperatures.  The  last  condition 
was  attained  by  keeping  the  two  sides  of  the  plate  bathed  with  water,  which,  however,  it 
was  fonnd  needful  to  agitate  very  briskly,  in  order  to  make  sure  that  the  film  of  water 
in  actual  contact  with  the  plate  was  of  the  same  temperature  as  the  remainder.  When 
the  water  at  one  side  of  the  plate  was  at  25^  C,  and  that  at  the  other  side  at  the 
temperature  of  the  air,  the  times  required  for  the  same  elevation  of  temperature  to  be 
produced  in  the  water  at  the  coaler  side,  with  plates  of  lead  of  20  mm.  and  16  mm. 
thickness,  were  500  and  380  seconds  respectively,  or  very  nearly  proportional  to  the 
thicknesses  of  the  plates  (20 :  15  "■  500 :  375).  From  experiments  of  this  kind, 
Peclet  calculated  the  number  3*84  for  the  coefficient  of  conductivity  of  lead,  expressing 
thereby  the  number  of  kilogramme-water-degrees  of  heat  which  pass  through  a  plate 
of  lead  1  millimetre  thick,  and  1  square-metre  m  superficial  area,  in  1  second,  when  a 
eonstant  difference  of  temperature  of  1^  C.  is  maintained  between  the  two  surfaces.  For 
scientific  purposes,  it  is  commonly  more  convenient  to  express  conducting  powers  in 
gramme-water-degrees,  per  second,  per  centimetre  of  thickness,  per  square-centimetre 
of  sorfaoe ;  the  numerical  value  of  coefficients  expressed  upon  the  scale  is,  however,  the 
same  as  when  they  are  referred  to  Peclet' s  unit 

By  a  method  essentially  similar  in  principle,  but  different  in  the  manner  of  its 
execntionf  Lncien  I)e  la  Rive  (Ann.  Ch.  Fhvs.  [4]  i.  504)   has  found  for  the 
eondncting  power  of  glass  the  number  0*13,  and  oy  a  comparative  method  he  ascer- 
tained the  conducting  power  of  ice  to  be  1*75  times  that  of  glass :  hence,  in  the  same, 
units,  the  coefficient  of  conductivity  of  ice  is  expressed  by  the  number  0*28. 

Calvert  and  Johnson  (Phil.  Trans.  1858 ;  Proc.  Roy.  8oc.  iz.  169)  have  also 
made  experiments  in  order  to  determine  in  a  similar  manner  the  conductivities  of 
several  metals  and  alloys ;  but  their  method  was  not  such  as  to  make  their  numerical 
results  of  great  value. 

When  once  the  coefficient  of  conductivity  of  a  substance  is  known,  the  quantity  of 
heat  Q,  which  passes  through  a  layer  of  the  substance  of  the  thickness  e  and  area  s,  in 
the  time  T,  when  its  two  surfaces  are  kept  at  the  constant  temperatures  t^  and  f^ 
supposing  that  these  temperatures  have  been  maintained  unaltered  long  enoueh  for  the 
body  to  have  arrived  at  a  stationary  condition  of  temperature  throughout  its  whole 
thiVlmiMM,  and  that  none  of  the  heat  which  enters  the  first  surfiice  escapes  elsewhere 
than  at  the  opposite  sur&ce,  may  be  expressed  by  the  following  formula : — 

Q^ks,*-^.T,...{1) 
e 

when  k  stands  fi^r  the  coefficient  in  question.    Calling  —-,  or  the  quantity  of  heat 

which  pmwfft  in  a  unit  of  time»  the  strength  ofths  thermal  current  »  S,  and  ^-  the 

thermal  resistance  of  the  substance  the  above  formula  may  be  written  S  =  -^~  > 

R 

in  which  form  it  is  seen  to  be  exactly  analogous  to  Ohm's  formula  for  the  strength  of 


70  RADIATION  AND  CONDUCTION. 

electric  cnirents  (ii.  459) ;  the  difference  of  temperatures,  t  -^  f,  being  the  conditioB 
which  determines  the  flow  of  heat,  and  therefore  comparable  with  the  electromotiYe 
force  in  the  case  of  electricity. 

The  distribution  of  temperature  within  a  body  can  remain  constant  only  when 
each  thinnest  stratum  gives  up  eveiy  moment  exactly  as  much  heat  as  it  receives; 
and,  if  ail  the  heat  which  each  stratum  loses  is  imparted  to  the  following  stratum, 
the  quantity  of  heat  passing  through  each  stratum  in  a  given  time  must  be  the 
same,  and  this  condition  requires  that  the  temperatures  of  every  two  contiguous  strata 
shall  differ  from  each  other  by  the  same  amount.  Hence,  in  such  a  case  as  we 
have  supposed  above,  the  temperatures  of  the  successive  strata  of  the  substance  form 
an  arithmetical  progression ;  or,  if  ^  be  the  temperature  of  the  hotter  8ur£Eice«  f^  that  of 
the  cooler  surface,  e  the  entire  thickness  of  the  body,  and  d  the  distance  from  the  hotter 
surface  of  any  given  stratum,  the  temperature  of  this  stratum  will  be  expressed  by 
the  formula — 

<  -  (<  _  r)  1  .  .  .  (2) 

In  many  caMs,  however,  the  heat  given  out  by  each  stntum  of  particles  is  not 
completely  imparted  to  the  next,  and  in  this  case  tne  flow  of  heat  and  distribution  of 
temperatures  cannot  be  determined  by  the  above  formula.  For  instance,  when  one 
end  of  an  iron  bar  is  kept  hot  by  being  placed  in  a  fire,  any  given  stratum  of  particles 
near  the  heated  end  receives  heat  from  the  stratum  in  front  of  it,  and  so  its  own 
temperature  rises.  It  then  in  its  turn  begins  to  give  off  heat  to  the  next  stratum, 
whose  temperature  is  thus  likewise  raised,  but  it  does  not  at  first  give  off  heat  as  last 
as  it  receives  it ;  after  a  time,  however,  it  does  so,  for  the  hotter  it  gets  the  more 
slowly  does  it  taJce  up  heat  and  the  more  rapidly  does  it  give  it  out,  and  henceforth  its 
temperature  remains  constant  But  even  when  this  condition  has  been  reached,  the 
stratum  in  question  does  not  give  up  to  the  following  one  the  whole  of  the  heat  which 
it  loses :  a  certain  proportion  is  imparted  by  radiation  and  by  conduction  to  the  air  and 
other  surrounding  objects.  Hence  the  quantity  of  heat  received  by  each  successive 
stratum  of  the  bar  becomes  less  and  less  as  the  distance  frt)m  the  heated  end  increases, 
and,  if  the  bar  is  long  enough,  no  perceptible  quantity  of  heat  at  all  reaches  the  farther 
extremity.  The  fiow  of  heat  along  such  a  bar  may  be  conceived  of  as  analogous  to  the 
flow  of  water  along  a  pipe  which  has  a  longitudinal  fissure  extending  along  its  whole 
length.  In  consequence  of  leakage,  the  quantity  of  water  arriving  at  successive  parts 
of  such  a  pipe  would  be  continuimy  less  and  less,  and  if  the  pipe  were  very  long,  none 
at  all  would  arrive  at  ike  fiurther  end« 

In  order  to  take  account  of  this  leakage  of  heat,  as  it  ma^  be  called,  a  quantity 
known  as  the  coefficient  of  external  conductivity  wasmtroduced  by  Fourier 
into  the  theory  of  conduction.  This  coefficient  denotes  the  quantity  of  heat  lost  in 
a  unit  of  time  by  a  unit  of  surface,  when  the  temperature  of  the  latter  exceeds  that  of 
the  surrounding  medium  by  one  degree.  It  evidently  depends  upon  the  emissive  power 
of  the  surface  and  on  the  nature  of  the  surrounding  medium. 

If  we  denote  the  coefficient  of  external  conductivity  of  a  body  by  ^,  and  suppose  the 
temperature  f  of  the  surface  of  the  body  to  exceed  the  temperature  0  of  the  medium, 
by  so  small  an  amount  that  Newton's  law  of  cooling  (p.  52)  is  applicable  to  it,  the 
quAntity  of  heat  lost  by  a  tmit  of  surface  in  a  unit  of  time  will  be  A  (^  —  $).  And 
if  the  bodv  imder  consideration  is  one  to  which  the  formula  (1)  on  page  69  is  appli- 
cable (such,  for  instance,  as  a  steam-boiler,  to  name  a  practical  example\the  quantity 
of  heat  which  arrives  at  a  unit  of  surfiice  in  a  unit  of  time  from  any  depth  «,  where 

the  temperature  is  t,  will  be  k . .    Hence,  if  the  temperature  of  the  surface  remains 

constant,  we  have  k . »  h(f  ^$),  the  amount  of  heat  received  from  within  equal 

s 

to  the  amount  imparted  to  the  outer  medium — an  equation  which  defines  h  when  k  is 
known. 

The  remaining  methods  by  which  the  coefficient^  k,  of  internal  conductivity  has  been 
measured  may  be  called  indirect,  since  they  depend  on  observations  of  the  distribution 
of  temperature  in  unevenly  heated  bodies.  This  distribution  must  evidently  be  a 
function  of  the  coefficient  A*,  and  of  the  coefficient  of  external  conductivity ;  for,  other 
things  equal,  it  must  necessarily  be  more  nearly  uniform  in  a  good  conductor  than  in  a 
bad  one,  and  less  uniform  in  a  body  whose  coefficient  of  external  conductivity  is  high, 
than  in  one  for  which  this  coefficient  is  low. 

One  mode  of  experiment  depending  on  these  principles  consists  in  maintaining  a 
constant  high  temperature  at  one  end  of  a  long  bar  of  the  substance  to  be  examined, 
and  determining  the  temperature  of  the  bar  at  various  points  of  its  length,  after  the  high 
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tempentnre  of  the  heated  end  has  been  kppt  up  long  enough  for  the  temperature  at 
ereiy  other  point  to  hare  become  invariable.  Experiments  of  this  kind  were  made  by 
Bumf  or  d,  vho  placed  one  end  of  an  iron  bar  in  boiling  water  and  surrounded  the  other 
with  ioe ;  and  observed  its  temperature  at  three  points,  equidistant  from  each  other, 
and  from  the  two  ends,  by  means  of  three  delicate  thermometers  inserted  in  holes 
bored  in  the  side  of  the  bar,  and  filled  up  with  mercury  to  render  the  indication  of  the 
tempentnre  more  exact.  More  extensive  determinations  were  made  in  the  same  way 
by  ]Biot  and  afterwards  by  Despretz  (Ann.  Ch.  Phys.  [2]  xix.  97 ;  xxxvi.  422)  and 
Oou  i  1  la  ad  {ibid.  [3]  zlviii.  47).  from  these  experiments  it  results  that  the  temperatures 
of  sueee^ve  strata  of  a  uniform  bar  heated  at  one  end  decfease  in  g^nnetrical  pro- 
p^mkm  when  the  distance*  from  the  source  increase  in  arithmetical  progression.  From 
the  ratios  of  the  progression  for  various  substances,  t^e  ratios  of  their  coefficients  of 
internal  oondnctivity  ooold  be  cSalculated,  when  the  coefficients  of  external  conductivity 
were  nuide  the  same  for  all,  by  giving  to  each  substance  the  same  condition  of  surface, 
and  making  the  external  medium  also  the  same.  But  when  bars  of  considerable 
section  are  used,  the  interior  of  each  cfosS'Section  mtlst  necessarily  be  at  a  sensibly 
higher  temperature  than  the  sides,  and  the  holes  bored  for  the  insertion  of  the  thermo- 
meters must  also  have  affected  the  results.  Hence  Langberg  (Pogg.  Ann.  1^.  1 ; 
Ann.  Ch.  Pharm.  Ivi.  189)  experimented  upon  various  metals  in  the  form  of  wire,  de- 
termining their  temperatures  at  different  points  by  means  of  a  small  thermo-electric  pile 
applied  in  contact  with  them.  This  method  of  experimenting  was  afterwards  improved 
byWiedemannandFf  anz  (Pogg.  Ann. ktxxix.  497)*  whou^eby  it  the  most  exten- 
sive and,  th<ire  is  little  doabt,  the  most  accurate  series  of  observations  on  the  relative 
oonductaiig  powers  of  various  metals  t;hat  have  yet  been  published.  The  following 
table  eontains  the  relative  conducting  powers  of  the  metals  examined  by  them,  com- 
pared with  that  of  silver  taken  arbitruHy  as  100,  and  also  the  absolute  conducting 
powers  of  the  same  metals^  calculated  from  their  relative  numbers  by  meansof  Peclet's 
determination  of  the  absolute  conductivity  of  lead  (p.  69) : — 

Condudivity  rfMetaU, 


Coefficient  of 

Coefficient  of 

Name  of  Metal. 

CoodttcUvlty. 

Kome  of  Metal. 

Conductivity. 

RalatiTe. 

Absolute. 

Relative. 

Absolute* 

Silver      . 

100 

45-2 

Iron        • 

11*9 

5'38 

gSi      '. 

73*6 

83-4 

Lead 

8-4 

3-84 

53-2 

240 

Platinum 

85 

3-79 

Brass       . 

231 

10-4 

German  silver 

6-3 

2-85 

Zinc 

190 

8-6 

Bose*s  fusible  metal 

2-8 

1-26 

Tin         .        .        . 

14-5 

6-55 

Bismuth 

1-8 

0-81 

The  relative  conducting  powers  of  various  rocks  have  been  determined  by  Hopkins 
rProc.  Roy.  Soc  viii.  636).  His  method  of  experimenting  consisted  in  placing  a  cylin- 
drical block  of  the  substance  to  be  examined,  with  its  base  just  in  contact  with  the 
snrfiioe  of  mercury  contained  in  a  shallow  pan,  and  heated  to  a  constant  known  tem- 
perature, and  observing,  when  the  distribution  of  heat  within  the  block  had  become 
stationary,  the  excess  of  temperature  above  the  surrounding  air  attained  by  a  shallow 
stratum  of  mercury  covering  the  upper  face  of  the  block — precautions  being  of  course 
taken  to  prevent  loss  of  heat  through  the  sides  of  the  blocx,  and  any  disturbing  effect 
of  radiation  from  the  heating  apparatus.  The  observed  excesses  of  tempei^ture  evi- 
dently depended  directly  upon  the  internal  conductivities  of  the  substances  examined, 
and  (inversely)  upon  the  external  conductiWty  of  mercury.  It  has  been  shown 
(p.  70)  that  when  the  temperature  of  the  surface  of  a  body,  whose  temperature  in- 
crea0es  inwards^  remains  constant,  the  relation  expressed  by  the  following  equation 
holds  between  its  coefficients  of  internal  conductivity  k^  and  external  conductivity 
A:— 


In  Hopkins'  experiments,  the  external  conductivity  of  mercury  ( *"  <^)  took  the  place 
of  h  in  the  above  formula  in  the  case  of  every  substance ;  A;,  however,  varied  from  one 
substance  to   another.     Hence,  by  putting  into  the  formtila  the  observed    values 
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of  t,  f,  9,  and  e,  the  ralue  of  -  could  be  ascertained.    The  following  are  some  of  tha 

reenlts  obtained  for  sabetances  in  the  state  of  diy  powder:^ 

Chalk        . 0*056 

Caay -07 

Sand '16 

Sand  and  day -11 

These  Talnes  are  proportional  to  the  absolute  internal  conducting  powesrs  of  the  several 
substances,  but  in  oraer  to  deduce  these  conducting  powers  from  tnem,  they  require  to 
be  multiplied  by  the  unknown  absolute  value  of  c,  the  esrt^emal  conducting  power  of 
mercury. 

The  observation  of  the  distribution  of  temperature  in  a  mass  whose  temperature  is 
changing  has  been  employed  by  Forbes  (Trans.  Boy.  Soc.  Edinb.  xvi.  206), 
Angstrom  (Pogg.  Ann.  cziv.  513 ;  Ann.  Ch.  Phys.  [3]  Ixvii.  379),  and  Neumann 
(Ann.  Ch.  Phys.  [3]  Ixvi  163)  for  the  determination  of  coefficients  of  conductivity, 
forbes'  investigation  related  to  the  rate  of  penetration  downwazds  into  the  earth  of 
the  solar  heat  received  by  the  surface.  The  general  effect  of  the  seasons  is  that  the 
temperature  of  the  surface  of  the  ground  oscillates  (in  Britain)  between  a  maximum 
which  occurs  in  July  or  August,  and  a  minimum  occurring  in  Januaiy  or  February. 
If  now  the  earth's  crust  were  a  perfect  conductor  of  heat,  the  yearly  maximum  and 
yearly  minimum  of  temperature  would  occur  at  any  point  below  the  suriace,  at  the 
same  epochs  as  they  do  at  the  surface  itself,  and  the  yearly  range  of  temperature  would 
be  as  great  below  the  surface  as  above  it«  But  the  earth's  crust  opposing  in  reality  a 
very  considerable  resistance  to  the  propagation  of  heat,  the  maxima  and  minima  occur 
later  below  the  surface  (fur  instance,  at  a  depth  of  25*6  feet  in  the  porphyritic  trap  of 
the  C^ton  Hill,  Edinbuigh,  the  annual  -maximum  occurs  in  December  or  Januaiy, 
and  the  minimum  in  June  or  July),  and  the  difiference  between  them,  or  the  yearly 
range  of  temperature,  is  less  than  it  is  at  the  surface.  Thus  the  oscillation  of  tempe- 
rature which  occurs  at  the  surface  suffers  a  retardation  of  phase  and  a  diminution  of 
amplitude  as  it  advances  inwards.  From  these  two  effects,  as  revealed  by  the  observa- 
tion of  thermometers  sunk  to  various  depths,  Forbes  was  able  to  deduce  the  abso- 
lute coefficients  of  conductivity  of  the  strata  in  which  the  thermometers  were  buried. 

A  method  precisely  the  same  in  principle  has  since  been  employed  by  Angstrom  for 
the  determination  of  the  conductivities  of  certain  metals.  Square  bars  of  the  metals  to 
be  examined  were  alternately  heated  and  cooled  at  one  place,  and  after  a  considerable 
number  of  such  alternations  the  distribution  of  temperature  was  observed  by  means  of 
thermometers  inserted  into  the  bars  at  intervals  of  50  millimetres  from  eaoh  other. 

Neumann's  method  depended  on  observations  of  the  course  of  cooling  in  bars 
which  had  been  heated  at  one  end  until  their  temperature  became  stationary  through- 
out, or  in  cubes  or  spheres  of  five  or  six  inches  diameter  whieh  had  been  previously 
heated  to  a  uniform  temperature.  o 

Hie  following  table  fives  some  of  the  results  obtained  b^  Angstrom  and  by 
Neumann,  reduced  to  the  gramme-water-seoond-cenlimetre  umt : — 

Coefficients  of  Conductivity, 


SabttaDCe* 


Copper     • 
Zinc 
Brass 
Iron 
G-  erman-silver 


91*03 
iO'30 


lf6l]|IUtDD* 


110-75 
80-70 
3019 
16-37 
10-94 


Hie  numbers  in  the  followmg  table  give  the  values  referred  to  the  same  unit,  of  the 

ratio  -^  according  to  Neumann's  experiments,  k  being  the  coefficient  of  internal 
cD 

conductivity,  o  the  specific  heat,  and  J)  the  density  of  the  several  substances: — 

Subttanoet. 


Coal 

Melted  sulphur 

Ice  . 

Snow 

Frosen  earth    . 

Sandstone 


k 

0*116 
•143 

1144 
■367 
•916 

1-357 
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Keomann  flnds  that  the  oonductmt^  of  the  same  substanoe  Taries  rery  sensibljr 
vith  the  tempentnre. 

It  will  be  obeerred  that  vfaile  the  zatioe  of  the  condnctiTities  of  the  metala  found  by 
Neumann  agree  on  the  whole  with  the. relative  condactiTities  detennined  bjr 
Wiedemann  and  Franz,  they  considerably  exceed  the  absolute  conducting  powera 
«alealated  from  these  by  means  of  Peclet's  coefficient  for  lead.  On  the  other  hand, 
&e  absolute  coefficients  obtained  by  Neumann  and  Angstrom  for  iron  are  nearly 
identical,  and  this  value  might  therefore  perhaps  be  most  safely  taken  in  order  to 
convert  Wiedemann  and  Franz's  relative  numbers  into  absolute  coefficients. 

In  substances  whose  elasticity  or  structure  is  different  in  diiferent  directions,  the  rate 
at  which  heat  is  prop^ated  depends  upon  the  direction.  Thu«  in  crystals  not  belong- 
ing to  the  regular  or  cubical  system  (Cbtstaixoobapht,  ii.  121),  Senarmont  has 
shown  that  the  conducting  power  in  the  direction  of  the  principal  axis  is  geneially 
either  a  maximum  or  a  minimum.  If  a  source  of  heat  be  imagined  at  the  centre  of 
vath  a  crystal,  the  heat  would  be  conducted  outwards  with  different  velocities  in  different 
direedons,  and  consequently  the  points,  which  at  any  moment  possessed  a  common  tempe- 
rature, would  be  situated  on  the  surface  of  an  ellipsoid;  and  S^narmont  found  that 
th<i  axes  of  the  isothermal  ellipsoids  of  crystals  coincide  with  their  optic  axes.  He  also 
found  that  mechanical  strains  or  pressures  are  capable  of  modifying  the  conducting 
power  of  bodies  for  heat  in  the  directions  in  which  they  are  applied. 

Wood  presents  somewhat  similar  phenomena*  It  was  observed  byDelaKive  and 
De  Candolle  that  the  conducting  power  of  wood  is  always  greater  along  than  across 
the  fibre.  These  observations  were  extended  by  Knoblauch,  who  showed  that,  as  a 
rule;,  the  difference  of  conducting  power  is  least  in  the  hardest  and  greatest  in  the 
softest  kinds  of  wood.  Thus  in  boxwood  the  ratio  of  the  axes  of  the  isothermal 
eUipecnd  is  1*25  :  1,  in  walnut  it  is  1*45  :  1,  in  apricot-tree  1*6  :  1,  and  in  soft  woods 
(audi  as  poplar,  lime,  birch,  pine),  it  is  1*8  :  1.  Tyndall  has  carried  the  same  inves- 
tigation still  further :  he  finds  that  at  all  points  not  situate  in  the  centre  of  the  tree, 
wood  possesses  thi'ee  unequal  axes  of  calorific  conduction,  which  are  at  right-angles  to 
each  other.  The  first  and  principal  axis  is  parallel  to  the  fibre  of  the  wood ;  the 
second  and  intermediate  axis  is  perpendicular  to  the  fibre  and  to  the  ligneous  layers ; 
while  the  third  and  least  axis  is  perpendicular  to  the  fibre,  and  parallel  to  the 
laycfB. 

When  two  different  metals  are  in  contact,  the  rate  of  propagation  of  heat  is  different 
on  the  two  sides  of  the  surface  of  separation,  and  therefore  if  heat  is  flowing  across 
this  surfiftce  the  law  of  the  variation  of  temperature  is  different  at  the  two  sides  of  it; 
but  Wiedemann  has  shown  that,  when  the  contact  is  perfect,  there  is  no  finite  dif- 
ference between  the  temperatures  of  the  surfaces  of  the  two  metals  which  touch  each 
other. 

CondueHon  of  Heat  by  lAqvids. — In  consequence  of  the  diminution  of  density  which 
takes  place  almost  universally  in  liquids  when  they  are  heated,  an  increase  of  tempera- 
ture is  rapidly  communicated  by  convection  to  the  whole  of  a  quantity  of  liquid,  when 
hnt  is  applied  to  it  from  below.  Hence  it  was  formerly  supposed  that  liquids  possessed 
a  high  dcffree  of  conductivity  for  heat  Bum  ford  however  showed,  near  the  begin- 
ning of  this  century,  that  when  heat  is  imparted  to  a  liquid  from  above,  so  that  the  ex- 
pansion of  the  heated  portions  cannot  cause  them  to  rise  and  so  produce  a  circulation  of 
the  liquid,  the  communication  of  heat  from  one  part  of  a  liquid  to  another  takes  place 
with  extreme  slowness,  so  much  so  indeed  that  he  concluded  that  liquids  are  entirely  with- 
out any  real  conducting  power  for  heat.  Later  observers  nevertheless,  and  especially 
Despretz,  have  proved  that  liquids  do  conduct  heat  in  the  same  way  as  solid  bodies, 
but  for  the  most  part  very  much  more  slowly.  Despretz,  in  fact,  found  that  when  a 
constant  source  of  heat  acts  for  a  long  time  upon  the  upper  part  of  a  column  of  water, 
the  heat  gradually  penetrates  downwards;  and  that  when  the  distribution  of  tem- 
perature in  the  column  has  become  stationary,  the  excess  of  temperature  above  that  of 
the  surrounding  air  decreases  according  to  a  geometrical  progression,  when  examined  at 
points  whose  depths  below  the  surface  increase  in  arithmetical  progression.  Hence  it 
follows  that  the  law  of  conduction  in  water  is  the  same  as  the  law  of  conduction  in 
metals,  and  by  comparing  Despretz's  results  for  water  with  those  he  obtained  for 
copper,  it  appears  that  the  conductivity  of  water  is  to  that  of  copper  as  9  to  1000. 

Conduction  of  Heat  by  Gases, — ^The  distribution  of  heat  in  gases  certainly  takes 
place  chiefiy  by  convection,  as  it  does  in  liquids,  but  sevend  observers  have  concluded 
that  they  do  neverthelefes  possess  a  feeble  power  of  conduction.  The  most  direct  ex- 
periments on  this  subject  ^U%  due  to  Magnus  (Fogg.  Ann.  cxii.  497);  according  to 
them  it  appeara  that  hydrogen,  if  not  other  gases,  has  a  certain  degree  of  conductivity. 
This  condnsion  accords  wiUi  the  results  of  a  mathematical  investigation  of  the  propa- 
gation of  heat  in  gases  by  Clausius  (Fhil.  Mag.  [4]  xxiii.  632),  who  fin^  that  the 
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oondactinff  power  of  the  lighter  gases  must  exceed  that  of  the  heavier  gases.  Aa  a 
provisionu  estimate,  he  gives  for  the  conducting  power  of  air  about  -^^  of  that  of  lead 
as  determined  by  Peclet^  and  for  the  conducting  power  of  hydrogen  about  four  tiroes 
that  of  air.  G.C.  F. 


Kp  or  &ADZCA&B.  ^he  notion  of  compound  radicles,  as  it  is  at 
present  received  in  chemical  science,  has  been  explained  already  in  previous  articles 
(Classification,  i.  1014 — 1017 ;  EaurvALEMTs,  ii  496 ;  Formula,  Batiokal,  ii.  700) ; 
all  that  is  necessary  here  is  therefore  to  indicate  briefly  the  origin  of  the  idea,  and  the 
principal  modifications  which  it  has  undeigone. 

The  word  "radical "  is  of  constant  occurrence  in  the  writings  of  Lavoisier.  For 
him  and  for  his  school,  chemistry  consisted  mainly  in  the  investigation  of  oxygen  and 
its  combinations.  Compound  bodies  were  divided  into  the  two  fundamental  classes  of 
acids,  which  were  supposed  to  owe  their  essential  properties  to  their  containing  a  lai^ge 

Oortion  of  oxygen,  and  salifiable  bases,  which  were  regarded  either  as  simple 
es  or  as  containing  a  small  proportion  of  oxygen.  In  all  cases  the  presence  or 
absence  of  oxygen,  or  8ie  proportion  of  it  which  a  compound  body  containeii,  was  con- 
sidered the  most  important  point  in  its  chemical  history,  and  as  chiefly  deter- 
mining its  properties.  In  the  case  of  the  adds  especially,  the  oxygen,  which  all  wero 
supposed  to  contain,  was  looked  upon  as  the  sole  cause  of  their  characteristic  proper- 
ties; whether  the  oxygen  was  combined  with  sulphur,  with  phosphorus,  or  with 
nitrogen,  was  regarded  as  a  matter  of  far  less  importance.  Hence  arose  the  necessity 
for  adopting  some  common  designation  for  the  various  substances  which  were  capable 
of  serving  as  foundations  or  nuclei  upon  which  oxygen  could  attach  itself,  and  thus 
give  rise  to  acids ;  it  was  in  this  sense  that  the  word  radical  was  first  employed  in 
chemistiy.  "H  faut  done,"  said  Lavoisier,  "distinguer  dans  tout  adae  U  base 
ncidifiable  4  laquelle  M.  de  Morveau  a  donni  le  nom  de  radical,  et  le  principe  addifiant, 
c*est-&-dire,  Toxig^e."  (TraiU  Uhnmtaire  de  Chtnuet  ^t.  1780,  vol  i.  p.  69.)  The 
passage  here  referred  to  appears  to  be  in  Section  ii.  *'  Dw  bases  addifiables  ou  principes 
radicaus  des  acides  '*ofdeMorveau*s"  M^moire  but  le  I)^veloppement  des  Prindpes 
de  la  Nomenclature  m^thodique  *'  (1787).  The  definition  of  a  radicu.  which  is  here  given 
is  interesting,  not  only  in  connection  with  our  present  subject^  but  for  the  lightitthrows 
on  the  views  then  entertained  with  respect  to  the  constitution  of  acids.  A&r  speaking 
of  the  adds  of  nitrogen,  carbon,  sulphur,  and  phosphorus,  de  Morveau  goes  on  to 
discuss  the  nomenclature  of  adds  of  unknown  composition,  such  as  muriatic  acid, 
boradc  acid,  the  add  of  vinegar,  &c.,  with  regard  to  which  he  says :  "  Nous  nous  sommes 
contents  de  designer  I'^tre  simple  qui  y  modifie  Toxig&ne  par  Texpression  de  hass 
acidifiable,  ou,  pour  abr^er,  de  radical  de  tel  acide ;  afin  de  garder  la  mdme  analogic, 
et  de  pouvoir  consid^rer  a  leur  tour  chacun  de  ces  £trcs  d*une  maniire  abstraite.*' 

The  signification  of  the  word  radical  was  soon  somewhat  extended  by  Lavoi  sier. 
Two  years  after  the  publication  ofde  Horveau's  memoir,  he  says:  "  Jai  d^j4  fait 
observer  que  dans  le  r&gne  mineral,  presque  tons  les  radicaux  oxidfables  et  acidifiubles 
^ient  simples  ;  que  dans  le  r^gne  v^tal  au  contraire,  et  surtout  dans  le  r^gne  animal, 
il  n'en  existoit  presque  pas  qui  ne  fussent  compost  du  moins  de  deux  substances, 
d'hydrog^eet  de  carbone;  que  souvent  I'azote  et  le  phosphore  s'y  reunissoient,  et  qu*il 
en  r^idtoit  des  radicaux  k  quatre  bases."  (Traite  Hhnentaire,  vol.  i.  p.  209.)  The 
idea  of  compound  radicles,  which  we  meet  with  in  this  psssage,  occurs  very  fre- 
quently in  other  parts  of  the  same  work,  and  it  is  of  importance  to  observe  that  it  is 
applied  to  explain  the  constitution  of  neutral  bodies  as  well  as  of  acids.  This  18  still 
more  distinctly  seen  in  other  passages;  thus,  of  sugar,  gum,  and  starch,  it  is  said 
(Op.  ci^.  pp.  125,  126):  *'Ces  trois  substances  out  pour  ladical  I'hydrog^ne  et  le 
carbone  combing  ensemble,  de  mani^re  4  ne  former  qu'une  seulebase,  et  port^s  a  r6tat 
d*oxide  par  une  portion  d'oxyg^ne ;  ils  ne  different  que  par  la  proportion  des  principes 
qui  composent  la  base."  Elsewhere  it  is  suggested  that  the  oils  may  actually  constitute 
compound  organic  radides  in  the  free  state,  thus  (pp.  198,  199)  :  "On  apen;oit 
aisiment  que  les  huiles  ^tant  composes  d'hydrog&ne  et  de  carbone,  eUes  sent  de 
Vdritables  radicaux  carbone-hydreux  ou  hydro-carbon eux,  et  en  effetil  suflitd'oxyg^ner 
les  huiles  pour  les  convertir  d'abord  en  oxides,  et  ensuite  en  acides  v^taux,  suivant 
le  degr^  d'oxyg^nation.  On  ne  pent  pas  cependant  assurer  d'une  maniere  positive  que 
les  huiles  entrent  toutes  enti^res  dans  la  composition  des  oxides  et  des  acides  v^^taux; 
il  est  possible  qu'elles  perdent  auparavant  une  portion  de  leur  hydrogtoe  ou  de  leur 
carbone,  et  que  ce  qui  reste  de  I'une  et  de  I'autre  de  ces  substances  ne  soit  plus  dans 
la  proportion  n^essaire  pour  constituer  des  huiles."  Again  (pp.  210,  21 1) :  "  Doit-on 
oondure  de  ces  reflexions,  que  les  huiles  soient  la  base,  qu'elfes  soient  le  radical  des 
addes  v^itaux  et  animaux  ?  .Tai  d^ji  expos^  mes  doutes  k  cet  ^gaid.  Premiire- 
ment,  quoique  les  huiles  paroissent  n'^tre  uniquement  compost  que  d'hydiog^ne  et  de 
carbone,  nous  ne  savons  pas  si  la  proportion  qu'elles  en  oontienuent  est  pr^ds^mentcelld 
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nioeflBure  ponr  oonstitaar  les  ladicauz  des  acides.  Secondement^  puisque  les  acides 
T^tanz  et  animanx  ne  aont  pas  seulement  oompos^s  d'hjdiog^ne  et  de  carbone,  mais 
qae  rcizyg^e  entre  ^galemeni  dana  leur  oombinaiaon,  il  n'j  a  pas  de  raison  de  eonclnre 
qa*elles  oontiennent  plat6t  de  Thuile  que  de  Tacide  carbonique  et  de  Teaii.  Us  con- 
tiennent  bien,  il  est  Tiai,  les  mat^riaux  propres  k  cbacune  de  ces  combinaisons ;  mais 
CM  combinaifioiia  ne  sont  point  r^lis^s  &  Ja  temperature  habituelle  doDt  nous  jdnts- 
aons^  et  lea  tzois  prindpes  sont  dans  un  6tat  d'^quilibre,  qu'un  degrd  de  chaleur,  un 
pea  sapirieur  4  celui  de  Teau  bouillante,  suffit  pour  troubler."  This  last  passage  is 
especially  ivorthy  of  notice^  as  showing  that  Lavoisier  distinctly  apprehended  that  the 
question  of  what  radicle  a  giyen  complex  body  contained,  invoWed  not  only  a  know- 
ledge of  its  composition,  but  also  of  its  constitution,  or  of  the  way  in  which  its  consti- 
tuent elements  were  combined. 

The  farther  development  of  the  notion  of  compound  radicles  was  a  consequence  of 
the  advance  of  oiganic  chemistry.  Consequently,  with  the  exception  ofGay-Lussac's 
disoorery  of  cyanogen  in  1815,  we  hear  little  more  of  either  the  word  or  the  idea  until 
about  the  year  1832.  It  is  true  that  in  1817  Berzelius  repeated  Lavoisier's  state- 
ment that  all  inorganic  oxides  have  simple  radicles,  and  all  oiganic  oxides  compound 
radicles;  but  this  remained  a  general  doctrine  without  precise  special  application,  until, 
in  1832,  Lie  big  and  W  oh  lei*  shoved  that,  by  regarding  oil  of  bitter-almonds  and  its 
derivatives  as  compounds  of  a  radicle  containing  C^H^O,  they  became  exactly  compar- 
able with  the  eompounds  of  potassium  or  other  metals.  This  view  of  the  constitution 
of  the  benzoyl-compounds  was  at  first  eazgerly  adopted  by  Berzelius  (Ann.  Pharm. 
iuL  282),  but  was  afterwards  modified  by  him  on  the  ground  that  it  was  inconsistent 
with  the  electro-chemical  theory  to  suppose  that  oxygen  could  be  a  constituent  of  a 
ladide.  He  consequently  rppresented  these  compounds  as  containing  the  radicle 
C**H*;  for  instance,  benaoic  add,  C><i?».0»  +  HO,  chloride  of  benzoyl,  2(C'*if».0»)  + 
C'ZP.CZ*.  The  formulse  thus  obtained  Were  strictly  comparable  with  those  adopted 
by  Berzelius  for  corresponding  inorganic  compounds :  e.g.  chromic  add,  CrO^  +  HOt 
oxichloride  of  chromium,  2CrO^  +  Crd^,  (See  Berseiiii$*  Jahresbericht,  xiii.  203 
[1833]  ;  xviii  358  [1838]  ;  xix.  345  [1839]). 

The  next  class  of  bodies  to  which  formuls  were  given,  founded  on  the  idea  of  their 
fontaining  compound  radides,  exactly  similar  to  elements  in  their  mode  of  combination, 
were  the  derivatives  of  alcohol.  Alcohol  itself  was  represented  by  Berzelius 
{Mkreabericht,  xiii.  195)  as  the  oxide  of  the  radicle  CH*,  and  ether  as  containing 
the  radicle  CH*:  thus,  alcohol  2(CH«)0,  ether  2(C'H*)0,  chloride  of  ethyl  C*H*.C1, 
&e.  Liebig  soon  afterwards  (1834)  gave  the  name  ethj/l  to  the  radide  C-H^  and  re- 
troented  alcohol  as  its  hydrated  oxide  (Ann.  Pharm.  ix.  1 ;  Pogg.  Ann.  xzxL  335 ; 
BeneL  Jahresber.  xv.  343).  In  1835,  Kegnault  represented  aldehyde,  acetic  add, 
Botch-liquid,  and  several  of  its  derivatives  as  compounds'  of  the  radicle  CH*,  to  which 
he  gave  the  name  aldehydene  (Ann.  Ch.  Phys.  [2J  Iviii.  301,  and  lix.  358  ;  also  Ann, 
Phtfm.  xiv.  22,  and  xv.  60),  and  which  was  afterwards  (Jahresber.  xvii.  232  [1837]) 
called  aeetjfl  by  Berzelius;  and  in  the  few  following  years,  similar  views  were 
applied  by  Berzelius  and  the  chemists  of  his  school  to  nearly  all  known  organic 
eomponnds.  In  all  cases  the  leading  idea  was  that  which  was  thus  expressed  by  D  u  m  a  s 
in  1837  (Compt  rend.  v.  300;  Journ.  pr.  Chem.  xiv.  298;  Berzel.  Jahresber.  xviii 
243) :  "  In  mineral  chemistry  the  radicles  are  simple ;  in  orgimic  chemistry  they  are 
compound :  berdn  is  the  only  difference  between  them ;  the  laws  of  combination  and 
of  transformation  are  the  same  in  both.  Even  if  the  radicles  of  inorganic  chemistry^ 
such  as  sulphur,  the  metals,  and  oxygen,  are  really  compound,  we  cannot  look  forward 
to  their  decomposition ;  for  if  this  decomposition  is  possible,  it  requires  forces  which 
we  are  not  acquainted  with.  In  organic  chemistry  the  case  is  the  reverse,  and  the 
difficulty  is  less.  Here  the  radicles  are  compound,  and  our  whole  art  consists  in 
treating  them  so  that  they  are  not  broken  up  into  their  elementary  constituents.  This 
decomposition,  however,  we  can  foresee  and  prevent,  iot  it  takes  place  according  to 
easily  apprehended  laws ;  so  that  it  is  by  no  means  difficult  to  recognise  an  organic 
radicle,  and  to  transfer  it  undecomposed  from  one  compound  to  another." 

These  views  were  not,  however,  the  only  ones  that  were  applied  to  oiganic  compound Si 
Hitscherlich,  for  instance,  regarded  a  certain  number  of  organic  bodies  as  consti- 
tuted quite  differently  from  any  known  inorganic  compounds  (see  Fobmuljb,  ii.  70 1| 
702);  and  Laurent,  in  1836,  proposed  a  general  theorv  of  the  constitution  of  organic 
compounds,  which  was  entirely  uconsistent  with  the  radicle  theory  as  above  described 
(see  KucLBUS  Tabobt,  iv.  143).  But  the  chief  opposition  to  the  radicle  theory  arose, — 
(IX  from,  the  difficulty  of  reconciling  With  it,  as  it  was  held  by  Berzelius,  its  chief 
supporter,  the  constitution  of  substances,  such  as  cbloracetic  acid,  formed  by  the  action 
of  chlorine  and  its  analogues  on  organic  bodies;  (2)  from  the  fact  that  of  the  very 
numerous  radicles  whose  existence  the  theory  assumed,  scarcely  two  or  three  wtTO 
known  in  the  separate  state;  and  (3)  in  consequence  of  Gerhardt  and  Laurent's 
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diBCOTeiy  tliat  the  number  of  atoms  of  hydrogen,  chlorine,  nitrogen,  and  their  analogaefl^ 
taken  together,  which  was  contained  in  a  molecule  of  any  well-inyestigated  compound, 
was  always  an  even  number,  whereas  all  the  supposed  compound  radides  contained  an 
odd  number  of  such  atoms. 

We  haye  not  space  to  trace  the  long  and  bitter  oontroTersies  which  arose  upon  each 
of  these  points:  an  excellent  account  of  them  will  be  found  in  Kekul^'  s  Lehrbuck  der 
organiscken  Chetme  (vol.  i.  pp.  69-94,  1859).  It  must  suffice  to  say  here  that  the 
objections  to  the  "raaicle  "  theory,  referred  to  under  the  first  of  the  above  heads,  arose 
from  its  identification  with  the  electro-chemical  theory,  and  therefore  lost  their  force 
when  this  theory  was  abandoned,  and  it  was  consequently  admitted  that  radicles 
playing  the  part  of  electro-positiye  metals  might  contain  not  only  oxygen,  but  chlorine, 
bromine,  or  m  fact  any  other  element.  The  discoyery  of  cacodyl  byBunsenin  1842, 
of  methyl,  ethyl,  and  Dutyl  byFrankland  and  Kolbe  in  1849,  and  subsequently  of 
several  other  of  the  so-called  alcohol-radicles,  which  at  first  sight  seemed  to  afford  a 
conclusive  answer  to  all  d  priori  objections  against  the  possible  existence  of  radicles  in 
the  tn^e  state,  resulted  in  its  beine  proved  that  the  molecules  of  the  isolated  radicles 
consisted  of  two  atoms,  and  thus  uie  "  law  of  even  numbers  "  received  a  confirmation 
instead  of  the  expected  refutation.    (See  Aijoohoi.-bai)ICle8,  i.  96.) 

The  idea  of  compound  radicles,  as  it  is  now  entertained,  is  quite  independent  of  the 
question  whether  they  can  be  actually  prepared  in  the  separate  state  or  not.  A  radicle, 
in  modem  chemical  language,  is  simply  a  group  of  elements  which  is  common  to  a 
more  or  less  numerous  series  of  allied  compounds,  and  remains  unaffected  by  the  pro- 
cesses whereby  these  compounds  are  transformed  one  into  another.  It  is  essentially 
correlative  with  the  idea  of  molecular  types ;  and,  as  pointed  out  in  the  places  referred 
to  at  the  beginning  of  this  article  (especially  ii.  700),  the  radicle  which  any  complex 
compound  is  regaled  as  containing,  must  depend  upon  the  type  to  which  the  com- 
pound is  referred,  while^  oonyersely,  the  type  is  equally  dependent  on  the  radicle. 

G.  C.  F. 


Natiolito,  from  Brevig  in  Norway  (iv.  29) :  see  also  an  analysiif 
by  Michael  son.   (Jahresb.  1863,  p.  819.) 

AA9I8B.  Sapkanta sativue.  Badish-roote  contain,  aooozding  to  T.  J.  Herapath 
(Chem.  Gaz.  1847,  p.  279),  in  1000  pts.  :— 

Bed  colouring-matter  .        .        .1*77 

Fat  oil 0-40 

Sinapine? 0*04 


Water 959*74 

Woody  fibre         ....  1702 

Nitrogenous  substance  >  n  ha 

with  a  little  starch  \        '        '  '*'"* 

Albumin      .....  0*91 

Extractive  matter        .        .        .  2*26 

Oum 4-30 

Sugar 1*14 


Alkaline  and  earthy  phosphates,  )  ^  - . 

with  a  little  gypsum  > 

Acetates  of  potassium  and  sodium  0*22 

Nitrates  of  potassium  and  sodium  5*]  7 

Chlorides  of  potassium  and  sodium  4*16 


The  ash  of  the  root  and  herb  of  the  radish  has  also  been  analysed  byT.  Bichardson 
(Jahresb.  1847-48,  Table  C  to  page  1074),  with  the  following  results:— 

K«0.     Ni«0.      CaO.     MgO.    SO^.      S10».      P»0».      Fe-PO<  KCL    N«CL 
Boot     21*16     .     .       8-78    3*58     7*71     817    4009      219     1*29    7*07  -    9999 
Herb      506    11*09    27*90    7*08    9*64    8*22      607     16*46     .    .     8*60  »  100*00 

The  dried  root  yielded  6*43  per  cent.,  and  the  dried  herb  2*76  per  cent.  ash. 

BABZBBy  OIXi  or.  The  roots  and  seeds  of  the  radish  yield,  bv  distillation  with 
water,  a  milky  liquid,  from  which  an  essentiid  oil  may  be  obtained  by  rectification. 
This  oil  is  colourless,  heavier  than  water,  contains  sulphur,  forms  a  white  precipitate 
with  mercuric  chloride,  yellow  with  platinic  chloride.  It  is  moderately  soluble  in 
water. 

The  same  oil  is  obtained  by  distilling,  with  water,  the  seeds  of  Brauiea  Napus, 
Cochlearia  Draba,  and  Cheiranthus  annuug. 


A  lichen  which  yields  alpha-usnic  acid.    (See 
XJsNio  Acid.) 


Trimetric  arsenide  of  nickel,  Ni  As'  (iv.  86). 

An  earthy  hydrate  of  silica,  occurring  near  Pont  Gibaudin  France. 
(See  Opal,  iv.  304.) 

See  Naphtha  (iv.  3). 


The  root  of  Ranunculus  Fiearia,  gathered  in  Tuscany  in  April 
and  May,  was  found  by  Toscani  (Cimento,  v.  463)  to  contain  06  to  1*0  per  cent  crys- 
tallisable  sugar,  0*4  to  0*6  dextrin,  28  starch,  and  an  acrid  deleterious  substance. 
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The  Mnd  juice  of  Sanunctdus  tcdtraiua  yields  by  distillation  a  dear,  aliaip- tasting, 
fitid  liquid,  which  when  kept  for  some  time,  even  in  closed  vessels,  deposits  a  white 
anoiphoas  precipitate  of  anemonin  (i.  290).  Ether  extracts  from,  this  distillate  a 
neutnl,  acrid,  golden^yellow,  non-snlphnretted  oil»  heavier  than  water,  which  attacks  the 
eyes  strongly,  and  raises  blisters  on  the  skin.  When  kept  under  water,  or  in  contact 
with  ddoride  of  calcium,  it  concretes  to  a  whito  solid  mass,  which  quickly  changes  into 
anemonin  and  anemonic  acid.  It  is  to  this  transformation  of  the  acrid  principle  of  the 
ranunculus,  and  not  to  its  volatility,  that  the  loss  of  acridity  of  the  pluit  by  drying  ia 
due.    (Erdmann,  J.  pr.  Chem.  Ixxv.  209.) 

XAVJULZVZ.  A  variety^  of  granite  containing  60*46  per  cent,  orthodase,  31*83 
quarts,  and  6*71  mica,  occurring  at  Pyterlaks  and  other  locaUties  in  Finland.  (Jahresb. 
1862^  p.  784.) 

mAra.  See  Sbassiga.  (!.  654). — Rape-seed  oil,  Etale  de  navette,  ia  a  &t  oil 
obtained  by  pressure  from  the  seeds  of  winter-rape  (Brasnca  Napus\  which  yield  about 
33  per  cent  of  it.  This  oil  is  yellow,  has  a  peculiar  odour,  a  density  of  0*9128  at  16^, 
and  solidifies  at  a  few  degrees  below  0^.  By  dry  distillation,  it  yields  a  mixture  of 
volatile  HUj  acids,  acrolein,  and  oily  hydrocarbons  of  very  variable  boiling  point. 
These  hydrocarbons  are  strongly  attacked  by  nitric  add,  yielding  caprylic,  OBnantoylic, 
eaprdc,  valerianic,  butyric,  propionic,  and  acetic  adds.  Wiih  raromie  add  the  same 
hydrocarbons  yield  only  acetic  and  propionic  add.  (Schneider,  Ann.  Ch.  Pharm, 
Ixx.  107.) 

Bape-seed  oil  is  used  for  illumination,  for  the  manufacture  of  soft  soaps,  for  oiling 
woollen  stufib,  in  the  preparation  of  leather,  and  for  lubricating  machinerr. 

The  seeds  of  summer-rape,  Brassiea  praeoXf  yidd  a  yellow  visdd  oil  of  spedfic 
gravity  0*91 39,  which  depodts  tallow  at  »  8^,  and  solidifies  to  a  yellowish-white  butter 
at  -10®     (Schubler.) 

The  seeds  of  the  turnip,  Brassica  Napus,  yield  a  smaller  quantity  of  a  similar  oil, 
of  spedfic  ^vity  0*9167. 

Colza  oil,  used  chiefly  for  illumination,  is  obtained  to  the  amount  of  about  83  per 
eent.  fiom  the  seeds  of  colza  or  wild  navew,  (^Brassica  campestris,  var.  oletfera).  It 
is  yellow,  of  specific  gravity  0*9136  at  16^,  and  solidifies  at  -  6^.  It  is  chieflv  a  mix- 
ture of  two  glycerides,  which  yield,  by  saponification,  two  peculiar  fatty  adds.  (Sea 
Bbassic  Acid,  i.  655.) 

rOSMlTJL    Kobell's  name  for  native  sdenide  of  lead  and  copper  from 


TOkerode  (iii.  557.) 


iii.  169.) 


(See  Radish,  p.  76.) 

Asbestiform  tremolite  from  Lanark,  in  Canada.    (See  Hobn- 

A  reddish-grey  micaceous  mineral  occoiring  in  monoclinic  forms 

at  Monroe,  Orange  County,  New  York,  analysed  by  Shepard  (SilL  Am.  J.  [2] 
zxiv.  128),  snd  bv  Pisani  (Compt.  rend.  liv.  606;  Jahresb.  1862,  p.  749),  whose 
mnlts  differ  widely  from  one  anotner : — 

Alkali 
nO>.       APOS.         FeO.         CaO.       MgO.     andloti.       fPO, 

42*3        6*5        88*25        2*0        1*0        615        3*8 »     «  100       (Shepard). 
84-98    21*88      28*44        .   .        6*24       .    .        9*22     »  100*76  (Pisani). 

From  the  phyncal  characters  of  the  mineral,  Pisani  regards  it  as  allied  to  ripidolite. 

XATAVBIA.  In  the  bark  of  ratanhia  or  rhatany-root,  Krameria  triandra, 
Witt  stein  (Jahresb.  1854,  p.  656)  found  a  peculiar  iron-greening  tannin,  a  body 
analogous  to  cinchona-red,  or  rather  to  quinova-red,  resulting  from  the  decompodtion 
of  the  tannin ;  also  gummy  and  egctractive  matters,  wax,  sugar,  starch,  and  oxalate  of 
caldum.  In  the  American  extract  of  ratanhia,  Wittstein  found  a  nitrogenous  body, 
which  he  regarded  as  tyrosine.     (See  the  next  Artide.) 


CwH»«NO«.  (E.  Ruge,  Viertelj.  d.  naturforsch.  Gesellscb.  in 
Zurich,  vi.  Heft  3  ;  Jahresb.  1802,  p.  493.) — A  compound  homologous  wiih  tyrodne 
(C*H"NO*),  occurring  to  the  amount  of  1*26  per  cent,  in  the  extract  of  rhatany-root. 
It  was  first  observed  by  Wittstein,  who  regarded  it  as  tyrosine.  To  prepare  it,  the 
solution  of  rhatany  extract  is  predpitated  ^ith  basic  acetate  of  lead;  the  filtrate,  freed 
from  lead  by  sulphydric  acia,  is  eraporated  to  a  small  bulk ;  the  crvstsls,  which 
separate  after  12  hours,  are  pressed,  washed,  and  dissolved  in  ammonia;  the  solu- 
tion is  left  to  evaporate ;  and  the  crystals  which  then  separate  are  further  purified  by 

•  With  fluorlock 
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prfHapttating  their  solution  with  basic  acetate  of  lead,  and  treating  the  filtrate  with 
8a|phydnc  acid  at  the  boiling  heat. 

Katanhine,  thus  purified,  crystallises  in  large  spherical  aggregates  of  delicate  white 
needles,  drying  up  to  an  interlaced  mass.  It  dissolves  in  125  pts.  of  boiling  water, 
and,  like  tyrosine,  has  a  great  tendency  to  form  supersaturated  solutions.  It  is  slightly 
soluble  in  boiling  spirit  of  ordinary  strength,  quite  insoluble  in  absolute  alcohol  and  in 
ether.  It  is  not  precipitated  by  neutral  or  basic  acetate  of  lead,  or  by  mercuric  acetate. 
A.  solution  of  ratanhine  saturated  at  16^,  assumes  a  rose-red  colour  when  heated  with 
a  few  drops  of  Tnercuric  nitrate,  and  on  further  addition  of  the  latter,  deposits  brown-red 
flocks.  When  ratanhine  triturated  with  a  small  quantity  of  water  is  mixed  by  drops 
with  dilute  niirio  acidf  and  heated  to  the  boiling-poiut,  the  liquid  becomes  rose-red, 
then  ruby-red,  then  gives  off  gas  and  assumes  a  deop  indigo- blue  colour,  due  to  the 
formation  of  resinous  bodies.  This  coloration  is  perceptible  even  to  the  50,000th 
degree  of  dilution.  With  a  larger  quantity  of  nitric  acid,  more  complete  decomposition 
takes  place.  Batanhine  moistened  with  water  is  coloured  rose-red  to  violet-red  by 
nitrous  acidj  and  with  a  larger  quantity  of  water,  a  blue  or  green  solution  is  ultimately 
formed. 

Batanhine,  like  tyrosine,  unites  both  with  mineral  acids  and  with  alkalis :  it  decern- 

Soses  the  carbonates  of  the  alkaline  earths.     A  solution  of  ratanhine  in  baryta-water 
epoeits  part  of  the  ratanhine  unaltered,  while  the  compound  CH"Ba"NO'  remains 
dissolved. 

Hydrochlorate  ofratanhiney  CH"N0'.HC1,  crystallises  by  spontaneous  eraporation 
in  colourless  acid  prisms  or  laminse,  which  are  decomposed  by  water  or  alcohol,  with 
separation  of  ratanhine. 

RatanAme-sulphurie  or  Sulpho-ratanhic  acid. — The  dark-red  solution  of  ratanhine 
in  5  pts.  of  warm  concentrated  sulphuric  acid  becomes  colourless  on  dilution,  and  if 
then  neutralised  with  carbonate  of  barium,  deposits  slender  silky  needles  of  the  salt, 
C'*H"Ba''NO*.SO'.|H*0,  and  the  mother-liquor  dries  up  to  an  amorphous  mass,  con- 
sisting chiefly  of  the  salt  C««H«Ba"N«0«.SW.6H»0.  The  acid  C'«H'*NSO',  or 
C'*H"NO*.SH*0*,  separated  from  the  latter  salt  by  sulphuric  acid,  ciystallises  from 
absolute  alcohol  in  large  colourless  square  plates.  6oth  the  acids  and  their  barium- 
salts  react  with  ferric  chloride  like  tyrosine-sulphuric  acid,  producing  a  splendid  violet 
coloration. 


A  granular  or  earthy  blue  variety  of  fluor-spar,  mixed  with 
clay,  fromBatoffka  in  Bussia. 

SAUXITB.  A  mineral,  apparently  allied  to  esmarkite,  from  Baumo,  in  Finland, 
containing,  according  to  BonsdorfT,  43*0  per  cent,  silica,  19'0  alumina,  19*2  ferric  oxide, 
12*55  magnesia^  and  6*9  water.   (Bammelsb.  Mineralcb.  p.  836.) 

MA.%OItLOWWBMXMm  An  argillaceous  substance  from  Kosemuth  in  Silesia,  con- 
taining, according  to  Oellner,  54'60  per  cent,  silica,  27*25  alumina,  2*00  lime^  0*37 
magnesia,  0*25  ferric  oxide,  and  14*25  water  (  «  98*62). 

NatiTe  piotosnlphide  of  arsenic,  AsS  (i.  386). 

r.    The  concentration  of  a  volatile  substance  by  distillation. 

Native  oxysulphide  of  antimony,  or  Kermuite,  SbH)S* 
(iii.  446). 

SBB  CBAUKff  or  XBBBlcB,  Earthy  rod  haematite  having  a  flat  conchoidal 
fracture ;  used  as  drawing  chalk. 

Native  cuprous  oxide  (ii.  70). 

See  Dteiko  (ii.  355). 

RTBp  or  xan  ntOV  ORS.    Native  anhydrous  ferric  oxide  (iii. 
887,  393). 

sas  ZftOlf-VITAXOIit  or  Botryogen,  Native  ferroso-ferric  sulphate  from 
Fahlun  (i.  651). 

^1  or  Minium,    Bed  oxide  of  lead  (iii  551). 

or  Croc<n8ite,    Native  chromate  of  lead  (1.  934). 

or  DiaUogite,     Native  carbonate  of  manganese  (i.  789). 

OCSOta.  Bed  haematite  of  a  soft  earthv  consistence.  The  same  name  is 
applied  to  a  pigment  prepared  by  calcining  yellow  ochre  (clay  containing  ferric 
hydrate). 

BSB  PZOnUUVTHi  The  red  pigments  most  commonly  used  are  red  oxide  of 
iron  in  various  states,  red  oxide  of  lead,  and  vermillion.  Indian  red  is  pure  rod 
haematite  finely  ground.    The  same  name  is  applied  to  a  dark-red  ferric  silicate  from 
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the  Bbruh  GiiH^  also  used  as  a  pigment.  Venetian  red  and  edeothar  are  coarser 
vazieties  of  red  hematite. — Bed  ochre  (rid.  snp.).  Bole  of  Armenia  is  a  red  oxide  of 
iion  mixed  with  day. — ^Respecting  red  lead  or  minium^  see  Lain  (iii.  651).  A  fine 
rtd-^rewn  is  obtained  by  mixing  red  lead  with  ferric  oxide.  Vermillion  is  mercuric 
ealphide  prepared  by  soblimation  (iii.  913).  Natiye  cinnabar  is  of  a  duller  red  colour. 
— AnHmony^9ermillionj  a  sulphide  of  autimony  prepared  by  precipitating  an  antimouy- 
nit  with  SD  alkaline  hypoenJphite,  generally  with  hyposulphite  of  calcium,  is  a  very 
eolid  red  colour,  little  subject  to  change  except  by  the  action  of  strong  alkalis.  When 
triturated  with  drying  oils,  it  acquires  great  Tivacity  and  lustre,  and  forms  an  oil-colour 
vdl  adapted  for  house  and  furniture  painting  (Hofmann's  Exhibition  Report^  1862, 
p.  79). — Bealgar,  or  nadre  red  sulphide  of  arsenic,  is  also  used  as  a  red  pigment— 
Mercuric  iodide  aflfinds  a  splendid  scarlet,  but  it  is  very  liable  to  change  by  the  action 
of  light — OobaU-roee  is  a  fine  rose-colour  obtained  by  calcining  nitrate  of  cobalt  with 
magnesia. — Arsenate  of  cobalt ^  both  the  natiye  yariety  and  that  which  is  prepared  by 
calcining  the  arBenio*snlphide  of  cobalt  in  contact  with  the  air,  afibrds  a  yeiy  rich  and 
permanent  red  colour;  but  it  is  yery  poisonous. — Various  red  lakes  are  prepared  by 
predpitating  infusiotts  of  madder,  cochineal,  and  brazil-wood  with  solutions  of  alumina. 
(i.  666,  804;  iii.  466,  760.  Bee  also  Ckimie  dee  Cotdeure,  "pait  J.  Lefort,  Paris, 
1856,  pp.  133—196.) 

See  PBorsTrrs  (iy.  740),  and  Ftbabotritb  (iy.  763). 

or  Biberiie,    Natiye  cobalt-sulphate.    (See  Sulpha.tb8.) 

or  Zincite,  -  Oxide  of  zinc  containing  manganese.    (See  2^c.) 

Syn.  with  Bsd  Chalk. 

If  or  Copper-glance,    Natiye  cuprous  sulphide  (i.  74). 

The  abstraction  of  an  electro-negatiye  from,  or  addition  of  an 
electro-positiye  element  to,  any  compound:  thus  an  oxide  deoxidised  by  the  action  of 
hydrogen,  charcoal,  &c.,  is  said  to  be  reduced :  the  addition  of  hydrogen  to  an  organic 
compound,  by  the  action  of  sodium-amalgam,  &c,  is  also  called  an  operation  of 
reduction. 

;TX0«  and  sar&ACTZOW.    See  Light  (iii.  608). 

A  metal  reduced  from  its  oxide  or  oiher  compound  by  fusion  with  a 
rpdueing  agent. 

BMI8STV  BAXiTS,  The  diammonio-  and  tetrammonio-  platinous  salts,  disi 
eoyrared  by  Keiset  (iy.  673). 

BHimi  fkCgHJUtiM.  A  brown-black  spring-deposit,  occurring  between  slabs  of 
gneiss  at  Wildbad-0astein,  and  containing,  accoraiug  to  Ho r nig,  34*16  per  cent, 
manganic  oxide,  14*16  ferric  oxide,  7*69  calcic  carbonate,  16*9  water,  and  27*27  sand, 
(Bammelsb.  Mineralch.,  p.  1008). 

xamvovomTS.  Hydrated  carbonate  of  cobalt,  occurring  as  a  rose-coloured 
inerastation  at  Finksbuzg,  in  Maryland  (i  782). 

Syn.  with  Atacamitb  (i.  429). 

A  mineral  having  the  composition  of  talc,  but  the  crys- 
talline form  of  augite.  It  has  a  fine  compart  texture,  is  unctuous  to  the  touch. 
translucent,  and  of  a  grey,  whitish,  greenish,  brownish,  or  sometimes  black  colour, 
Hsrdness  *  3*4.  Specific  grayity  »  2*87.  On  account  of  its  softness,  translucency, 
and  fine  texture,  it  is  worked  in  the  lathe  into  inkstands  and  other  forms.  It  occurs 
oyer  large  areas  in  Northern  New  York.  Two  spedmens  analysed  by  T.  S.  Hunt 
(Jahresb.  1868,  p.  743),  a  from  Gbenyille  in  Canada,  b  from  Canton,  New  York,  gaye 
the  following  results : — 

SIOS.  MgO.  FeO.  HSQ. 

4Z.  61*60  8106  1-53  6<60     »       99*79 

b.  61*10  31*63  1*62  6*60     »       99*96 

A  term  applied  both  to  realgar  and  to  orpiment. 

tnrAVITZC  ACXO.     A  crystallisable  acid  resin  obtained,  together  with 
other  producCs.  firom  the  root  of  butter-bur  {Tuseilago  Petasites),   See  Tussilaoo. 

Sasnr ATB8.  a  general  name  fbr  the  salts  of  the  acids  obtained  from  turpen- 
^e— yiz.,  sylyic,  pinic,  and  pimaric  acid  (q.vX  The  general  formulae  of  these  salts 
an  C»H"MO«  and  C^H-M^O*. 

MMBTKMMMf  or  MHflrjffQlfg.  This  name  is  giyen  by  Fr^my  to  a  hydro- 
carbon (probably  impure  oolophene,  i.  1086)  obtaiuMl  by  the  dry  distillation  of 
colophony. 
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rs.  A  daas  of  componncU  of  vegetable  origiii,  chanusterided  by  being  inso- 
luble in  water,  mostly  soluble  in  alcohol,  uncrystallisable,  and  softening  or  melting  at  a 
moderate  beat.    They  may  be  divided  into— 

1.  Eesins  which  exude  spontaneously  from  plants,  or  from  incisions  in  the  stems 
and  branches,  and  harden  on  exposure  to  the  air.  These  are  mostly  mixtures,  sometimes 
containing  considerable  quantities  of  gum  or  mucilage  (Gwni^resins\  or  of  volatile  oil 
{BaUama).  They  are  for  the  most  part  produced  by  the  oxidation  of  Tolatile  oils 
secietd  by  the  plant. 

2.  Oxidised  Fossil  Resins^  occurring  in  beds  of  coal  lignite,  &c.,  and  apparently 
produced  in  a  similar  manner  from  plants  of  a  bygone  age.  The  t-erm  fossil  resin  is 
sometimes,  but  inappropriately,  extended  to  certain  hydrocarbons,  such  as  scheererite, 
OEokerite,  &c.,  occurring  in  similar  localities. 

3.  Resins  extraded  from  plants  by  alcohol,  and  consisting  in  many  cases  of  definite 
proximate  principles. 

Besinous  bodies  are  also  produced,  artificially,  by  the  oxidation  of  Toktile  oils  in 
contact  with  air,  or  by  the  action  of  nitric  acid ;  in  the  desiccation  of  drying  oils ;  in 
the  decomposition  of  alcohol,  aldehyde,  and  similar  compounds  by  potash,  and  in  the 
dry  distillation  of  many  organic  compounds. 

Natural  resins  may  be  freed  from  admixed  volatile  oil  by  exposure  to  the  air,  by 
boiling  with  water,  or  by  fusion ;  giimmyor  mucilaginous  substances  may  be  extracted 
from  uiem  by  water. — ^Wben  a  resin  luui  been  extracted  from  a  plant  by  hot  alcohol 
or  ether,  the  solution  on  cooling  deposits  the  greater  part  of  the  wax  or  &t  contained  in 
it;  and  if  it  be  then  distilled  with  water,  the  resin  remains  behindhand  maybe  further 
purified  by  washing  with  water. 

The  products  thus  obtained  frequently  retain  small  quantities  of  add,  &t,  volatile 
oil,  colouring-matter,  &c.,  and  may  in  some  cases  be  resolved  into  two  or  moro  resins, 
differing  in  composition  and  properties. 

Hesins  are  transparent  or  translucent ;  a  few  are  colourless,  but  the  greater  number 
are  yellow,  brown,  or  otherwise  coloured.  Some  of  them  are  hard  and  friable,  a  few 
are  crystalline ;  others  are  soft  and  greasy,  or  elastic  like  caoutchouc  They  become 
electric  by  friction.  When  heated  they  soften  or  melt,  mostly  without  decomposition,  to 
a  thick  tenacious  liquid,  generally  more  viscid  than  melted  fat.  They  are  not  volatile, 
but  when  strongly  heated,  they  carbonise,  and  give  off  carbonic  anhydride,  water, 
gaseous  hydrocarbons,  and  volatile  oils  varying  greatly  in  composition.  (See  Colophokt, 
1.  1087.) 

Besins  are  insoluble  in  water ;  most  of  them  dissolve  freely  in  cold  alcohol,  some 
scarcely  at  all,  or  only  in  hot  alcohol.  The  alcoholic  solutions,  when  exposed  to  the 
air,  give  off  the  alcohol,  and  leave  the  resin  in  the  form  of  a  varnish.  They  are  ren- 
dered milky  by  water,  from  separation  of  the  resin ;  more  complete  sep&mtion  is 
effected  by  mineral  acids.  Most  resins  are  soluble  in  ether,  V^atile  oils  likewise 
dissolve  them,  and  the  solutions,  on  exposure  to  the  air,  leave  first  a  balsam-like  mass, 
then  the  resin.  Besins  may  be  melted  together  with  fats;  their  solutions  in  drying 
oils  harden  in  contact  with  the  air. 

Besins  are  either  neutral  or  acid.  The  former,  when  dissolved  in  alcohol,  do  not 
redden  litmus,  and  they  are  insoluble  or  only  sparingly  soluble  in  alkalis.  The  latter, 
which  are  the  more  numerous,  redden  litmus  in  alcoholic  solution,  and  dissolve  in 
caustic  alkalis  and  alkaline  carbonates,  the  solutions,  when  evaporated,  leaving  amor- 
phous masses,  called  resin -soaps,  often  predpi table  from  the  solution  by  excess  of 
alkali.  Common  yellow  soap  consists  of  tallow-soap  mixed  with  a  resin-soap,  formed 
by  dissolving  colophony  in  caustic  soda  or  carbonate  of  sodium.  By  decomposing  the 
solutions  of  the  resin-soaps  with  metallic  saltS)  compounds  of  the  acid  resin  with 
metallic  oxides  are  formed,  for  the  most  part  insoluble  in  water. 

Besins  are  used  for  a  variety  of  purposes.  Their  solutions  in  alcohol,  oil  of  turpen- 
tine, and  drying  fat  oils,  yield  the  several  kinds  of  varnish  used  for  covering  wood, 
metal,  &c.  with  a  thin  but  impermeable  coating,  in  order  to  protect  them  from  air  and 
moisture.  Spirit-varnishes  are  the  most  brilliant,  but  also  the  most  brittle ;  their 
rigidity  may  be  diminished  by  the  addition  of  oil  of  turpentine.  The  resins  commonly 
used  for  varnishes  aro  copal,  elemi,  lac  in  scales,  mastic,  and  sandarach. 

The  following  is  a  list  of  the  natural  resins,  showing,  except  in  the  case  of  the  fossil 
resins,  the  plants  from  which  they  are  derived : — 

Besins  exuding  from  Plants. 

a.  Containing  Benzoic  or  Oinnamic  acid. 


1.  Acaro'id  resin,  from  Xanthorrhaa 

hastilis. 

2.  Benzoin,  from  Stifrax  Benzoin. 

3.  Bragon's-blood,  Oriental,  from  Cala- 

mus Draco. 


Dragon's-blood,  Canarian,  from  Bra' 

cana  Draco. 
Dragon's  -  blood,     American,    from 

Pteroearpus  Draco. 
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Beneoio  and  Cfmnamic  AM  (oontinued). 


4.  Vvn.^B9iaaBktfiam.MyToxylonperui' 

&  Liquid  Stonx,  American,  from  Zc^- 

dambar  Uyracifiua, 
6.  Liqiiid  Stormy  Oriental,  from  j&JjjftH- 

dambar  Altinffia. 


7.  Solid  Storaz,  from  Btyrax  officinalis, 

8.  Tolu    Balsam,    from    Myroepermum 

toluiferum  or  frutescena, 

9.  Mecca  BaLsam,   from    OpobaUamum 

fferum,  ^tiieadense. 


jS.  Not  eontaininff  Senjsoic  or  CinnanUo  Acid. 


6. 


1.  AloQchi  Team,  from  a  tree  growing 

in  Madagascar. 
%.  Gum  ammoniaeun,    from    Jhrtma 
amKumiaeum. 

2.  Anime  renn,  from  SvmetUM  Qmr- 

barU. 
4.  Azbol-a-Biea,     from      Canarittm 

album? 
Aaafoedda,  from  Ferula  AsafoUida, 
Bdellinm,     from     Baltamodendron 

(Tarions  spedee). 

7.  Betolin,  from  Behda  alba. 

8.  Garanna,    from    Amyria    caranna, 

Bursera  gttmmifera  or  aouminata. 

9.  Genidiareein,fromC^a^ta/tfrca^a. 

10.  Copaiba  balsam,  from  Tarions  species 

^  Ck/pat/era. 

11.  Copal,  httzilianorWest  Indian,  from 

Hymenaa  Courbaril. 
Copal,  African  and  East  Indian,  from 
Hymenaa  verrucosa  or  JEUeocarpus 

eopaltferua. 
Copal,  North  American,  from  Rhtts 

copaUina. 
Dammara  resin,   Anstralian,   from 

Dammara  aueiralie. 
Dammara  resin,  East  Indian,  from 

Pinus  Dammara  or  Lammara  alba. 

13.  Elemi,  from  Amyris  or  Idea  (yarions 

spedes). 

14.  Enphorbimn,  from  Euphorbia  ofjici- 

narum^antiquorum^  andeanariensis. 

15.  GzXbasixim,  from BabonGalbanum? 

16.  Gamboge,  from  Stalagmites  eambo* 

gicndes    or  Hebradendron  cochin' 
ckinense. 


17. 

18. 
19. 

20. 
21. 

22. 

23. 


24. 
25. 
26. 

27. 
28. 

29. 


30. 
31. 

32. 
33. 
34. 
35. 

36. 


27. 


Gomart  resin,  from  Burseraffummi-' 

/era. 
Gnaiacnm,  from  Guaiacum  officinale. 
Icica-resin,  from  Tarious  species  of 

Icica. 
iTT-resin,  from  Hedera  Helix. 
Jalap-resins,      from       Convolvulus 

ScMedanus,  &c 
Labdannm  or  Ladannm,  from  Ostus 

creticus. 
Lac,  from  Aleuriies  laecifera,  Oroton 

aromaticus,  Butea  fnmdosa,  Ficus 

rel^ioea,  and  Zizyphus  Jujuba. 
Laetia-resin,  from  JjoStia  resinosa, 
Masopio,  from  a  Mexican  tree. 
Mastic,  from  Ptstacia  Lentiscus. 
Maynas,  from  CaloplwUvm  Calaba. 
Myrrh,       from       Balsamodtndron 

mjfrrha. 
OlilMmum  or  Incense,  Indian,  from 

Boswellia  serrata, 
Olibanum  or  Incense,  Arabian,  from 

Amyris  Katqf. 
Opoponaz,  from  Ferula  Opoponax, 
Palm-wax  (Cera  de  Falma),  from 

Ceroxylon  andicola. 
Fasto-resin,  from  a  Mexican  tree. 
Sagapennm,  from  Ferula  persica. 
Sandarach,  from  T%uja  articulata, 
Scammonj,  from  Convolvulus  Seawr 

monium  and  other  species. 
Tacamahac,     West    Indian,    from 

Amyris  tomentoSa, 
Tacamahac,  East  Indian,  from  Calo- 

phyllum  InnphyUum. 
Turpentine,  from  coniferons  trees. 


B.  Fossil  Bbsins  (containing  oxygen). — Amber,  Ambrite,  Anthracoxene,  Asphalt, 
Berengelite,  Boloretin,  Bucaramansa-resin,  Copalin,  Eaosmite,  Fossil  Caoutchouc, 
Guajaqoillite,  Hartin,  Inoljte,  Jaulmgite,  Eirantzite,  Melanchym,  Middletonite,  Feat- 
reains,  Piauzite,  Fyroretin,  Ketinasphalt,  Eetinice  or  Walchoyite,  Scleretinite,  Resin 
fit>m  Settling  Stones  in  Korthumberland,  Tasmannite,  Xyloretin,  Resins  from  the 
lisnite  of  Weissenfels — viz.,  Geocera'in,  Geocericacid,  Geocerinone,  Geomyricin,  Geoceric 
acid,  Lencopetrin. 

• 
C.    Rbsins  bxtbactbd  fbom  Plants  bt  Alcohoi^. 

Kearly  all  plants  yield  resins  when  thus  treated.  Among  them  may  be  mentioned 
tile  resins  of  Angelica-root,  Indian  hemp,  Cnbebs,  Manna,  Poplar-buds,  Batter-bar 

iTussdayo  Betasites),  Spanish  pepper  (capsidn),  8qiLUl(8cillamariiimd)f  and  Torpethum 
Ipomma  Turpethum). 

Most  of  the  resins  abore  enumerated  have  been  or  will  be  described  in  iheir  alpha- 
betical places.  Some  are  not  sufficiently  important  to  require  special  description.  We 
giTe  here  a  few  that  have  been  omittedT  (See  frirther  Gmdin's  Handbook,  xrii.  382 — 
455): 

1.  Gum  Ammoniacum. — ^This  gum-resin  exudes  from  an  umbelliferous  plant  (Dorema 
amm^miaeum,  Bon. ;  Heracleum  gummiferum,  Willd.)  growing  in  the  northern  parts  of 
Perna  and  Aimenia.    It  occurs  in  commerce,  sometimes  in  white,  yellow,  or  reddish 
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grains  of  varioBB  sisds,  sometimes  in  cakes  mixed  with  sand  and  sawdust  It  hafl  a 
strong  disagreeable  odour,  resemblins  that  of  garlic  and  of  castoreum,  and  arising  firom 
the  presence  of  an  essential  oil  (probably  snlphnretted),  which  may  be  separated  by 
distillation  with  water.  It  softens  at  the  heat  of  the  hand,  and  becomes  brittle  ^en 
cooled.  Specific  grarity  »  1*207.  It  contains,  according  to  Bacholz,  72*0  per  cent. 
resin,  22*4  soluble  gnm,  1*6  bassorin,  and  4*0  Tolatile  oil  and  water ;  according  to 
Braconnot,  70*0  resin,  18*4  soluble  gum,  4*4  bassorin,  7*2  volatile  oil  and  water. 

By  digesting  gum-ammoniacum  with  alcohol,  a  clear  yellow  solution  is  obtained, 
which  yields  by  evaporation  a  transparent  nearly  colourless  resin,  containing,  according 
to  Johnston,  71*9  per  cent,  carbon,  7*6  hydrogen,  and  20-6  oxygen.  By  heatings  .this 
resin  to  130  as  long  as  it  gives  off  vapour,  another  resin  is  obtained  containing  m<M« 

carbon. 

2.  Sesin  of  Ceradia  furcata. — This  plant,  growing  on  the  coast  of  Africa,  opposite 
the  island  of  Ichaboe,  yields  an  amber-coloured  resin,  having  the  odour  of  olibanam, 
and  a  specific  gravity  of  1*197.  It  appears  to  have  the  composition  of  the  turpentine 
resins,  C~H«0«. 

8.  Gomart-resin,  from  Bnrsera  gummifera. — Solid,  diy,  rather  soft  in  the  middle, 
nearly  white,  and  of  ciystalline  structure,  exhibiting  cavities  lined  with  shining  crystalB, 
slightly  fdsible ;  spreads  out  on  boiling  water  in  adhesive  grains.  The  odour  is  inter- 
mediate between  that  of  turpentine  and  that  of  elemi.  Yields  by  distillation  with 
water,  a  transparent  colourless  volatile  oil,  having  the  odour  and  composition  of  tnrpen> 
tine-oil,  C**H'*,  Tapour  density  ■■  4*7,  and  forming  with  hydrochloric  acid  gas  a 
bydiochlorate,  C"H".2HC1,  which  crystallises  in  dazzling  white  silky  needles. 

4.  Ivy-resin,  from  Hedera  Helix. — Red-brown  or  greenish  brittle  lumps,  having  a 
specific  gravity  of  1*294  (Brisson).  Has  a  faint  aromatic  taste  and  odour.  CoutaixiA. 
according  to  Pelletier,  23  per  cent  resin,  7  gum,  70  woody  fibre,  with  malic  acid  and 
^ salts.  It  bums  with  a  bright  flame  and  agreeable  odour;  yields  by  dry  distillation, 
first  acid,  then  ammoniacal  water,  together  with  yellow  and  red  oil. 

5.  Besin  of  Laetia  r«/noM.— Small  yellowish-white,  transparRnt,  green,  brittle 
grains,  with  conchoidal  fracture.  Has  a  fiiint  aromatic  odour.  Yields  a  small  quan- 
tity of  volatile  oil  by  distillation  with  water.  When  heated,  it  melts,  swells  up,  bums 
irith  a  white  very  smoky  fiamo,  leaving  a  bituminous  cinder.  Dissolves  completely  in 
boiling  alcohol,  and  partly  separates  on  cooling.  (Macaire-Prinsep,  Bibl.  univ. 
zIt.  481.) 

MMBOMOOim  CH'O*. — A  compound  homologous  with  orcin  (C*H'*0')  produced 
by  the  action  of  potash  on  galbanum  (ir.  215). 

SBSVIBATXOV.  AH  animals,  so  far  as  we  know,  have  need  of  oxygen  in  order 
that  the  oxidative  processes,  whereby  their  life  is  manifested,  may  be  carried  on.  Some, 
the  so-called  air-breathing  animals,  obtain  the  oxygen  they  require  from  the  atmo* 
sphere ;  others,  the  so-called  aquatic  animals,  live  on  the  free  oxygen  always  to  be 
found  in  those  waters  which  are  capable  of  supporting  life.  In  order  to  bring  tho 
oxygen-bearing  medium  into  dose  contact  with  the  blood  or  internal  juices  of  the  body, 
a  special  mechanism  is  in  most  eases  provided.  Thus  in  man,  by  the  alternate  ex- 
pansion and  relaxation  of  the  chest-walls,  a  quantity  of  air  is  alternately  drawn  into  and 
driven  out  of  hollow  organs  called  lungs,  situated  in  the  chesty  but  having  a  direct 
connection  with  the  external  air;  by  means  of  bloodvessels  ramifying  over  the  lunga, 
the  blood  is  brousht  yeiy  near  to  the  air.  Similar  oi^ns,  with  various  modifications, 
are  fbund  In  all  the  higher  and  in  some  of  the  lower  air-broathing  animals.  In  other 
oases,  e.  g.  insects,  air  is  carried  by  moans  of  ramifying  tubes  all  over  the  body.  In 
many  aquatic  animals  the  blood  or  nutritive  fiuid  is  made  to  oass  into  or  through 
oigans  called  gills,  so  constructed  that  the  water  in  which  the  animal  is  living  is  sepa- 
rated from  the  blood  or  nutritive  fioid  by  a  very  thin  membrane  only.  In  others  water 
is  carried  by  canals  (water- vascular  organs),  by  a  system  of  irrigation  as  it  wero,  through 
a  smaller  or  larger  portion  of  the  body.  Finally,  all  animalfi  are  capable,  to  a  greater 
or  less  extent,  of  acting  upon  snd  being  acted  upon  by  the  surrounding  oxygen-bearing 
medium,  be  it  air  or  water,  through  the  external  surfiice  of  their  bodies  and  through 
the  walls -of  various  cavities  (digestive,  &e.).  In  many  of  the  lower  animals  this  is  the 
only  way  in  which  oxygenation  takes  place,  no  specud  organ  of  any  kind  being  pro- 
vided for  that  purpose. 

The  word  breathing  or  respiration  was  at  first  vsed  to  denote  the  visible  play 
of  the  mechanism,  whereby  the  oxygen-bearing  medium  was  brought  near  to  the  fluids 
of  the  economy, — ^namely,  the  driving  air  mto  (inspiration)  and  out  of  the  lungs 
(expiration),  or  anal(^us  functions,  in  other  animals,  —and  is  still  often  employed 
in  this  limited  sense.  Inasmuch,  however,  as  a  particular  respiratoty  mechanism  is 
not  essential  to  the  gaining  of  oxygen,  while  the  gaining  of  oxygen  is  the  end  of 
every  respiratory  mechanism,  it  haa  become  a  habit  to  consider  respiration  to  mean 
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t&e  ateiptica  dine  axvgeia  by  any  means  wfaataoerer.  And  since  it  so  Iiapi>ens  that 
at  Ute  same  time  and  plaoe^  and  by  the  same  organs  that  oxygen  is  taken  into  the 
eeoaomy,  carbonic  add  is  also  giren  oat  from  it,  and  other  changes  of  gases  possibly 
taike  pUeer  the  term  has  aoquind  the  still  wider  signification  of  "  the  interchange 
betveen  the  gases  of  an  ozganism,  and  the  gases  of  the  medium  in  which  it  liTes.** 

7%ecry  of  Eespiration. 

The  ancients  were  for  the  most  part  agreed  that  the  ^eat  use  of  breathing  was  to 
eooi  the  lungs  and  moderate  the  heat  generate  in  the  viscera ;  and  this  opinion  main- 
tained its  ground,  to  a  great  extent,  through  the  middle  ages  into  modern  times,  in  spite 
of  the  anatomical  and  physiological  labours  of  Vesalius  and  Harvey.  The  observations 
ofVanHelmont  (1648),  on  the  unfitness  of  ffos  sylvestre  for  breathing  purposes ;  of 
Boyle  (1670),  on  the  necessity  of  air  for  the  respiration,  not  only  of  all  terrestrial  but 
also  of  aqnatic  creatures,  and  on  the  unfitness  of  respired  air  for  further  respiration ;  of 
Hook  (1664)  on  artificial  respiration ;  and  of  Lower  (1669),  on  the  change  of  colour  to 
be  observed  in  blood  while  passing  through  the  lungs,  prepared  the  way  for  the  striking 
views  of  John  Mayow  (1674).  This  young  physiologist  recognised,  as  a  constituent 
of  atmofipheric  air,  of  nitre,  and  of  other  substances,  and  as  a  necessary  factor  of  com- 
bustion, a  something  which  he  calls  spiritus  nitroaereus  or  particula  nitroaerem  site 
msoaSre^y  and  by  which  he  evidently  meant  what  we  now  call  oxygen.  He  observed 
that  by  respiration,  as  by  combustion,  air  was  deprived  of  its  particula  nitroaerea  ; 
and  he  was  the  first  to  remark  that  when  animals  were  made  to  breathe  in  a  limited 
space,  as  in  a  bell-jar  over  mereuiy,  the  volume  of  the  air  was  lessened.  He  main- 
tained that  the  use  of  respiration  was  not  to  cool  the  blood,  or  to  promote  the  transit 
of  that  flnid  through  the  lungs,  or  to  encourage  a  due  mixture  of  its  component  parts, 
but  to  sapply  it  with  the  particula  nitroaerea ;  and  he  was  of  opinion  that  these  par- 
ticnlse,  embraced  by  the  blood  and  carried  by  it  to  the  muscles,  entered  into  such  a 
violent  molecular  oonfiict  with  the  combustible  or  (as  he  calls  it)  sulphureous  material 
there  stored  up,  as  to  produce  the  phenomena  of  muscular  contraction.  With  these 
views  Mayow  mixed  up  many  crude  and  immature  ideas,  from  which,  had  he  lived 
longer  (he  died  A.D.  1679,  set.  33)  he  might  have  freed  himself.  His  great  lack  was 
the  ftjling  to  recognise  that  in  respiration  (and  combustion)  there  was  something 
produced  as  well  as  consumed.  This,  however,  was  not  fully  shown  until  Black  (1757) 
demonstrated  the  existence  of  carbonic  acid  in  expired  air.  The  next  step  was  made 
by  Priestley,  who  showed  (1771)  that  air  which  had  become  unfit  for  respiration  or 
oombiistion,  by  reason  of  animals  having  breathed,  or  candles  having  burnt,  or  substances 
havine  putrefied  in  it^  regained  its  lost  properties  on  being  submitted  to  the  influence 
of  living  plants  (On  Air,  2nd  cd.  1775).  He  marred  the  good  of  his  discovery  by 
adopting  a  retro^de  theory  of  the  nature  of  respiration  and  combustion.  He  main- 
tained that  the  carbonic  acid  (fixed  air)  of  expired  air  did  not  come  from  the  lungs, 
but  pre-existed  in  common  atmospheric  air,  and  was  "  precipitated  "  therefrom  by  the 
union  of  the  air  of  inspiration  with  the  phlogiston  (ultimately  derived  from  the  food) 
which  was  thrown  off  by  the  lungs.  Living  animals  (and  burning  or  putrefying  bodies) 
phlogisticated,  he  said,  and  living  plants  dephlogisticated  common  air.  Priestley,  how- 
ever, prepared  the  overthrow  of  his  own  views  by  the  discovery  of  oxygen  (1774-5). 
Through  experiments  made  in  1777.  but  not  published  till  1779,  Crawford  {Animal 
Hfot,  2nd  ed.  1788)  was  led  to  connect  animal  heat  with  respiration.  He  says  (p.  361): 
"  The  pure  air  is  received  into  the  lungs  containing  a  great  quantity  of  elementary  fire ; 
the  blood  is  returned  from  the  extremities  impregnated  with  the  inflammable  principle; 
the  attraction  of  pure  air  to  the  latter  principle  is  greater  than  that  of  the  blood.  This 
principle  will  therefore  leave  the  blooa  to  combine  with  the  air ;  by  this  combination 
the  air  is  obliged  to  deposit  a  peu^ofits  elementary  fire;  and  as  the  capacity  of  the  blood 
is  at  the  same  moment  increased,  it  will  instantly  absorb  that  portion  of  fire  which  had 
been  detached  fh)m  the  air.  The  arterial  blood,  in  its  passage  through  the  capillary 
vessels,  is  again  impregnated  with  the  inflammable  principle,  in  consequence  of  which 
its  capacity  for  heat  is  diminished.  It  will  therefore,  in  the  course  of  the  circulation, 
gradually  give  out  the  heat  which  it  had  received  in  the  lungs,  and  diffuse  it  over 
the  whole  system.  Thus,  in  respiration,  the  blood  is  continually  discharging  the  in- 
flammable principle,  and  absorbing  heat,  and  in  the  course  of  the  circulation  is  con- 
tinually imbibing  this  principle  and  emitting  heat.** 

Meanwhile  the  true  uieoiy  of  respiration  had  been  more  clearly  and  distinctly  pro- 
pounded by  Lavoisier,  who,  following  up  his  investigations  on  oxidation  and  on  the 
constitution  of  air,  in  1777  (Erpkiencessurla  Bespiratum  des  animauxet  surles  change- 
menu  qui  arrivent  a  Voir  en  passant  par  leur  poumoUy  Memoire  lae  k  T Academic  des 
Sciences  le  3  Mai  1777,  CEuvres,  kA,  imp.  174),  demonstrated  that  animals  by  the 
act  of  breathing  took  away  from  the  atmosphere  oxygen  {Ja^r  Sminejntiit  respirafjfe\ 
and  loaded  it  with  carbonic  acid  (Tadde  crayeux  aeryorme).    He  hesitated  to  decide 
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whether  the  oxygen  was  conrerted  into  carbonic  acid  while  piMsing  in  and  out  of  the 
lungfi,  or  whether  oxygen  was  absorbed  into,  and  carbonic  acid  exhaled  from,*  the 
blo^  during  its  passage  through  the  lungs ;  but  inclined  to  the  former  opinion. 
In  1780  he  showed,  in  conjunction  with  La  Place  (M^moire  sur  la  Chaleur,  Art.  ir., 
(Euvres,  ed.  imp.  ii.  283),  that  by  far  the  larger  portion  of  the  heat  gi^en  out  hy 
animab  during  a  given  period  could  be  accounted  for  by  considering  it  to  be  dae  to 
the  combustion  of  a  quantity  of  carbon  sufficient  to  produce  the  carbonic  acid  exhaled 
during  the  same  time.  In  1785  (AUirationa  aiiffprcuw  Voir  respiri,  (Euvres,  id. 
imp.  ii.  676),  he  recognised  that  the  whole  of  the  oxygen  which  disappeared  during 
respiration,  did  not  return  in  the  form  of  carbonic  acid ;  and  whUe  admitting  the  pos- 
sibility of  the  missing  portion  haying  "  combined  with  the  blood,"  thought  it  mort< 
probable  that  it  united  with  hydr(^en  in  the  lungs  to  form  water.  He  had  by  this 
time  deftnitiyely  adopted  the  theory  that  the  formation  of  carbonic  acid  took  place  in 
the  lungs,  and  in  »  memoir  published  in  1790  {Premier  Memoire  sur  la  Transpiration  dcs 
AnimmiXf  par  S^nin  et  Lavoisier,  CEuvres,  id.  imp.  ii.  708),  he  gives  the  following 
account  of  his  views  on  the  subject.  There  is  continually  transuding  from  the  blood 
through  the  pulmonary  membranes  into  the  air^tubes,  a  humour  which  is  principally 
composed  of  carbon  and  hydrogen.  This  humour,  issuing  from  the  minute  exhalant 
vessels  of  the  lungs  in  a  state  of  veiy  fine  division,  unites  with  the  oxygen  in  contact  with 
it,  and  is  thus  converted  into  water  and  carbonic  acid.  The  carbonic  acid  is  driven  out 
by  the  action  of  the  lungs  while  the  accompanying  water  (water  of  respiration),  together 
with  the  water  which  transudes  into  the  air-tubes  along  with  the  hydrocarbonous 
respiratory  material  (water  of  pulmonary  transpiration)  ia  carried  off  in  the  form  of 
vapour  by  the  heated  air  of  the  lungs. 

The  difficulty  felt  in  supposing  that,  while  the  whole  body  is  nearly  of  the  same 
temperature,  combustion  takes  place  in  one  spot  only,  to  wit  the  lungs,  was  met  bj 
Lavoisier  and  La  Place  with  the  reflection  that  the  rapidity  of  the  circulation,  the 
evaporation  by  the  lungs,  and  an  augmentation  of  the  capacity  for  heat  in  decarbonised 
blood  (theory  of  Crawford),  were  sufficient  to  account  for  the  phenomena.  Lagrange 
however,  dissatisfied  with  this  explanation,  put  forward  through  Hassenfratz  the 
theory  (which  Lavoisier  had  discarded)  that  oxygen  was  absorbed  into  the  blood,  and, 
during  the  course  of  the  circulation,  combined  with  the  carbon  and  hydrogen  of  that 
fluid,  giving  rise  to  carbonic  acid  and  water,  which  were  in  turn  exhaled  throuc^^h  the 
tungs.  Lagrange  supported  his  views  by  no  &ucts  or  experiments,  and  they  did  not 
meet  with  any  genend  acceptance. 

In  1799  H.  Davy  (Beddoe*s  Med.  Contrib.  p.  128)  published  a  theory  that  in  the 
act  of  respiration,  phosoxygen,  as  he  called  it,  combined  with  venous  blood,  while  at 
the  same  time  *'  carbonic  add  and  water  were  liberated,  either  by  the  increase  of  tem- 
perature, or  from  the  superior  affinity  of  phosoxygen  for  venous  blood.**  He  was  able 
to  obtain  a  small  quantity  of  carbonic  acid  from  venous,  and  a  very  small  quantity  of 
oxygen  from  arterial  blood.  In  1800,  however  (ItesearcheSy  p.  447),  he  had  abandoned 
his  phosoxygen  theory,  and  embraced  the  views  of  Lavoisier,  though  he  was  led,  by  hia 
experiments  on  the  respiration  of  hydroeen  and  nitrous  oxide,  to  believe  that  some  at 
least  of  the  carbonic  acid  of  expired  air  aid  not  arise  directly  from  a  combustion  of 
carbon  in  the  lungs,  but  pre-existed  in  venous  blood,  and  transpired  from  it  through 
the  coats  of  the  minute  bloodvessels. 

Spallanzani  (Memxnrs  on  Bespirationf  by  Sennebier)  in  the  course  of  some 
experiments  which  were  not  published  until  1803,  found  that  snails  placed  in  an 
atmosphere  of  pure  hydrogen,  still  continued  for  some  time  to  give  off  carbonic  acid, 
which  in  this  case  could  not  have  arisen  from  any  direct  combustion  of  carbon.  Singu- 
larly enough,  he  explained  this  fact  by  supposing  that  carbonic  acid  was  generated  by 
the  food  in  the  stomach,  entered  thence  into  the  bloody  and  so  made  its  way  through 
the  skin  and  lungs. 

These  observations  of  Davy  and  Spallanzani  were  overlooked  by  physiologists,  until 
W.  F,  Edwards  {Influence  €^  Physical  Agents  on  Life,  by  Hodgkin,p.  226),  showed  in 
1823  that  firogs.  flsh,  and  infant  mammalia,  when  placed  in  an  atmosphere  of  hydrogen, 
exhaled  a  quantity  of  carbonic  acid,  far  too  great  to  be  accounted  for  by  the  consump- 
tion of  the  small  amount  of  oxygen  still  remaining  in  the  lungs  of  the  animals  at  the 
moment  of  their  being  removed  from  atmospheric  air. 

About  this  time,  and  for  some  years  afterwards,  there  may  be  said  to  have  been 
three  main  theories  of  respiration  adopted  or  discussed  by  physiologists.  There  was 
the  theory  of  Lavoisier,  either  in  the  actual  form  in  which  he  enunciated  it^  or  that 
modification  of  it  which  was  more  generally  received  in  England — ^viz.,  that  the  hydro- 
carbonous material  which  suffered  combustion  in  the  lungs  was  not  secreted  as  such 
into  the  air-vesicles,  but  was  oxidised  while  still  in  the  venous  blood  by  means  of  the 
passage  of  air  or  oxygen  through  the  coats  of  the  bloodvessels.  This,  which  might  be 
Cidled  the  "  combustion  '*  theoiy,  obtained  by  fxe  the  greatest  amount  of  support^  and 
indeed  may  still  be  found  in  books  ^  the  present  day.    Another  opinion  was  that 
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«ir  as  a  miiolA,  or  the  oxygen  of  it  only,  passed  through  the  ooats  of  the  blood- 
ressels  and  combined  with  the  Diood,  while  at  the  same  time  the  lungs,  out  of  the 
hjdroearbonona  material  with  which  venous  blood  was  supposed  to  be  loaded,  dereloped 
or  secreted  carbonic  add.  This  "  secretion  ''theory,  oonstructed  chiefly  to  explain  the 
remits  of  Edwaids,  corroborated  as  they  were  by  those  of  CoUard  de  Martigny,  Berg- 
mann,  HuUer,  &c.,  was  embraced  by  a  few  only.  It  is  somewhat  strange  that  the 
tendefkdes  of  the  present  day  seem  nevertheless  to  be  turning  back  to  a  modification 
of  this  view.  Lastly,  there  was  the  old  suggestion  of  Lagrange,  that  oxygen  passing 
by  solution  into  the  blood  was  consumed  in  the  capillaries,  giving  rise  to  carbonic  acid, 
which  escaped  by  the  lungs.  This  "  diffusion"  theory  was  mostly  rejected  by  reason  of 
the  di£Bculty  that  was  met  with  in  attempting  to  demonstrate  the  existence  of  free  car- 
bonic acid  in  venous  or  of  free  oxygen  in  arterial  blood.  Thus  while  H.  Davy,  Nasse, 
Togel,  Brande,  Home,  Scudamore,  Collard  de  Martigny,  Maitland^  Vauquelin, 
Stevens,  Hofinan,  Entschut,  and  Bischof  obtained,  either  by  heat  or  the  vacuum,  or 
by  a  current  of  some  indifferent  gas,  evidence  of  the  existence  of  free  carbonic  acid  in 
venous  blood,  J.  Davy,  Strohmeyer,  Bergmann,  J.  Miiller,  and  Tiedemann  with  Gmelin 
andMitacherlich,  failed  to  do  so ;  and  while  H.  Davy  obtained  a  small  quantity  of  oxy- 
gen from  arterial  blood,  subsequent  observers  were  unsuccessful.  The  **  combustion  '* 
theory  therefore,  in  consequence  of  this  discordance,  retained  its  hold  upon  physiologists 
until  the  experiments  of  Mag  n  us  in  1837,  who  made  an  epoch  in  this  subject  by  defi- 
nitely determining  the  gases  of  blood. 

In  hia  first  researches  (Pogg.  Ann.  xl.  p.  583)  Magnus  repeated  the  experiments 
of  his  predecessors,  who  attempted  to  drive  off  from  blood  its  free  carbonic  acid  by 
means  of  a  stream  of  hydrogen.  By  continuing  the  current  for  24  hours,  he  obtained 
as  much  as  34  ce.  of  carbonic  acid  from  62*9  cc.  of  blood.  Subsequently,  on  observing 
that  in  using  the  air-pump  blood  oould  not  be  made  to  give  up  its  gases  until  a  very 
great  exhaustion  had  been  arrived  at,  he  constructed  a  mercurial  air-pump,  and  by 
this  means  was  enabled  to  demonstrate  the  existence  in  both  arterial  and  venous  blood 
d  very  oonsiderable  quantities  of  oxygen,  nitrogen,  and  carbonic  acid : — 

Qaantityof   Total  mun- 
btoodiuecL   tityofgmi.        CO*.  O.  K. 

Horse :  artery .        •        .  125  ce.      0*8  oc.       5*4  cc.       I'O  cc       2*5  cc 

„       vein     ...  205  12-2  8*8  2*8  II  > 

„            „     ...  195  14-2  10*0  2*5  1*7  { 

Tecy  old  Horse :  artery   v  130  16*3  10*7  41  1*5  > 

n            n            »        '  122  10*2  70  2-2  1*0  J 

„          vein     .  170  18*9  12*4  24  40 

Calf:  artery    ...  123  14*5  9*4  3*5  1*6 

Hence,  while  both  kinds  of  blood  alike  contain  oxygen  and  carbonic  add,  arterial 
blood  contains  more  oxygen  and  less  carbonic  acid  than  does  venous  blood.  Although 
the  quantities  of  these  gases  thus  obtained  could  not  be  supposed  to  represent  all  the 
gas  really  present  in  a  free  state  in  the  blood,  Magnus  satisfied  himself  that  the 
amount  of  carbonic  add  determined  by  his  experiments  was  suf&dent  to  accoimt  for 
the  whole  quantity  given  off  by  the  body  in  health.  Further  experiments  (Poggend. 
Ann.  Ixvi.  p.  177,  1845)  taught  him  that  blood  shaken  up  in  an  atmosphere  of  oxygen 
will  absorb  from  10  to  12  per  cent,  (of  volume)  of  that  gas,  a  quantity  sufficient  to 
account  for  all  the  oxygen  consumed  by  the  economy.  He  was  thus  led  to  adopt 
in  its  entirety  the  "  difiiision "  theory ;  and  the  demonstration  *of  the  existence 
of  free  gases  in  the  blood  having  been  the  one  thing  lacking  to  this  theory,  he  was  in 
this  followed  by  nearly  all  physiologists.  He  regarded  the  gases  as  simply  dissolved 
in  the  blood,  and  explained  the  entrance  of  oxygen  and  the  exit  of  carbonic  acid  by  a 
reference  to  theHoiiy-Balton  law  of  pressures  (see  Gases,  Absorption  op,  bt  Liquids). 
According  to  this  view,  which  was  more  fully  elaborated  by  Vierordt  (Physioloffie 
des  Athmens),  the  carbonic  acid  neither  replaces  nor  is  replaced  by  the  oxygen,  but 
both  are  taken  up  and  given  off  independently  of  each  other.  (The  idea  of  V  a  1  e  n  t  i  n 
andBrunner,  that  the  phenomena  of  respiration  form  an  example  of  Graham's  law  of 
transpiration  of  gases,  was  shown  by  Regnault  and  Beiset  to  be  erroneous  ;  these 
observers  having  proved  that  in  the  animal  economy  the  ratio  between  the  amount  of 
oxygen  absorbed  and  that  of  the  carbonic  acid  exhaled  is  not  constant).  The  venous 
blood  laden  with  carbonic  add,  on  being  exposed,  during  the  passage  through  the  lungs, 
to  an  atmosphere  containing  but  little  of  that  gas,  must,  in  obedience  to  the  law  of 
pressures,  give  off  a  portion  of  its  carbonic  acid,  and  will  continue  to  do  so  until 
an  equilibrium  is  established  between  the  tension  of  the  carbonic  acid  in  the  air  of 
the  lungs,  and  the  tension  of  carbonic  add  in  the  blood.  Similarly  venous  blood,  poor 
in  oxygen,  on  being  exposed  to  the  air  of  the  limgs,  will  absorb  oxygen  until  an 
eqniUbrium  is  established  between  the  tension  of  oxygen  in  the  air  of  the  lungs,  and  the 
tension  of  oxygen  in  the  blood.    And  inverse  processes  will  take  place  in  the  systemic 


86  EESPniATION. 

capollnries  between  the  arterial  blood  and  the  tissnes.  In  each  ease  the  exact  WHnt  at 
which  equilibrium  is  established  will  depend  on  the  so-called  '*  abaorption-coefficient  * 
of  blood  for  oxygen  and  carbonic  acid  re^ipectively. 

Before  long,  however,  it  began  to  be  seen  that  this  yiew  was  open  to  many  objections. 
Liebig,  in  his  Chemical  Letters  (by  Gregory,  3rd  ed.  p.  332),  strongly  adrocated  the 
opinion  that  the  condition  of  the  greater  part  of  the  oxygen  in  the  blood  was  one  not 
of  simple  physical  absorption,  but  of  chemical  combination — a  combination,  howerer, 
so  loose  that  it  was  capable  of  being  disturbed  by  the  acticm  of  indifferent  gases  or  of 
the  Tacuum.  In  support  of  his  view,  he  drew  attention  to  an  analogous  combination 
between  carbonic  acid  and  aqueous  solutions  of  phosphate  of  sodium,  cited  the  experi- 
ments of  Regnault  and  Reiset,  which  showed  that  in  an  atmosphere  of  pure  oxygen, 
animals  consumed  the  same  amount  of  that  gas  as  when  breathing  ordinazy  air,  and 
instanced  the  fact  that  in  high  regions,  where  the  absolute  quantity  of  oxygen  taken 
into  the  chest  at  a  breath  is  only  about  two-thirds  of  that  taken  in  at  the  searlevel, 
the  vital  processes  do  not  suffer  any  marked  changes,  such  as  would  certainly  follow 
variations  in  the  quantity  of  oxygen  absorbed.  He,  moreover,  pointed  out  the  neces- 
sity for  accurately  determining  the  absorption-coefficients  of  blood  for  its  gases.  This 
was  afterwards  attempted  by  Lothar  Meyer,  Fernet,  and  others,  whose  inves- 
tigations, while  they  may  be  considered  to  have  explained  the  entrance  of  oxygen  into 
the  blood,  have  left  the  question  of  the  exit  of  carbonic  acid  still  somewhat  unsettled. 

Absorption  of  Oxygen. 

L.  Meyer  (for  whoso  %ures  see  voL  i.  p.  606,  voL  ii.  p.  803)  found  that  when  blood 
was  exposed  to  oxygen  at  various  pressures,  the  quantity  of  that  gas  taken  up  might 
be  regarded  as  consisting  of  two  portions,  one  following  the  law  of  pressures,  the 
other  wholly  independent  of  pressure.  The  former  however,  in  respect  to  which  blood 
differed  very  little  from  water,  was  found  to  be  so  small  compared  with  the  latter 
that  the  increments  of  absorption  due  to  increments  of  pressure  were  almost  covered 
by  errors  of  obserration.  He  accordingly  drew  the  conclusion  that  oxygen  was 
chemically  combined  with  the  blood  during  the  passage  through  the  lungs,  though  in 
so  loose  a  fashion  that  it  coold  be  driven  off  again  by  the  action  of  indifferent  gases, 
or  of  the  vacimm  assisted  by  heat.  Fernet  (Ann.  Sc.  Nat.  [iv.]  viii.  p.  12*5)  arrived 
at  the  same  conclusion,  and  moreover  pointed  out  that  this  special  affinity  for  oxygen 
was  possessed  not  by  the  serum  or  plasma,  but  by  the  red  corpuscles.  Thus  the  proper 
absorption-coefficient  of  blood  for  oxygen  was  found  to  be  *0266  at  16^,  of  serum  *0288 
atl6'8^  (the  absorption-coefficient  of  water  atld^'for  oxygen  beinp:*02949);  while  1  voL 
blood  chemically  combined  with  '0958  vol.,  and  1  vol.  serum  with  '00117  vol.  oxygen 
at  the  same  temperature.  Neither  Meyer  nor  Fernet,  however,  were  able  to  obtain  firom 
arterial  blood,  by  means  of  the  vacuum,  as  much  oxygen  as  was  absorbed  by  venous 
blood  when  i^tated  in  an  atmosphere  of  that  gas.  But  this  difficulty  was  removed  by 
Setschenow  (Wien.  Akad:  Ber:  xxxvi.  p.  293),  who,  using  a  muui  larger  vacuum, 
was  enabled  to  drive  off  from  blood  much  larger  quantities  of  oxygen  (see  table  below). 
The  affinity  for  oxygen  possessed  by  blood  was  also  shown  by  the  experiments  of 
W.  Miiller  (Ann.  Ch.  Fharm.  cviii.  p.  2d7)i  who  found  that  animals  (rabbits),  made 
to  breathe  a  limited  amount  of  oxyeen,  consumed  the  whole  of  it,  provided  that  tho 
quantitv  placed  at  their  disposal  did  not  exceed  150 — 200  cc.  The  same  observer 
ascertained  that  the  residual  air  in  lungs  of  asphyxiated  animals  contained  a  trace  only 
of  oxygen,  a  fact*which  was  corroborated  by  Setschenow,  and  is  directly  opposed  to 
the  theory  thait  the  absorption  of  oxygen  takes  place  according  to  pressure. 

The  beWnour  of  blood  towards  carbonic  oxide  has  been  found  to  illustrate  the  chemi- 
cal nature  of  the  process  of  absorption  (Bernard,  Lecons,  Subst.  Toxiq.  1857,  p.  167f; 
L.  Meyer;Hoppe,  Virch.  Arch.  xi.  288).  Blood,  wnen  agitated  with  or  treated  with 
a  stream  of  carbonic  oxide,  becomes  of  a  peculiar  bright  red  colour,  and  is  found,  not 
only  to  have  given  off  its  oxygen,  but  to  have  become  incapable  of  absorbing  that  gas. 
It  has  lost  the  property  of  becoming  arterialised.  There  is  reason  to  believe  that 
carbonic  oxide  has  a  stronger  affinity  than  oxygen  for  the  haemoglobin  or  red  colouring- 
matter  of  the  blood, .  and  forms  with  it  a  more  stable  compound  (see  below). 
Nawrocki  (Henle  u.  Meissner,  1863,  p.  298)  finds  that  the  amount  of  oxygen  driven 
off  by  a  stream  of  carbonic  oxide  tallies  extremely  well  with  that  obtained  by  means 
of  the  mercurial  vacuum,  and  it  has  been  adopted  by  some  subsequent  observers 
(Bernard,  Estor  et  Saintpierre)  as  a  method  of  estimating  the  amount  of  oxygen 
in  blood. 

A  still  further  advance  has  been  made  by  the  optical  studies  of  Hoppe-Seyler 
(Virch.  Arch,  xxxiii.  446,  xxix.  233  and  597;  Med.  Centralbl.  1864,  p.  817;  Handb. 
Chem.  Anal.  p.  201)  and  Stokes  (Froc.  Roy.  Soc.  xiii.  355).  The  red  corpuscles  of 
vertebrate  animals  consist  for  tho  most  part  of  a  substance  which  has  been  callini 
hematocrystallin  or  hamatoghhulin,  or  shorter  h^moghhin  (Hoppe)*  or  crnorin 
(Stokes),  and  which  may  oitcn  be  obtained  in  a  crystalline  form.    When  toleiabiy 
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eoaeralnited  solations  of  this  bodty,  which  ixe  found  to  eontain  free  oj^^a  cod  are 
of  a  blood-red  colonr,  are  ezamined  with  the  spectroscope  (or  simply  with  a  prism 
■od  elit  in  Stokes'  waj)  there  is  found  to  be  little  absorption  of  li^ht  in  thut  part 


ojnfgen  has  been  driven  out  of  the  solution  by  a  current  of  hjdrogc 
booic  add,  there  is  witnessed  a  very  great  increase  of  absorption  of  light  at  the 
md  end,  except  in  the  space  between  a  and  B,  and  even  in  this  part  there  is  a  slight 
increase  of  absorption.  Upon  these  optical  properties  probably  depends  the  difTerence 
in  eolirar  between  arterial  and  venous  blood.  Venous  blood  viewed  by  the  spectroscope 
without  exposure  to  air,  shows  a  venr  distinct  absorption  of  light  from  B  to  beyond  C, 
an  efiect  which  disappears  when  tne  blood  is  oxygenated  by  agitation  with  air. 
(Hoppe.) 

Dilute  solutions  of  blood-colouring-matter  show  two  very  dark  and  sharply-defined 
abflccption-bands  (visible  in  a  1  oc  thick  layer  of  a  solubon  of  1  gnu.  of  colouring- 
matter  in  10,000  cc.  of  water)  between  D  and  £,  one  being  close  to  D,  the  other  and 
thicker  one  being  close  to  £ ;  if  D  is  at  80  of  the  scale  and  E  at  106,  the  first  band 
reaches  frtun  81  to  87,  the  second  from  95  to  106  (Hoppe,  Stokes).  When  such  a 
solution  ia  treated  with  any  reducing  aflent,  such  as  a  solution  of  ferrous  sulphate  or 
stannous  chloride  with  tartaric  add  and  ammonia,  it  assumes  a  purplish  colour,  loses 
the  two  distinct  bands,  but  gains  a  new  one  reaching  from  82  to  97,  with  fainter  bands 
extending  on  either  side  from  77  to  82  and  from  97  to  99.  If  the  solution  be  now 
agitated  with  air,  it  becomes  blood-red  again,  and  exchanges  the  new  band  for  the  two 
original  ones  (S  to  kes,'Hoppe).  The  same  effects  may  be  produced  bousing  sulphide  of 
ammonium  as  a  reducing  agent,  or  by  passing  a  stream  of  carbonic  add,  hydrogen, 
nitrogen,  &c  through  the  solution,  or  by  keepmg  the  solution  for  some  little  Ume  at  a 
bIoo£-heat,  or  for  a  longer  time  at  the  ordinary  temperature.  In  all  these  cases,  the 
two  original  Iwuids  are  found  to  be  replaced  by  an  intermediate  band,  and  may  be 
bionght  back  again  by  agitating  the  solution  with  air  or  oxygen,  the  phenomena  being 
accompanied  by  a  change  of  colour  from  scarlet  to  purple  and  vice  versd.  Hence  the 
conclusion  has  been  come  to  that  there  is  a  substance,  holding  oxygen  in  loose  combi- 
nation, giving  two  absorption-bands,  and  possessing  a  scarlet  hue  ~  the  scarlet  crtiorin 
of  Stokes*  the  oxyhamoglobin  of  Hoppe ;  this  body  may  give  off  its  loose  oxygen, 
dther  to  some  redudng  agent  or  to  some  of  its  fellow  blood-constituents  (or  to  the 
tissues),  and  then  has  a  purple  hue  and  shows  only  one  marked  band — the  purple 
erttorin  of  Stokes,  the  hamo^lobin  of  Hoppe ;  on  exposure  to  air  or  oxygen,  the 
pnrple  croorine  or  hsmoglobin  absorbs  oxygen,  and  becomes  once  more  the  scarlet 
cmorin  or  oxyhemoglobin.  And  it  is  presumed  that  this  is  the  way  in  which  the  red 
corpuscles  of  blood  perform  their  share  in  the  work  of  respiration.  The  hemoglobin 
CKT  purple  cruorin  of  the  blood  of  the  pulmonary  artery,  ab.'orbing  oxygen,  becomes 
osynaemoglobin  or  scarlet  cruorin,  and  in  the  course  of  the  drculation  gives  up  its 
csygen.  Incoming  mere  hsemoglobin  or  purple  cruorin.  Since  venous  blood  always 
contains  some  oxygen,  one  must  expect  to  find  the  spectrum  of  oxyhemoglobin  even 
in  venous  blood  examined  without  any  exposure  to  air,  and  such  is  the  case  (Stokes, 
fi o  p  p  e).  The  blood  of  an  animal  dying  of  asphyxis ,  however,  contains  no  oxygen,  and 
shows  very  distinctly  the  band  of  hsemoglobin  or  purple  cruorin  alone.    (Hoppe.) 

When  a  solution  of  oxyhsemoglobin  is  treated  with  carbonic  oxide,  oxygen  is  set 
free ;  the  carbonic  oxide,  however,  does  not  act  as  a  redudng  agent,  the  blood  does  not 
^>ecome  purple  from  the  formation  of  hemoglobin,  but  of  a  peculiar  bright  red  colour 
'from  the  combination  of  carbonic  oxide  with  hemoglobin,  to  form  earboxydheme- 
^obin,  whose  spectrum  is  similar  to  that  of  oxyhemoglobin,  there  being  only  a  slight 
difference  in  the  position  of  the  bands — one  reaching  from  82  to  90,  the  other  from  95 
to  106  (Hoppe).  The  combination  between  carbonic  oxide  and  hemoglobin  is  not 
(or  at  least  only  slowly  and  partially)  decomposed  by  exposure  to  air  or  oxygen.  The 
carbonic  oxide  may,  however,  be  replaced  by  nitric  ozide,  the  blood  being  scarcely 
changed  in  colour,  remaining  still  a  bright  red,  and  the  spectrum  resembling  that  of 
oxyhemoglobin,  but  with  bands  less  strongly  marked.  Nitric  oxide  may  also  be 
directly  combined  with  hemoglobin,  and  also  with  oxyhemoglobin ;  in  the  latter  case 
some  nitric  oxide  is  oxidised  at  the  expense  of  the  loose  oxygen.  A  given  quantity  of 
hemoglobin  unites  with  equal  volumes  of  oxygen,  carbonic  oxide,  ajid  nitric  oxide 
(Hermann,  L.  Arch.  Anat.  Phys.  1865,  p.  469).  It  is  calculated  that  1  gnu.  hemo- 
globin unites  with  1*3  cc  of  gas. 

The  entrance  of  oxy^n  into  the  economy  beine  therefore  in  the  maih  not  a  physical 
pxosess  of  absorption,  out  a  chemical  one  of  oxidation  (and  reduction)  the  amount  of 
the  oxygen  in  the  inspired  air,  provided  only  there  is  enough  for  ordinary  purposes, 
will  have  litUe  or  no  effect  on  the  amount  of  oxygen  taken  into  the  blood.  We 
accordingly  find  that  animajs  consume  the  same  amount  of  oxygen  and  produce  the 
tame  amount  of  carbonic  acid  when  breathing  pure  oxygen  as  when  breathing 
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ordinary  air  (Regnanlt  and  Beiset).  NeverthelesB,  many  observers  bare  from  time 
to  time  described  as  effects  of  breatbinff  pore  oxygen,  symptoms  wbicb  have  been 
interpreted  as  indicative  of  increased  oxid&tion,  which  can  ha^y  be  considered  as  dua 
to  an  augmentation  of  that  fraction  of  oxygen  which  is  reaUy  physically  absorbed,  and 
which  have  not  beeft  otherwise  dekrly  exjSained. 

Exhalaiion  of  Carbonic  Jad, 

L.  }tfeyer  (op,  eit.),  by  exposing  blood  to  carbonic  acid  at  yarions  pressores, 
found  that  the  quantit7  of  that  gas  absorbed  might  be  divided  into  two  portions, 
one  obedient  to  and  the  other  independent  of  the  law  of  pressures.  The  absorp- 
tion of  carbonic  acid  differed  notably  from  that  of  oxygen,  inasmuch  as  the  portion 
following  the  law  of  pressures  was  much  larger  than  that  which  was  independent. 
Thus  at  11° — 12°  the  former  per  vol.  blood  was,  measured  at  0°  and  *76  met,  1*151,  the 
latter  '630.  Since  blood  contains  carbonate  and  phosphate  of  sodium,  and  since 
aqueous  solutions  of  these  salts  possess  the  power  of  holding,  in  loose  combination,  a 
quantity  of  carbonic  acid  over  and  above  that  due  to  simple  physical  absorption,  it 
had  been  suggested  that  the  absorption  of  carbonic  acid  by  blood  might  bear  some 
relation  to  these  saline  constituents.  Fernet  accordingly  (op.  eit.)  studied  the 
behaviour  towards  carbonic  acid  of  aqueous  solutions  of  these  salts,  taking  the  average 
composition  of  blood  as  a  standard.  He  found  that  on  the  one  hand  they  absorbed  a 
quantity  of  carbonic  acid  according  to  the  law  of  pressures  (and  in  this  respect 
possessed  absorption-coefScients  differing  very  slightly  from  that  of  water) ;  while  on 
the  other  hand  the  solution  of  carbonate  of  sodium  absorbed,  independently  of  pressure, 
a  quantity  of  carbonic  add  suffident  to  convert  the  simple  carbonate  into  bicarbonate, 
and  the  solution  of  phosphate  of  sodium  similarly  absorbed  a  quantity  at  the  rate  of 
two  equivalents  of  carbonic  acid  to  each  equivalent  of  the  salt.  (According  to  recent 
researches  of  Heidenhain  and  Meyer,  Stud.  Bresl.  ii.  103,  Fernet's  results 
require  some  corrections).  He  moreover  found  that  blood  behaved  in  respect  to  the 
absorption  of  carbonic  acid  almost  exactly  as  if  it  were  a  mere  aqueous  solution  of  the 
saline  constituents  in  their  proper  proportions ;  neither  the  corpusdes  nor  the  organic 
substances  of  the  serum  had  any  marked  share  in  the  matter. 

By  submitting  blood  to  the  action  of  a  vacuum  and  moderate  heat,  Meyer  obtuned 
only  small  quantities  of  carbonic  acid;  by  far  the  greater  part  of  the  total  amount  con- 
tained in  the  blood  could  not  be  driven  off  unless  acids  were  employed.  Setschenow, 
however  (op.  cii.),  by  the  help  of  his  laiffer  vacuum,  gained  much  larger  quantities 
without  using  any  acids.  His  results,  toge&er  with  those  of  some  subsequent  observers, 
are  given  in  the  following  table,  where  "  loose  **  carbonic  acid  means  that  which  is 
given  off  to  a  vacuum,  and  comprises  both  that  which  is  phvsically  absorbed,  and  that 
which  is  retained  by  the  carbonate  and  phosphate  of  sodium,  while  "  fixed "  means 
that  which  is  driven  off  by  the  use  of  adcui : — 
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The  veeesit  obserratioiis  of  Pl&ger  (Ueb.  d,  KohUntSure  d.  Bluies)  seem  to  in- 
TiUdate  thwa  resnlts.  This  observer,  by  using  a  Tacunm  free  from  aqaeoiu  yapour, 
vas  enabled  to  drire  oiF  the  whole  of  the  carbonic  acid,  so  that  no  more  could  be 
obtained  bj  the  addition  of  acids ;  even  neutral  carbonate  of  sodium  previously  added 
to  the  blood  was  decomposed.  It  is  probable  that  this  result  was  brought  about,  in 
part  at  leasts  by  acids  arising  from  the  decomposition  of  the  hsmoglobin;  and, 
tlioQgfa  a  portion  of  the  carbonic  acid  was  obtained  much  more  readily  than  the  rest, 
the  experiments  suggest  the  question  whether  generation  of  acids  does  not  take  place 
in  all  cases  where  the  vacuum  is  used — ^whether,  in  fiict,  the  above  distinction  between 
loose  and  fixed  carbonic  acid  is  not  in  great  measure  a  factitious  one. 

That  the  escape  of  carbonic  acid  is,  taken  as  a  whole,  a  matter  of  pressures  is 
shown  by  the  results  of  all  observers ;  but  there  are  considerable  difSculties  connected 
with  the  subject,  which  have  not  as  yet  been  thoroughly  cleared  up  Were  the  venous 
blood,  during  its  passage  through  the  lungs,  exposed  to  air  containing  little  or  no 
carbonic  acid,  the  law  <?  pressures  would  readily  suggest  a  cause  for  the  immediate 
escape  of  the  due  amount  of  that  eas.  Such,  however,  is  not  the  case.  We  are  led  to 
betiere  (Bee  her)  that  the  air  in  the  pulmonary  air-cells  contains  habitually  about  8  per 
cent,  of  carbonic  acid.  Hence,  any  just  explanation  of  the  process  of  exhalation  must 
take  into  account  the  existence  to  that  extent  of  a  tension  of  carbonic  acid  in  the 
ling-air,  which  has  to  be  overcome  before  any  escape  can  take  place  from  the  blood. 
Thus  the  hypothesis  that  in  the  lungs  the  acid  carbonate  of  sodium  is  reduced,  by 
mere  exposure  to  lung-air,  to  the  neutral  carbonate,  with  escape  of  carbonic  acid,  is 
untenable,  because  the  acid  carbonate  refuses  to  give  up  its  extra  atom  of  carbonic  acid 
to  air  containing  above  I  per  cent,  of  that  gas  (Meyer).  Similarly  the  carbonic  acid 
retained  by  a  s^ution  of  phosphate  of  sodium  is  not  given  off  to  an  atmosphere  of 
like  carbonic  acid  tension  (Sch offer,  Wien.  Akad.  Ber.  xli.  p.  589).  Holmgren 
(2oe.  cii.,  xlviii.)  has  attempted  to  determine  the  actual  degree  of  tension  of  car- 
bonic acid  which  a  vacuum  (containing  aqueous  vapour)  must  acquire  before  blood 
eeases  to  gire  off  to  it  its  carbonic  acid.  This  he  found  to  be,  at  40^  C,  22*3  mm. 
of  mercury  for  arterial  blood,  30*6  mm.  for  venous  blood,  and  38-1  mm.  for  the 
blood  of  asphyxia.  In  two  cases,  where  the  normal  expired  air  contained  respectively 
2*94  per  cent,  and  4*31  per  cent  of  carbonic  acid,  and  therefore  gave  tensions  of 
22' 18  mm.  and  31 '98  mm.,  the  blood  ceased  to  give  off  carbonic  acid  at  the  tensions 
of  22*13  and  28*20  mm.  Since  the  carbonic  acid  tension  of  the  interior  lung-air  is 
much  higher  than  that  of  the  en)ired  air,  it  is  obvious  that  in  these  cases  the 
blood  oould  not  have  got  rid  of  its  carbonic  acid  while  passing  through  the  lungs, 
through  the  simple  working  of  the  law  of  pressures,  unless  there  were  something 
at  huid  in  the  lungs  temporarily  augmenting  the  carbonic  arid  tension  of  the 
blood,  or  otherwise  assisting  the  escape  of  that  gas.  This  is  still  more  strikingly 
shown  in  two  cases  of  asphyxia,  where  the  tension  of  the  blood  was  34*76  and 
41*41,  of  the  lung- air  98  and  91*6  mm.  respectively.  Holmgren  fttrther  observed 
that  blood  gave  up  its  carbonic  acid  more  readily  to  a  rarefied  atmosphere  of 
oxygen  than  to  a  vacuum  containing  nothing  but  aqueous  vapour.  Thus  153  cc 
of  blood  gave  up  to  a  vacuum  of  160  ce.  at  22^,  0*418  cc.  and  0*583  ec  of  carbonic 
add  (measured  at  0®  1'),  while  to  the  same  space  containing  8*99  cc.  and  20-16  cc. 
oxygen,  there  were  given  up  1*875  cc.  and  1*997  cc.  of  carl^nic  acid  by  the  same 
quantities  of  the  same  blood.  These  results  suggest  the  idea  that  the  act  of  the  ab- 
sorption of  oxygen  in  some  way  or  other  momentarily  augments  the  tension  of  carbonic 
acid  in  the  blo<^  But  in  what  way  is  it  able  to  produce  such  an  effect?  It  has  been 
diown  that  a  certain  portion  of  the  carbonic  acid  of  the  blood  is  given  off  more  readily 
dian  the  zest,  and  it  has  been  also  shown  that  this  fixed  or  stable  remainder  is  greater 
in  venous  than  in  arterial  blood  (ride  table,  ante).  In  other  words,  during  the  passage 
through  the  lungs,  a  certain  portion  of  the  fixed  or  stable  carbonic  add  becomes  un- 
stable or  loose,  and  it  has  been  maintained  by  S  ch  of  f  er  {op.  cU.)  that  the  amount  thus 
converted  is  sufficient  to  account  for  the  quantity  escaping  into  the  air.  Now  Preyer 
(Wien.  Akad.  Ber.  xlix.)  has  shown  that  the  same  conversion  of  stable  into  un- 
stable carbonic  acid  takes  place  when  venous  blood  is  artificially  arterialised  by  agita- 
tion with  air  or  oacygen,  whereas  the  amount  of  stable  carbonic  acid  existing  in  serum 
is  wholly  una£^ted  by  any  such  treatments  Hence  it  has  been  supposed  that  oxygen 
in  the  act  of  combining  with  hemoglobin  effects  in  some  way  or  other  (by  the  de- 
velopment of  an  acid  ?)  some  kind  of  decomposition,  whereby  a  certain  amount  of 
fixea  or  stable  carbonic  acid  is  converted  into  loose  carbonic  acid,  the  tension  of 
carbonic  add  in  the  blood  proportionately  augmented,  and  the  escape  of  that  gas  into 
the  air  thus  brought  about:  or,  disregarding  the  distinction  between  loose  and 
fixed,  we  may  say  that  the  absorption  of  oxygen  is  attended  with  a  liberation  of 
earbonic  add  within  the  blood,  leading  to  an  increase  in  the  tension  of  the  gas,  and 
its  consequent  escape. 
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Jh$orption  and  Exhalation  of  JSitrogen. 

The  qnantit  J  of  nitrogen  in  blood  is  Yerj  small,  and  the  obserrationB  with  rmid 
to  it«  being  absorbed  or  exhaled  by  the  lungs  hive  been  remarkably  disoor£uit. 
Fernet  {op.  cU.)  found  the  absorption-coefficient  of  serum  for  nitzo^n  to  be  nearly 
exactly  that  of  an  aqueous  solution  of  its  saline  constituents  in  their  proper  propor- 
tions, that  is  to  say,  a  little  less  than  that  of  water  (at  16°  3'  serum,  *0141,  at  Ifi^' 
water  *01478).  Setschenow  (op,  cit.),  on  the  other  hand,  obtained  for  blood  as  a 
whole  a  higher  absorption-coefficient  than  that  of  water,  and  therefore  concluded  that 
the  blood-corpuscles  are  able  chemically  to  combine  with  a  small  quantity  of  nitrogen. 

Qualities  of  Respiratory  Oxygen, 

Schonbein  and  His  remarked  that  the  red  corpuscles  of  the  blood  acted  like 
finely-divided  platinum,  &c.,  upon  a  mixture  of  tincture  of  guaiaeum  with  peroxide  of 
hydrogen,  ozonised  turpentine,  ether,  &c.,  in  producing  a  deep  blue  colour. .  Various 
animal  substances  possess  this  property  in  a  greater  or  less  degree,  but  none  approach 
the  red  corpuscles,  or  rather  the  colouring-matter  of  the  red  corpuscles,  in  intensity  of 
eflfect.  The  presence  of  red  corpuscles  alsoyasUy  augments  the  rapidity  with  which  a 
solution  of  indigo  is  decolorised  andhydriodic  acid  decomposed  by  peroxide  of  hydrogen, 
ozonised  turpentine,  &c  These  observers  were  unable  to  produce  any  oxidative 
action  on  guaiaeum  with  blood,  unless  one  of  the  so-called  ozone-bearers  were  present. 
A.  Schmidt  {TJeber  Ozon  im  Blute,  1862),  however,  has  shown  that,  under  certain  pre- 
cautions, blood  by  itself  will  turn  guaiaeum  blue.  If  a  strip  of  papw  be  dipped  in 
tincture  of  guaiaeum  (1  pt.  gum  to  6  of  80  per  cent,  alcohol)  anddne<t  a  drop  of  dilute 
blood  or  of  dilute  solution  of  haemoglobin  placed  on  it  will  give  an  intense  blue  ring. 
No  other  substance  in  the  animal  body  is  able  to  produce  this  effect.  A  similar  process 
of  oxidation  may  with  care  be  witnessed  when  hydriodic  acid  or  an  indigo  solution 
is  treated  with  blood.  Blood,  or  a  solution  of  hiemoglobin,  will  also  decompose 
peroxide  of  hydrogen  with  an  energetic  evolution  of  oxygen ;  and  will  decompose 
sulphydric  acid  with  precipitation  of  sulphur.  According  to  the  ozone  theory,  th<>re- 
fore,  oxygen  in  combination  with  hsmoglobin  is  that  form  or  kind  which  is  called 
ozone.  The  oxygen,  however,  which  is  driven  off  from  blood  by  the  passage  of  a 
stream  of  other  gases,  gives  none  of  the  reactions  of  ozone,  and  bbod  entirely 
deprived  of  its  oxygen  by  carbonic  oxide  still  gives  the  reaction  with  guaiaeum ;  this 
reaction,  however,  ceases  to  be  manifested  when  the  experiment  is  conducted  with  total 
exclusion  of  atmospheric  air.  Haemoglobin  therefore,  in  addition  to  its  power  of  absorbing 
oxygen  and  of  transferring  it  in  an  active  state  to  other  bodies,  is  able,  like  finely- 
divided  platinum,  to  intensify  the  action  of  oxygen,  or,  according  to  the  ozone  theory,  to 
ozonise  ox^^n,  without  attaching  the  oxygen  to  itselt  (Kiihne  and  Scholz^  Virch. 
Arch,  xxxiii.  p.  96.) 

jPtaes  of  Oxidation. 

It  has  not  as  yet  been  decided  whether  the  oxidations  for  which  the  oxygen  of  the 
blood  is  destined,  take  place  in  the  blood  only,  or  in  the  tissues  only,  or  in  both. 
On  the  one  hand,  we  know  that  muscular  and,  probably,  all  other  tissues  continue  to 
respire,  as  it  is  said  (that  is,  to  absorb  oxygen  and  proauce  carbonic  acid),  even  when 
totally  deprived  of  blood ;  and  actions  probably  requiring  oxygen,  muscular  contrac- 
tions, for  example,  take  place  when  the  blood  contains  no  oxygen  at  all,  as  in  asphyxia 
(Setschenow).  On  the  other  hand,  the  experiments  of  Harley  (Ptoc.  Roy.  Soc 
viii.  p.  78 ;  xiii.  p.  157)  show  that  blood  itself  removed  from  the  body  will  continue 
to  absorb  oxygen  and  exhale  carbonic  acid,  and  that  this  '*  respiration  "  is  affected  by 
various  physical  and  chemical  agents.  Sachs,  too  (Arch.  Anat.  Phys.  1868  p.  345), 
finds  that,  after  removal  from  the  body,  blood  secluded  from  air  gains  in  carbonic  add 
(both  loose  and  fixed)  and  loses  oxygen,  but  his  experiments  are  open  to  objections. 
Nawrocki  also  arrives  at  the  same  result  (op,  eit.),  Estor  and  Saintpierre 
(Robin's  Jour.  ii.  302)  find  that  the  oxygen  of  arterial  blood  (determined  by  the 
carbonic  oxide  method)  diminishes  the  farther  the  artery  is  situate  firom  the  lunffs. 
Thus  for  100  vols,  they  found  in  the  carotid  artery  21*06,  in  the  renal  18*22,  in  ute 
splenic  14*38,  in  the  crural  7'62  vols,  of  oxygen.  They  argue  that  oxidations  <^  respi- 
ration take  place  exclusively  in  the  blood  and  are  most  active  in  the  arterial  system. 
Yet  the  capability  of  the  blood  for  oxidising  oxidisable  substances  directly  injected 
into  it  seems  very  limited. 

Qualities  of  Expired  Air, 

1.  Volume.— -The  volume  of  air  given  out  by  an  expiration  is  found  to  be  less 
than  that  taken  in  by  a  corresponding  inspiration,  when  ooth  aro  dried  and  measured 
at  the  same  tRmperature.  Tnis  difference,  due  to  the  fact  that  the  whole  of  the 
oxygen  absorbed  does  not  reappear  in  the  carbonic  aeid  exhaled,  is  variable^  but  may 
be  said  to  amount  on  the  average  to  ^  or  ^^  of  the  total  volume. 
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%  Temperature. — The  temperature  of  expired  air  oatnmHj  approaches  that  of 
the  longs,  the  exact  degree  depending  on  the  relation  of  tbe  temperature  of  the 
atmosphere  to  that  of  the  blood,  on  the  mode  and  rate  of  breathing,  the  extent  and 
duration  of  the  breath,  &c.  According  to  Valentin  and  Brunner,  it  is  29*8^  for  a 
snrroonding  temperature  of  6'8°,  37-26°for  IQ-fi®,  381° for 41-9°.  For  22^  Gr^hant 
(Bobin'e  Jomnal,  L  p.  523)  pnts  it  at  36*3^  when  inspiration  is  made  through  the  noee, 
33*9®  when  through  the  mouth. 

3.  Moisture. — ^The  air  as  it  returns  from  the  lungs  is  laden  with  watery  vapour; 
caturated,  for  its  own  temperature,  according  to  Valentin,  not  much  more  than  half 
•atumtedaeoording  to  others  (Mo  leschott).  Gr^hantstatesthat  it  is  saturated  for 
35°.  J£.  Smith  (Phil.  Trans.  1862)  found  it  during  fasting  to  be  little  more  than  half 
aatorated.  The  total  quantity  of  water  contained  in  the  air  expired  by  the  human 
body  during  24  hours  has  been  estimated  at  385 — 773  grms.  (Valentin),  557 
gnus.  Gr^hant.  The  total  quantity  of  water  passing  away  within  the  24  hours 
Irom  the  human  body,  as  aqueona  tapour  of  expired  air,  yaries  greatly,  being  affected 
by  the  temperature  of  the  atmosphere  and  of  the  body,  by  atmospheric  humidity 
and  preesure,  condition  of  the  organism,  &c. 

4.  Oxyi^en  and  carbonic  acid. — ^The  decrease  of  the  oxygen  and  tbe  increase  of 
the  carbonic  acid  is  shown  by  the  following  ayeraga  composition  of  100  yolumes  of — 

Oxygen.  Nitrof  eo<  Carbonic  acid. 

Atmoepherie  air       20-81  79*15  '04 

Exjoredair  16033  79*557  4-380. 

In  rough  numbers,  air  may  be  said  to  lose  from  4  to  5  per  cent,  of  ita  oxygen  and  to 
gain  from  8  to  4  per  eent^  of  carbonic  acid  by  being  breathed.  For  further  details  see 
below. 

5.  Nitrogen. — W.  Edwards  found  an  exhalation  of  nitrogen  in  warm  weather, 
an  absorption  in  cold.  Kegnault  and  Reiset  (Ann.  Ch.  Phys.  1849,  [3],  xxyi. 
32)  concluded  frt>m  their  experiments  that  warm-blooded  animals,  liviiig  on  an  ordi- 
nary diet,  constantly  exhaled  a  small  qaantity  of  nitrogen,  which  was  never  greater 
and  often  much  less  than  ^  of  the  total  weight  of  oxygen  consumed.  In  frogs,  the 
amount  either  exhaled  or  absorbed  was  too  small  to  be  appreciated.  In  fishesHum- 
boldt  and  Provencal  remarked  a  constant  absorption  of  nitrogen.  '  An  exhalation 
of  nitrogen  is  constantly  observed  in  animals  breathing  an  at^mosphere  free 
from  that  gas,  and  W.  Muller  (op.  eit,)  observed  an  exhalation  of  nitrogen 
when  rabbits  were  made  to  breathe  a  limited  amount  of  air.  More  recently  Beiset 
(Ann.  Ch.  Phys.  [3]  Ixix.  p.  129)  found  that  sheep  exhaled  from  5—8  grms., 
calves  from  6 — 7  grms.,  pigs  about  1  grm.,  and  turkeys  2  grms.  in  the  24  hours.  In 
these  experimentit,  as  in  the  earlier  ones  of  Begnault  and  Keiset,  the  respiration  of 
the  whole  animal  and  not  of  tbe  lungs  only  was  studied,  and  it  is  possible  that  some 
of  the  animals  parted,  during  their  stay  in  the  respiratory  chamber,  with  some  of  the 
nitrogen  contained  in  their  intestines  before  the  beginning-  of  the  experiment.  The 
calculations  of  Boussingault  and  Barral  led  them  to  think  that  a  very  large 
amount  of  nitrogen  paas^  from  the  body  through  the  skins  and  lun^s,  but  such  a 
conclusion  is  most  probably  erroneous  (see  Nutbition).  Pettenkofer  mdeed  argues 
that  Beiset*B  results  are  wholly  mistakes^  and  that  the  amount  of  nitrogen  exhaled 
or  absorbed  by  the  lungs  is  too  small  to  be  appreciated. 

6.  Ammonia. — The  presence  of  ammonia  in  the  breath  has  been  affirmed  by 
many  observers.  Thiry  (Zeitschr.  Bat.  Med.  xvii.  p.  166)  has  shown  that  it  can  be 
detected  in  expired  air  taken  directly  from  the  trachea  (so  as  to  exclude  the  fluids  of  the 
n  outh  as  a  possible  source)  when  the  inspired  air  had  been  carefully  freed  from  it 
Begnault  and  Beiset  failed  to  assure  themselves  of  its  presence  in  expred  air. 
Grouven  (Fiitterungs-Versuche,  p.  232)  has  obtained  the  following  quantities  (in 
grma.),  the  mean  being  about  '1  grm.  in  the  24  hours  for  100  kilos,  of  body-weight, 
when  animals  were  placed  in  a  *'  respiration  chamber:" 


Bhn. 

Boy. 

Fat  Ox. 

SUryed  Ox. 

Ais. 

Dog. 

Pi«- 

Per  diem          '0488 

•0343 

•7218 

•0958 

•2514 

•0398 

•2026 

Per  100  kilos.  >y 
per  diem    J 

•0910 

•1146 

•0198 

•1344 

•1326 

•1842 

Tonng  aiumals  give  out  proportionally  more  ammonia  than  old,  small  more  than 
lane,  fat  more  than  lean. 

Lessen  (2^t8chrf.  Biol  i.  207)  places  the  quantity  for  man  in  24  hours  at  '0140 
grm. 

7.  Hydrogen  and  Marsh-gas. — ^These  gases  were  observed  by  Begnault  and 
Btkiet,  by  Beiset,  and  b^  Pettenkofer,  in  the  air  of  the  respiration  chamber.  They 
probably  came  from  the  mtestincs.    (See  p.  92.) 
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8.  Other  flnbstances. — ^Besides  the  above>deflcribed  chief  iDgredienta  of  expired 
air,  it  is  probable  that  there  are  alao  minute  quantities  of  perhaps  many  other  IxmUob, 
and  Uiere  are  many  reasons  for  thinking  that  these  minute  quantities  are  not  without 
importance.  (See  p«  96,  on  the  effects  of  impure  air).  Their  exact  nature  is  at  present 
unknown.  Wiederhold  (Henleu.  Meissner  Bericht.  1868,  p.  316)  states  that  oe  had 
detected  in  the  condensed  vapour  of  expired  air,  chloride  of  sodium,  uric  acid,  and 
urates  of  soda  and  ammonia !  The  fluid  obtained  by  condensing  the  vapoury  of  expira- 
tion rapidly  putrefies. 

Cutaneous  Respiration. — ^In  man  and  the  higher  animals  a  slight  interchange 
between  the  gases  of  the  blood  and  the  atmosphere  takes  place  through  the  akin. 
There  is  an  exhahition  of  carbonic  acid,  and  probably  an  absorption  of  oxygen.  The 
foUowiog  table  ia  by  S  char  ling  (from  (^mp-Besanez): — 

Carbonic  acid  in  grammet. 


Bodj.welght 
in  kilos. 

]ij  lung  and  tkin 
In  1  hour. 

B7  skin^In 
I  boar. 

Boy 
Youth 

9}  years 
16       .. 

.     22*0 
.     67-76 

20*338 
84*280 

0*181 
0181 

Han 

28       „ 

.     82- 

86*623 

0*878 

Girl 

10       „ 

.     28 

19-162 

0124 

Woman 

l»       ,. 

•     .     • 

•    ■ 

0*272 

When  Begnault  and  Beiset  examined  the  products  of  cutaneous  respiration  by 
placing  an  animal  in  a  bas  with  the  head  free,  ana  passing  a  cnirent  of  air  through  the 
bag,  they  obtained  the  foUowing  results : — 

Total  quantitT  of  carbonic  add  In 
Duration  gnng.  during  lime  of  rxp. 

Weight.  of  exp.  Bjr  ikin  only.  Hj  skin  and  lungs. 

Fowl    .        .        •    1940  grms.  8h.  40m.  -336  18*62 


i»       •        •        •        »f 


7h.  30m.  -076  1613 

„        .        .        .        „  8h.  46m.  -164  18*70 

Rabbit  .         .     2426      ,,  8h.  16m.  368  20*63 


7h.  46m.  -197  19*38 

Dog      .        •        .    4169      ,»  7h.  60m.  -136  39*16 


i>         •        •        •       »» 


8L  30m.  -176  42*60 

When  the  animal  (with  head  free)  was  placed  in  a  closed  bag  for  some  hours,  an 
examination  of  the  air  of  the  bag  at  the  end  of  the  experiment  gave  the  foUowing 
results: — 


Length  of  time. 

In  100  Tols.  of  air  of  bag. 

CO,. 

0. 

N. 

Fowl  as  above 

.    8h.               -27 

20*76 

78-97 

Babbit     „ 

.    8h.                -36 

20*66 

7909 

Dog         „ 

•    8h.  10m.       -29 

20*67     • 

7904 

Amone  the  lower  animals  the  skin  takes  a  much  larger  share  in  the  general  respira- 
tion. Thus  frogs,  which  uninjured  were  consuming  oxygen  at  the  rate  of  *063  {his) 
-089,  -103,  *06  gnus,  per  kilo,  per  hour,  continued  to  consume  at  the  rate  -047i  '063, 
after  their  lungs  had  been  cut  away ;  that  is  to  say,  they  respired  nearly  as  well  without 
their  lungs  as  with  them. 

Intestinal  Respiration. — Planer  (Wien.  Akad.  Ber.  xlii.  p.  307)  found  the  intestinal 
gases  of  a  dog  (killed  a  few  hours  after  food)  to  have  the  following  percentage  compo- 
sition : —  • 


C. 

N. 

0. 

H. 

SH>. 

1                      Fed  on  Meat    (jhis  of  Stomach 

.    26-20 

68-68 

612 

„               „   Small  Intestine 

.     401 

46*62 

trace? 

13-86 

„                „    Ijargo  Intestine 

.     74*19 

230 

0-63 

1*41         -77 

Fed  on  False      „    Stomach    . 

.     32*91 

66*30 

•79 

„                „    Small  Intestine 

.     47-34 

3*97 

•    • 

48-69 

•              „               „    liarge  Intestine 

.     6613 

6*9 

•    • 

28*97 

Huge  (Wien.  Akad.  Ber.  xliT..p.  739)  foxaidjlatus 

of  man 

,  obtuned 

per  rectum,  to  be 

as  follows,  in  7  experiments  on  3  persons : — 

«■ 

«« 

A. 

Carbonic  acid    .     14*94        40-51 

21*86        12-77 

B. 
21-69 

6412 

11-87 

Kitrogen   .        .     46*31         17*60 

44*42        4310 

41*82 

22-46 

40*69 

i                      Hanh-gas         .     39*76        19*77 

32*93         44-13 

17-62 

8-67 

47-44 

Hydrogen.        .     .     .         22*22 

0-79 

• 

19  07 

14-76 

with  traces  only,  and  that  not  always,  of  sulphuretted  hydrogen. 
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The  nitrogen  in  these  cases  was  prolMibly  due  to  air  which  had  been  swallowed,  and 
wfaiA  had  ket  its  oxygen  ehiefly  within  the  stomach.  The  intestines  are  probably  lh« 
soiiree  of  the  marsh-gas  and  hydrogen  met  with  when  the  respiration  of  the  whole  body 
has  been  examined.  Beiset  (op.  eit.)  fonnd  in  sheep  and  calTes  as  much  as  1  to  2 
litzQS  of  marsh-gas  exhaled  per  hour,  while  pigs  gave  only  '134,  '097  litres  of  marsh- 
gifl,  and  *62B  litres  hydrogen  per  hour. 

It  maj  seem  extravagant  to  speak  thus  of  an  intestinal  respiration,  yet  in  some 
animals  this  is  really  an  important  function.  Thus  the  loach  {Cobiti8fos8ili8)iam.  the 
habit  of  rising  to  the  surface  of  water,  where  it  swallows  air.  In  descending  it  emits 
ttonk  the  Tent  bubbles  of  gas,  which  when  examined  are  found  to  contain  only  from  12 
to  7  per  cent,  of  oxygen,  and  from  1  to  2  per  cent,  of  carbonic  acid.  During  this  process 
of  atmoepheiie  deglutition,  the  gills  are  temporarily  inactive.  It  appears  that  this 
ereatnre  thus  obtains  a  supply  of  oxyge^  which  being  absorbed  from  the  intestine  is 
oonaumed  by  the  tissues,  the  carbonic  acid  resulting  being  exhaled  chiefly  by  the  giUs 
or  skin,  and  only  to  a  small  extent  by  the  Tent.  (Banmert,  An.  Ch.  Pharm.  Ixzxiii, 
p.  1.) 

Air-hittdder  of  Fishes. — Many  fishes  possess  an  air-bladder  (either  with  or  without  a 
pneomatic  duet),  the  contents  of  which  consist  of  nitrogen,  a  very  small  quantity  of 
oxygen  in  the  case  of  freshwater  fishes,  a  larger  quantity  in  sea-fishes,  especially  in 
those  dwelling  at  great  depths,  and  a  trace  of  carbonic  acid  (Owen).  Moreau 
(Gompt.  rend.  1863,  pp.  37,  816)  finds  in  the  air-bladder  of  the  perch  19—26  percent. 
of  oxygen,  of  the  tench  8  per  cent.,  wholly  disappearing  when  the  fish  is  asphyxiated. 
The  amount  of  carbonic  acid  ncTer  exceeds  3  per  cent.  When  the  air-bladder  of  a 
fish  possessing  a  pneumatic  duct  is  exhausted  by  means  of  the  air-pump,  and  the  animal 
is  replaced  in  water,  the  quantity  of  oxygen  in  the  air-bladder  is  found  in  a  short  time 
to  be  Tery  much  increased,  probably  by  difiusion  from  the  blood.  The  percentage 
may  temporarily  reach  60  or  even  87. 

Eggs^ — ^The  respiration  of  hens'  ^gshas  been  studied  by  Baumgiirtner  (Henle  u. 
Heissner,  1861,  p.  304).  The  following  table  gives  in  grms.  the  changes  of  24  hours 
on  seTeral  days  of  incubation  of  a  single  egg  (initial  weight  about  66  grms.) : — 


Daj.             Lott  of  weight. 

C0>  exhaled. 

0  absorbed. 

Water  exhaled. 

1st                       -125 

•009 

•0074 

•123 

6til                      -232 

•016 

•0149 

•230 

10th                     -100 

•060 

•0326 

•082 

16th                   .134 

•290 

•2366 

•079 

20th                    -212 

•66 

•4436 

•096 

21st  (hatched) 

1008 

•7317 

Variations  in  the  Quantity  of  Carbonic  Aeid  exhaled. 

1.  Bependent  on  the  mode  of  breathing. 

In  a  smgle  breath  the  air  at  the  beginning  of  an  expiration  is  poorer  in  carbonic 
add  than  towards  the  close ;  this  difference  disappears  when,  after  completion  of  an 
inspiration,  the  breath  is  held  for  40  seconds  before  commencing  the  expiration. 

Inspiration  having  been  made,  the  longer  the  breath  is  held  before  beginning  the 
expiration,  the  greater  is  the  percentage  of  carbonic  acid  ^n  the  expired  air.  Thus, 
with  an  inspiration  of  4660  cc  and  with  pauses  between  inspiration  and  expiration  of 
0,  20,  40,  60,  80,  100  seconds  respectively,  the  percentage  of  carbonic  acid  was  found 
byBechertobe  3*6,  6*6,  6*3,  7*2,  7*3,  7*6.  The  increase  of  carbonic  acid  diminishes 
rapidly  with  the  duration  of  the  pause;  apd  7'6  or  8  per  cent  may  be  taken  as  the 
limit  of  the  amount  of  carbonic  acid  present  in  the  deeper  layers  of  the  air  in  the 
lungs. 

During  a  given  time,  and  for  the  same  rate  of  breathing,  the  deeper  the  breath,  the 
leas  is  the  percentage  of  carbonic  add  in  the  expired  air,  but  the  greater  the  total  quan- 
tity exhaled. 

For  a  constant  depth  of  breath,  the  quicker  the  rate  of  breathing,  the '  less  is  the 
percentage,  but  the  greater  the  total  quantity  of  carbonic  add  exhal^. 

2.  Dependent  on  extrinsic  conditions. 

Temperature. — With  cold-blooded  animals  ^frogs),  the  quantity  of  carbonic  acid  ex* 
haled Taries directly  as  the  temperature  (Moleschott,  Untersuch.  ii.  316).  The  same 
law  holds  good  with  mammalia  passing  in  or  out  of  the  state  of  hybernation.  With 
warm-blooded  creatures  in  general,  the  amount  of  carbonic  acid  varies  inversely  as  the 
temperature,  when  the  latter  is  neither  too  low  nor  too*  high  to  injure  the  economy 
(Letellier  VierordtV  The  observations  of  E.  Smith  (Phil.  Trans.  1869),  on  the 
influence  of  temperature  as  manifested  in  the  effects  of  seasons,  while  leading  to  the 
same  conclusion,  show  "  that  there  is  no  absolute  relation  between  a  given  temperature 
and  the  quantity  of  carbonic  acid  exhaled." 


94  RESPIBATlOl^. 

Preuure, — ^The  inflaence  of  preasim  has  not  been  exactly  determined.  Aeoordiiig 
toHervier  and  St  Lager,  the  quantity  of  carbonic  acid  increases  with  the  atmo* 
•pheric  pressure  up  to  773  mm.,  beyond  which  it  decreases.  £.  Smith  observed  an 
iuTerse  relation  between  pressure  and  carbonic  acid,  which  however  was  vezy  general 
only,  and  subject  to  marked  exceptions. 

Liaht. — ^Frogs  exhale  more  carbonic  acid  in  a  strong  than  in  a  weak  light. 
(Moleschott.) 

Humidity  of  the  atmosphere  increases  the  quantity  of  carbonic  acid.    (Lehmann.) 

Seasons. — ^£.  Smith  obserred  that  the  amount  of  carbonic  acid  expired  be^an  to 
decline  in  early  June  and  continued  to  do  so  till  September.  In  October  the  amount 
began  to  rise,  and  continued  to  do  so  with  more  or  less  uniformity  during  the  winter 
months.  Spring  is  the  season  of  the  greatest  and  autumn  that  of  the  least  activity 
of  the  respiratory  functions.  The  influence  9f  seasonal  changes  is  one  that  cannot 
be  explained  solely  by  reference  to  changes  in  temperature  and  barometric  pressure. 

Changes  in  the  nature  of  inspired  air. — ^When  tne  amount  of  carbonic  acid  in  the 
inspired  air  is  increased  beyond  that  proper  to  the  atmosphere,  the  quantity  of  carbonic 
acid  exhaled  is  proportionately  decreased.  W.  Muller  found  that  when  rabbits  were 
made  to  breathe  a  limited  amount  (150 — 250  cc.)  of  oxygen  they  consumed  the  whole 
of  the  gas.  At  first  they  took  in  the  oxygen  and  gave  out  carbonic  acid;  but  through 
the  diminution  of  the  volume  of  the  gas  at  their  disposal,  caused  by  the  consumption 
of  oxygen,  the  tension  of  the  carbonic  acid  that  had  been  expired  became  so  much  in- 
creasea  as  after  a  while  to  exceed  the  tension  of  the  carbonic  acid  in  the  blood.  Henee 
not  only  the  exhalation  of  carbonic  acid  ceased,  but  that  which  had  been  expired  was 
reabsorbed.  When  the  amount  of  oxy  g  e  n  in  the  inspired  air  is  increased  beyond  that 
proper  to  the  atmosphere,  no  appreciable  increase  can  be  observed  in  the  amount  of 
carbonic  acid  exhaled  (Regnault  and  Keiset).  When  hydrogen  is  substituted 
for  nitrogen  in  the  inspired  air  no  essentml  change  in  respiration  takes  place. 

3.  Dependent  on  intrinsic  conditions. 

Food :  Abstinence,  Hunge r. — All  observers  agree  in  stating  that  during  starva- 
tion the  amount  of  carbonic  acid  &lls.  In  B i d d e r  and  Schmidt's  experiments  on 
a  cat,  which  endnred  18  days'  deprivation  of  food,  the  amount  per  diem,  except 
during  the  first  and  last  days,  was  remarkably  constant  for  each  kilo,  of  body-weight 
(though  for  the  whole  body  it  cradually  lessened  from  day  to  day).  (See  NuTRtTioy.) 
£.  Smith  found,  during  a  24  hours'  fast,  the  carbonic  acid  diminished  about  26  per 
cent  (7  grains  per  minute  instead  of  9*77  grains).  The  minimum  was  arrived  at  within 
4|  hours  after  the  last  meal,  and  irom  that  point  onward  thejre  was  no  marked  decrease ; 
thus  indicating  the  existence  of  a  tolerably  uniform  "  normal "  or  "  basal "  line,  below 
which  the  system  does  not  pass  in  health.  Pettenkofer  and  Yoit  found  that  their 
dog  passed  (30  kilos,  circa),  with  1800  grros.  meat  and  350  grms.  fat,  840*4  grms. 
of  carbonic  acid,  but  after  10  days*  fasting  only  289*4  grms.  Kanke,  J.  {Tetanvjt, 
p.  234),  weight  70  kilos,  circa,  determined,  by  means  of  Fettenkofer's  apparatus,  the 
total  quantity  of  carbonic  add  exhaled  by  himself  during  24  hours  under  the  following 
circumstances,  to  be : 

gniii.  car-  grmi.  car- 

bonic add.  bon. 

Starving 6629  180*8 

do 663-6  180-9 

Pure  meat  diet  (1832  grms.)  .        .        .        ,  847*6  281-2 
1 150  grms.  fat         ) 

A  diet  of -{300    „      starch   t         .        .        .  736*2  200*5 
(lOO    „      sugar    j 

Ordinary  mixed  diet 7911  215-7 

Mixed  diet,  as  much  as  possible  eaten               .  926-6  252'4 

A  diet  in  which  the  nitrogen  of  ingesta  and 

egesta  were  in  equilibrium   ....  759*6  207 

Meals. — An  increase  in  the  production  of  carbonic  acid  begins  dir^'ctly  after  a  meal 
and  progresses  to  a  maximum,  after  which  the  amount  gradually  declines  to  the  basal 
minimum.  The  maximum  was  observed  in  from  one  to  two  hours  after  a  meal,  and 
was  greatest  after  breakfast  and  tea  (with  a  midday  dinner).  On  a  day  of  fasting  a 
slight  rise  was  observed  about  the  times  ^hen  the  influence  of  meals,  if  taken,  would 
have  been  felt     (£.  Smith.) 

Kinds  of  food. ^E.  Smith,  taking  the  minimum  quantity  exhaled  when  fastinc  in 

the  early  morning,  has  investigated  the  effects  of  various  articles  of  food.  He  finds  Uiat 
the  exhalation  of  carbonic  acid  is  increased  by  the  following  "  excito-respiratory  "  articles, 
which  are  here  placed  in  a  series  of  decreasing  intensity  of  effect : — Tea,  sugars  (cane- 
sugar,  milk-sugar,  grape-sugar),  coffee,  rum,  milk,  cocoa,  stout,  alc^  chicory,  casein,  gluten. 
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gelstui,  afimmin.  Gbfmpoimd  aliments  oontaining  sereral  of  these  snlMtanees  hare  an 
adaoa  gnater  than  that  of  any  of  their  constitaenta.  In  most  of  these  instances,  the 
increase  in  the  erolntion  of  carbon  was  greater  than  could  be  aeoonnted  for  by  the 
SBMont  of  eaxbon  contained  in  the  article,  ex.  tea;  in  others  less^  ex.  sngar.  The  eflipcfc 
was  erident  within  a  few  minutes  of  nartaking  of  the  feod,  and  was  not  inrestigated  fcft 
pcnods  of  longer  than  two  hours.  Other  substances  do  not  increase  the  carb^ic  add, 
■re  aoo-€accito-respiratoiT,  ex.  starch,  £&t,  brandy,  whisky,  gin,  and  the  rolatile  elements 
of  wine;  spirits,  Sec  Ine  influence  of  water  does  not  seem  to  hare  been  studied. 
These  observations  apply  to  the,  so  to  sp^ak,  superficial  efiEeets  of  the  Tarious  kinds  of 
food ;  the  ulterior  eflects  of  diet  will  be  discussed  below. 

Sleep. — ^Dming  sle^  the  amount  of  carbonic  acid  is  lessened.  In  man,  the  quantity 
expired  per  minute  when  asleep  is  to  the  quantity  when  awake  as  1 :  1*84  (£.  Smithj[. 
Daring  the  condition  known  as  hybernation,  the  diminution  in  the  quantity  of  carbome 
acid  exhaled  is  exceedingly  marked.  Thus  a  hedgehog,  which^when  awake  gaye  1*352 
§^naM,  of  carbonic  acid  per  hour,  produced  when  in  complete  torpor  no  more  than  *066 
per  hour,  and  a  marmot  1*076  and  '0144  respectirely.    (Valentin.) 

Eeereiae. — ^The  quantity  is  very  largely  increased,  according  to  all  observers. 
S.  Smith,  whose  average  during  the  &y  was  9*77  grains  per  minute,  exhaled  5*94 
graina  per  minute,  when  lying  down  but  not  asleep ;  18*1  when  walking  at  the  rate 
of  2  miles  an  hour ;  25*83  at  3  miles  an  hour ;  and  48*36  and  42*9  on  two  occasions  when 
working  the  treadwheel. 

Sex, — Men  produce  a  larger  quantity  of  carbonic  acid  than  women. 

JU^. — ^The  quantity  of  carbonic  acid  exhaled  by  children  is  absolutely  lees  than  that 
given  out  by  adults,  but  compared  with  the  body-weight  is  greater,  as  is  shown  in  the 
following  table  from  Lehmann  (Lehrb.  iii.  320) : — 

Carbonic  acid  per 
Carbonic  acid       hoar  per  kilo,  of 
Sofalect.  Age.  Body-weight.  per  hoar.  body-weight. 

Boy.        .        .     9}yrB.  2200  kiL  20*338  gmu         9245  gim. 

Girl.        .         .10,,  2300   „  19162    „  -8831    „ 

Youth      .        .     16  „  57*75  „  34*280    „  -5887    „ 

Young  woman.     17  „  55*75  „  25*342   „  '4546    „ 

Soldier     .        .     28  „  8200   „  36*632    „  *4466    „ 

Han         .        .     35  „  65*5     „  33*530    „  -5119    „ 

The  same  applies  to  animals. 

According  to  Andral  iind  Gavarr et,  the  quantity  produced  daily  by  the  male  sex 
go^  on  increasing,  with  a  sudden  rise  at  puberty,  up  to  about  30  years,  remains  tolerably 
stationary  until  between  40  and  50  years,  after  which  it  diminishes,  especially  beyond 
60.  In  uie  female  sex  the  amount  mcreases  up  to  puberty,  then  remains  stationary, 
with  temporary  increase  during  pregnancy,  until  the  climacteric,  after  which  it  rises 
up  to  60  years  and  then  finally  falls. 

Consumption  of  Oxygen, 

The  whole  of  the  oxygen  absorbed  by  the  blood  from  the  inc^ired  air  does  not 
always  reappear  in  the  carbonic  acid  of  the  expiration ;  in  general  the  amount  of 
oxygen  consumed  during  a  given  interval  is  greater  than  the  amount  of  oxygen 
contained  in  the  carbome  acid  expired  during  the  same  time.  The  difference  is 
not  a  constant  one,  but  varies  according  to  the  nature  of  the  food  taken,  &c. ;  it  is 
least  marked  in  herbivora  living  on  their  ordinary  diet,  or  in  animals  fed  largely  on 
carbohydrates,  and  most  marked  in  camivora  or  in  animals  fed  largely  on  a  meat  diet. 
Regnault  and  Beiset  found  in  the  carbonic  acid  exhaled  by  rabbits  fed  on 
earrots,  &&,  91*7  per  cent,  of  the  oxygen  consumed ;  in  dogs  fed  on  meat,  74*5  per 
cent.;  in  fowls  fed  on  grain,  92*7  per  cent. ;  in  dogs  fed  on  bread,  91*3  and  94*3  per 
eent. ;  in  fowls  fed  on  meat,  76*7  and  63*6  per  cent. ;  in  ducks  fed  on  bread  and  grain 
89*2  per  cent.,  on  meat  73*8,  on  fat  62*3.  They  also  found  that  herbivora  when 
starving  gave  the  proportion  of  camivora,  that  is,  they  fed  on  their  own  flesh. 
Thus,  rabbits  starving  i^orded  69  per  cent.,  ducks  starving  69*3  per  cent.,  and  fowls 
70*7  and  63*9  per  cent  The  observations  of  Pettenkofer  (Ann.  Ch.  Pharm.  1863, 
8nm)L  ii.)  on  the  respiration  of  the  dog  led  to  some  veiy  remarkable  results.  After 
16  oays*  meat  diet,  63*7  per  cent,  of  the  oxygen  consumed  reappeared  in  the  carbonio 
acid  expired.  During  a  hunger  period  of  10  days  immediately  following,  the  percent- 
age was  on  an  average  63*5.  The  dog  was  then  fed  for  7  days  on  meat,  at  the  end  of 
which  the  oxygen  m  the  carbonic  acid  expired  almost  exactly  equalled  the  total 
quautity  consumed.  After  8  days'  rations  of  100  grms.  fat  only,  the  result  was  still  the 
■ame^  The  animal  being  then  put  on  a  rich  meat  diet,  on  the  4th  day,  the  oxygen  in 
the  carbonic  acid  exce^ed  that  consumed  by   17  grms.;  on  the  following  days. 
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howevcQ*,  the  diet  and  eautetion  of  urea  remaining  the  same,  the  eoxunimption  of  oiMeB 
had  increased  so  much,  that  on  the  13th  day  the  oxygen  in  the  carbonic  acid  had  ««• 
Bumed  the  standard  percentage  of  65*1.  The  animal  then  being  fed  on  500  grms.  of  meat 
and  200  grms.,  first  of  6tar<m  and  then  of  sngar,  the  relations  of  carbonic  add  expired 
and  oxygen  consumed  became  so  changed  that  at  last  the  carbonic  acid  contained  160  (in 
a  second  trial  125)  parts  of  oxyeen  for  every  100  parts  of  oxygen  consumed.  These 
remarkable  Tariationa  serve,  on  the  one  band,  to  illustrate  the  character  of  the  changes 
going  on  in  the  body  under  the  influence  of  different  kinds  of  food ;  on  the  other  hand, 
the  great  excess  of  carbonic  add,  coindding  with  the  appearance  of  7*2  grms.  of 
hydrogen  and  6*3  grms.  of  marsh-gas,  indicates  that  the  carbonic  acid  was  not  wholly 
due  to  combustion  of  the  tissues  or  plasma,  but  perhaps  arose  in  part  from  fermentation 
of  the  food  within  the  alimentary  canal  (see  Nuthition).  Hence  the  consumption  of 
oxygen  and  not  the  production  of  carbonic  acid  must  be  taken  as  a  measure  of  the 
activity  of  the  vital  processes.  The  following  table  shows  in  grammes  the  amount  of 
oxygen  consumed  per  hour  per  kilo,  of  body-weight  by  members  of  the  various  kinds 
of  animals.  It  will  be  seen  that  small  creatures  consume  more  than  larger  ones  for 
the  same  amount  of  body-weight : — 

The  ainount  in  grammes  qf  oxygen  consumed  per  hour  per  kilo,  qf  bodg-weighL 


(Beiset) 


(Rej;nault? 


Sheep 
Calves 
Pigs 
Dogs 

and  Beiset)^ 
Babbits  „ 

„  (Valentin) 

Mannots: awake  (Begnault^ 
and  Beiset)) 
torpid  „ 

awake  (Valentin) 
light  sleep  », 

„  quite  torpid 
Hedgehog:  awake 
torpid 
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•497 
•480 
•466 

1183 

•918 
1-714 

1-198 

•040 
•973 
•144 
•0238 
1-376 
075 


Fowls    (Begnault  and  Beiset)    1*147 
Ducks  „  1-850 

Small  Birds  „  11-473 


Geese 
Turkeys 


(Beiset) 


» 


•677 
•702 


Frogs      (Begnault  and  Beiset)    '0S4 
Lizuds  „  -1916 

Silkworm  „  1*170 

Earthworm  ,.  '1013 


It 


A  curious  observation  was  made  by  Begnault  and  Beiset  on  the  consumption  of 
oxygen  by  the  marmot.  These  animals  when  wide  awake  give  in  their  carbonic  add  a 
percentage  of  oxygen  consumed  76*9,  when  half  asleep  54*7,  when  completely  dormant 
39*9.  This  remarkable  deficiency  explains  how  it  is  that  these  animals  may,  while  in  a 
dormant  state,  provided  that  they  do  not  pass  urine,  actually  increase  in  'Height  from 
formation  and  retention  of  water. 

Breathing  Impure  Air. — When  an  animal  is  suddenly  cut  ojf  from  its  usual  supply 
of  air,  as  by  dosure  of  the  windpipe,  by  immersion  in  water,  or  by  beine  plunged  into 
some  irrespirable  (but  otherwise  innocuous)  gas,  such  as  nitrogen  or  nydrogen,  the 
breathing  is  at  first  hurried  and  laboured,  but  after  a  while  becomes  slow  and  weak ; 
coneiousness  is  lost,  convulsions  take  place,  and  death  by  suffocation  or  asphyxia  is  the 
residt.  In  such  cases,  the  air  remaining  in  the  langs  contains  a  trace  only  of  oxygen 
with  a  great  excess  of  carbonic  acid,  the  blood  both  in  the  arteries  and  veins  is  of  a 
dark  colour,  holding  scarcely  anv  oxygen  but  a  very  lar^e  quantity  of  carbonic  acid. 
It  is  not  yet  clear  how  fsir  the  phenomena  belonging  to  this  particular  mode  of  death 
are  due  to  the  absence  of  oxygen,  or  to  the  increase  in  carbonic  add,  or  to  both  of  these 
causes  combined.  Some  observers  witnessed  no  convulsions  or  dyspnoea,  but  only  a 
kind  of  narcotic  poisoning,  when  animals  were  made  to  breathe  oxygen  containing  a 
great  excess  of  carbonic  add ;  whereas  when  they  were  made  to  breathe  air  diluted 
with  nitrogen,  dyspncea  came  on  as  soon  as  the  proportion  of  oxygen  fell  below  5  per 
cent  These  experiments  seem  to  show  that  the  dyspnoea  of  asphyxia  arises  firom  the 
lack  of  oxygen.  But  other  observers  have  found  dyspnoea  and  con^mlsions  to  follow 
the  inhalation  of  oxygen  containing  10  per  cent,  of  carbonic  add,  and  the  opinion  that 
carbonic  acid  is  an  exdtant  of  muscular  and  other  actions  has  many  supporters. 

Similar  results  are  produced  more  gradually  when  an  animal  is  confined  in  a  limited 
space  without  renewed  of  air,  and  has  therefore  to  breathe  the  same  air  over  and  over 
again.  In  such  cases  life  is  prolonged  if  the  carbonic  acid  be  absorbed  by  potash  as 
soon  as  it  is  formed.  If  at  the  death  of  the  animal  the  air  is  examined,  it  is  found  to 
contain  from  5  to  7  per  cent,  of  oxygen  and  from  10  to  12  per  cent,  of  carbonic  add 
(Bernard).  These  figures  may  be  taken  to  represent  the  limit,  in  either  direction,  at 
which  air  ceases  to  be  respirable.  When  animals  or  human  beings  remain  for  any 
length  of  time  in  ill-ventilated  crowded  rooms,  the  resulting  impurity  of  air  produces 
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qrmptomsof  diseomfort  and  stifTening,  and  may,  as  iii  some  well-known  instances,  I^ad 
to  tidal  results.  These  minor  iU-efPects  are  in  part  due  to  lack  of  oxygen  and  increase 
of  eaiboiue  add,  but  it  is  highly  probable  that  they  are  chiefly  owing  to  the  exhalation 
of  Tmrioiis  (unknown)  substances  from  the  skin  and  lungs.  According  to  Pettenko- 
fer  it  is  possible  to  breathe  an  atmos{)here  containing  1  per  cent,  of  pure  carbonic 
add  for  a  length  of  time  without  any  injurious  results  following,  or  indeed  any  disoom- 
fbtt  being  felt^  But  1  per  cent,  of  carbonic  add  may  be  fairly  taken  as  a  limit  of  the 
impurity  of  air  due  to  bad  Tentilation,  and  respired  air  containing  a  much  smaller 
quantity  is  found  to  be  unbearable.  The  effects,  moreover,  which  have  been  described 
as  resulting  from  the  inhalation  of  small  quantities  of  carbonic  acid  (Smith)  are 
distinct  from  those  resulting  from  ordinary  impure  air.  The  latter,  too,  may  be  imi- 
tated by  breathing  respired  air  freed  from  its  carbonic  acid,  and  containing  therefore 
the  other  impurities  only;  by  experimenting  on  animals,  fktal  results  may  be  pro- 
duced. At  tne  same  time  the  carbonic  acid  may  be  taken  as  an  indirect  measure  of 
the  impvri^  of  respired  air,  and  accordingly  air  which  by  respiration  has  acquired 
more  than  *08  per  cent,  of  carbonic  add  should  be  considered  as  unfit  for  further 
Mpiration.  M.  F. 

MMTWBKMm  C^H'*.— A  hydrocarbon  polymeric  with  benzene,  discorered  in  1837 
by  Fikentseher  and  Trommsdorff,  and  examined  chiefly  by  Fritzsche  (J.  pr. 
dhem.  IxxT.  281 ;  Jahresb.  1860,  p.  475 ;  Gm.  xyiii.  8).  It  occurs  in  thin  unctuous 
scales  on  fossil  pine-stems,  in  beds  of  peat  and  lignite  in  Denmark  and  other  localities, 
and  togiether  with  fichtelite  on  the  Fichtelgebirge,  and  at  Utznach  in  the  Canton  of  St. 
GalL  It  is  produced  also  by  the  dry  distillation  of  yery  resinous  pine  and  fir- wood, 
passing  orer  together  with  the  heayy  tar-oil,  and  separating  in  scales  like  paraffin 
(Krauss,  Ann.  Gh.  Pharm.  cvi.  391).  By  submitting  colofmony  to  dry  distillation, 
and  passing  the  yapour  through  a  red-hot  tube,  Fritzsche  obtained  several  hydrocarbons, 
ibnnmg  compounos  with  picric  acid,  amonsst  them  probably  retene.  Setisterene,  or 
Miian^Athaiene  ("p.  08),  which  is  obtained  in  a  similar  manner  byPelletier  and 
Walter  (Ann.  ChJPhys.  [21  Ixyii  296),  is  perhaps  impure  retene.    (Fritzsche.) 

PreparatioH :  From  fosm  tooocf.— The  comminuted  wood  is  exhausted  by  boiling 
with  aloohol ;  the  greater  part  of  the  alcohol  is  then  distilled  off;  and  the  remainder 
of  the  decoction  is  evaporated  to  dryness,  and  treated  with  sulphide  of  carbon,  which 
disBolyee  retene  and  other  substances,  leaving  a  red-brown  acid  resin.  On  removing 
the  sulphide  of  carbon  by  distillation,  and  dissolving  the  residue,  together  with  picric 
add,  in  benzene,  a  compound  of  retene  with  picric  add  and  benzene  separates  out  in 
f^JHom  needles  on  coolins.  These  are  pressed  and  reciystallised  from  alcohol,  with 
addition  of  excess  of  picne  add,  the  compound  of  retene  and  picric  add  is  decomposed 
by  ammonia,  and  the  separated  retene  is  reciystallised  from  alcohol.    (Fritzsche.) 

Retene  forms  soft  shining  unctuous  laminie,  inodorous,  tasteless,  sinking  in  cold  but 
floating  in  boiling  water  (Fritzsche).  It  melts  at  98 — 99°  (Fehling,  Ann.  Ch. 
Ffaarm.  cvL  388).  According  to  Fritzsche,  melted  retene  solidifies  at  90^,  the  tem- 
perature rising  to  95^.  It  evaporates  gradually  in  the  air  and  over  the  water-bath, 
and  i^en  melted  gives  off  white  clouds,  which  condense  to  a  woolly  sublimate  (Krauss, 
Ann.  Ch.  Pharm.  zxviii.  845).  It  boils  at  about  the  boiling-poiut  of  mercury,  and 
distils  almost  unchanged  (Fritzsche,  Fehling).  It  is  insoluble  in  water,  dissolves 
alowly  in  cold,  much  more  readily  in  boiling  alcohol,  easily  in  warm  ether,  and  in  oiU, 
hotiijixed  and  intatUe. 

Retene  bums  with  a  bright  but  smoky  flame.  It  is  converted  into  resinous  products 
by  treatment  with  ehromic  acid,  with  hydrochloric  acid  and  chlorate  of  potassium,  and 
with  ^tson%mtfic add.  With  more  dilute  nitric  acid,  it  also  forms  crystalline  products. 
(Fehlinff.) 

By  proL>n^;ed  contact  with  strong  siilj>huHc  acid,  retene  is  converted  into  retene - 
disulphnrie  or  disulphoretic  acid,  C^'H^S'O*,  which  crystallises  in  a  solid 
mass  and  fbnns  a  soluble  barium-salt,  C''H"Bh"S*0',  cirstallising  in  needles.  The 
Uad-taU,  0*B}*S\i'&Q^,  dissolves  slightly  in  cold,  easily  m  boiling  water,  and  separates 
thereftom  in  white  flocks. 

A  sohition  of  retene  in  moderately  dilute  sulphuric  acid  deposits  on  standing,  crystals 
containing  C»"HWSH)».5H'S0*. 

Retene  heated  with  strong  sulphuric  add  is  converted  into  the  compound  C*'H*'SO\ 
called  by  Fritzsche  sulphoretene,  which  separates  from  boili  ng  water  in  thin  lamins, 
from  aleohol  as  a  sandy  powder  or  in  crusts ;  is  decomposed  by  heat  and  forms  a  ciys- 
talline  compound  with  hydrochloric,  oxalic,  and  picric  acids. 

BeUne  wUh  Picric  acid, — A  solution  of  1  pt.  retene  and  3  pts.  picric  acid,  in  hot 
aloohol  or  ether,  deposits  on  cooling,  delicate  woolly  orange-yellow  needles  of  the  com« 
pound  C"*H».C^«(N0«)H),  which  is  partially  decomposed  by  alcohol  of  90  per  cent , 
complet^  by  more  dilate  alcohol,  into  picric  acid  and  retene. 
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A  miztare  of  retene  and  picric  acid  dissolTed  in  faot  beneene,  deposits  on  ooding 
needles  of  the  compound  C»"H«.C«H*.C"H«{NO«)«0,  which  on  exwwure  to  Ula  air 
becomes  opaque,  and  gives  off  the  whole  of  the  benzene.    (Fritzscne.) 

A.OZB.    See  the  last  article. 

A  green  translucent  Tariety  of  serpentine  firom  Canada,  having 
a  resinous  aspect.    (See  SBBFBNmn.) 

[A.    Syn.  with  toluene  or  hydride  of  benzyl  (i.  573). 

A  fossil  resin  of  yellow-brown  colour,  earthy  aspect,  nrely 
dense  and  shining ;  of  specific  gravity  1*07  to  l'3d ;  fusible,  bums  with  a  white  flame, 
and  aromatic  odour.  Retinasphalt  from  the  lignite  of  Bovey  in  Devonshire,  where  it 
was  first  observed,  contains,  according  toHatchett  (Phil.  Trans.  1804,  p.  404),  65  per 
cent,  resin  soluble  in  alcohol,  42  per  cent,  insoluble  resin ;  according  to  Johnston 
(FhiL  Trans.  1840,  p.  347),  13'23  per  cent  mineral  constituents,  27*45  resin  insolnUa  in 
alcohol,  and  59-23  per  cent  soluble  in  alcohol — ^the  latter  constituting  Johnston's  ntmie 
acid,  Betinasphalt  from  Halle  contains,  according  toBucholz  (Schw.  J.  i.  290),  91 
per  cent  easily  soluble  resin,  and  9  per  cent  insoluble  resin,  resembling  amber ;  that 
nom  Cape  Sable,  United  States,  contains  42*5  per  cent  easily  soluble  resin,  65*5  per 
oent  insoluble  resin,  and  1*5  ferric  oxide  and  alumina.    (T  roost) 


CO  ACXB.  The  portion  of  retinasphalt  from  Bovey,  which  is  soluble  in 
alcohol  (Johnston).  It  remains,  on  evaporating  the  alcohoh'c  solution,  as  a  yellow- 
brown  resin,  which  melts,  with  loss  of  weight,  at  120°,  and  gives  off  gas-bubbles  at 
205^.  It  dissolves  abundantly  in  ether,  whence  it  is  for  the  most  part  precipitated  by 
alcohol,  sparingly  in  alcohol,  and  is  precipitated  by  water.  The  alcoholic  solution 
gives  a  shght  precipitate  with  chloride  of  calcium,  more  abundant  with  alcoholic  acetate 
of  lead.  The  add  contains,  at  100°,  76*03  per  cent  C,  8*77  H,  and  1620  0:  after 
ftision,  77*08  C,  8*70  H,  and  14*22  0  ;  the  calcium-salt  yielded  10-26  per  oent  lime, 
the  silver-salt  41*78  to  43*58  per  oent  silver-oxide.  ]^m  these  results  Johnston 
deduced  the  formula  C*«H»*0«. 


Wtdchovite.  A  fossil  resin  found  in  the  coal-mines  of  Walchow,  in 
Moravia,  in  rounded  lumps,  varying  in  size  from  that  of  a  pea  to  that  of  a  man's  bead. 
It  is  brittle,  of  specific  gravity  1*035  to  1*069,  has  a  yellow  colour,  a  conchoidal 
fracture,  and  fatty  lustre.  At  140°  it  becomes  translucent  and  elastic  without  fusing, 
and  at  250°  melts  to  a  vellow  oil.  By  dry  distillation  it  yields  combustible  gas,  tar, 
and  aqueous  formic  add.  Alcohol  extracts  from  it  1*5  per  cent,  and  ether  7*6  pi^ 
cent  of  resin,  both  the  resins  thus  obtained  being  transparent,  yellow,  and  tough.  It 
dissolves  slightly  in  sulphide  of  carbon,  and  in  boiling  rock-oil,  but  softens  in  the 
former.  Contains  80*40  per  cent  C,  10*68  H,  and  8*74  0,  agreeing  approximately 
with  the  formula  C<«H"0«.  (Schrotter,  Pogg.  Ann.  lix.  61 :  see  also  Cerutti,  N. 
Br.  Aich.  xnL  286.) 

The  lignite  of  the  Wilhelmszech  mine,  in  the  Westerwald,  contains  reddish-yeUow 
brittle  deposits  of  retinite.  Branchite  or  scheererite  likewise  changes  to  a  resin,  which 
has  the  colour  and  soft  waxy  consistence  of  retinite.    (Casselmann.) 

The  name  retinite  is  used  by  Rammelsbeig  {MineralcheTnie,  p.  966)  as  a  generic 
name  for  fossil  resins  containing  oxygen. 

XVmrOXB  and  SSTXHTSi.  Hydrocarbons  obtained  in  the  rectification  of  the 
products  of  the  dry  distillation  of  turpentine-resins  (JPelletier  and  Walter,  Ann. 
Cfh.  Fhys.  [2]  Ixvii.  269).    See  Tubfbmtimb. 

WmSTBUn.  MttanaphthaUne,  A  solid  hydrocarbon,  probably  identical 
with  retene,  obtAined  by  the  distillation  of  resins,  and  passing  over  with  the  lust 
portions  of  the  distillate.  (Pelletier  and  "Walter,  Ann.  Ch.  Phys.  Pi]  l^i. 
296.) 


OiT.  This  name  was  originallv  applied  to  the  well-known  vessel,  consisting 
of  a  bulb  and  inclined  neck,  used  for  distillation;  but  it  is  now,  especially  in  technologi- 
cal language,  applied  to  distillatory  vessels  of  other  shapes— for  example,  to  the  cylin- 
ders of  iron  or  earthenware  used  for  the  distillation  of  coal,  &e. 


A  massive  grey  mineral  from  Retzbanya,  in  Hungary,  of 
specific  gravity  6*21.  It  is  mixed  witi^  oxidised  products,  and  gives  by  analysis  7*14 
per  cent  oxygen,  11*93  sulphur,  88*38  bismuth,  86*01  lead,  4*22  copper,  and  1-93 
silver.    (Hermann,  J.  pr.  Chem.  Ixxv.  450.) 

Syn.  with  Edelforsffb  (ii.  361). 


A  salt  occurring  as  an  efflorescence  at  Saidschitz,  in  Bohemia,  and 
consisting  of  a  miztore  of  the  sulphates  of  sodium,  caldum,  and  magnesium,  with 
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diloride  of  nagncnnm  [and  vater],  but  Tarring  in  composition  acoordiug  to  the  locality 
and  the  season  of  the  year.    (Benss,  CrelL  Ann.  1791,  ii.  18.) 


C"H»0*.  (Gellatly,  N.  Edinb.  Phil.  J.  vii.  268.}— A  pale- 
yeUov  oystalline  substance,  formed,  together  with  glucose,  by  boiling  zantiiorhamnin 
with  dilate  sulphuric  or  hydrochloric  acid : 

(?»H»0»«  +   8H«0     ->    C"H»»0»  +   2C«H»«0«. 

A  similar  transformation  takes  place  when  Persian  berries,  which  contain  zsntho- 
rhanmin,  are  stirred  up  with  cold  water,  the  rhamnetin  being  deposited  from  the  filtrate 
as  a  yellow  powder. 

Rhamnetin  is  nearly  insoluble  in  water,  easily  soluble  in  alkalis,  and  precipitated 
thaefrom  by  acids  ;  insoluble  in  alcohol  and  ether.  Hlasiwetz  regards  it  as  identical 
with  quercetin  (p.  4). 

BWft  WM.  (Flenry,  J.  Pharm.  zzTii.  226. — Winekler,  Jahrb.  pr.  Pharm. 
SCOT.  1. — ^Binswanger,  Bepert.  Pharm.  dy.  54. — Gm.  xri.  60). — ^A  yellow  substance 
contained,  together  with  rhamnocathartin,  in  the  unripe  berries  of  the  buckthorn 
(^Bhammu  aUhartieu»),  It  may  be  prepared  by  pressing  the  berries  to  remore  the 
Tuiee,  boiling  the  residue  repeatedly  with  water,  setting  the  decoctions  aside  to  crystal- 
lise, and  purified  by  recrystallisation  from  boiling  alcohol,  with  aid  of  animal  charcoal. 
It  forms  rounded  groups  of  pole-yellow  gpnnules  or,  more  rarely,  tuAs  of  needles.  It  is 
deeompoeed  by  heat,  is  nearly  or  quite  insoluble  in  cold  water,  swells  up  in  boiling 
water,  diasolves  sparingly  in  cold,  easily  in  boiling  alcohol,  but  is  insoluble  in  ether. 
It  dissolves  easily  in  alkalis,  and  is  precipitat^nl  therefrom  by  acids ;  dissolyes  with 
laffion-yellow  colour  in  strong  hydrochloric  or  sulphuric  acid,  and  is  precipitated  by 
water ;  in  hot  nitric  acid,  forming  a  dark-brown  solution,  which  becomes  yellow  on 
continued  heating,  and  then  leares  on  evaporation  a  ciyfrtalline  mass,  mostly  soluble  in 
water,  together  with  a  bitter  yellow  powder,  probably  picric  acid. 

The  name  rhanmin  is  applied  also  by  Ortlieb  (Mulhous.  Soc.  Bull.  zxz.  16)  to  a 
product  obtained  from  Persian  berries.  According  to  his  observations,  the  aqueous 
decoction  of  the  berries,  after  the  colouring-matter  has  separated  from  it,  contains  a 
laree  quantity  of  sugar,  and  after  fermentation  deposits  yellow  crystalline  grains 
of  hydrate  of  wtyrlmmnin,  C"H"0",  isomeric  or  perhaps  identical  with  euxanthic  acid 
(ii.  609),  then  yellow-green  flocks  oihfdrate  of  rhamnin,  C"H'*0'*;  and  the  mother- 
Uqoor,  if  boiled  with  sulphuric  add,  yields  flocks  of  rhamnin^  C*'H'*0*.  These  results, 
hfrwever,  do  not  agree  with  those  obtained  by  Kane  and  by  G  ellatly  (p.  100).  See 
also  XairraosHAJiKnr. 


roCAVSAStXnr,     Cathartin.     (Hubert,  J.  Chim.  mM.  vi.  193 

Winekler,  Jahrb.  pr.  Pharm.  xix.  221 ;  xziv.  1 — ^Binswanger,  Bepert  Pharm.  civ. 
64. — 0m.  xvi.  81.)-— The  uncrystallisable  bitter  prindple  of  buckthorn  berries.  To 
prepare  it,  the  juice  of  the  ripe  berries  is  evaporated  to  an  extract ;  this  extract  is 
exhausted  with  hot  alcohol,  the  tincture  evaporated,  and  the  residue  mixed  with 
water,  which  separates  yellow-green  pulverulent  rhamnotannic  add.  The  filtrate, 
shaken  up  with  coarsely-pounded,  purified  bone-charcoal,  as  long  as  it  retains  any 
bitter  taste,  yields  rhamnocathartin  to  the  charcoal ;  and  on  washing  this  charcoal 
with  cold  water,  drying,  treating  it  with  hot  alcohol,  and  evaporating  the  tincture,  the 
ihanmocathartin  is  left  behind.    (Binswanger.) 

Rhamnocathartin  is  a  translucent,  amorphous,  yellowish,  brittle  mass,  which  emits  a 
peculiar  smell  when  rubbed.  It  has  a  bitter  and  very  repulsive  taste,  is  neutral,  and 
tolerably  permanent  in  the  air.  When  heated,  it  melts  to  a  yellow  oil,  turns  brown, 
gives  off  inflammable  vapours,  and  leaves  combustible  charcoal  With  nitrie  acid,  it 
yields  a  large  quantity  of  picric  acid  (Winekler).  It  is  not  decomposed  during  the 
fermentation  of  the  j nice.    (Hubert.) 

It  is  soluble  in  all  proporti<His  in  water  (Winekler),  insoluble  in  cold,  somewhat 
soluble  in  boiling  water,  to  which  it  imparts  a  very  bitter  taste,  while  the  remainder 
melts  and  adheres  to  the  sides  of  the  vessel.  The  hot  solution  becomes  turbid  on 
eooling  (Binswanger).  The  aqueous  solution  is  coloured  brownish  gold-yellow, 
without  predpitation,  by  ammonia^  the  fixed  alkalis^  and  basie  acetate  of  lead,  and 
beeomes  colourless  again  on  addition  of  adds.  It  colours  ferric  chloride  dark-brown- 
(Winekler.) 

Bhamnocathartin  oissolves  in  all  proportions  in  alcohol,  but  is  insoluble  in  ether. 


rOTAnXO  ACn.  (B  i  n  s  w  a n  g  e  r,  /oc.  cit.) — Obtained,  as  above,  in 
the  preparation  of  rhamnocathartin,  and  purified  by  washing,  drying,  solution  in 
ether,  and  evaporation. — It  is  a  neutral,  greenish-yellow,  amorphous,  easily  friable 
naas ;  tastes  bitter  and  astringent ;  melts  and  decomposes  when  heated ;  is  nearly  in- 
■oluble  in  edld  water,  somewhat  soluble  in  boiling  water,  and  in  aqueous  ammonia^ 
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forming  a  golden-yellow  liquid  which  gradnallj  tuniB  brown.  With  lime-water  and 
potash-ley  it  forms  yellow  solutions,  which  do  not  change  in  contact  with  the  air ;  the 
former,  howeyer,  gradually  deposits  yellow  flocks.  The  aqueous  solution,  added  to 
neutral  or  basic  acetate  of  lea^  throws  down  orange-yellow  flocks ;  it  colours  ferric 
salts  oliTO-green,  and  then  precipitates  them.  In  tartar-emetic  it  forms,  after  some 
time,  a  yellow  precipitate ;  does  not  precipitate  solution  of  gelatin.  The  acid  diasolyea 
readily  in  alcohol  and  ether. 

l^BAanrOZAarTBZir.  A  yellow,  crystalline,  sublimable  substance  identical 
with  Frangulifif  under  which  name  it  has  already  been  described  (li.  706).  It  existe 
in  the  root,  bark,  and  stem-bark  of  Rhamnua  Frangula  (Buchner,  Binswanger), 
and  according  toFhipson  (Compt.  rend,  xlvii.  153),  in  the  bast,  and  in  the  vessels  of 
th^  medullary  sheath  of  the  branches.  Phipson  prepares  it  by  macerating  the  branches 
for  three  or  four  days  in  sulphide  of  carbon,  evaporating  the  extract  to  dryness,  ex- 
hausting the  residue  with  aloohol,  which  leaves  fat  undissolved,  again  evaporating,  and 
reciystallising  from  ether. 

XBAJttVVB.  The  several  species  of  Rhamnus  ^eld  yellow  or  green  colouring- 
matters,  which  have  been  examined  by  different  chemists,  not  always  with  accordant 
results : — 

1.  Persian  or  Turkey-berries,  the  seeds  of  Bhamnus  amygdalinus,  B.  oUtMes^  R. 
scupatilis,  and  Avignon-grains,  the  seeds  of  B.  vnfectoriua^  which  are  employed  in 
dyeing  for  the  production  of  yellow  colours,  yield :  a.  According  to  Kane  (Phil.  Mag. 
[8]xxiii.  3), in  the  unripe  state,  chrysorhamnin,  0"H**0"  (i.  960), and  when  ripo> 
xanthorhamnin,  C*'H'*0*^ — fi.  According  to  Gellatly,  zanthorhamnin, 
C**H"0**,  with  rhamnetin,  C'H'^O*,  as  a  product  of  its  decomposition. — y.  Accord- 
ing to  Ortlieb  (Mulhous.  Soc.  Bull.  xxx.  16),  rhamnin,  C'^ffW,  hydrate  of 
rhamnin,  C»'H'"0»»,  and  hydrate  of  oxyrhamnin,  C"H»»0». 

2.  The  bark  of  the  berry-bearins  alder  {Rhamnus  Frangulay,  and  of  the  buckthorn 
{B.  cathariicus)f  yields  the  yellow  dye  called  rhamnoxanthin  by  Buchner  and  Bins- 
wanger, fhmgulin  by  Casselmann, 

3.  The  hemes  of  R.  catharticus  yield  the  rhamnin  of  Henry,  "Winckler,  and  Bins- 
wanger (p.  99);  also  Binswanger*s  rhamnocathartin,  called  cathartin  by  Hnbert 
(p.  99).  These  berries  and  the  syrup  prepared  from  them  possess  purgative  pro- 
perties ;  but  their  action  is  violent  and  dangerous,  so  that  their  use  in  medicine  is  not 
to  be  recommended. 

The  berries  of  some  species  of  rhamnus  are  used  fbr  dyeing  morocco-leather  of  a 
yellow  colour;  others  *for  dyeing  wool ;  and  the  bark  of  some  is  employed  for  striking 
•a  black  with  salts  of  iron.  Those  of  Bhamntu  catharticus  yield  the  pigment  called 
sap-green,  or  bladder-green ;  and  recently  M.  Charvin  of  Lyons  has  obtained  from 
them  a  splendid  green  dye  called  Vert  yenus,  Vert-Azof,  or  Fert-Lumiere,  identical 
with,  or  very  similar  to,  the  Chinese  Lo-E!ao.  (See  Dtkinq,  ii.  368;  also  Wagner* a 
Jahresbericht,  1861,  p.  667.) 

Syn.  with  Chbt80|'Hai7io  Acid  (i.  968). 

According  toLeoMeier  (Bepert  Pharm.  [31  xli.  325),  the 
red  colouring-matter  of  the  flowers  of  the  common  red  poppy  {Papaver  Rheas)  consists 
of  two  adds,  called  rheadic  and  papaveric  acid,  separable  by  neutral  acetate  of  lead, 
which  precipitates  only  the  former ;  they  do  not  appear  to  have  been  obtained  pure. 
(See  Gmdin's  Handbook,  xvi,  627,) 

*'  I     Syn,  with  Chbtsqphakic  Acm  (1.  968). 

Syn.  with  Galtamombteb.    (See  ELBCTBicmr,  ii.  448.) 


[B08TAT.    An  instrument  for  regulating  and  measuring  the  force  of  electric 
currents.    (See  Exjrctbicitt,  ii.  464,) 


E.    See  RvuBARB  (p.  107), 

r.    Syn,  with  CHBTsopHAinc  Aero  (i.  968). 

I.    A  name  applied  to  sulphocyanates,  on  aooount  of  the  x«d  colour 
which  they  prodace  with  ferric  salta. 

Syn.  with  CoNvoLvuLnr  (ii.  15). 


^  f  Syn.  with  OoNTOLTuuKOiuc  Aero  (ii,  16)^ 

Atonws  Weight,  104;  Sffmbol,  Rh.— -A  metal  belonging  to  the  platinum 
groop,  discovered  by  Wollaston  in  1804.  He  found  the  ore  fiom  Brazil  to  contain  0*4 
per  cent,  and  native  platinum  &om  another  locality  has  been  found  to  contain  as 
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moth  as  3  per  oent.  of  riiodiom.    It  often  oecnzB  in  considorable  qoantity  in  platinum 
rendncflL 

iVvpomaJioft. — 1.  Flatinum-ore  is  diBaolved  in  nitromuriatic  acid ;  the  platinmn  and 
nidinm  are  precipitated  by  Bal-ammoniac,  and  the  palladinm  by  cyanide  of  mercury ; 
the  hqaid  is  then  aatoxated  with  carbonate  of  sodium ;  hydrochloric  add  is  added,  to 
dficompose  the  exeees  of  mercuric  cyanide ;  the  liquid  is  evaporated  to  diyness ;  and  the 
nadne  is  treated  with  aloohoL  The  whole  then  dissoWes,  excepting  the  chlororhodiate 
of  aodimn*  which  remains  as  a  red-brown  powder.  This  salt,  reduced  by  hydrogen  and 
washed  with  a  lax^  quanti^  of  water,  yields  pure  rhodium. 

2.  Graxmlar  platinum-residue,  consisting  chiefly  of  rhodium  and  iridium,  with  small 
ooandties  of  osnuum  and  ruthenium,  is  treated,  as  described  imder  Ibidiux  (iiL  315, 
to.  4),  to  separate  the  other  metals ;  and  the  residue  insoluble  in  nitromuriatic  acid, 
ffyMSgtJTig  or  rhodium  with  a  small  quantity  of  iridium,  is  mixed  with  a  large  excess  of 
CGfBmoQ  salt,  and  heated  to  low  rednees  in  a  current  of  diy  chlorine,  -vniereby  the 
rhodium  is  eonyerted  into  chlororhodiate  of  sodium,  which  may  be  dissolved  out  by 
water  and  OTatallised  by  evaporation.  The  metal  may  then  be  obtained  from  it  by 
reduction  with  hydrogen,  or  by  precipitation  with  zinc:  or,  better,  the  concentrated 
solution  may  flzSt  be  mixed  with  sal-ammoniac,  which  will  throw  down  any  iridium 
Still  remaining,  and  the  filtrate  evaporated.  It  then  yields  fine  prisms  of  chlororhodiate 
of  ammoninni,  which  when  calcined  leaves  pure  rhodium.     (Fr^my.^ 

3.  Flatinum-reeidue,  precipitated  by  metallic  iron  from  the  mother-hquors  f^m  which 
plHtinum  has  been  extracted  (iv.  683),  is  fused  at  a  bright  red-heat  with  1  pt.  lead  and 
3  pta.  Hthatge;  and  the  regulus  thus  obtained,  after  bemg  carefully  freed  from  slag,  is 
treated  with  nitric  add  diluted  with  an  equal  volume  of  water.    'Ae  pulverulent  mass 
which  remains  undissolved  is  then  heated  to  redness  with  6  pts.  of  barium-peroxide ; 
the  ignited  mass  is  treated  with  water,  and  then  with  nitromuriatic  acid  (which  elimi- 
nates oamic  add) ;  the  barium  is  predpitated  from  the  solution  by  sulphuric  add, 
the  quantity  required  having  been  previously  calcinated;   the  liquid  is  heated  to 
the  boiling-point,  and  filtered ;  the  filtrate  is  evaporated  to  diyness  at  100^,  with  ad- 
dition, first  of  a  little  nitric  add,  then  of  a  large  quantity  of  sal-ammoniac;  and  the 
solution  is  washed  with  a  strong  solution  of  sal-ammoniac,  which  dissolves  out  all  the 
rittjdium.    The  filtered  liquid  is  then  heated  with  a  large  excess  of  nitric  add  (to  de- 
compoee  the  sal-ammoulac),  and  finally  evaporated  to  dryness  in  a  porcelain  crucible ; 
and  the  rhodium-salt  thus  obtained,  after  being  moistened  with  sulphide  of  ammonium, 
is  mixed  with  three  or  four  times  its  weight  of  sulphur,  and  heated  to  bright  redness 
in  the  covered  porcelain  crucible,  endosed  for  the  purpose  in  an  earthen  crudble,  the 
^paoe  between  the  two  being  filled  up  with  powdered  charcoal.    There  then  remains  a 
regulus  of  metallic  rhodium,  which  may  be  purified  by  continued  boiling  with  nitro- 
mnxiatic  add,  and  then  with  strong  sulphuric  acid.    To  obtain  the  metal  quite  pure,  it  is 
fused  at  a  low  red-heat  with  S  or  4  pts.  of  metallic  zinc,  and  the  ftised  and  cooled 
mass  is  treated  with  concentrated  hydrochloric  add,  which  leaves  undissolved  a  crys- 
talline alloy  of  the  two  metals.    This  alloy  is  dissolved  in  nitromuriatic  add ;  the 
solution  is  mixed  with  ammonia,  till  the  predpitate  formed  at  first  is  redissolved,  then 
boiled  and  evaporated,  whereby  a  yellow  predpitate  is  formed,  consisting  of  ammonio- 
diloride  of  rhodium,  6NH'.HhCl';  and  this  salt,  after  being  purified  by  recrystallisa- 
tion,  is  calcined  with  a  small  quantity  of  sulphur,  in  a  graphite  crucible,  at  a  yeiy 
strong  red-heat.    Metallic  rhodium  Uien  remains,  which  may  be  fused  in  the  oxy- 
hydrogen  furnace  (iv.  313).  (Beville  and  Debray,  Ann.  Ch.  Fbys.  [3],  Ivi.  386; 
Jahresb.  1850,  p.  238.) 

According  to  Claus  (J.  pr.  Chem.  Ixxxv.  129 ;  Jahresb.  1861,  p.  327),  the  above- 
described  method  of  didnteffration  with  peroxide  of  barium  does  not  give  good  results; 
because  the  rhodium,  though  oxidised  thereby,  is  rendered  very  difficult  of  solution  in 
adds,  and  indeed  will  not  dissolve  at  all,  unless  iridium  is  also  present,  to  assist  the 
solution  by  contact-action.  Claus  therefore  gives  the  preference  to  Wohler's  method 
of  decomposition,  by  mixing  the  substance  with  chloride  of  sodium  and  igniting  it  in 
chlorine-gas  (iiL  314).  For  the  separation  of  the  iridium  and  rhodium  in  the  solution 
obtained  oy  treating  the  resulting  mass  with  water,  he  recommends  that  the  trichloride 
of  iridium  be  first  converted  into  tetrachloride  by  boiling  with  nitriomuriatic  acid,  and 
the  iridium  then  separated  by  fractional*  precipitation  with  sal-ammoniac.  The  mode 
of  separation  by  digesting  the  dried  saline  residue  in  sal-ammoniac  solution,  he  regards 
as  objectionable;  because  the  rhodium-salt,  when  once  crystallised,  dissolves  but  slowly 
in  that  liquid,  and  adheres  obstinately  to  the  iridium-salt,  so  that  a  very  large  quan- 
tity of  the  sal-ammoniac  solution  is  required  to  dissolve  it. 

Properties — Bhodium  is  a  whitish-grey  metal,  very  hard,  much  less  ductile  than 
platinum.  It  is  somewhat  more  fusible  than  iridium,  but  scarcely  softens  in  the  flame  of 
the  oxyhydrogen  blowpipe ;  it  may,  however,  be  ftu»ed  in  Beville's  oxyhydrogen  furnace 
(iv.  313).  The  meltea  metal  absorbs  oxygen,  and  spits  as  the  globule  sets.  The  spe- 
cific gravity  of  unfused  rhodium  is  1064 ;  that  of  the  pure  metal  after  fusion  is  12*1. 
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Bhodiam  ii  unalterable  in  the  air  at  trrdmarj  tempentnrea,  bnt  ooddBaes  at  a  reA 
beat,  and  with  great  facUit j  if  in  tha  atate  of  powder.  It  oombinea  alao  with  chlorine 
at  a  red  heat.  When  pnre  it  reeiata  the  action  of  the  ationgeat  adda,  eren  of  nitio- 
mnriaUc  add,  bnt  when  alloyed  with  certain  metala  (as  with  lead,  biamnth,  copper,  and 
platinum),  it  disaolTea  in  nitromnriatic  acid,  together  with  thoae  metala ;  when  fnaed 
with  gold  or  ailrer,  howerer,  it  doea  not  diaaolre.  It  ia  readily  ozidiaed  by  fnaion  with 
nitre,  or  with  peroxide  of  berinm.  By  fnaion  with  anlphate  of  poCaaainm,  it  ia  converted 
into  aolnble  rhodiopotaaaic  sulphate.  Mixed  with  chloride  of  aodinm,  and  ignited  in  a 
atream  of  chlorine  gaa,  it  ia  oonTerted  into  chlonnfaodiate  of  aodinm,  iHikh  la  liltewiaa 
eaaily  aolable. 

XBOBZ0Mv  AZ&OTS  OF.  Kfaodinm  nnitea  with  moat  other  melala.  Some  of 
the  alloya,  aa  already  obserred,  diaaolre  oompletdy  in  nitromnriatic  acid,  whereas 
otbeia  yield  to  thia  aolxent  only  the  metal  alloyed  with  the  rhodium.  An  alloy  of 
rhodium  and  ffdd  found  in  Mexico  containa  from  34  to  43  per  cent,  riiodinm.  (Del 
Rio,  Ann.  Ch.  Phya  [2],  xxix.  137.) 

One  pt.  of  rhodium  and  I  pt  of  ked  form  an  alloy,  which  baa  a  sped&c  gravity  of 
9*176,  a  very  floe  c<^ur  and  snrfSfice  for  metallic  mirrors,  and  doea  not  tarnish  in  the 
air. — One  pt.  rhodium  with  50  to  100  steel  forma  a  Tery  hard  and  rather  tongh  alloy, 
which  requires  for  tempering  a  heat  higher  by  39^  than  eommon  steel,  and  17^  higher 
than  Indian  steeL    (Faraday  and  Stodart) 

Khodium  also  unites  with  rine  and  tin,  forming  the  crystallised  alloys,  BhZn*  and 
BbSn.    (Deville  and  Debray.) 

BBOBZmCf  OBXKISXBas  OF.  A  dichloride,  Bha*,  is  aaid  by  Fellenberg  to  be 
obtained  by  heating  the  corresponding  sulphide,  BhS,  in  chlorine-gas ;  but  according 
to  Glaus,  there  is  but  one  definite  compound  of  rhodium  and  chlorine — ^via.,  the 
trichloride  or  rhodic  chloride,  RhCl*.  It  ia  obtained  in  the  anhydrous  atate  by 
ignitinff  the  ptdverised  metal  in  a  stream  of  chlorine,  or;  more  easily,  br  heating  one 
of  its  aouble  salts  (infra)  for  some  time  with  strong  sulphuric  acid,  ana  pouring  the 
mixture  when  cold  into  water,  which  dinaolves  the  aBudine  anlphate  and  a  amall  quan- 
tity of  undecomposed  double  chloride,  leaving  the  rhodic  chloride  nndissolyed.  Aa 
obtained  by  either  process,  it  is  a  brownish-red  indifferent  body,  insoluble  in  all  aeida 
and  alkalis.  When  heated  with  nitrite  of  potassium^  it  turns  yellow,  and  is  resolved 
into  an  orange-yf'llow  powder,  slightly  soluble  in  water,  but  eesUy  soluble  in  hydro- 
chloric acid,  and  a  soluble  compound  precipitable  by  alcohoL  With  nitrite  of  sodinm 
it  yields  only  the  soluble  salt.  Sulphide  of  ammonium  added  to  these  solutions,  throws 
down  sulphide  of  rhodium,  soluble  in  excess  of  the  alkaline  sulphide,  and  completely 
precipitablA  therefrom  by  acids.  (W.  Gibbs,  SilL  Am.  J.  [2]  xxxiv.  341 ;  Jahresb. 
1863,  p.  293.) 

Hydrated  rhodic  chloride^  RhCl'.4H*0,  remains  in  the  form  of  a  red-brown  vitreoua 
mass,  on  evaporating  over  the  water^bath  a  solution  of  rhodic  oxide  in  hydrochloric 
acid,  previously  freed  from  potaah  by  treatment  with  nitric  acid.  It  yielda  a  rod 
powder,  is  deliquescent,  soluble  in  alcohol,  insoluble  in  ether;  at  a  red  heat  it  gives 
off  its  water,  and  becomes  insoluble. 

Chlororhodiates  of  Ammonium.— The  salt  2(3NH*Cl.RhCl«).3H«0  is  obtained  by 
decomposing  the  corresponding  sodium-salt  with  sal-ammoniac ;  it  crystallises  in  flue 
riiombohedral  prisms,  easily  soluble  in  water,  insoluble  in  alcohol.  The  boiling 
aqueous  solution  deposits  on  cooling,  prisms  and  hexagonal  plates  of  the  salt 
2NH'Cl.HhClM{'0,  lees  soluble  and  darker-coloured  than  the  preceding. 

CMororhodiates  of  POtasHum.^The  salt  3KCl.RhCl«.3HK),  formed  by  mixing  the 
solutions  of  rhodic  oxide  in  hydrochloric  acid  with  a  strong  solution  of  potaaaie  chloride, 
crystallises  in  sparingly  soluble  prisms,  which  effloresce  and  eive  off  all  their  water  on 
exposure  to  the  air.  Another  double  salt,  2£Cl.RhCl'.H'0,  is  obtained  by  heating,  in 
a  current  of  chlorine,  a  mixture  of  pulverised  rhodium  or  rhodic  cmloride  with 
chloride  of  potassium.  The  black  saline  mass  dissolves  in  water,  and  the  aolntion 
yields  by  evaporation  dark-red  crystals  soluble  in  alcohol. 

Chlororhodiate  of  Sodium,  8NaCl.BhClM2H'0,  is  obtained  b^  heating  a  mixture  of 
1  pt.  rhodium  and  2  pts.  common  aalt  in  a  stream  of  chlorine ;  it  crystidlises  like  the 
corresponding  potassium-salt. 

SBOBIVM,  CTAVZna  OF.    RhCy*.    See  CvAKiDBfl  (ii.  271). 

HBOBZVM,  BBTBCTZOSr  ASTB  SSTZAKATZOV  OF.  Rhodium  forms 
only  one  dass  of  salts,  viz.  the  rhodic  salts,  corresponding  in  composition  with  the  tri- 
chloride. These  salts  are  for  the  most  part  rose-coloured  (hence  the  name  of  tha 
metal),  and  exhibit  the  following  reactions  in  solution: — yfxihmLphydric  add,  a  brown 
precipitate  of  sulphide,  which  is  slowly  deposited ;  with  sulphydrate  of  ammonium,  a 
brown  precipitate,  insoluble  in  excess;  with  sulphurous  acid  and  sulphites,  a  pole- 
yellow  precipitnte,  affording  a  very  charact^'ristic  reaction ;  ■wiihpotash^  a  yellow  pred- 
pitate  of  hydrated  rhodic  oxide,  soluble  in  excess ;  with  ammonia  also  a  yeUoir 
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precipitAte,  which,  howeTer,  does  not  form  immediately ;  with  alkalhw  carbonaies,  a  yel- 
low precipitate  after  a  while.  Iodide  of  potassium  produces  a  slight  yellow  precipitate ; 
siattnous  chloride  imparts  a  dark  colour  to  the  solutions,  bat  forms  no  precipitate. 
Mercarous  nitrate  and  nitrate  of  silver  form  with  rhodic  chloride,  precipitates  analogoua 
in  composition  to  the  argento-iridlc  chloride  already  mentioned  (iii.  318).  Zinc 
preeipitatea  metallie  rhodium.  In  a  solution  of  rhodium  mixed  with  excess  of  potash, 
alcohol  forma,  eren  at  ordinary  tempeiatures,  a  black  precipitate,  probably  consisting 
f>f  metallic  rhodium ;  with  the  other  platinum-metals,  this  reaction  takes  place  only 
when  the  liquid  is  heated.  No  precipitate  is  formed  by  sal-ammoniac,  chloride  of 
potaasiam,  chromate  of  potassium,  oxalic  acid,  cyanide  of  potassium,  cyanide  of  mer- 
cniy,  ferrocyanide  or  ferricyanide  of  potassium,  or  gallic  acid.  Hydrogen  gas  reduces 
the  anhydrous  salts  at  a  moderate  heat. 

Chlororhodiate  of  sodium  (^  102)  forms  with  soluble  horatest  a  yellow  precipitate 
of  rhodic  oxide,  RhO*,  oontaimng  the  whole  of  the  metal.  A  similar  reaction  is  pro- 
duced by  trisodie  phosphate  and  by  alkaline  carbonateSf  but  part  of  the  rhodium  then 
remains  in  the  solution,  giving  it  a  yellow  colour.    (Claus,  Jahresb.  1863,  p.  697.) 

Estimation  and  Separation, 

Khodinm  ia  estimated  in  the  metallic  state.  The  solution  eontaining  it  is  mixed 
with  excess  of  sodic  carbonate  and  evaporated  to  dryness,  the  residue  ignited,  and  the 
calcined  mass  treated  with  cold  water;  oxide  of  rhodium  then  remains,  and  may  be 
reduced  by  hydrogen. 

Bhodium  is  separated  from  many  metals  with  which  it  may  be  alloyed,  by  falsing  the 
alloT  with  acid  sulphate  of  potassium ;  the  rhodium  is  thereby  oonv^ted  into  sulphate 
of  rhodium  and  potassium,  which  may  be  dissolved  out  by  water. 

The  separation  of  rhodium  from  other  metals  in  solution  is  somewhat  difScult, 
beoaase  it  is  not  completely  precipitated  by  sulphydric  acid.  To  separate  rhodium 
from  copper,  the  solution  is  saturated  with  sulpbvdric  acid  and  left  to  stand  in  a 
stopperea  bottle  for  twelve  hours,  then  filtered,  and  the  filtrate  heated  to  separate  an 
additional  portion  of  sulphide  of  ihodium.  The  whole  of  the  precipitate  is  then 
roasted  in  a  platinum  crucible  till  the  sulphides  are  completely  oxidisecC  and  the  pro- 
duct treated  with  strong  hydrochloric  acia,  which  dissolves  the  copper  and  leaves  the 
oxids  of  riiodium.  The  liquid  filtered  from  the  sulphydric  add  precipitate  still  contains 
a  small  portion  of  rhodium,  which  may  be  precipitated  by  carbonate  of  sodium,  and  con- 
verted into  oxide  as  above.    The  whole  of  the  oxide  is  then  reduced  by  hydrogen. 

To  separate  rhodium  from  iron,  the  rhodium  is  precipitated  as  completely  as  possible 
by  sulphydric  acid ;  the  liquid  filtered ;  and  the  iron  in  the  filtrate  precipitated  by  am- 
monia, after  having  been  brought  to  the  state  of  ferric  oxide.  The  iron-precipitate 
eanies  down  with  it  a  certain  portion  of  rhodium,  which  may  be  separated  by  igniting 
the  precipitate  in  a  current  of  hydrogen,  and  treating  the  reduced  metals  with  hydro- 
chlozic  acid,  which  dissolves  the  iron  and  leaves  the  rhodium:  the  latter  is  then  con- 
verted into  oxide  by  ignition  in  the  air.  The  precipitated  sulphide  of  rhodium  is  like- 
wise oxidised  b^  roasting.  The  small  quantity  of  rhodium  which  remains  in  solution 
after  precipitation  by  ammonia  is  precipitated  by  carbonate  of  sodium,  and  converted 
into  oxide  by  ignition.  The  whole  of  the  oxide  of  rhodium  is  then  reduced  to  the 
metallic  state  by  hydrogen. 

The  separation  of  rhcdium  from  the  alkali-metals  is  easily  effected  by  converting  the 
metals  into  chlorides,  and  isniting  the  chlorides  in  a  current  of  hydrogen,  which 
reduces  only  the  chloride  of  rhodium. 

The  methods  of  s^Mzating  Imodium  from  the  other  metals  of  the  platinum-group 
have  already  been  given  (iv.  680 — 684).  The  insolubility  of  chlororhodiate  of  sodium 
in  alcohol  afiR>rds  in  many  cases  a  good  mode  of  separation  (p.  101).  To  separate  it 
frcfm  iridium,  Gibbs  (Jahresb.  1863,  p.  293)  heats  the  solution  of  the  two  metals 
with  excess  of  nitrite  and  carbonate  of  sodium,  till  a  lisht  orange-yellow  colour  is 
produced ;  adds  sulphide  of  sodium  by  small  quantities,  till  the  precipitat>e  of  rhodium 
sulphide  begins  to  redissolve  (p.  105)  ,*  then  boils  for  a  few  minutes,  and  mixes  the 
solution  when  cold  with  a  slight  excess  of  hydrochloric  acid.  The  sulphide  of  rhodium 
thereby  precipitated  is  washed  with  cold  water,  dissolved  in  nitromunatic  acid,  and  the 
rhodium  is  converted,  first  into  the  double  chloride  dNH'(^I.KhCl',  then  into  the  com- 
pound 5NH*JUiCl'.  (See  further  Gibbs,  Jahresb.  1864,  p.  287  ;  and  Carey  Lea» 
ibid.  291.) 

Atomic  weight  of  Rhodium. — 8*146  grammes  of  chlororhodiate  of  potassium, 
2KCLRhCl',  heated  in  a  current  of  hydrogen,  were  found  by  Berzelius  (Poge.  Ann. 
xiii.  436)  to  lose  0*930  grm.  chlorine,  leaving  a  mixture  of  0*912  grm.  of  rhodium 
and  0*516  of  potassium-chloride.  In  another  experiment^  1*3  grm.  of  the  salt  lost 
0*335  grm.  cnlorine,  leaving  0*358  grm.  rhodium  and  0*515  grm.  potassium-chloride. 
The  mean  of  these  results  gives  for  the  atomic  weight  of  rhodium,  very  nearly  the 
number  104. 
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HBOBXUMf  OZZBW  OF.  Bhodium  fonns  four  oxides,  haying  the  fonniiI« 
KhO,  RhK)«,  RhO»,  and  RhO»     (Clans.) 

The  protoxide,  RhO,  is  formed, -with  incandescence,  "when  thehydrated sesquiozide, 
Rh'0*.3H^0,  is  heated  in  a  platinnm  crucible.  It  is  a  dark-grey  substance^  perfectly 
indifferent  to  acids. 

The  Sesquioxide  or  Shodic  Oxide,  RhK)*,  obtained  by  heating  the  nitzste,  is  a 
grey  porous  mass,  with  metallic  iridescence ;  insoluble  in  acids,  easily  zednoed  by 
hyorogen.    It  forms  two  hydrates. 

The  trihydrate  or  normal  rhodie  hydrate,  Rh'O'.SH'O  or  RhH'O',  is  produced  by 
precipitating  a  solution  of  chlororhodiate  of  sodium  with  potash,  in  presence  of  alcohol ; 
or,  without  the  aid  of  alcohol,  by  heating  the  rhodium-solution  with  yeiy  strong 
potash-ley.  It  is  gelatinous,  shrinks  to  a  yery  small  bulk  when  dried,  and  is  almost 
indifferent  to  acids.  Hydrochloric  acid,  howeyer,  dissolyes  a  yery  small  quantity^  of 
it,  acquiring  the  fine  rose-colour  characteristic  of  rhodie  salts. 

The  pentahydrate,  Rh«0».5H«0  or  RhHH)«.H«0,  is  formed  by  treating  a  solution  of 
chlorornodiate  of  sodium  with  aqueous  potash.  It  has  a  lemon-yellow  colour,  and 
retains  3  or  4  per  cent,  potash  even  after  washing.  The  mother-liquor  has  a  yellow 
colour,  and  still  retains  rhodium. 

Dioxide,  RhO*. — Obtained  by  ftising  pulverised  rhodium  or  the  sesquioxide,  with 
nilre  and  potash,  and  digesting  the  fused  mass  with  nitric  add,  to  dissolye  off  the 
potHsh.    It  is  a  dark-brown  substance,  insoluble  in  adds. 

When  chlorine  is  passed  into  a  solution  of  rhodie  pentahydrate,  Rh'O'.dH'O,  a 
black-brown  gelatinous  precipitate  of  the  trihydrate,  Rh*0'.3H'0,  is  formed  at  first; 
but  this  compound  gradually  loses  its  gelatinous  consistence,  becomes  lighter  in 
colour,  and  is  flnaUy  converted  into  a  green  hydrate  of  the  dioxide,  RhO*.2HH>.  The 
alkaline  solution  at  the  same  time  aci^uires  a  deep  yiolet-blne  colour. — ^The  green 
hydrate  treated  with  hydrochloric  acid  dissolves,  with  evolution  of  chlorine,  fomung  a 
rose-coloured  solution  of  the  sesquichloride  : 

2RhO«  +  8Ha  -  Rh^Cl"  +  4H«0  +  CI*. 
Trioxide,  RhO*. — The  blue  alkaline  solution  above  mentioned  deposits,  afker  a  while, 
a  blue  powder,  becoming  green  when  diy,  and  yielding^  when  treated  with  nitric  acid, 
a  blue  flocculent  substance,  consisting  of  the  trioxide,  easily  reduced  to  the  green  dioxide. 
(Claus.) 

SBOBZim*  OXTCnv-AAXTS  OF.  These  salts,  analoffous  in  composition  to 
the  trichloride,  do  not  crystallise  very  readily.  Moreover,  the  only  rhodie  oi^gen-Balts 
that  can  be  obtained  pure,  are  those  which  contain  acids  capable  of  expelling  nitric 
acid  from  its  combinations ;  because,  in  order  to  obtain  rhodie  oxide  free  from  potash, 
it  must  be  washed  with  water  containing  nitric  add,  which  then  unites  with  the 
rhodie  oxide.    The  weaker  acids  are  not  capable  of  removing  the  whole  of  the  potash. 

Rhodie  acetate,  RhK)«.3C*HH)«.6HK)  -   (^P)'|o«.iH«0.— Recently  prepared 

rhodie  oxide  dissolves  in  acetic  acid,  forming  an  orange-yellow  solution,  which  when 
evaporated  over  the  water-bath,  leaves  a  transparent  orange-yellow,  amorphous,  non- 
deliquescent  mass,  soluble  in  water  and  in  alcohol ;  it  always,  howeyer,  retains  3  or  4 
per  cent,  of  potash.    (Claus.) 

Ai^ra^,  Rh«0».3N*0».4H«0  or  (^^*|0«.2H«0.— The  yeUow  hydrate  of  rhodie 

oxide  dissolves  very  easily  in  nitric  acid,  and  the  solution  evaporated  oyer  the  water- 
bath  leaves  a  gummy,  very  hygroscopic  mass,  insoluble  in  aloohoL  The  nitrate  when 
ignited  leaves  the  insoluble  sesquioxide. 

Phosphates. — ^Rhodie  oxide  dissolves  partially  in  aqueous  phosphoric  add,  forming 
the  salt  Rh'0».2P»0*.6H'0,  very  soluble  in  water,  and  predpitable  by  aloohoL  The 
residue  constitutes  a  basic  phosphate. 

SuIphaU,   Rh*0«.8SO«.12H»0,  or  (^lLl*,|o*.12H«0.--Yellowi8h-white   crystalline 

mass,  having  a  styptic  and  add  taste. — ^TVhen  the  mother-liquor  of  potassio-rhodie 
cyanide  is  boiled  for  some  time  with  strong  sulphuric  add,  the  liquid  then  evaporated, 
and  the  residue  digested  with  water,  a  potassio-rhodie  sulphate  dissolvos,  and  another 
double  sulphate  remains    as    a    reddish-yellow  crystalline    powder,  consistinir   of 

Rh'^E?  1^'  (Claus).  The  same  salt  is  formed  when  sulphuric  add  is  added  to  a 
solution  of  chlororhodiate  of  potassium.    (B  e rz eli u  s.) 

Sulphite,  Rh«0».3S0«.6H»0,  or  ^^y]  0».— Resembles  the  sulphate,  but  is  white, 
soluble  in  water,  insoluble  in  alcohol.    When  heated  it  gives  off  Bulphurons  and 
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n^mie  adds,  and  leaYes  an  oxide  of  rhodium.  A  compound  of  this  salt  with 
sulphite  of  potassinm,  3K"SOMUi«(SO*)«.6HO,  may  be  obtained  by  treating  a 
solatian  of  chlororhodiate  of  potassium  irith  excess  of  acid  sulphite  of  potassium,  first 
at  ordinary  temperatures,  then  for  a  long  time  at  a  higher  temperature. 

Bg01»rUMIt  BUlaWWtS^Ma  OV«  A  protostUphidey  IlhS,  is  obtained  by  heating 
rhodium  (Berzelius),  or  chlororhodiate  of  ammonium  (Vautjuelin),  with  sulphur; 
also  by  heating  the  sesquisulphide  in  an  atmosphere  of  carbonic  anhydride  (Fellen- 
berg).  It  has  a  greyish-blue  colour  and  metallic  lustre  (Van  quel  in),  and  melts  only 
at  a  very  high  temperature  (Berzelius).  When  heated  in  a  current  of  dry  chlorine, 
it  is  eonrerted  into  the  dicluoride.     (Fellenberg,  Pogg.  Ann.  i.  63.) 

Snqitittdpkide  of  Rhodium,  Rh'S",  is  obtained  as  a  black-brown  precipitate  by  the 
acUoa  of  aulphydrie  add  on  a  solution  of  an  alkaline  chlororhodiate. 


These  compounds,  discoTered 
by  Glaus  {Btilrage  mwt  CteaekickU  der  Platinmetalle,  Dorpat,  1854;  Jahresb.  1854, 
pL  869 ;  1855,  p.  433),  are  analogous  to  the  ammoniacal  iridium-compounds  f  iii.  324). 
A  dihite  aohition  of  the  ammonium-salt^  3KH^Cl.RhCl'.|HH),  mixed  with  excess 
fif  ammooia,  assumes  a  lemon-yellow  colour,  and  deposits  a  precipitate  of  rhodie 
hydrate ;  and  the  filtered  liquid  leaves  on  cTaporation  a  light-yellow  saline  residue, 
fiom  which  water  extracts  sal-ammoniac,  leaWng  a  yellow  o^stalline  powder,  consisting 
of  the  ammonio-triehloride  of  rhodium,  dNH'.RhCl',  which  may  be  formulated  as 
cUoHde  of  diammo^kodio'triammoniumf  N'[(NH^)'Rh'^H'].Cl'.  It  may  be  purified 
by  diBBobnng  it  in  boiling  aqueous  ammonia,  and  eraporating  the  filt^ered  solution 
OTer  the  water-bath;  and  is  deposited  at  a  certain  degree  o£  concentration,  in  small 
tzansparent  prisms,  tricUnic  according  to  daus,  rhombic  according  to  Keferstein 
(Jahrab.  1856,  p.  421).  It  is  sparinc^Iy  soluble  in  water,  insoluble  in  alcohol,  soluble 
without  decomposition  in  potash  and  in  ammonia,  slowly  and  imperfectly  decomposed 
by  acid&  When  heated,  it  gives  off  ammonia,  sal-ammoniac,  and  firee  nitrogen,  and 
InTes  metallic  rhodium. 

The  corresponding  oxide,  10NH'.R'O*,  is  obtained  by  digesting  the  ammonio- 
ddoride  with  water  and  silyer-oxide,  and  eraporating  the  resulting  yellow  solution  in 
aTacamn;  it  then  remains  in  the  solid  state.  It  dissolves  in  acids,  forming  the  cor* 
responding  ammoniated  rhodium-salts,  and  expels  ammonia  from  sal-ammoniac. — The 
eanoHoU,  10NH'.EhK)'.3HK)O',  is  a  white,  strongly  alkaline,  saline  mass,  easily 
soluble  in  water,  insoluble  in  alcohol. — The  nitrate,  lONH'.Rh  0*.3NH)*,  is  a  neutral 
ydkrwish-white  salt,  which  does  not  decompose  till  heated  above  160°. — ^The  sulphate, 
10NH'.BhK)'.3H^SO^,  forms  yellowish- white  prismatic  crystals,  wiiich  do  not  decompose 
till  heated  above  180^. — ^The  oxalate  is  also  crystalline ;  the  phosphate  was  obtained 
mdy  as  a  yellowish  gummy  mass. 

See  Rhodiuic,  Aixots  of  (p.  102). 


A  mineral  supposed  to  be  a  lime-boracite,  occurring  in  minute, 
nKmometrie,  tetrahedral  crvstals,  on  red  tourmalines  from  the  neighbourhood  of 
MoTsinsk  in  Siberia.  Hardness  »  8.  Specific  gravity  =  3*3  ^  3 '42.  Tinges  the 
blowpipe  flame  green  above  and  red  below,  and  finally  red  throughout :  hence  its 
name.    (G.  Rose,  Po^.  Ann.  xzxiii.  263.) 


EOAIXOVZC  ACHK  This  name  is  applied  to  two  acids  produced,  tinder 
different  circumstances,  from  carboxide  of  potassium  (iv.  696).  berzelius  and 
Wohler  noticed  that  a  red  substance  is  produced  by  the  action  of  water  on  the  black 
mass  formed  in  the  preparation  of  potassium  by  Brunner's  process  (iv.  693).  L.  G  m  e  1  i  n 
fimnd  that  the  aqueous  solution  of  this  substance  yields  croconate  of  potassium  when 
evaporated  in  contact  with  the  air,  and  inferred  that  it  contains  an  acid  different  from 
erooonic  add.  Heller,  in  1837  (Ann.  Ch.  Pharm.  xxiv.  1),  examined  this  acid  more 
particularly  and  gave  it  the  name  of  rhodizonic  acid.  It  was  frirther  examined  by 
W  ern  er  (J.  pr.  Qiem.  xiii.  404),  but  the  experiments  of  these  chemists  did  not  deter- 
mine the  composition  of  the  acid.  Brodie,  in  1859  (Chem.  Soc.  Qu.  J.  xii.  269),  by 
trealing  pure  carboxide  of  potassium  with  anhydrous  alcohol,  obtained  a  red  salt, 
C"K*0*,  which  he  regarded  as  rhodizonate  of  potassium,  identical  with  that  preTiously 
obtained  by  Hellw  and  Werner.  On  the  other  hand  Will,  in  1861  (Ann.  Ch. 
Pharm.  czviii.  187),  by  the  analysis  of  several  salts  of  the  acid  obtained  in  a  similar 
manner  from  the  impure  carboxide  of  potassium  formed  in  the  preparation  of  the 
metal,  concluded  that  its  composition  is  C^H^O*,  or  G'*H"0'';  and  this  result  is  con- 
firmed b^  the  experiments  of  Xerch  (Ann.  Ch.  Pharm.  cxxiv.  20),  who  has  obtained 
rfaodizunic  acid  in  the  free  state  by  decomposing  the  salts  of  carboxylic  acid,  C'"H^O'* 
(iii.  190,  iv.  296),  with  adds.  It  appears  then  that  the  name  rhodizonic  acid  has  been 
applied  to  two    distinct    compounds.    It  will  be  convenient  to  designate  the  add 
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originallj  obtained  by  Heller,  and  analysed  by  Will  and  Larch,  aa  o^zliodiaonie,  and 
<iiat  obtained  by  Brodie  aa  /S-riiodiaonic  add. 

arRhodisonie  acid,  C»H*0«    -    ^^^g*^'' 1 0».— This  acid  w  formed  from  car- 

boiylic  acid  by  the  assumption  of  water:  C'»H<0'«  +  2HH)  «-  2C»H*0«  (Lerch). 
When  dried  in  a  vacuum  it  contoins  C*H«0'  -  OH^O'^0,  and  gires  off  1  at  H»0  at 
100^.  The  Tacuum-dried  acid  forms  colourless  rhombic  prisms,  easily  soluble  in  water 
and  in  alcohol ;  the  colourless  acid  aqueous  solution  becomes  yellow  or  roseate  when 
heated,  and  colourless  again  on  cooling.  The  crystals  turn  yellow  and  brown-red  on 
exposure  to  the  air,  and  at  100^  black  with  loss  of  water;  at  a  higher  temperature  the 
acid  decomposes,  leavine;  a  carbonaceous  residue,  and  yielding  a  small  quantity  of  an 
acid  sublimate.    (Lerch.) 

The  a<rhodizonates  are  red,  and  are  produced  from  the  hydrocarbozylates  (iii. 
189)  and  from  earbozide  of  potassium  by  assumption  of  water  and  oxygen  (Lerch). 
The  potassium-dalt  is  obtained  by  treating  the  "black  mass"  of  the  potassium  prepartk- 
tion  repeatedly  with  strong  alconol,  then  with  dilute  alcohol,  mixed  toii^trds  the  end 
of  the  process  with  a  little  acetic  acid,  and  finally  washing  the  residue  with  dilute 
alcohol.  It  is  at  first  of  an  unctuous  conastenee  and  light  yellowish-red  colour,  but 
acquires  a  crimson  colour  by  exposure  to  the  air,  and  remains  unaltered  after  drying. 
It  is  insoluble  in  alcohol,  dissolves  slowly  in  about  160  pts.  of  cold  water,  much  more 
easily  in  hot  water,  forming  a  neutral  readish-yellow  solution.    (WilL) 

Bhodizonate  of  potassium  dried  at  ordinary  temperatures  has,  according  to  Will's 
analysis,  the  composition  OH'EK)*.HK)  ;  it  giyes  off  its  water  at  120°— ISO^',  leaving 
the  anhydrous  salt  C^H'E^O*.  The  hydrated  salt  is  isomeric  with  crooonate  of  potaa- 
aium,  OKK)*.  2H'0,  but  differs  from  the  latter  in  giving  off  only  half  as  mudi  water 
when  heated  (ii.  111). — ^The  neutral  solution  scarcely  absorbs  any  oxygen  from  the 
air,  but  if  mixed  with  free  potash  it  qnickly  turns  yellow,  absorbs  a  considerable 
quantity  of  oxygen,  and  then  leaves  on  evaporation  a  mixture  of  droconate  and  oxalate 
of  potassium.  The  crooonic  add  is  formed  from  the  rhodizonic  add  by  addition  of  the 
elements  of  water :  its  formation  does  not,  however,  take  place  immeaiately,  but  only 
on  evaporation.  The  oxalic  add,  the  proportion  of  which  is  not  constant^  appears  to 
be  formed,  not  from  rhodixonic  acid,  but  from  a  brown  substance  mixed  witn  it,  pro- 
bably a  product  of  the  oxidation  of  rock-oil  not  completely  removed  from  the  *'  bUck 
mass  "  by  washing  with  alcohol.    ( W  i  1 1.) 

RkodizonaU  of  barium^  C*H*Ba"0'.H'0  (vacuum-dried),  is  obtained,  by  precipitating 
the  potassium-salt  with  diloride  of  barium,  as  a  dark-reil  predpitate,  which  becomes 
dark-brown  when  dried,  acquires  a  greenish-yellow  lustre  when  pressed,  and  giyea  off 
its  water  at  lOO"*  (Will).  The  tri^umlnc  mU,  C»H'Fb«0».2H*0  (vacuum-^icd),  is 
obtained,  by  predpitating  the  potassium-salt  with  neutral  acetate  of  lead,  as  a  dark-red 
fiocculent  precipitate  (the  supernatant  liquid  acquiring  an  add  reaction),  whidi  becomes 
blue-black  when  dry,  and  gives  off  its  water  at  100® — 120°  (Will).  Lerch,  hj  preci- 
pitating the  aqueous  add  with  neutral  acetate  of  lead,  obtained  a  dark-red  basic  lead- 
salt,  CJ'HIVO". 2PbH«0«.— The  triaraeniicsalt,  C*HAg»0«,  is  a  purple-red  predpitate^ 
metallic-green  when  dry,  slightly  soluble  in  water.    (WilL) 

fi-Rhodi£onic  acid,  C'*H'0*. — This  add  is  not  known  in  the  free  state  (t>.,  as  s 
hydrogen-salt).  Ita  potassiumsaltf  C'*E*0*,  discovered  by  Brodie,  remains  undissolved 
when  pure  carboxide  of  potassium  is  treated  with  absolute  alcohol  (iv.  696).  It  ia 
distingiushed  from  the  o-rhodizonate  by  the  great  facility^  with  which  it  absorbs  oxygen 
on  exposure  to  air  and  moisture,  and  is  converted  into  croconate  of  potassium : 

C»K«0«  +  H*0  +  0«     -     2C«K«0«  +   2KH0  (Brodie). 

The  o^rhodisonate  is  probably  formed  from  it  in  a  similar  manner  by  the  assumption 
of  a  larger  quantity  of  water,  thus  : 

C»»K«0»  +   3HH)   +  0«     -     2C»H«KH)«  +  2KH0; 

but  this  latter  reaction  has  not  been  actually  observed  (Will).  The  conversion  of  the 
/9-rhodizonate  into  croconate  is  not  accompanied  by  the  formation  of  oxalic  add. 
(Brodie.) 

Pure  3-rhodizonate  of  potassium  dissolves  with  pale  red  colour  in  dilute  acetic  acid, 
and  the  solution  yields,  with  acetate  of  barium,  a  shining  red  predpitate,  which  quickly 
changes  colour,  even  during  washing.    (Brodie.) 

^BOCHBOBOk    A  variety  of  KsBinmererite  from  the  Ural  (xy.  770). 

[OBOCHBOSITB.      Katiye  carbonate    of    manganese.     (See  CuEBOicATBflL 
i  789.) 

BBOBOVXTB.  SUiceotu  Manganeu^  Mamganese  spar,  Buitamte,  Pt^'sb^yite, 
Bisilicate  qf  Mangancw,  rother  Mangankessel,  Kiesdmangan, — ^A  minonl  consisting 
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mftuilj  of  sQieato  of  manganese,  but  oontaining  alao  Iron,  magneeium,  and  calcium.  It 
usually  occoTS  massirs,  but  sometimes  in  monodinic  crystals,  like  angite,  having  the 
angle  oeP  :  oDp«r  ST^T,  and  exhibiting  the  faces  ooP,  ooP  oo,  [  <»P  oo],  oP.  Cleayage 
perfect  parallel  to  ooP,  imperfect  parallel  to  oP.  Hardness  «>  6*6  to  6*5.  8pecmo 
grsTity  SB  3*4  to  3*68.  It  has  a  Titreous  lustre,  light  brownish-red  or  flesh-red  colour, 
sometimes  greenish  or  yellowish  when  impure ;  streak  white.  Transparent  to  opaque. 
Fracture  oonchoidal  to  uneren.  Brittle.  Melts  to  a  black  bead  before  tibe  blowpipe, 
and  gires  conspicuously  with  fluxes  the  reactions  of  manganese. 

Jnaiytea:  a.  From  Lftnghanshyttan  in  Sweden  (Berzelius,  Schw.  J.  xxL  254). — 
h.  ^.  Mazeel  in  PiedmontlSbelmin,  Ann.  Min.  [4],  vii.  8). — e.  Bustamite,  from  the 
Beal  Minas  de  Fetela,  Mexico:  a.  by  Dumas  (BulL  des  sc.  Nat.  1826,  Oct.  163k 
3.  by  Ebelmin  {he.  cit), — d.  Algeria:  rose-red,  granular  (Ebelmin). — e.  Pq;s- 
bmite,  from  the  ri^'sberg  iron-mine  near  Philipstadt  in  Wermeland,  Sweden:  rose- 
red ;  specifie  gravity  =>  8*63.   (Igelstrom,  J.  pr.  Chem.  xxiii  278.) 

a,  b.  r.  d,  €, 

m.  }. 

Klica      ....    48^0        46-37        48*90  6067  45*49  46*46 

Manganous  oxido      4904        47*38        36*06  30*73  39*46  41*88 

Lime      ....       312          6-48        14*67  16*45  4*66  813 

FenoQs  oxide     ...           .    .           0*81  1*31  6*42  3*31 

Magnesia  .    .    .    .  0*22          .    .           .    .  0*73  2*60  0*91 

100*88        99*23       100*34        99*89        98*63       100*69 

These  analyses  show  that — 
a.  consists  of  12  MnSiO«.CaSiO* 
6.       „        „    7  MnSiO».CaSiO« 
c      ,        „    2  MnSiO».CaSiO« 

d.  ^        „    6  MnSiO«.CaSiO«.FeSiO«.Mg8iO« 

e.  „        „  24  MnSiO«.6CaSiO*.2FeSiO».MgSiO« 

FouderiUj  from  Franklin,  New  Jersey,  where  it  occurs  with  Franklinite,  is  a  crystal- 
Used  manganous  silicate  resembling  the  preceding,  but  likewise  containing  zinc. 
Speciflc  gravity =3*63.  The  following  analyses — a.  by  Hermann  (J.  pr.  Chem.  xlvii. 
6);  ^.  by  Bamm  els  berg  (Minermchtmie^  p.  469)-^lead  to  the  formula  7MnSiO'. 
2FeSiO«.  2CaSiO«.  ]MfeSiO«.  ^iSiO* :— 


Lotsbf 

ao* 

MnO 

FeO 

2n0 

CsO 

MgO 

lgnitl<». 

46*48 

31*62 

7*23 

6*86 

4*60 

309 

100      -* 

99*67 

46*70 

31*20 

8*36 

610 

6*30 

2*81 

0*28     » 

100*74 

6. 

Manganous  silicate  is  often  mixed  with  manganous  carbonate,  manganous  oxide,  or 
quarts,  as  in  the  several  varieties  of  siliceous  manganese  from  Elbingerode  in  the  Haitz, 
known  as  AJlagUe^  Photiaite,  Carruotts  Manganese^  &c.  Bhodonite  likewise  becomes 
altered  by  the  tendenc]^  of  manganous  oxide  to  pass  to  a  higher  state  of  oxidation, 
accompanied  by  absorption  of  water,  the  red  colour  of  the  mineral  changing  to  brown 
or  black,  and  indefinite  compounds  or  mixtures  resulting,  which  may  consist  either 
partly  of  silicates,  or  wholly  of  an  oxide  of  manganese.  Marcdine  or  Htteroeline  from 
St.  Marcel  is  a  mineral  of  this  kind ;  also  Stratopeiie,  a  black  amorphous  mineral  of 
specific  gravity  2*64,  from  the  Pajsberg  mine  in  Philipstadt,  in  which  Igelstrom  found 
35*43  per  cent  silica,  32*41  manganic  oxide,  10*37  ferric  oxide,  8*04  magnesia,  and 
13'76  water. 

[For  analyses  of  these  indefinite  varieties  of  siliceous  manganese,  see  Bamm  els* 
berg's  Mineralchemie,  pp.  460 — 462.] 

^BOyBTUUna.    Syn.  with  Bhodoghboicb. 

OBOTAnrxO  A0ZS«  or  XHOBOZAtfTBZV.  Tannic  acid  from  the 
leaves  of  the  Rhododendron  ferrugineuin,  (B.  Schwarz,  Wien.  Akad.  Ber.  ix.  298 ; 
Om.  XV.  580.) 

WlfffMW  BTAy  Syn.  with  Magnesite  or  native  carbonate  of  magnesium 
(L  787). 

SHUBjAJKB*  Bhmm,  Many  species  of  riiubarb— i7A«u/n  paUmatum^  Bh.  undtda- 
turn,  Rk.  eompaetum,  Sh.  austraie^  Rh.  hybridumt  &c — grow  wild  on  the  high  lands  of 
Central  Asia,  and  some  of  them  are  cultivated  in  various  parts  of  Europe.  The  roots 
are  much  used  for  their  purgative  properties ;  several  kinds  occur  in  commerce,  the 
most  esteemed  being  the  Turkey  rhubarb.  In  this  country  the  waved  garden  rhubarb, 
Rktmn  tmdulatum,  and  the  laige  garden  rhubarb,  Rh.  hybridum^  are  much  cultivated 
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origiusllj  obtained  by  Hallei',  and  aaaljKi  b;  Tfill  and  Lereh,  u  o-Aodismi^  utd 
that  obtained  bj  Brodie  tis  0-rtiodiEonia  add. 

a-Ehoditonic  acid,  CH'O*  -  t^^^,*"  | C— This  add  i>  formed  from  c»p- 
boijKcacidby  thf  asauniptionoEwater:  C'H'O"  +  2H'0  -  BC'H'O'  (LeTch). 
When  dried  in  a  THCuum  it  rantainB  CHK)'  -  C?H'0"^q,  and  gJTes  off  1  at  H'O  at 
100°.  The  yaonuia-dried  acid  forma  colourloss  rhombicprianu,  comlywjlable  in  water 
and  in  alcohol ;  tho  colouileu  acid  aqneons  solation  becomea  yellow  or  roaeate  when 
heated,  and  colourless  again  on  cooling.  The  crystala  tnm  yellow  and  hrown-red  on 
expoBnre  to  the  air,  and  at  100°  black  with  losa  of  vatet ;  at  a  higher  temperaCure  the 
acid  decoropoacB,  leaTing  a  carbonaceoua  reeidae,  and  yielding  a  amall  qiiantity  of  an 
acid  BQblimat«.     (Lereh) 

The  a-rhodizonatei  are  red,  and  are  prodaced  from  the  hydrocaiboxylatea  (itu 
IS9)  and  from  carboiide  of  potsaainiD  ^  aoanmption  of  water  and  oxygen  (Le rah). 
The  polaigium-ieli  ia  obtained  by  treating  the  "black  maaa"  of  thepotassinm  pnpat«- 
tion  repeatedly  with  itFong  alcohol,  then  with  dilate  alcohol,  mixed  towardi  the  end 
of  the  proceea  with  a  little  acetic  acid,  and  finally  washing  the  Teddne  with  dilnta 
aUohol.  It  IB  at  first  of  an  anctnona  conaiBteDee  and  llg^t  ycllowiah-red  coloor,  bat 
acqniree  a  crimBon  colour  by  expoanre  to  the  air,  and  remains  unaltered  after  dicing. 
It  la  ineolnble  in  alcohol.  diMolvee  alowly  in  about  ISO  ptB.  of  cold  wat^r,  much  mor* 
easily  in  hot  water,  fbrming  a  nential  reddiah-yellow  Bolntion.    (WilL) 

Rhodizonnte  of  poluaBiom  dried  at  ordinary  t«mpetatarea  has,  accoiding  to  Will'a 
analysia,  the  composiUon  CH'K'O'.HK) ;  itpyoaoff  its  water  at  120°— 130°,  leariog 
the  anbjdrooB  aalt  C'H'E'O'.  The  hydrated  salt  is  iaomeiic  with  croconate  of  potss- 
■inm,  CK'O*.  2H'0,  bat  difiers  from  tbn  latter  in  giving  off  only  half  as  much  water 
when  heated  (ii.  111). — The  neutral  eolation  scarcely  absorbs  any  oiygen  from  die 
air,  but  if  mixed  with  fnia  potaah  it  quickly  tarns  yellow,  sbsorbs  a  considembie 
quantity  of  oxygen,  and  then  leaves  on  evaporation  a  mixture  of  <roconat«  and  oxalate 
of  potasBium.  The  croconic  add  is  fbnned  frem  the  rhodizonic  acid  by  addition  of  the 
elemeats  of  water :  ila  formation  does  not,  however,  take  place  immediately,  but  only 
on  evaporation.  The  oxalic  acid,  the  proportion  of  which  ia  not  constant,  appeara  to 
be  formed,  not  from  rhodizonic  add,  hat  from  a  brown  anbatancn  mixed  with  it,  pro- 
bably a  product  of  the  oxidation  of  rock-oil  not  completely  removed  bom  the  "  buck 
mSBs"  by  washing  with  alcohol.     (Will.) 

Ehodiionate  ofbarban,  C*H*Ba"0*.H'0  (vacaam-dried),  is  obtained,  by  precipitating 
thr  potasaium-salt  with  chloride  of  barium,  as  a  dark-red  precipitate,  which  becomaa 
dark-brown  when  dried,  acquires  a  greenish-yellow  lustre  when  pressed,  and  gives  off 
its  water  at  100°  (Will).  The  tnfi<tnMo  taU,  Ci'H»Pb"0i*.2HK)  (vacuum-fried),  ia 
obtained,  by  predpitating  the  potass!  am-salt  with  neutral  acetate  of  lead,  as  a  dark-red 
floccnlent  precipitate  (the  supeinutaut  liquid  acqairitig  an  odd  reaction),  which  becomes 
blne-bladi  whan  dry,  and  gives  off  ita  water  at  100°— 120°  (Willi.  Lerch,  by  preci- 
pitating the  aqueooB  add  with  neutral  acetate  of  lead,  obtained  a  dark-Ted  basic  lead- 
salt,  C"H'Pb'0'".2PhH'0'.— The  friri™mrte»a/(,CHAgK)»,iBa  purple-red  predpiUt^v 
melalhc-green  when  diy,  slightly  soluble  in  water.     (WilL) 

hydrogen-salt).  Its  oo 
when  pure  carboiide 
distinguiBhed  from  the 
on  exposure  to  air  and 
C»K*0'  4 


CK-O 

bnt  this  latter  reactjon 
iB-rhodizonate  into  Ctt 
(Brodie.) 

Pure  |B-rhodiEonats  < 
and  the  solotion  yieldt 
changes  colour,  even  d 
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for  the  sake  of  their  Juicy  sterna,  which  hare  a  pleasant  acid  taste,  and  are  xuvd  for 
making  pastry.  The  juice  of  the  stems  contains  oxalic,  citric,  and  malic  acids,  the  latter 
sometimes  in  considerable  quantity.  Dessaignes(J.  Pharm.  [81  xxy.  23)  obtained 
from  a  litre  of  the  juice  of  Bh,  eompactum  (after  removing  the  oxalic  acid  by  chloride 
of  calcium),  15  grms.  of  acid  calcic  malate;  Sk,  Bhaponticumt  on  the  other  hand, 
yielded  only  7  grms. 

The  root  of  rhubarb  has  been  made  the  subject  of  numerous  investigations,  the  most 
important  of  which  are  those  of  Schlossberger  and  Bopping  (Ann.  Ch. 
Fharm.  l  196),  and  of  De  la  Eue  and  Mil  Her  (Cbem.  8oc.  Qu.  J.  x.  298). 
Schlossberger  and  Dopping  found,  in  the  alcoholic  tincture  of  rhubarb,  a  number  of 
substances,  which  were  aiterwards  found  also  by  De  la  Kue  and  Miiller  in  the  deposit 
which  separates  from  the  tincture  after  long  standing.  These  are: — 1.  Chryaopnanic 
acid,  which  separates  to  the  amount  of  about  4  per  cent,  from  the  alcoholic  decoction 
of  the  precipitate;  2.  Eryihroretin^  contained  in  the  mother-liquor  of  the  chryso- 
phanic  acid,  and  obtained  from  it  by  repeated  precipitation  with  ether  and  solution  in 
alcohol ;  3.  Plueoretint  the  portion  of  the  alcoholic  decoction  which  is  insoluble  in  ether; 
and  4.  Aporetin,  in  the  portion  of  the  original  deposit  insoluble  in  boiling  alcohol.  (Seo 
these  several  substances.)  By  exhausting  the  pulverised  root. with  benzene,  or  with 
light  ooal-tar  oil,  to  extract  the  ehrysophanic  acid  (which  is  the  best  mode  of  preparing 
that  substance,  L  9d8X  then  distilling  off  the  greater  part  of  the  solvent,  pressing  out 
the  liquid  from  the  nearly  solid  residue,  and  repeated  solution  in  hot  benzene,  I)e  la 
Bue  and  Miiller  likewise  obtained  a  reddish-yellow  crystalline  substance,  cmodin, 
insoluble  in  benzene  (iL  485). 

For  the  older  investigations  of  rhubarb-root,  which  were  made  chiefly  with  the  view 
of  extracting  an  active  medicinal  principle  f1^om  it,  but  did  not  lead  to  any  definite 
result,  see  Sandworterbueh  der  c£nnie,  vi  819.  Schlossberger  and  Dopping  are  of 
opinion  that  the  physiological  action  of  the  root  cannot  be  attributed  to  any  one  of  its 
constituents  in  particular. 

The  ash  of  the  stems  and  leaves  of  rhubarb  [what  species?]  has  bren  analysed  by 
Th.  Bichardson  (Jahresb.  1847-48;  Tafel  0  zu  S.  1074),  with  the  following 
results : — 

K«0       Nft20      CuO       MgO       S0»       SiO«      P«0»   Fe'"PO<  NaCI 
Stewu       .       .       09-09         0-46       10*04        .    .         im       1*77        11*83       9-77        8*84    a      99-19 
LeM^a     .       .       14-47       31*77         8*95        S-S8         9-69       9*33       30  04       9*33      Uace    =    100-00 

The  stems  [fresh  or  dry  ?]  yielded  0*41  per  cent,  and  the  leaves  1*23  per  cent.  ash. 

B.Brandes  (Jahresb.  1853,  p.  581)  has  examined  the  inorganic  constituents  of 
four  kinds  of  rhubarb-root.  A  Bussian  species  gave  5*03  per  cent,  water  and  18*2 
ash ;  a  Chinese  species  8*22  water  and  8*82  ash ;  an  older  Austrian  species,  9*0  water 
and  5*8  ash;  a  younger  Austrian  species  (both  cultivated  at  Bilitz),  11*2  water  and 
6*54  ash. 

The  ash  &om  100  pts.  of  the  dried  roots  contained : — 

Soluble  in  water.  Insoluble  In  wat<>r. 

KCl      KZQ     CaO     MgO    SO^ '  #eXO>  A1>0*   CaO    MgO    MoO    PH)»    Sl6* 
BuMian       0*196   »980    0*980    trace     .    .      0*100    0*008    8*388    0*244    trace    0*860    0019    s  1106R 
Chinese       0*420   0>315     .    .      trace     .    .      OIIS    0  015    4095    0195    trace    0-965    0-035   «    5*34^ 

^ofdeir"'}^''^  0-840  .  .  trace  0*445  0*125  0*060  1*635  0*355  trace  0*755  0*035  k  4*395 
70unge°  }  O'OM    ^^^     •    •      ^*^    ^^^^    ^'^*^    ^^  *    <^'^^    0-'95    trace    0*570    0*015    a    4-468 

Tip  (Jahresb.  1854,  p.  657)  found  in  100  parts  of  rhubarb-root  dried  at  100^ 
(L  Eussian,  U.  Chinese,  IIL  Hoot  of  Rheum  palmatumy  IV.  a  the  tap-root,  and  IV.5 
the  branch-roots  of  Rh.  undtUatum),  the  following  quantites  of  ash  and  calcie 
carbonate: — 

I.  II.  m.  JV.a.  XV.  b. 

Ash    .        .        •        17*0  23*0  3*6  11-6  10*0 

CaCO*  therein     .        15*5  22*8  1*7  11*5  8*4 


'  >     Syn.  with  Chbtsophanio  Acid. 


Sumach.  Many  species  of  this  genus  are  very  rich  in  tannic  add,  which 
in  Rhus  Coriaria,  Rh.  glabra,  and  Rh.  typhina,  exists  in  all  parts  of  the  plant  The 
tannic  acid  of  the  sumachs,  like  gallotannic  acid,  yields  gallic  acid  when  treated  with 
sulphuric  acid.    (Stenhouse.) 

The  leaves  of  Rh.  eopaUina  and  Rh.  alabra  contain  a  considerable  quantity  of  acid 
malate  of  calcium.  Rh.  Metopium  exudes  a  yellow,  emetic,  puigative  resin ;  the  wood 
is  rich  in  tannin.  Rh.  succedanea  is  said  by  some  authorities  to  yield  Chinese  wax ; 
according  to  others,  this  substance  is  produced  by  an  insect  living  on  the  plant. 
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Tlid  juice  of  the  leaves  of  Sku3  Toxicodendron  contaiDs  gallie  add  (As chef f). 
Ehittel  (Jahresb.  1868,  p.  530)  found  in  these  leaves,  besides  the  nsual  plant- 
eosstitaents,  an  iron-greening  tannin  and  a  volatile  alkaloid,  which  is  the  poisonous 
principle.    Bh.  venenata  and  Bh.juglandjfolia  also  contain  poisonous  principles. 

Sk,  vemicifera  contains  a  juice  which  blackens  in  the  air,  and  is  used  for  the  pre- 
pazation  of  Japan-varnish ;  the  seeds  contain  a  sebaceous  oil.  The  milky  juices  of  BA, 
I\aieodendron  and  BK  venenata  likewise  blacken  on  exposure  to  the  air.  (Koch- 
ledei's  Phftoehemiey  pp.  30,  81.) 

The  air-dried  leaves  of  Bh.  7'oxicodendron  yield,  according  to  Elittel,  7*30  per  cent., 
the  leaves  dried  at  100°,  7'91  per  cent,  ash,  containing,  in  100  pts. :  26*81  per  cent. 
KK),  004  Na«0,  21-69  CaO.  6-45  MgO,  0*49  A1«0«,  2-86  Fe«0«,  1-64  Q,  398  SO', 
11-67  FO»,  6-86  SiO«,  18-43  C0«  (-  9911). 

The  heart- wood  of  Bkue  pentaphyUum  yields,  according  to  Com  ail  le  (J.  Phaim. 
[S]  xliiL  269;  Jahresb.  1863,  p.  616X  ^'^  P^  <^^^  a^»  containing  in  100  pta:  026 
K'O  and  Na«0.  4964  CaO,  027  MgO,  0-37  A1«0»,  820  Fe«0«,  014  CI,  1-81  S0«, 
2-67  SiO«,  and  36  66  CO*. 


I,  C»«H**NO*— A  product  obtained  by  the  action  of 
alcoiioUc  ammonia  on  ricinehudin.  It  closely  resembles  elaidamide,  melts  at  91^ — 
930,  and  solidifies  at  89°.    (Rowney,  Chem.  Gaz.  1866,  p.  361.) 

mxcnrKTi afpiO  ACZB.  C>«H*«0*.  Palmie  acid,  (Boudet,  Ann.  Ch. 
Fharm.  iv.  16.— Play  fair,  ibid.lr.  322.— Bonis,  Ann.  Ch.  Phys.  [3],  xliv.  82.— Gm. 
xvii.  136.) — ^An  acid  isomeric  with  ricinoleic  acid,  produced  by  the  action  of  nitrous 
acid  on  the  latter ;  also  by  saponifying  ridnelaidin  with  caustic  potash,  salting  out  the 
resmlting  soap,  and  decomposing  it  with  hydrochloric  add.  It  crystallises  in  tufts 
of  white  silky  needles,  melting  at  60°  (Boudet,  Bouis),  and  solidifying  to  a  crystal- 
line mass  at  48*6°.  Keddens  litmus  strongly;  dissolves  easily  in  alcohol  and 
ether;  decomposes  alkaline  carbonates.  Decomposed  by  distillation,  and  by  heating 
with  soda,  in  the  same  manner  as  ricinoldc  add.  The  ridnelsidates  of  the  alkali- 
metals  are  soluble  in  water. — The  barium-edit,  C"H**Ba''0*  obtained  hj  predpitation, 
is  a  white  powder  unctuous  to  the  touch. — The  eilver-eaU,  C'*H"Ag0',  is  a  light  white 
powder,  soluble  in  ammonia,  but  insoluble  in  water,  alcohol,  and  ether. 

BieindcSdaU  of  Ethyly  O-H^O*  =  C'*H"(C*H»)0«,  formed  by  the  action  of  hydro- 
chloric  add  ne  ^^  as  alcoholic  solution  of  the  add,  is  a  crystalline  mass,  which  melts 
at  16°,  dissolves  slightly  in  cold,  very  freely  in  hot  alcohol.    (PI  ay  fair.) 

aiCOnWiATDTW.  C^H^O*?— A  solid  &tty  body  produced  by  the  action  of 
mtriA!  peroxide  on  castor-oiL  When  purified  b^  washing  with  water  and  crystallisation 
£rom  aloohol,  it  forms  small  white  nodules  melting  at  43°  (Play  f  ai  r),  at  46^  (Bonis), 
at  62° — 66°  (Boudet).  It  solidifies  slowly,  after  remaining  pasty  for  a  long  time. 
It  is  very  soluble  in  alcohol  and  ether.  Caustic  potash  at  the  boiling  heat  converts  it 
iato  gi^oerin  and  ricinelaidate  of  potassium.  When  submitted  to  dry  distillation, 
it  bebftvee  like  eastoiKnl,  yielding  a  dark  brown-red,  spongy  residue,  aud  a  distillate 
of  cenanthol(Bertagnini,  Ann.  Ch.  Phami.  Izxzv.  282) ;  and  if  the  oenanthol  be 
driven  off  by  steam,  there  remains  a  solid  add,  containing  78*8  per  cent,  carbon  and 
11*21  hydrogen  (Bouis).  With  care  the  distillation  maybe  continued  to  the  end 
without  formation  of  the  spongy  residue,  in  which  case  a  large  quantity  of  acrolein 
and  solid  hydrocarbons  pass  over,  whilst  a  little  carbon  remains  behind  (Bouis).  By 
distillation  with  ezoess  of  potaek,  ridnelaidin  yields  octylic  aloohol,  sebate  of  potasdum, 
and  two  other  acids.    (Bonis.) 

BXCZVZC  ACI9.  A  fatty  add,  containing  73*6  per  cent  carbon,  9*9  hydrogen, 
and  16-6  oxygen,  said  by  Bussy  and  Lecanu  to  be  obtained,  together  with  others,  by 
the  saponification,  and  by  the  distillation,  of  castor-oil.  {Gmeiin*8  Handbook,  xvii. 
140.) 

XZCZVZVa.  (Tuson,  Chem.  Soc.  J.  xvii.  196.) — ^An  alkaloid  contained  in  the 
seeds  of  the  castor-oil  plant  (Bieinue  communis).  The  seeds  of  Croton  Tiglium  contain 
a  similar  or  perhaps  the  same  base.  To  prepare  it,  braised  castor-seeds  are  ex- 
hausted by  repeated  boiling  with  water;  the  decoction  is  strained,  and,  after  separating 
the  oil  as  completely  as  po^dble,  eva})orated  to  an  extract,  which  is  boiled  with 
alcohol  and  filtered.  After  standing  24  hours,  the  tincture  is  separated  from  the 
depodted  redn,  and  the  alcohol  is  distilled  off.  The  residue,  on  standing,  deposits 
crystals  of  ricinine,  which  are  purified  by  reciystallisation  from  aloohol,  with  the  help 
of  charcoal. 

Ridnine  forms  colourless  rectangular  prisms  and  laminn^  having  a  slight  taste 
of  bitter  almonds,  insoluble  in  water,  soluble  in  alcohol,  nearly  insoluble  in  ether  and  in 
benzene.  When  heated,  it  melts  to  a  colourless  liquid,  which  solidifies  in  ciystaUine 
needles.    Sublimes  unchanged  between  two  watch-glasses.    Contains  nitrogeu. 


no  RICINOLEAMIDE~BICINOLEIC  ACID. 

When  strongly  heated  on  platinum-foil,  it  bnrni  vith  a  InminomB  mn6kj  flame.  Dia- 
solves  in  oti  of  vitriol  without  coloration ;  the  solution  is  coloured  green  bj  ehramate 
of  potassium. — ^Dissolves  in  nitric  acid  without  evolving  red  fumes,  and  on  evaporation 
leaves  colourless  needles,  which  turn  white  in  water. 

RiciniDe  is  insoluble  in  loater, — It  forms  with  hydrochloric  acid  a  compound,  which 
is  deoomposed  by  evaporating  the  solution. — Its  solution  mixed  with  mercuric  chloride, 
solidifies  after  some  minutes  to  a  crystalline  mass  of  fine  needles. — The  hydrochloric 
acid  solution,  when  evaporated  with  chloride  of  platinum,  yields  orange-coloured  octa- 
hedrons of  the  double  salt 

C"H«»NO*  -  ^"^"hIIn.    (Boullay,  J.  Pharm.  [3] 

v.  329. — ^Bouis,  Ann.  Ch.  Phys.  [3]  xliv.  96.) — ^Produced  by  saturating  an  alcoholic 
Bolotion  of  castor-oil  with  ammonia-gas,  and  leaving  it  to  stand  for  Uiree  or  four 
months,  or  heating  it  for  a  few  days  in  a  salt-bath.  When  purified  by  crystallisation 
from  alcohol,  it  forms  white  crystalline  needles,  melting  at  66^,  and  solidifying  to  an 
opaque  brittle  mass.  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  ia 
resolved  by  acids  and  alkalis  into  ammonia  and  ricinoleic  add. 

C»H»*0«  «  ^"^"^l^-    (Bnssyand  Lecanu,  J. 

Fharm.  ziii.  70. — Saalmiiller,  Ann.  Ch.  Pharm.  Ixiv.  108. — S  van  berg  and 
Kolmodin,  J.  pr.  Chem.  xlv.  431. — Bonis,  Ann.  Ch.  Phys.  [3]  xliv.  103,  and  xlviil. 
99. — Petersen,  Ann.  Ch.  Pharm.  cxviii.  69. — Gm.  xvii.  131.)--A  fatty  acid  produced 
by  saponification  of  castor-oil  and  of  the  oil  of  Jatrovha  Chircas, 

Preparation. — Castor-oil  is  saponified  with  potash  or  soda-ley ;  the  soap  is  salted 
out  and  decomposed  by  hydrocnloric  acid;  and  the  oily  mixture  of  ricinoleic  acid 
with  a  small  quantity  of  solid  fatty  acids  is  cooled  to  —10^  or  —12^  with  \  its 
volume  of  alcohol:  the  solid  acids  then  crystallise  out,  and  are  removed.  After 
driving  off  the  alcohol,  the  ricinoleic  acid  is  digested  with  excess  of  lead-oxide,  and  the 
lead-salt  formed  is  dissolved  in  ether,  and  decomposed  by  hydrochloric  acid  and  water. 
The  ricinoleic  acid,  which  is  left  on  evaporating  the  ethereal  layer,  is  purified  by  dis- 
solving it  in  aqueous  ammonia,  precipitating  with  chloride  of  barium,  and  crystallising 
the  barium-salt  from  alcohoL  From  the  barium-salt  the  acid  is  obtained  by  decom- 
position with  aqueous  hydrochloric  acid. 

Properties. — llicinoleic  acid  is  a  pale  winc-yellow  syrupy  oil,  colourless  in  thin 
layers.  Specific  gravity,  0*94  at  16^.  Solidifies  completely,  at  »  6^  to  —  10^,  to  a 
granular  mass.  Inodorous.  Has  a  very  disagreeable,  persistent,  harsh  taste.  It 
mixes  in  all  proportions  with  alcohol  and  ether.  The  idooholic  solution  has  an  add 
reaction,  and  decomposes  carbonates  with  effervescence. 

J)ec&mpo»tums. — I.  Ricinoleic  acid,  subjected  to  distillation,  yields  at  first  a  limpid 
and  afterwards  a  thick  and  repulsive-smelling  distillate,  free  from  sebacic  acid 
(Saalmiiller). — 2.  It  does  not  absorb  oxygen  from  the  air,  or  even  on  long  exposure 
to  the  gas,  and  does  not  form  carbonic  acid  (Saalmiiller). — 3.  It  absorbs  a  little 
sulphurous  acid  gus,  without  becoming  solid  or  otherwise  altered.  (Saalmiiller.) 

4.  By  the  dry  distillation  of  ricinoleates  of  the  alkali-metals,  Tarious  products  axe 
obtained,  according  as  the  neutral  salt  is  distilled  alone,  or  with  an  excess  of 

alkali: 

a.  By  cautiously  distilling  the  neutral  sodium-salt  until  the  residue  begins  to  froth 
up,  a  distillate  of  cenanthol  (iv.  174)  is  obtained,  the  residue  containing  the  sodium- 
salt  of  the  same  acid  that  is  formed  by  the  dry  distillation  of  castor-oil.  The 
sodium-salt  and  the  glyceride  of  ricinoleic  acid  are  therefore  decomposed  m  the  same 
manner  by  distillation  (Stadeler).  According  toBouis,  the  neutral  ricinoleates  of  the 
alkali-metals  yield,  by  dry  distillation,  octylic  aldehyde  (xiiL  187),  and  a  peculiar 

acid : 

C"H"'0»     «     O»H'«0  +  C"H'«0*. 

h.  A  mixture  of  potassic  or  sodic  ricinoleate  with  excess  of  the  caustic  alkaU  froths 
up  when  heated,  emitting  an  odour  like  that  of  mushrooms ;  then  thickens,  gives  off  at 
260^  a  large  quantity  of  hydrogen  gas  (no  carbonic  anhydride  or  gaseous  hydrocarbon) 
and  a  voUtile  oil,  and  leaves  a  white  spongy  residue,  consisting  of  sebate  of  potassium, 
together  with  a  neutral  oil,  which  yields  a  white  soap  by  saponification,  and  deposits 
crystals  of  palmitic  acid  when  cooled  (B  o  u  i  s).  The  volatile  oil  is  a  mixture  of  methyl- 
csnanthyl  with  heptylic  or  octylic  alcohol,  or  both.  (See  Ajxohols,  i.  98 ;  Hbpttlic 
Alcohol,  iii.  146;  Octylic  Alcohol,  iv.  170). — Accordiog  to  E.T.  Chapman  (Chem. 
Soc.  Qu.  J.  xviii.  290),  sometimes  the  one,  sometimes  the  other  aloobol  is  produced. — 
The  same  products  are  obtained  by  heating  castor-oil  with  excess  of  caustic  soda. 

(Bouia) 
Bieinoleate  s. —Ricinoleic  add  is  monobasic,  the  general  foimnla  of  its  salts  being 
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CW'SftO',  or  GPH'WO*.  These  Baits  an  all  soluUe  in  alcohol,  most  of  them  also 
IB  eChcr,  and  ctTBtaUisable.  They  do  not  alter  by  keeping,  or  absorb  oxygen  from 
the  sir. 

The  barmrnsalt,  CR''Be,''0^,  prepared  as  above  (p.  110^,  eiystalliees  from  alcohol 
in  soft  sealesg  slightly  soluble  in  water. — The  strontittmsatt,  C'*H'*Sr''0',  obtained  by 
precipitating  the  ammonium-salt  with  chloride  of  strontium,  ciystallisee  from  alcohol  in 
imaU  gndna. — ^The  calcium-satt,  C^H*H^a''0*  (at  100®),  prepared  in  like  manner,  forms 
Bcsles,  which  melt  at  80®  to  a  yellow  mass,  brittle  and  friable  after  cooling. — The 
9agntman^^altf  C*'H''Mg*0*,  is  veiy  soluble  in  alcohol,  and  crystallises  therefrom  in 
slaider  needles. — The  rinC'Salt  forms  small  grannies. 

Lead-salt,  C"^«7b*0*.— The  acid  heated  with  excess  of  lead-oxide  loses  2*9  to  S*« 
per  csnt.  of  wat4*r  (1  at.  «>  3*02  per  cent),  and  forms  a  solid  compound,  the  ethereal 
solution  of  which,  evaporated  over  oil  of  vitriol,  leaves  the  lead -salt  as  a  transparent 
crystalline  mass,  melting  at  100°  to  a  light-brown  viscid  liquid,  and  solidifying 
to  an  easily  polverisable  mass.  It  is  very  soluble  in  etlier;  dissolves  in  oold, 
and  not  much  more  freely  in  hot  alcohol. — "By  precipitating  ammoniacal  riduoleic  acid 
with  neutral  acetate  of  lead,  a  curdy  precipitate  of  vsriable  composition  is  obtained. 
(Saalmiiller.) 

SU^er^talt,^  CH^AeO*. — ^Nitrate  of  silver  throws  down  from  the  ammonium-salt  a 
cnrdv  precipitate,  whiSi,  when  treated  with  alcohol  or  ether,  partially  dissolves,  but 
for  tne  most  part  blackens  and  remains  undissolved.  It  softens  at  100°,  melts  at  higher 
temperatures  to  a  black  mass,  and  bums  with  evolution  of  disagreeably-smelling 
vapours ;  dissolves  easily  in  hot  alcohol,  and  slightly  in  cold  alcohol  and  ether. 

Bicinoleate  of  Ethyl,  C^W^Q^  -  C»»H"(CH*)0«,  is  prepared  by  passing  hydro- 
chloric acid  gas  into  a  solution  of  the  acid  in  absolute  alcohol,  and  purified  by  washing 
with  water  and  carbonate  of  sodium.  It  is  a  yellowish  oil,  which  cannot  be  distilled 
without  decomposition.  (S  a  a  Im  ii  1 1  e  r.) 

MCTMO^M A »QA»XTXO  and  SXCZWO-STZASZO  AOISS.  Names  ap- 
plied by  Buasy  and  Lecanu  to  certain  frtty  acids  of  doubtful  composition,  obtained  from 
esstor^il:  probablv  mixtures  of  stearic  and  palmitic  acid.  (See  Castor-oil,  i.  815;  also 
GmditCB  Handbook,  xviL  140.) 

Syn.  with  Allofhanb  (i.  132). 

See  COBALT-OBIBBN  (L  1057). 

A  selenide  of  silver,  occurring  in  small  lead-grey  hexagonal  tables,  at 
Tsaco  in  Mexico.  Contains,  according  to  Del  Rio,  57*7  per  cent,  silver  and  42*31 
selenium,  i^ence  the  formula  AgSe.  Bequires  further  examination.  (Dana,  ii. 
602.) 

BZVllMMLITX.  A  mineral  resembling  chlorite  in  many  respects,  and  allied  to  it 
in  chemical  composition.  It  occurs  in  crystals  commonly  referred  to  the  hexagona] 
system,  with  very  distinct  cleavage  parallel  to  the  base.  Crystals  from  the  Tyrol 
exhibit  the  form  of  double  six-sided  pyramids,  having  the  angles  of  the  terminal 
edges  =s  132°40',  of  the  basal  edges  —  10«°30' (Descloizeaux).  According  to 
later  obserrations  by  Descloizeaux  (Ann.  Min.  [5],  xi.  261),  hovrerer,  the  crystals 
liave  two  optic  axes  inclined  to  one  another  at  an  angle  of  20° :  hence  it  would  appear 
probable  that  the  mineral  is  monodinic,  like  chlorite  (i.  913). 

Hardness  —  1—2.  Specific  gravity  «  2-78 — 2*96.  Translucent  to  nearly  trans- 
psarent»  with  pearly  lustre  and  green  colour,  but  red  across  the  axis  by  transmitted 
light.  Streak  uncoloured  or  greenish.  Laminss  flexible,  not  elastic.  Before  the 
blowpipe  it  behaves  like  chlorite. 

Analyset:  'o,  b.  From  Greiner  in  the  Zillerthal(v.  K obeli,  Ann.  Ch.  Pharm.  xl.  244). 
— c.  GTunuchdaeh,  in  Asia  Minor  (Smith,  Ann.  Min.  [4],  xviii.  804). — d.  Mont  des  Sept- 
Laos,  Dauphine  (ifarignac,  Ann.  Ch.  Fhys.  [3],  xiv.  56). — e.  Rauris,  in  thePinzgan 
(t.  Kobell).— /.  St  (totthardt  (Varrentrapj*,  Fogg.  Ann.  xlviii.  185). — g.  From 
the   same  (Rammelsberg,  ibid.   Ixxvii.   414). — h,    St.  Christophe,  Dauphine^ 

(Marignac): — 

».  b.  erf.  e.  /,  g.  h. 

SiHca    .    .    .    26-51     27*32    27*20    2714    ^6*66     25*37  2512  2688 

Alumina    .     .    21*81     20*69     18*62     1919     18*90     18*49  2226  17*51 

Ferric  oadde 1*09 

Ferrous  oxide      15*00    15*70»  23*21    24*76    28*10t  28*79  2311  2976 

Magnesia  .    .     22*83    24*89     17*64     1678     15*03     17*08  17*41  13*84 

Water  .    .    .    12*00    12-00     10j61     lljSO     10*69    _8-^  10*70  11-38 

98-15  100-60    97*28    99*37     99*38     98*69    99*69    99  32 

*  with  0*47  manganoui  oxide, 
t  With  o-ei         „  „ 
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These  reanlts  mfty  be  represented  by  the  fomrala  4]irSiO'.  IPaT^O*.  6H*0,  th* 
numbers  of  atoms  of  ferrous  oxide  and  magnesia  being  in  6.  as  1 :  8,  in  i{.  as  6  :  6, 
in  ^.  /.  as  1  :  1,   in  ^.  as  5  :  7,   and  in  A.  as  6  :  6. 

Ripidolite  ooenrs  also  in  Soothind. 

Sjn,  with  Rbaloab. 

A  mineral  Arom  the  Joachimsthal,  occurring  in  small  blackish 
monodinic  dystals,  which  behave  before  the  blowpipe  like  pyrargjrite.  According  to 
Breithaupt,  it  is  identical  with  xanthocone  {q.v.y 

BXVmbnr.  A  mucilaginous  substance  obtained  from  a  freshwater  alga^  RwuUl 
titberoda.    (Brae  on  not,  Ann.  Ch.  Phjs.  [2]  Ixx.  206.) 

LOBZnc  ACZB.  An  acid  existing,  according  to  Beinsch  (Rupert.  Pharm. 
^  XTXiT.  198),  in  the  root  of  the  false  acacia  {Robinia  pseudacacia).  The  infusion  of 
e  rooty  evaporated  to  a  syrup,  and  left  in  a  cool  place,  deposits  rhomboidal  crystals  of 

robinate  of  ammonium.    The  free  acid  is  a  syrupy  mass,  which  becomes  crystalline  in 

contact  with  absolute  alcohol. 


the 


SOBUIAJJI.  A  yellow  colouring  matter  existing,  aooordinff  toKiimmell(N.  Br. 
Arch.  xciiL  295),  in  the  wood  of  Robinia  paeudacacia,  from  which  it  is  obt}un<>d  by 
precipitating  the  aqueous  decoction  with  basic  acetate  of  lead,  and  decomposing  tlie 
precipitate  with  sulphydric  add. 

KOBXWnr.  C**H*H)<*.  (Zwenger  and  Dronke,  Ann.  Ch.  Pharm.  Suppl.  i. 
257;  Jahresb.  1861,  p.  774;  1862,  p.  498.) — ^A  yellow  substance  contained  in  the 
blossoms  of  Robinia  pseudacaeia.  To  prepare  it,  the  recently  gathered  flowers  are 
boiled  in  water,  and  the  decoction  is  again  boiled  six  or  eight  times  with  fresh  flowers ; 
it  is  then  STaporated  to  a  syrup,  which  is  repeatedly  exhausted  with  boiling  alcohol ; 
the  alcohol  is  distilled  off,  and  the  residue  is  set  asioe  to  crystallise ;  the  crystals  are 
pressed  and  washed  with  cold  alcohol,  to  remote  the  greater  part  of  the  mother-liquor, 
and  dissolved  in  boiling  water;  and  neutral  acetate  of  lead  is  added  to  the  solution, 
whereby  foreign  substances  are  predpitated,  while  the  robinin  remains  dissolved. 
The  filtrate  is  freed  from  lead  by  sulphydric  add  and  evaporated,  and  the  robinin 
is  purified  by  reciystallisation  from  water. 

Kobinin  thus* prepared  forms  very  delicate  straw-yellow  crystals,  having  a  somewhat 
silky  lustre,  and  containing  2C«»H"0'«.11H*0.  They  give  off  their  water  (14-45  per 
cent.)  at  100^,  leaving  anhydrous  robinin,  which  melts  to  a  ydlow  liquid  at  195^,  and 
solidifies  to  an  amorphous  mass  on  cooling.  >^nhydrous  robinin  gave  by  analysis 
50-98  per  cent  G,  and  5*51  H  (calc  5119  C,  510  H,  43*71  O) ;  the  hydrate  gave 
48'50  C  and  633  H  (calc.  4379  C,  598  H, 5023  O). 

Bobinin  is  neutral,  tasteless  in  the  solid  form,  slightly  styptic  in  aqueous  solution. 
Water  and  alcohol  dissolve  it  slightly  in  the  cold,  more  freely  at  the  boiling  heat ;  it  is 
insoluble  in  ether.  It  dissolves  quickly  in  alkslis  and  alkaline  carbonates,  forming 
golden-yellow  solutions;  the  ammoniacal  solution  turns  brown  on  standing.  The 
aqueous  solution  does  not  precipitate  metallic  salts ;  it  colours  ferric  chloride  ddrk- 
brown  or  greenish,  but  does  not  affect  ferrous  chloride.  The  alcoholic  solution  preci- 
pitates neutral  and  basic  acetate  of  lead.  It  reduces  cupric  oxide  in  a  boiling  alkaline 
solution  ;  is  not  altered  by  emulsin. 

By  dry  distillation,  robinin  yields  a  yellow  distillate,  containing  quercetin  in  solution. 
When  heated  above  its  melting  point,  it  bums  with  a  smoky  flame  and  a  smell  of  burnt 
sugar,  and  leaves  charcoal.  It  is  decomposed  by  concentrated  nitric  acid  (with  pecu- 
liar fadlity  by  the  fuming  add),  with  formation  of  oxalic  acid  and  a  large  quantity  of 
picric  add.  When  heated  with  dilute  acids,  it  splits  up  Very  readily  into  quercetin  and 
lobinin-sugar : 

C»H*0"  +  2H«0     -     C'»H»«0«  +   2CTa['K)«.» 

100  parts  of  crystallised  robinin  yield  37'96  parts  of  quejcetin,  dried  at  100^  (by  cal- 
culation 88*25  parts). 

Bobinin -sugar  does  not  crystallise,  but  is  obtained  as  a  sweet  brown  ^vrap,  which 
smells  like  caramel  when  heated,  and  yields  with  nitric  acid  a  laige  quantity  of  picric 
add,  together  with  traces  of  oxalic  add.  It  reduces  euprate  of  potassium  in  the  cold ; 
does  not  undergo  fermentation  with  beer-yeast. 

WUkCCmtAAWaanm,  or  Phsnyl-roocdlamtde,  C»H«>N*0*  -      (C«H»)*  In«.  — 

H«     ) 
When  roccellic  add  is  heated  with  excess  of  aniline  to  180° — ^2009,  water  and  aniline 
distil  over,  and  a  black  pitchy  residue  is  left,  which  when  drenched  with  alcohol  yields 
crystals  after  a  few  days.     These  are  collected  and  purified  by  repeated  crystallisation 

*  It  win  be  obserfed  thmt  the  formula  of  robinin  is  related  to  that  Mtlgned  toquercetin  bj  Zwoiger 
and  Oronke  (p.  4). 
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tnm  boQiag  atcohol,  with  help  of  animal  charcoal.  Boccellauilide  fchns  obtained,  forms 
beantifol  colourless  lamiiue,  which  melt  to  a  colonrleas  liquid  at  53' 3°,  and  solidify 
partiallj  at  62^.  Neutral.  At  a  somewhat  elevated  temperature,  it  yields  a  colourless 
oistiUate,  without  any  carbonaceous  residue.  It  is  insoluble  in  water,  aqueous  am- 
Booia,  and  hydrochloric  acid ;  not  coloured  by  hypochlorite  of  sodium.  The  alcoholic 
aolation  does  not  precipitate  alcoholic  neutral  acetate  of  lead. 

BOCCaBl&ZC  AdB.  C'-fl«0*-(^"gr^')"|0«.— A  kind  of  &tty  acid  existing 

in  BooeeUa  Hnctoria  and  other  species  of  the  same  genus ;  also,  according  to  Heeren, 
in  Lteamora  tartarea.  It  was  discoTered  in  1830  by  Heeren  (Schw.  J.  Ex.  846),  and 
has  been  examined  by  Lie  big  (Pogg.  Ann.  xxi.  31),  Schunck  (Ann.  Ch.  Pharm. 
xxxviiL  459),  and  Hesse  (ibid,  cxvii.  332). 

Preparation, — 1.  Boccdla  tinctoria  is  exhausted  with  aqueous  ammonia;  the  filtrate 
is  predpitated  by  chloride  of  calcium ;  the  well- washed  precipitate  is  decomposed  by 
hydrochloric  acid;  and  the  add  thus  separated  is  purified  by  solution  in  ether 
(Heeren).  The  liquid  filtered  from  the  roccellate  of  caldum  retains  ezythric  acid 
(zi.  602)  is  solution. — 2.  The  lichen  is  freed  from  erythric  add  by  milk  of  lime ;  the  reddue 
is  boiled  with  dilute  hydrochloric  add ;  the  add  solution  is  remoTcd ;  and  the  residue 
warmed  with  dilute  soda-ley.  From  the  greenish-brown  solution,  hydrochloric  add 
throws  down  green  flocks,  which  must  be  suspended  in  water  and  treated  for  a  short 
time  with  chlorine  gas,  which  chiefly  removes  the  green  substances.  The  acid,  after 
bdng  treated  with  dilorine,  is  washed  with  water,  and  purified  by  recrystallisation 
from  boiling  alcohol,  with  help  of  animal  charcoal  (Hesse).  The  add  obtained  by 
method  1  may  also  be  purified  in  this  manner,  or  by  passing  chlorine  into  the  alkaline 
solution  (Hesse). — 3.  The  liehens  are  exhausted  wiui  ether  in  a  percolator;  the  ether 
is  distilled  off;  and  the  greenish-white  crystalline  residue  is  dissolved  in  the  smallrst 
possible  quantity  of  borax-solution,  a  portion  them  separating  out  as  the  liquid  cools. 
The  rest  is  predpitated  by  hydrochloric  acid,  and  purified  by  re-tolution  in  boiling 
aqueous  borax;  then,  togeUier  with  the  portion  of  acid  first  obtained,  by  recrystallisation 
from  ether,  with  help  of  animal  charcoal  (Hesse).  Schunck  treats  the  lichen  ex- 
hausted with  boiling  water,  and  thereby  freed  from  erythric  acid  [and  picroerythrin 
(ii.  503)],  with  boiling  alcohol ;  separates  fbe  green  flocks,  which  iall  down  as  the 
taneture  cools ;  and  evaporates  the  filtrate  to  dryness.  From  the  residue,  boiling  water 
extracts  a  email  quantity  of  picroerythrin ;  the  solution  then  prepared  with  oold 
alcohol  deposits,  on  addition  of  alcoholic  neutral  acetate  of  lead,  greenish-white  flocks 
of  roccellate  of  lead,  which  are  decomposed  by  nitric  acid ;  and  the  acid  thus  sepa- 
rated is  pnrifled  by  recrystallisation  from  boiling  alcohol,  with  help  of  animal  charcoal. 

Properties,"  Bocceilic  add  forms  delicate,  white,  rectangular,  four-sided  plates, 
having  a  silvery  lustre ;  from  alcohol  it  separates  in  short  needles.  Melts  at  132^  to 
a  colourleas  liquid,  which  solidifies  in  the  crvstalline  form  at  about  108°.  At  a  tem- 
perature somewhat  below  200°,  a  portion  volatilises,  while  another  portion  is  converted 
mto  an  anhydride  (Hesse).  It  is  tasteless  and  scentless ;  the  alcoholic  solution  has  an 
add  reaction.  It  is  perfectly  insoluble  in  water,  dissolves  in  1*81  pt.  of  boiling  alcohol 
of  spedfic  gravity  0*819,  easily  in  ether  (Heeren);  slightly  in  warm  benzene, 
(Hesse.) 

DecomposUiona. — ^The  add  heated  to  between  220°  and  280°  gives  off  water,  turns 
brown,  and  leaves  roccellic  anhydride,  C"H**0*  (Hesse).  By  dry  distillation  it  yields 
sharp-tasting  products  similar  to  those  obtained  from  the  fats  (Heeren) ;  according 
to  Schauck,  a  distillate  which  solidifies  in  the  crystalline  form,  and  after  repeated  dis- 
tillation, remains  oily,  leaving  little  or  no  residue.  Koccellic  acid  is  but  little  affected 
by  reagenta  It  is  not  decomposed  by  bromine,  sulphuric  acid,  or  hydrochloric  acid, 
and  is  but  slowly  oxidised  by  boiling  with  hydrochloric  acid  and  chlorate  of  potassium. 
When  boiled  for  a  long  time  with  fuming  nitric  acid,  it  gives  off  volatile  acids  having 
the  odour  of  butyric  acid,  but  does  not  yield  any  crystallisable  non-volatile  acids.  It 
is  but  slightly  altered  hj  fusion  with  hydrate  of  potassium ;  heated  with  aniline,  it 
forms  roccellanilide.     (Hesse.) 

Roeeellates. — Bocceilic  acid  decomposes  carbonates.  The  roccellates  of  the 
alkali-metals  are  soluble  in  water ;  the  other  salts  have  for  the  most  part  the  composi- 
tion C"H*M"0*-— The  barium-salt,  C"H»«Ba''0*,  obtained  by  precipitating  the  am- 
monium-salt with  chloride  of  barium,  is  a  bulky  wliite  precipitate,  somewhat  soluble  in 
boiling  water,  insoluble  in  pure  alcohol,  but  easily  soluble  in  alcohol  containing  acetic 
add. — The  calcium-salt,  C*'H'*Ca''0*.H'0,  is  a  white  amorphous  precipitate,  which  gives 
off  48  per  cent,  water  at  160°, and  decomposes  at  a  higher  temperature,  givingoff  acrolein 
and  a  combustible  gas  (Hesse).-A  bada  lead^alt,  2C''H~Pb"O^Pb"H20*.2H«0, 
is  obtained  by  predpitating  alcoholic  roccellic  acid  with  a  warm  alcoholic  solution  of- 
neutral  lead-acetate^  as  a  white  powder  which  gives  off  a  small  quantity  of  water  at 
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100^,  then  3*8  per  cent  at  125®,  and  melts  at  a  higher  tempefntare  (Hease). — ^Th« 
Mlversalt,  C^'H^Ag'O^  likevise  obtained  by  precipitation,  is  a  -white  amorphooa  masa^ 
which  turns  grey  on  exposure  to  light.    (Hesse.) 

Ethylic  Boecellate,  C«'H«0*  -  C"H»(C^H»)«0*,  obtained  by  passing  hydro- 
chloric acid  gas  into  a  warm  alcoholic  solution  of  the  acid,  is  a  pale-yellow  oil,  having 
a  faint  aromatic  odour,  lighter  than  water,  insoluble  in  water  and  in  aqueous  ammonia, 
and  not  attacked  either  by  aqueous  or  by  alcoholic  ammonia  even  after  several  months' 
contact,  or  when  heated  to  118®.  It  is  easily  soluble  in  alcohol,  less  soluble  in  ether. 
(Hesse.) 

SOOCBIAZC  AirBT9BZB&  Ci^H»»0*.— Obtained  by  heating  roocellic  acid 
to  at  least  22[0®,  treating  the  fused  brown  mass  with  dilute  soda-ley,  then  agitating  it 
with  ether,  and  evaporating  the  decanted  ethereal  sc^ution.  It  is  a  colourless  or 
faintly  yellow  neutral  oil,  having  a  fatty  odour;  makes  grease-spots  on  paper ;  dissolTes 
sparingly  in  cold,  easily  soluble  in  hot  alcohol  fuadixtetker.  "BoiliDgsoda-lti/conTexta  it 
into  roccellic  acid.  The  solution  in  warm  ammonia-water  mixed  with  hydrochloric  acid, 
deposits  white  flocks,  easily  soluble  in  alcohol,  and  remaining,  when  the  alcchol  is 
evaporated,  as  a  semicrystalline  acid  oil  having  a  burning  taste:  probably  a  mixture  of 
zocoeUic  and  roccellamic  acids.    (Hesse.) 

{vid.  sup,) 

C"H>«0'?  (Stenhouse,  Ann.  Ch.  Pharm.  Ixviii.  69,)— A 
dystalline  substance  obtained,  together  with  3-orsellic  acid  (iv.  235),  from  BocceUa 
tinctoria.  To  prepare  it^  the  gelatinous  mass  obtained  by  precipitating  the  lime- 
extract  of  the  lichen  with  hydrochloric  acid  is  boiled  with  alcohol,  whereby  the  3- 
orsellic  acid  is  transformed  into  orsellinate  of  ethyl  (iv.  236),  while  the  rocoellinin 
remains  unaltered.  The  product  is  treated  with  boiling  water,  which  dissolves  out  all 
the  ethylic  orsellinate,  leaving  the  roccellinin  undissolved. 

BoccellJnin  crystallises  from  boiling  alcohol  in  silky  needles,  nearly  insoluble  in  cold 
alcohol  and  ether.  It  gives  by  analysis  62*44 — 62*67  per  cent,  carbon,  and  4'do — 4^90 
hydrogen,  the  formula  C'»H»«0^  reouiring  62*8  C,  4*7  H,  and  325  O.  It  is  easily 
dissolved  by  ammonia  and  the  fixed  alkalis :  the  solutions  do  dot  become  coloured  on 
exposure  to  the  air.  It  is  not  attacked  by  baryta  or  by  boiling  potash.  It  does  not 
precipitate  metallic  aolutiona.    Hot  nitric  acid  converts  it  iuto  oxalic  acid. 

•T.    Sodio-potassic  tartrate.    (See  Taktabic  Acid^) 

Syn.  with  Sebpentimk. 

A  variety  of  asbestos  (i.  415). 

Pure  crystallised  silica,    (See  Quabts.) 

or  Agaric  Mineral,  A  loose  friable  variety  of  limestone  (iii. 
696). 

&OCX-8AZiT«    See  SomuH,  Cklobidb  of, 

A  yariety  of  bole. 

A  hydrated  ferroso-ferric  sulphate,  occurring  on  the  Kammelsbeig, 
near  Goslar,  in  monoclinic  crystals,  accompanied  and  interpenetrated  by  ferrous 
and  ferric  sulphates.    {Bammdswrjfs  Mineralchemie,  p.  292.) 

&aUi8&SBZ7nu  A  hydrated  arsenate  of  magnesium,  occurring  together  with 
pharmacolite  and  cobalt-bloom,  in  the  cupriferous  shale  of  Biber,  near  Hanau.  It  forms 
thin  fibrous  or  laminar  plates,  or  dentiform  and  yerroieular  masses,  apparently  cleav- 
able  in  one  direotion ;  hardness  (of  the  unaltered  mineral)  »  2  to  3.  Translucent  to 
transparent^  colourless  or  white,  with  vitreous  lustre.  On  exposure  to  the  air  it 
becomes  opaque,  dull,  and  less  hard,  apparently  from  loss  of  water.  Before  the  blow- 
](Hpe  it  gives  up  its  water  and  melts  to  a  white  enamel.  Dissolves  etisily  in  hydro- 
chloric acid  (!nlum,  Jahreab.  1861,  p.  1031).  Contains,  according  to  DelfEs,  40*16 
As*0^  14*22  MgO,  with  trace  of  cobalt^  and  45*62  water  (  ^  100),  whence  the  formula 
2Mg''O.AsK)M5H'0. 

X4BTTZ8ZTS*  A  mineral,  conasting  essentially  of  hydrated  nickel-silicate^ 
occurring^  together  with  oonarite  (hydrated  nickel-phosphate),  in  the  Hans-Gcoig  mine 
Bear  Bottis^  in  the  Saxon  Voigtland.  It  forms  thick  lenticular  and  wedge-shaped 
masses,  sometimes  weighing  several  pounds ;  is  of  an  emerald-gre«>n  colour,  rarely 
passing  into  apple-green ;  usually  dull  and  opaque,  but  translucent  on  the  edges ; 
sometimes  brittle,,  and  spUts  with  moderate  facility.  Fracture  conchoidal  to  eaithy. 
Streak,  dark  apple-green.  Hardness  »■  2  to  3.  Specific  gravity  s=  2*356  to  2  370. 
A*  Winckler  found  in  lumpa  translucent  on  the  edges : 
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NiO    CoO    CnO  Fe»0»Al«0«    SiO»    PW  A8»0*   S0«      HK) 
35-87     0-67     0-40    0-81     4*68    39*15    2*70    080    trace     1117     »     9656 

Hflwc  the  minenl  appears  to  consist  essentially  of  3(  3Nl''O.SiO'}.4HH).  (Breithaupt, 
JaliTCsb.  1859,  p.  791.) 

k    A  biownish  lime-gamct  from  Eimito  in  Finland. 

or  SOSKSZTB.  A  mineral  foond  at  St.  Marcel  in  Piedmont,  in 
groups  of  minute  ciTstals  in  the  gangne  which  accompanies  manganese.  The  crystals 
mt9  dimfltzie  octahedrons,  having  the  basal  angle  «»  110®  50' — 111°  QO",  and  the  angle 
over  the  sammit  68^  10'— 69®  10'  (Dufr^noy).  It  scratches  glass.  Specific 
{Erarity  in  grains  =  4*714 ;  in  powder  =  4*675.  Colonr,  hyacinth  or  honey-yellow. 
Contains  lo*82  per  centw  oxygen,  62*18  antimony,  1*31  iron,  1*21  manganous  oxide, 
16-29  lime,  0*96  soluble  silica,  and  1*90  insoluble  silica  » 99*67  (or  40*79  Sb*0\  36*82 
Sb=0«,  1*70  FeO,  1*21  MnO);  and  may  be  represented  by  the  formula  3M'0.Sb«0«.Sb*0». 
(Damour,  Ann.  Mio.  [3]  xx.  247 ;  [5]  iii.  179.) 

WOBAMtLlMMm  Anauie-red.  See  Phsxtlauines  (iv  468).  Nitrous  acid  con- 
Tnta  it  into  rosdie  add.    (Wanklyn  and  Caro,  p.  117.) 

^.yrfro<jya«-ro*tfn»7tii«,C*'fl»N*  «  C*»H»*N«.HCy.  (Hugo  Mull er,Zeit8chr. 
Ch.  Fharm  1866^)— A  base  i^oduced  by  addition  of  the  elements  of  hydrocyanic  acid 
to  rosaniline^  analogous  therefore  in  composition  to  hydrocyanharmaline  (iii.  8).  It 
has  a  great  resemblance  to  leucaniline,  the  base  formed  from  rosaniHne  by  addition  of 
hTdroffen  (iii.  574).  It  is  prepared  by  treating  a  finely  pulyerised  rosaniiine-salt  with 
aleoh<u  and  cyanide  of  potassium  (the  latter  being  added  in  the  proportion  of  about  |,  if 
aeetate  of  rosaniline  is  used) ;  the  resulting  yellowish  white  powder  is  washed  on  a 
fiher  with  aleohol,  then  dissolyed  in  dilute  hydrochloric  acid  ;  the  solution  is  warmed 
and  mized  with  dilute  alcohol;  and  the  base  is  precipitated  by  ammonia,  mixed  with  a 
little  ^anide  of  potassium  or  hydrocyanic  acid,  in  case  the  solution  should  still  exhibit 
a  red  colour  from  unaltered  rosaniline.  A  white  or  yellowish-white  bulky  precipitatn 
is  thus  obtained,  which  becomes  oystalline  after  a  while,  and  then  quickly  settles  down. 
If  it  is  ooloured,  it  may  be  purifiea  by  resolution  and  reprecipitation;  or  the  hydro- 
efalorie  acid  solution  may  be  decolorised  by  treatment  with  animal  charcoal. 

Hydrocyan-rosaniline  precipitated  from  the  aqueous  hydrochlorate  by  ammonia, 
fanoB  a  dasliag  white  opaque  crystalline  powder.  From  a  warm  alcoholic  solution,  it 
separates  in  small  transparent  monodinio  crystals,  having  a  splendid  diamond  lustre. 
Alkalis  added  to  a  very  dilute  aqueous  solution  of  one  of  its  salts,  separate  the  base 
either  as  a  milky  turbidity  or  a  curdy  precipitate  resembling  chloride  of  silver.  It  is 
permanent  in  the  dark,  but  becomes  rose-red  on  the  surface  when  exposed  to  sunlight. 
It  is  decomposed  by  fusion  with  potash,  apparently  with  reproduction  of  rosaniline. 

Hydrocyan-rosaniline  dissolves  very  easily  in  hydrochloric,  nitric,  and  sulphuric 
acidff,  forming  colourless  erystallisable  salts.  The  hydrochlorate  separates  from  a  very 
concentrated  solution,  in  large  apparently  monoclinic  crystals,  permanent  in  the  air, 
and  very  soluble  in  alcohol.  The  nitrate  and  sulphate  are  also  very  soluble,  but  more 
difficult  to  ciystallise,  the  solutions  having  a  great  tendency  to  diy  up  to  gummy  masses. 
The  solution  of  the  hydrochlorat«  is  not  precipitated  by  chloride  of  platinum,  but  on 
evaporation,  the  oM&roplaHnate  separates  as  a  heavy  resinous  body.  A  solution  of 
potassicjnrro^  forms,  even  in  very  dilute  solutions  of  the  salts,  a  yeUowflocculent  pre« 
dpitate,  which  at  a  gentle  heat  cakes  together  to  a  dark-yellow  resin. 

»OSMt  OZX  07«  A  volatile  oil,  extracted  chiefly  in  Persia,  India,  and  the  State 
of  Tunis,  from  several  species  of  very  odoriferous  roses,  especially  Roea  ceniifotiat  R, 
damascena,  R.  motchata.  It  is  a  thick  yellow  liquid,  solidifying  at  low  temperatures  to 
a  buttery  mass  of  transparent^  colourless,  shining  lamine,  wliich  does  not  liquefy  com- 
pletely again  below  28°— 30°.  The  scent  of  the  oil  is  very  fragrant  when  much 
dilut^ ;  but  in  the  concentrated  state  it  causes  headache.  The  oil  is  a  mixture,  in 
variable  proportions,  of  a  camphor  or  stearoptene,  and  an  oxygenated  oil  which  has  not 
been  analysed.  Specific  gravity  of  the  crude  oil  =»  0*87  (Chardin,  Ann.  Ch  Pharm. 
vii.  154);  0-8912  at  15*5°  (Gladstone  and  Dale,  Chem.  Soc.  Qu.  J.  xvii.  1).  Index 
of  redaction  at  25°  «  1-4667  for  the  line  A,  1*4627  for  D,  1*4835  for  H.  Molecular 
rotatory  power  ■•  7°.    (Gladstone  and  Dale.) 

Rose-camphor  is  very  slightly  soluble  in  alcohol,  but  very  freely  in  ether  and 
essential  oils.  It  forms  laminae,  melting  at  35-*,  and  boiling  between  280°  and  300'^. 
It  is  a  hydrocarbon  having  the  composition  of  ethylene  (Saussure,  Blanche t,  and 
Sell).  It  is  soluble  in  caustic  potash  and  acetic  acid ;  very  slightly  attacked  by  hydro- 
chloric and  nitric  acid. 

Oil  of  roses  is  often  adulterated  with  oil  of  geranium.  According  to  Guibonrt  (J. 
Pharm.  xv.  345),  the  adulteration  may  be  detected,  either  by  means  of  strong  snlphurio 
acid,  which  does  not  impair  the  purity  and  sweetness  of  rose-oil,  but  dcvelopes  in 
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geraniam-oil  aitrongdiBagreeable  odour,  even  with  yery  small  qnantitieB;  arby  eicpotdng 
the  oil  to  iodme-vapourf  which  does  not  alter  the  colour  of  rose-oil,  bnt  coloius  gerat- 
Dium-oil  a  yeiy  deep  brown ;  or  by  exposing  it  to  nitraua  aoid,  which  colours  rose-oil 
deep  yellow,  and  geranium-oil  apple-green. 

aosSZMa.  Smwith  BosAirtLiNB  (iy.  468). — D,  S.  Price  (Bep.  Pat.  Invent. 
1860,  p.  159;  Jahresb.  1859,  p.  760)  applies  the  term  especially  to  the  rcxi  dje 
obtained  by  treating  sulphate  of  aniline  with  peroxide  of  lead. 

&OSS&ITa«    An  arsenate  of  cobalt,  occurring  in  small  quimtity,  on  quartz,  at 
Schneeberg  in  Saxony,  in  trimetric  ciystaU,  having  the  angle  ooP  :  ooP  -s  132^  48'; 
oP  :  Pco  «-  158°  2^.  Cleavage  distinct  and  brilliant,  paralld  to  oo  f  oo .    Hardness  « 
8.    Colour  deep  rose-red.    (Levy,  Damfs  Mineralogy,  ii.  417.) 

a08aU«AV,  or  SO0nni.  A  variety  of  anorthite,  from  Aker  in  Sodermanland, 
Sweden,  having  a  rose-red  colour  and  granular  structure.  When  heated,  it  gives  off 
water  and  becomes  colourless;  melta  easily  before  the  blowpipe.  Contains,  according 
to  Svanbeie,  44*90  per  cent  silica,  34'50  alomina,  0*69  ferric  oxide,  0*19  manganic 
oxide,  3'59  ume,  2*45  magnesia,  6*63  potaah,  and  6*53  water.  {Rammtltber^t  &in&- 
ralchemief  p.  692.) 

WOBf— TftWT.  OI&  OV.  Obtained  by  distilling  the  ft«sh  leaves  and  flowers  of 
•Sosmariniu  officinalis  with  water.  It  is  transparent,  colourless  or  yellow,  of  specific 
gravity  0  88  to  0*91  (Zeller),  0*9080  at  15-5<' (Gladstone  and  Dale).  Boils  at 
1550 — 168°  (Kane);  neatral ;  has  a  camphorous  taste,  and  the  odour  of  the  plant. 
Indexofrefractionatl6-5°-*l-4682forA;  l*4688forD;  l*4867forH.  Optical  rotatory 
power  a  — 17°  (Gladstone  and  Dale).  According  to  Lallemand^  on  the  contrsiy. 
It  is  dextrorotatory. 

Oil  of  rosemaiy  is  blackened  by  strong  sulphuric  acid ;  the  mixturo  saturated  with 
lime  yields  the  calcium-salt  of  a  peculiar  acid  (Un  verdorben).  The  mixture  of  rose- 
mary-oil and  sulphuric  acid  yields  by  distillation  an  empyreumatic  oil  (Kane's 
rosmarine)  having  the  alliaceous  odour  of  mesitylene,  a  specific  gravity  of  0*807, 
boiling  at  173^,  and  isomeric  with  tuipentine-oiL  (See  Gmelin's  Handbook]  xiv.  396.) 

According  to  Lallemand  ^Ann.  Cb.  Phys.  [3]  Ivii.  404),  oil  of  rosemaiy  may  be 
separated  by  fractional  distillation  into  two  oils,  one  boiling  at  165°,  the  other  between 
200°  and  210^. — a.  The  former  is  a  mobile  hydrocarbon,  which  turns  the  plane  of 
polarisation  to  the  left-;  it  unites  with  hydrochloric  acid,  the  combination  being  attended 
with  rise  of  temperature,  and  forms  a  compound,  which  remains  liquid  if  left  to  itself, 
but  when  treated  with  nitric  acid,  yields  a  considerable  quantity  of  a  crystalline  hydro- 
chlorate,  apparently  identical  with  hydrochlorate  of  turpentine-oil,  or  artificial  camphor, 
C'*H**.H01.  The  same  oil  quickly  absorbs  moist  oxygen  in  sunshine,  forming  crystals, 
which  are  similar  to  those  produced  in  like  manner  from  oil  of  turpentine,  but  disappear 
if  subjected  to  the  further  action  of  oxygen,  yielding  a  brown  acid  soluble  in  water. 

b.  The  portion  boiling  between  200°  and  210°  deposits,  at  low  temperatures,  a  large 
quantity  of  camphor,  resembling  common  camphor  in  all  respects,  excepting  that  it 
has  rather  less  dextrorotatory  power.  An  additional  quantity  of  it  may  be  obtained 
by  treating  the  mother-liquor  with  dilute  nitric  acid. 

SOSSWira.    Syn.  with  Plaoionitb. 

HOSaO-CBSOMXC  8A&T8.    See  Chsomiov  (i.  951). 

m08B0-C0BAJ*TXC  SAXiTS.  See  Cobalt-basbs,  Ammoniacal  (i.  1052).  For 
Braun*s  view  of  the  constitution  of  these  and  other  ammoniacal  cobalt-compounds, 
Bee  Ann.  Ch.  Pharm.  cxxxii.  33  ;  Jahresb.  1864,  p.  273. 

See  Quartz  (p.  1). 

nu    See  CoFPBB  (ii.  33). 

SOSWrOOB*  OIXi  OV*  0/eum  ligni  rhodii. — ^A  volatile  oil  obtained  from  rose- 
wood (Convolvulus  scopariu8\  by  distillation  with  water.  It  is  pale-vellow,  somewhat 
viscid,  and  consists,  to  about  J,  of  a  hydrocarbon,  C'H'*,  which  boils  at  249°,  and 
smells  like  roses  and  sandalwood.  Specific  gravity  of  the  crude  oil  •-  0*9064  at  15*5^. 
Index  of  refraction  at  17°  «  1-4843  for  A;  1*4903  for  D;  1*5113  for  H.  Optical 
rotatory  power  «  — 16^  (Gladstone  and  Dale).  Rosewood-oil  is  sometimes  used 
for  adulterating  oil  of  roses,  which  thereby  loses  its  buttery  consistence. 

R08XTS.    Syn.  with  Bosbllak. 

SOaOlilO  ACn>.  A  compound  produced  by  the  oxidation  of  phenol  in  presence 
of  alkalis.  It  was  diacovered  by  Runge  (Pogg.  Ann.  xxxi.  70),  amongst  the  products 
obtained  by  treating  coal-tar  oil  with  milk  of  lime.  When  the  mixture  of  phenol, 
rosolicacid  and  brunolic  acid  (i  .684),  thus  obtained,  is  distilled  with  water,  phenol  passes 
over,  and  a  pitchy  residue  is  left,  containing  rosolic  and  brunolic  acids.    This  residue. 
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disolTed  in  alcoliol  and  mixed  with  milk  of  lime,  yields  a  rose-coloured  solution  of 
ealdc  roscdatei,  and  a  brown  precipitate  of  calcic  brunolate.  The  solution  evaporated 
to  a  flymp,  and  mixed  with  a  thixd  of  its  yolume  of  alcohol,  deposits,  after  a  few  days, 
loee-coloured  crystals  of  calcic  rosolate,  firom  which  the  rosolic  acid  may  be  separated 
by  acetic  acid(Rnnge).  To  obtain  the  rosolic  acid  pure,  the  treatment  with  lime  and 
alcohol,  and  the  decomposition  of  the  calcium-salt  by  acetic  acid,  must  be  repeated 
several  times;  and  finally,  the  alcoholic  solution  of  the  acid,  which  is  still  not  quite  free 
from  time,  muat  be  mixed  with  a  little  hydrochloric  acid,  and  diluted  with  a  large 
qaantity  of  water:  the  rosolic  acid  then  separates  out  pure.  (HugoMiiller,  Chem. 
SocQnl  J.  xi.  1 :  see  also  Tschelnitz.  J.pr.  Chem.lxxi.  416  ;  Jahresb.  1857,p.  447.) 

Roaotic  acid  is  more  easily  prepared  by  beating  phenol  with  certain  metallic  oxides 
in  presence  of  an  alkalL  B.  Angus  Smith  (Chem.  Gas.  p.  20),  obtained  it  by  heating 
phenol  with  soda  and  peroxide  of  manganese ;  but  it  is  difficult  to  tree  the  product 
from  the  manganate  of  sodium  formed  at  the  same  time.  An  easier  process  is  that 
given  by  Jonrdin  (B^p.  Chim.  app.  iii.  217),  who  uses  mercuric  oxide  instead  of 
manganic  peroxide.  The  action,  which  takes  place  below  150^,  is  complete  in  about  ten 
minutes,  and  the  solution  decanted  from  the  reduced  mercury  contains  pure  rosolate  of 
sodium.  Rosolic  acid  is  likewise  produced,  with  evolution  of  hydro^loric  acid,  by 
heating  phenol  with  mercuric  chloride  (Jourdin);  also,  acconung  to  Schiitzen- 
berger  and  Sengenwald  (iv.  394),  by  heating  di-iodophenol  in  contact  with  the 
air.»  • 

AccorcUng  toWanklyn  and  C  aro,  rosolic  add  is  closely  related  to  rosaniline  (iv.  468), 
and  may  be  produced  by  adding  a  solution  of  a  nitrite  to  any  salt  of  rosaniline,  and 
boiling  the  solution.  During  the  boiling,  a  copious  evolution  of  nitrogen  occurs,  and 
the  roaolic  acid  gradually  separates  out  in  the  form  of  a  pitch,  with  a  cantharides-lika 
Ivstre.    The  reaction  probably  takes  place  by  two  stages,  as  follows : — 

C"H»'N»  +  3HN0*     -    C»(H»»N»)N»  +  6H«0. 
Rosaoiline.  AioroMniline. 

AzoroMoiline.  Rosolic  acid. 

Rosolic  acid  is  a  dark-coloured  amorphous  substance,  having  a  greenish  lustre,  and 
yiekling  a  red  powder;  in  thin  films  it  exhibits  a  red  colour  by  transmitted  lightl  It 
bakes  together  at  about  60°,  and  melts  in  boiling  water  to  a  dark-sreen,  nearly  black  liquid. 
It  is  not  volatile,  and  not  easily  combustible.  It  dissolves  readily,  with  brownish-vellow 
coAaai,  in  alcohol  and  ether ;  also  in  phenol,  in  wood-creosote,  in  strong  acetic,  hy- 
drochloric, and  sulphuric  acids,  and  is  not  quite  insoluble  in  water ;  chloroform,  benzene, 
and  sulphide  of  carbon  do  not  dissolve  it  (Hugo  Miiller).  Its  composition  has  not 
been  fixed  with  certainty.  According  to  the  mean  of  Muller*s  analyses,  rosolic  acid  dried 
over  oil  of  vitriol  contains  76'92per  cent,  carbon  and  6*83  hydrogen,  agreeing  nearly 
with  the  empirical  formula  C*^«0*,  which  requires  7627  C,  606  H,  and  1768  O. 
Angus  Smith  proposed  the  formula  C^'H^O*  (requiring  70*6  per  cent,  carbon),  and 
Dusart  (R^p.  Chim.  app.  i.  207),  firom  his  own  analysis  (not  given),  deduces  the 
formula  C*HK)',  requirine  66*4  per  cent,  carbon.  According  to  Wanklyn  and  Caro, 
the  true  fonnula  is  probably  C^WH)*  {ind,  sup.), 

Rosolic  acid  distilled  over  excess  of  soda-lime  yields  phenol,  a  portion,  however, 
suffering  further  decomposition  (Dusart).  According  to  Wanklyn  and  Caro,  it  yields 
phenol  by  distillation  ^  se.  It  is  easily  attacked  m  alcoholic  solution  by  chlorine 
and  bromine,  also  by  nitric  acid  when  heated,  forming  a  light-yellow  substanoe,  which 
dissolves  in  caustic  alkalis,  but  not  with  red  colour.  It  is  not  acted  upon  by  a  solution 
of  glucose  in  caustic  ^tash  ^Miiller),  and  is  not  decolorised  by  sulphurous  acid 
(Dusart).  When  boiled  with  aniline  and  little  benzoic  acid,  it  forms  a  splendid  and 
very  permanent  blue  dye,  the  reaction  not  being  attended  with  evolution  of  ammonia^ 
but  apparently  with  separation  of  water.     (Wanklyn  and  Caro.) 

Rosolates. — Rosolic  acid  is  a  very  weak  acid,  weaker  even  than  carbonic  acid.  It 
unites  with  ammonia,  the  fixed  alkalis,  and  the  alkaline  earths,  forming  dark-red 
compounds,  soluble  in  water  and  alcohol,  and  very  easily  decomposed  by  exposure  to 
light  and  air,  being  partly  converted  into  carbonates,  and  losing  their  colour.— The 
earmine-red  solution  of  rosolic  acid  in  alkalis  is  decolorised  by  boiling  with  zinc-powder, 
but  the  colour  is  restored  by  addition  of  ferricyanide  of  potassium.  (Wanklyn  and 
Caro.) 

The  ealcium'Salt  separates  on  carefully  evaporating  its  solution  in  a  vacuum  over 
lime,  as  a  granular  or  crystalline  powder,  which  when  pressed  resembles  carthamin. — 
The  magnesium-salt  is  the  most  stable  of  the  rosolates.  The  soluble  rosolates  do  not 
form  precipitates  with  the  salts  of  the  heavy  metals,  not  even  with  basic  acetate  of 
lead;  neither  does  rosolic  acid  combine  with  alumina.    (H.  Miiller.) 

*  Communication  ft-om  Prof.  Wanklyn. 
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XOnonxITB.    A  name  of  ganiet. 

KOTTXiBSJLi  The  fmit  of  Bottlera  tinctoria,  ft  tree  growing  in  all  parts  of  Indiiiy 
is  covered  with  stellate  hairs  and  glands,  which,  when  brushed  off,  form  a  brick-red 
sandy  powder,  used  in  India  as  a  dye,  and  lately  introduced  into  medicine,  nndesr  the 
name  of  KamalOf  as  a  remedy  for  tapeworm,      ft  has  an  aromatic  odour,  is  but  slowly 
wetted  by  water,  and  yields  but  little  to  boiling  water,  colouring  it  only  a  pale-Tellow; 
but  alkaline  carbonates  and  caustic  alkalis,  especially  the  latter,  extract  the  colouring 
matter,  forming  deep  red  solutions.    The  extract  prepared  with  soda  imparts  to  silk  a 
fine  and  durable  fiery-orange  colour,  without  ftirther  addition  or  the  use  of  mordants ; 
with  cotton,  on  the  other  hacd,  it  does  nat  produce  a  good  colour.    The  natural  dye- 
stuff  contains  3*49  per  cent,  water,  78*19  resinous  colouring-matters,  7*34  albuminous 
substances,  7*14  ceUulose,  and  3*84  ash,  besides  small  quantities  of  volatile  oil  and  a 
volatile  colouring  matter.    (The  liquid  distilled  from  the  alcoholic  extract  has  a  yellow 
colour,  and  the  odour  of  the  original  substance).    The  concentrated  ethereal  extract 
of  the  colouring  matter  deposits  a  yellow  crystalline  substance  called  Rottierin  (vid.  in£). 
The  extract  prepared  with  boiling  alcohol  deposits,  on  cooling,  non-crvstalline  flocks 
of  a  substance  having  the  composition  of  C**H''CH.  It  may  be  obtained,  nearly  colour- 
less, by  repeated  solution  and  separation ;  is  sparingly  soluble  in  ether  and  in  cold 
alcohol,  insoluble  in  water;  not  precipitated  by  lead- or  silver-salts.    The  alcoholic 
solution  separated  from  these  flocks  leaves  a  dark-red  resin,  C'^H'^O',  soluble  in  all 
proportions  in  alcohol  and  ether,  insoluble  in  water,  melting  at  100^,  and  forming  with 
ncetate  of  lead,  a  deep  orange-coloured  precipitate  of  variable  composition.  (Anderson, 
Edinb.  New  PhiL  Joum.  new  series,  i.  300;  Jahresb.  1855,  p.  669.) 

G.  Leube,  Jun.  (Vierteljahrschr.  pr.  Pharm.  ix.  321 ;  Jahrefib.  1860,  p.  562)  hss 
also  examined  the  red  colouring  matter  of  Bottlera  tinctoria,  but  with  vezy  different 
[and  doubtful]  results,  not  having  even  succeeded  in  preparing  the  crystallised 
substance  rottleiin.  He  found  in  the  deep  red  powder  47*6  per  cent,  resinoiis 
substances,  19*7  of  other  constituents  extractable  by  solvents  (extractive  matter, 
oxalic  acid,  albumin,  ulmic  acid,  and  inorganic  salts),  7*7  fibrin,  and  25*0  [insolable] 
mineral  substances.  The  resinous  substance  extracted  by  ether  was  resolved  by  treat- 
ment with  cold  alcohol  into  two  resins,  one  easily  soluble,  the  other  sparingly  soluhle, 
in  that  liquid.  The  former,  melting  at  80^,  contains  G'*H*"0* ;  the  latter,  melting  at 
191^,  contains  C"H"0*.  Both  are  brittle,  reddish-yellow,  dissolve  with  fine  red  colour  in 
cold  potash-ley,  alkaline  carbonates,  and  ammonia,  and  are  separated  therefrom  fay 
acids  without  alteration ;  they  are  not  altered  by  boiling  with  dilute  sulphuric  acid, 
but  nitric  acid  decomposes  them,  with  formation  of  oxalic  acid.  The  ash,  amounting  to 
28*85  per  cent  of  the  red  substance,  was  found  to  contain  0*9  per  cent,  potash  and  soda, 
0*2  magnesia,  4*1  lime,  0*7  manganic  oxide,  8*5  ferric  oxide,  1*2  soluble  silica,  88*8  in- 
soluble silica  [it  was  probably  mixed  wita  sand],  and  traces  of  chlorine  and  sulphuric 
acid. 


r.  C"H'*0*.  (Anderson,  loc.  «<.)— This  substance  separates 
from  the  ethereal  extract  of  the  colouring  matter  of  Rottlera  tinctoriOf  in  yellow  silky 
crystals,  which  are  insoluble  in  water,  sparingly  soluble  in  cold,  more  easily  in  boiling 
alcohol,  melt  when  heated,  and  then  decompose.  It  dissolves  in  alkalis  with  deep 
red  colour.  Its  alcoholic  solution  is  not  precipitated  by  acetate  of  lead.  With  bromine 
it  forms  a  colourless  substitution-product ;  with  nitric  acid,  first  a  yellow  resin,  and 
then  oxalic  acid;  with  cold  concentrated  sulphuric  acid,  a  yellow  solution,  which 
when  heated  becomes  darker  and  gives  off  sulphurous  acid. 

ROVCOXr.    Syn.  with  Annotto  (i.  307). 

RUBBAVBTBftZO  ACZB.      The  name  given  by  Berzelius  to  the  oompoimd 
C*N«H^S«  or  Cy*.2H''S.    (See  CTANOomr,  SuLPHTDaATBS  op,  ii.  285.) 

BVBB^b&Air.    An  altered  biotite  (iii.  1013),  occurring  in  small  hexagonal  forms, 
of  a  red  colour,  in  a  kind  of  wacke.    (Dana,  ii.  226.) 

Bed  tourmaline. 


A  yellow  substance  existing,  according  to  Booh- 
leder  (Ann.  Ch.  Pharm.  Ixxx.  321;  Ixxxii.  205),  in  madder-root.  To  prepare  it,  the 
aqueous  decoction  of  the  root  is  precipitated  by  neutral  acetate  of  lead ;  the  precipi- 
tate (which  serves  for  the  preparation  of  alizarin  and  purpurin),  is  collected  on  a  filter; 
and  the  filtrate  is  mixed  with  basic  acetate  of  lead,  not  in  excess,  which  throws  down  a 
dark,  fiesh-coloured,  nearly  brick-red  precipitate,  containing  ruberythric  and  rubichlorie 
acidfl,  with  small  quantities  of  citric  and  phosphoric  acids.  This  precipitate  is  sus- 
pended in  water,  and  decomposed  by  sulphydric  acid ;  the  solution,  chiefly  containing 
rubichlorie  acid,  is  filtered  from  the  sulphide  of  lead ;  and  the  ruberythric  acid,  which 
remains  attached  to  this  lead-predpitate,  is  extracted  from  it,  a^r  washing  for  a  short 
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tune,  by  botling  vitb  aledhoL  The  alcoholic  solution  erapontad  to  one-lhird,  then 
mixed  with  water  and  a  small  qnantitj  of  baiyta-water,  deposits  a  scanty  white  preci- 
pitate; and  the  filtrate,  treated  with  a  larger  quantity  of  baryta-water,  yields  ruberyth- 
rate  of  barioin  in  dark  cherry>red  flocks.  These  are  collected  and  dissolved  in 
dilate  acedc  acid ;  and  the  solution  is  nearly  neutralised  with  ammonia,  and  precipitated 
by  basic  acetate  of  lead,  whereby  a  cianabar>ooIoared  lead-salt  is  obtaued,  whioh 
most  be  washed  with  dilute  alcohol,  and  decomposed  under  alcohol  by  sidphydric  acid. 
The  liqaid  heated  to  the  boiling-point  with  the  sulphide  of  lead,  then  filtered  hot  and 
eTaponted,  deposits  light-yellow  crystals  of  ruberythric  acid,  which  may  be  purified 
by  pressure  and  reciystaUisation  from  a  small  quantity  of  boiling  water. — 251bs.  madder 
yield  1  gramme  of  the  acid ;  Levantine  more  than  European  madder. 

Bubeiythric  acid  forms  yellow  prisms  having  a  silky  lustre.  It  has  a  faint  taste ; 
cUesolves  spiuingly  in  cold,  easily  m  hot  water ;  with  gold-yellow  colour  in  alcohol  and 
ether,  with  blood-red  colour  in  aqueous  alkalis ;  forms  red  precipitates  with  baryta- 
water,  with  alum-solution  after  addition  of  ammonia,  and  with  basic  acetate  of  lead, 
after  addition  of  a  little  alcohoL  Boiling  aqueous  ferric  chloride  dissolves  it,  forming 
a  daik  brown-red  solution,  which  is  precipitated  by  alcohoL 

Bubeiythric  acid  contains,  according  to  Kochleder's  analysis,  54*48  per  cent,  carbon 
and  5*16  hydrogen,  agreeing  nearly  with  the  formula  C'H^'^'*  (calc.  54 '54  C,  5*05  H, 
and  40-41  O),  or  with  C«H««0"  (calc  5464  C,  6  04  H,  and  40-32  O).  The  percentage 
composition  is  nearly  the  same  as  that  of  rubian  (p.  123) ;  in  fact,  Rochleder  r^ards 
robian  as  merely  impure  ruberythric  acid.  Schunck,  on  the  contrary,  did  not  find  rub- 
eiythric  acid  in  maader,  and  is  of  opinion  that,  in  the  preparation  above  described, 
products  of  the  decomposition  of  rubian  must  have  been  obtained. 

BuberytJiric  acid  heated  in  aqueous  solution  with  hydrochloric  acid  is  resolved  into 
alizarin  and  glucose.  The  reaction  may  be  represented,  according  to  Bochleder,  by 
either  of  the  equations : 

C«H«0«     -     8C«»H«0»  +     C«H»H)»  +  6HH>. 

Ruberythric  Allxarin.  GIucom. 

acid. 

or:  3C*«H«0"     -  12C»«H«0»  +   8C«H'«0«  +   9H«0. 

The  mqwooB  solution  boiled  with  alkalis  also  deposits  alizarin  on  addition  of  an  add. 
(Rochleder.) 

See  Hadbsb  (iii  740). 

lCZC  AOZB.  An  acid  produced,  according  to  Schunck  (Ann.  Ch.Pbarm. 
Ixvi.  201 ;  Ixxzvii.  344),  by  boiling  rnbiacin  or  rubiafln,  or  the  brown  flocks  thrown 
down  by  hydrochloric  acidf  from  spent  madder-liquor,  with  ferric  nitrate  or  chloride. 
The  reeultmg  brown-red  solution,  mixed  with  hydrochloric  acid,  deposits  brown  flocks 
of  impure  rubiacic  add,  which  may  be  purified  by  solution  in  boib'ng  aqufous  carbonate 
of  potaasiam,  and  reprecipitation  with  an  add.  It  is  a  lemon-yellow  amorphous  powder, 
slightly  soluble  in  boiling  water,  and  converted  by  sulphuric  acid,  first  into  rnbiacin, 
then  into  rubiafln.  Contains,  according  to  Schundk,  57*6  per  cent.  G,  2*9  H,  and  39  5  O, 
which  ho  represents  by  the  formula  C^IPO"  or  C»^H»"0",  requiring  57*0  C,  2*7fl, 
and  40*3  0.  The  potassium-salt  forms  brick-red  needles  or  prisms,  containing  13*04 
per  cent,  potash,  the  formtda  C^IPKO^''  requiring  12*58  per  cent. 

SVBXAGZV.  Madder-orange,  Krapp-oranqe,  (Bunge,  J.  pr.  Chem.  t.  367; 
Bobiquet,  Ann.  Ch.Phys.lxiii.  311;Higgin,  Phil. Hag.  [3]  xxxiii.  232;  Schunck, 
G-mdin'a  Handbook^  xvL  47-) — A  yellow, crystallisuble  colouring-matter,  discovered  by 
Bunge.  It  exists  in  madder-root,  probably  as  a  calcium-compound,  from  which  it  sepa- 
rates as  the  extract  turns  sour.  It  is  also  produced  by  the  action  of  alkaline  hydro- 
sulphates  on  rubiacic  acid  (Schunck),  snd  by  heating  Higgins'  xanthin  (q.  v.) 
with  strong  sulphuric  add,  and  by  the  spontaneous  decomposition  of  that  substance 
which  takes  place  when  an  aqueous  extract  of  madder  is  left  to  itself.  Bnbiacin  is 
found  partly  in  the  predpitate  produced  by  acids  in  the  decoction  of  madder,  partly  in 
the  residue  left  after  exhausting  the  root  with  water,  and  may  be  obtained  in  the  pure 
state  by  conversion  into  rubiacic  acid  and  subsequent  reduction  of  that  compound. 
(Schunck).  It  may  also  be  prepared  from  the  madder-liquor  of  the  dye-houses^  by 
mixing  the  liquid  with  hydrochloric  acid,  treating  the  resulting  precipitate  with  boil- 
ing alcohol,  rMlissolving  Uie  orange-yellow  powder  which  separates  on  cooling,  in  boil- 
ing alcohol,  and  adding  stannous  oxide  to  the  solution.  The  hot  filtrate  deposits 
rabiadn,  ov  cooling,  in  splendid  light-yellow  plates  and  needles,  having  a  strong  red- 
dish-gieen  lustre  like  iodide  of  lead.  When  heated,  it  sublimes  completely  in  yellow 
scales  (Schunck).  It  is  slightly  soluble  in  boiling  water,  more  soluble  in  boiling 
alcohol.  It  contains  67*1  per  cent  carbon  and  4*0  hydrogen,  whence  Schunck  deduces 
the  fonnula  C«H«0'»  (calc.  678  C,  39  H,  283  0). 
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Bubiaein  dissolTcs  in  Btiong  siilphiiric  add,  forming  s  jeUow  liquid,  'wliieh  may  be 
heated  without  decomposition.  Strong  nitric  acid  attacks  it  at  the  boiling  heat.  It 
dissolres  in  ferric  chloride  or  nitrate,  forming  a  brovn  solution,  which  on  addition  of 
an  acid,  turns  yellow  and  deposits  flocks  of  rubiacic  acid.  It  dissolves  in  alkalis, 
forming  purple  solutions,  from  which  acids  throw  down  yellow  flocks.  The  «^n^Tno?iifM**^ 
solution  forms  dingy-red  precipitates  with  the  chlorides  of  barium  and  calcium. 

Hydrate  of  aluminium  introduced  into  an  alcoholic  solution  of  rubiacin  acquires  an 
orange  tint,  and  decolorises  the  liquid.  The  alumina-precipitate  dissolves  easilj  in 
caustic  potash,  forming  a  purple  solution.  A  piece  of  mordanted  calico  is  scaicelj 
colourra  by  rubiacin  suspended  in  boiling  water.    (Sc h  u  n  ck.) 

SVBIAlinr.  C>*H>«0».  (Schunck,Phil.Mag.[4]T.410,495;xii.  200,270. V—A 
body  produced,  together  with  glucose,  by  the  action  of  alkalis  on  rubiacin  (respecting 
its  mode  of  formation,  see  Maddbb,  iii.  746) ;  also  in  the  decomposition  of  rubihjdxan 
or  rubidehydran  by  dilute  hydrochloric  or  sulphuric  acid. 

Reparation :  I.  When  rubian  is  boiled  for  some  time  with  caustic  soda,  a  precipi- 
tate is  formed,  consisting  chiefly  of  the  soda-compound  of  alizarin  (i.  114);  and  the 
alkaline  mother-liquor,  mixed  with  dilute  sulphuric  acid  and  a  luge  quantity  of  water, 
deposits  yellow  flocks  containing  alizarin,  rubiretin,  verantin,  and  rubiadin,  while 
glucose  remains  in  solution.  The  flocks  are  treated  with  boiling  alcohol,  which  dis- 
solves them,  leaving  only  a  brown  substance  formed  &om  the  sugar ;  and  the  filtered 
liquid  is  treated  with  acetate  of  aluminium,  whereby  the  alumina-compound  of  alizarin 
18  precipitated,  together  with  a  small  quantity  of  verantin. 

The  mother-liquor  is  then  mixed  with  acetate  of  lead,  which  throws  down  rubiretin 
and  verantin  as  a  brownish-purple  precipitate  (see  Rubibetin),  while  rubiadin  remains 
in  solution,  still  mixed,  however,  with  a  small  quantity  of  rubiretin.  By  precipitating 
the  solution  with  a  large  quantity  of  water,  dissolving  the  yellow  flocks  thereby  obtained 
in  the  exact  quantity  of  boiling  alcohol  required,  and  digesting  with  hydrate  of  lead 
(or  stannous  hydrate),  the  rubiretin  is  removed,  and  the  hot-flltered  solution  deposits 
rubiadin  on  cooling;  an  additional  quantity  of  that  substance,  but  in  an  impure  state, 
is  obtained  by  evaporating  the  mother-liquor.  This  latter  product  may  be  purified 
by  sublimation. 

2.  An  aqueous  solution  of  rubihydran  (p.  131)  is  boiled  with  hydrochloric  or  sulphuric 
acid  till  it  becomes  colourless,  and  no  longer  deposits  yellow  flocks  or  a  brown  resin. 
These  flocks  are  a  mixture  of  rubiretin,  verantin,  and  rubiadin,  with  a  small  quantity  of 
alizarin ;  the  alizarin  maybe  separated  by  acetate  of  aluminium,  and  then  the  robiadin, 
in  the  same  manner  as  from  the  mixture  of  these  bodies  obtained  by  the  flrst  method. 

Bubiadin  crystallises  in  yellow  needles,  or  in  rectangular  plates,  which  are  sublimable, 
insoluble  in  water,  more  soluble  in  alcohol  than  rubianin.  Strong  sulphuric  add  dis- 
sol  res  it,  with  yellow  colour ;  aqueous  ammonia  and  carbonate  of  sodium  dissolve  it  at 
the  boiling  heat>  with  blood-red  colour.  It  is  precipitated  by  chloride  of  barium,  chlo- 
ride of  calcium,  and  cupric  acetate,  not  by  acetate  of  of  lead ;  does  not  dissolve  in  ferric 
chloride. 

Rubiadin  gives  by  analysis  69*6  per  cent  carbon  and  5*1  hydrogen,  whence  Schunck 
deduces  the  formuk  C^B^'O^  (calc  69-3  C,  4*7  H,  and  260  0).  It  is  more  probably 
C*IP*a^  or  C»«H"0*. 

cmororabladln,  C»«H>«C10».  (Schunck,  Phil.  Mag.  [4]  xii.  270.)— Produced  by 
boiling  chlororubian  (p.  124),  with  dilute  sulphuric  or  hydrochloric  acid.  It  is  insoluble 
in  water,  but  soluble  in  alcohol,  whence  it  crystallises  in  broad  shining  needles  or 
laminae.  The  alcoholic  solution  reddens  litmus.  The  compound  dissolves  in  caustic 
soda  with  purple,  and  in  alkaline  carbonates  with  blooa-red  colour.  It  gives  by 
analysis  60*6  to  61*7  C,  4*2  to  4*3  H,  and  11*2  to  11.0  CI,  which  Schunck  represents 
by  the  formula  O^IP^CIO^,  requiring  61*65  C,  3*85  H,  11*36  a,  and  23*14  6.  The 
formula  C'*fl"C10*  requires  69-6  C,  4*0  H.  and  11*1  CI.  An  aramoniacal  solution  of 
chlororubiadin  mixed  wtth  chloride  of  barium,  filtered  from  the  flocks  which  separate 
at  first  and  left  to  itself  in  a  closed  vessel,  deposits  long  red  needles,  which  when  dried 
at  100^  contain  16*65  per  cent.  Ba''0,  and  may  bo  represented  by  the  formula 
C«H"Ba"'Cl«0".2Ba"0. 


(7^fl*^0*?  (Schunck,  J.  pr.  Chem.  lix.  474.) — ^A  compound 
formed,  together  with  many  others,  by  the  fermentation  of  madder. 

Erythrozym  is  added  to  aqueous  rubian,  and  the  liouid  is  allowed  to  stand  in  a 
moderately  warm  place,  until  it  has  become  tasteless  and  colourless,  owing  to  the  depo- 
sition of  a  brown  jelly.  If  this  deposit  should  not  take  place  in  24  hours,  more  eryth- 
rozym must  be  added.  Or  madder  is  stirred  up  with  cold  or  warm  water,  and  left  in 
a  warm  place  till  a  jelly  is  formed.  In  both  cases  the  mass  is  mixed  with  a  little  water, 
and  the  jelly  is  collected  on  a  filter  and  washed  with  a  small  quantitv  of  wat^^r.  It 
contains  alizarin,  rubiretin,  verantin,  rubiufin,  rubiagin,  and  rubiadipin,  which  are 
separated  as  Mows : — 
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The  masB  is  well  boiled  with  alcohol  as  long  as  the  liquid  acquires  a  yellow  jcolonr, 
and  acetate  of  alnmininm  is  added  to  the  filtrate,  whereby  alisarin,  verantin,  and 
rabiafin  are  precipitated  in  combination  with  alumina,  but  only  partially.  The  whole 
is  then  filtered  (for  the  farther  treatment  of  the  precipitate,  see  below),  and  sulphuric 
add  and  a  laige  quantity  of  water  are  added  to  the  dark  brownish-red  filtrate,  whereby 
the  wh(^e  of  the  dissolved  substances  are  precipitated  as  a  yellow  powder,  which, 
having  been  thoroughly  washed  with  water,  is  redissolved  in  boiling  alcohol,  and 
mixed  with  excess  of  acetate  of  lead.  The  dark  purple-red  lead-pivcipitate,  which  is 
to  be  filtered  boiling,  contains  aliearin,  rubiretm,  yerantin,  and  rubiafin ;  the  dark- 
jeUow  filtrate,  rubiagin  and  rubiadipin. 

On  mixing  this  filtrate  with  a  huge  quantity  of  water,  a  faintly  orange-colouzed 
piccipitate  is  formed,  consisting  of  the  lead-compounds  of  rubiagin  and  rubiadipin ; 
this  precipitate  is  to  be  collected  and  decomposed  by  boiling  dilute  sulphuric  acid. 
The  undissolred  portion  washed  with  water,  then  boiled  with  alcohol,  yields  to  the 
latter,  rubiagin  and  rubiadipin,  both  of  which  remain,  after  evaporation  of  the  alcohol, 
as  a  soft,  dark-brown,  fatty  mass,  and  may  be  separated  by  cold  alcohol,  which  dis- 
solveB  ehiefly  the  rubiadipin ;  the  undissolved  rubiagin  may  be  purified  by  recrystalli- 
sation  from  not  alcohoL 

Bnbiadipin  is  a  eemifluid,  yellowish-brown,  fatty  substance,  which  does  not  harden 
even  when  heated  for  a  long  time.  In  boiling  water  it  melts  to  oily  drops,  which  rise 
to  the  surface.  It  is  insoluble  in  water,  soluble  in  alcohol  and  m  alkalis,  forming 
with  the  latter  a  blood-red  soapy  liquid.  The  alcoholic  solution  forms,  witJi  neutral 
acetate  of  lead,  a  blood- red  precipitate  containing  31*36  per  cent,  lead-oxide,  whence 
Schunck  deduces  the  formuhi  C**JP*O^.PbO. 


C«H«^)"?  (Schunck,  J.  pr.  Chem.  lix.  466.)— A  compound 
isomeric  with  mbiadin,  produced,  as  already  mentioned,  in  the  fermentation  of 
rubian.  The  lead-precipitate,  containing  ah'zarin,  rubiretin,  verantin,  and  rubiafin, 
obtained  as  describeid  in  the  preceding  article,  is  decomposed  by  boiling  hydrochloric 
add ;  and  the  precipitated  yellow  flakes  are  washed  and  covered  with  cold  alcohol, 
which  extracts  rubiretin,  leaving  alizarin,  rubiafin,  and  verantin.  On  the  other  hand, 
the  above-mentioned  precipitate  produced  by  acetate  of  aluminium,  is  decomposed  by 
boiling  hydrochloric  acid,  whereby  orange  flakes  are  separated;  and  these  are  added  to 
the  residue  of  alizarin,  rubiafin,  and  verantin,  which  was  left  undissolved  by  cold 
alcohol,  and  the  whole  is  subjected  to  the  following  treatment : — The  mixture  is 
dissolved  in  boiling  alcohol  and  mixed  with  acetate  of  copper,  which  forms  a  purple 
precipitate  containing  rubiafite  and  verantite,  with  a  small  quantity  of  alizarite  of 
copper,  while  alizarin  alone  remains  in  solution.  The  purple  copper-precipitate,  decom* 
poeed  by  hydrochloric  add,  deposits  insoluble  red  flakes,  which,  after  washing,  are 
dissolved  in  boiling  alcohol,  and  treated  with  hydrated  stannous  oxide ;  whereupon  only 
rubiq/m  remains  (Ussolved,  and  crystallises  from  the  filtrate  in  brilliant  needles  and 
laminsft,  while  verantin,  together  with  a  small  quantity  of  alizarin,  is  predpitated  as  a 
stannous  oxide  lake  (S c h u  n  c  k).    See  VERAirrm. 

Rubiafin  forms  yellow  shining  plates  and  needles,  sometimes  star-  or  fan-shaped 
raaases,  wbich  behave  like  rubiadn  when  heated  with  water,  sulphuric  add,  nitric  acid, 
neutral  acetate  of  lead,  and  cupric  acetate,  and  likewise  form  rubiadc  add  when 
treated  with  ferric  nitrate :  in  fact,  rubiafin  differs  from  rubiadn  only  in  composition. 
It  contains,  according  to  Schunck,  69*8  per  cent  carbon  and  4*6  hydrogen  (calc.  69*8 
C,  4-7  H,  and  260  O). 


(Schunck,  J,  pr.  CShem.  lix.  471.) — This  is  another  of  the  com- 
pounds produced  by  the  feTUientation  of  rubian.  For  the  mode  of  preparing  it,  see 
JKuBiADiPDr  (p.  1 20).  It  forms  small  yellow  spherical  granules,  or  concentrically  crrouped 
needles.  It  is  insoluble  in  boiling  water,  dissolves  in  boiling  alcohol  more  easily  than 
mbiadin  or  mbianin,  and  with  yellow  colour  in  acetic  add,  from  which  it  crystaUises  on 
cooling.  Alkalis,  baryta-water,  and  lime-water  dissolve  it  with  blood-red  colour.  It  dis- 
solves in  cold  oil  of  vitriol,  with  dark  brown-red  colour,  and  in  boiling  nitric  acid,  forming 
ayellow  liquid,  whichdepositsshiningcrystalsas  it  cools.  When  boiled  with  ferric  chloride, 
it  assumes  a  darker  colour,  but  does  not  become  purple-brown,  like  rabiafin  and  mbiacin. 
The  alcoholic  solution  mixed  with  neutral  acetate  of  lead  turns  yellow,  and  then 
throws  down  orange-coloured  grains,  which  dissolve  sparingly  in  boiling  alcohol, 
easily  in  an  alcoholic  solution  of  neutral  lead-acetate.  This  property  distinguishes 
rubiagin  from  rubiadn,  mbiadin,  and  mbiafin.  With  cupric  acetate,  the  alcoholic 
solution  of  rubiagin  forms  an  orange-coloured  predpitate. 

The  composition  of  rubiagin  is  very  uncertain,  as  it  has  not  been  obtainedpure. 
Schunck  found  it  to  contain  68*10  per  cent  C  and  5*14  H.     The  formula  Ci'H'^O*, 
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which  vequiies  67*12  C,  4*89  H,  and  27*99  O,  would  explain  its  fbitnation  from  mbiatii, 
as  follows  :•— 

C»H»*0»»  +  2H«0     -     C»«H"0»  +  2C«H»K)«. 

RubUii.  l^ubUgin.  Oluoote. 

S.V8XAJr«  C*'H**0^*. — ^A  g^aooside  ezistiiig  in  madder-root,  and  yielding,  under 
the  inflaence  of  acids,  alkalis,  or  eiythrosym  (madder-ferment) — on  the  one  hauidp 
glucose,  and  on  the  other,  alizarin,  together  with  rubiretin,  yerantin,  and  other  products, 
Tarying  according  to  the  nature  of  the  decomposing  compound.  It  was  disoorered  by 
Schunck  in  1847.    (For  references  to  his  memoirs,  see  ChnethCB  Handbook,  xyi.  32.) 

Preparation. — It  is  difficult  to  obtain  this  substance  pure,  inasmuch  aa  it  altexs 
very  quickly,  and  does  not  precipitate  any  metallic  solution  excepting  basic  acetate  of 
lead,  which  when  added  to  madder>extract^  throws  down  other  substances  at  the  same 
time.  The  best  results  are  obtained  by  taking  adyantage  of  the  great  affinity  of 
rubian  for  porous  bodies,  especially  for  animal  charcoal 

One  pound  of  Avignon-madder  is  exhausted  on  a  cloth  strainer,  by  pouring  four  or 
five  Quarts  of  boiling  water  upon  it ;  the  dark  yellowish-brown,  still  hot  filtrate   ib 
mixed  with  an  ounce  of  bone-charcoal,  stirred,  and  left  to  settle;  the  still  brown 
b'quid  is  decanted;  and  the  residue  is  collected  and  washed  with  cold  water,  till  the  liquid 
which  runs  off  becomes  green  when  boiled  with  hydrochloric  add  (from  the  preeence 
of  chlorogenin).      The  washed  bone-charoal,  if  boiled  with  alcohol,  as  long  as   it 
colours  the  liquid  yellow,  yields  to  it  the  rubian  which  it  has  carried  down ;  and  on 
evaporating  the  alcoholic  solution,  the  rubian  is  left  behind,  but  still  impure,  contain- 
ing chlorogenin.    To  remove  the  latter,  the  impure  rubian,  obtained  in  the  manner 
just  described,  is  again  precipitated  in  the  same  manner  on  the  previously  used  char- 
coal, which  now  takes  up  only  the  rubian,  and  again  extracted  by  boiling  alcohol, 
this  series  of  operations  being  repeated  a  third  time  with  the  same  bone-chaicoal,  in 
case  the  alcoholic  solution  still  contains  chlorogenin.*     On  evaporating  the  alcoholic 
solutions,  the  rubian  remains  behind,  still  retaining  a  small  quantity  of  a  decomposition- 
product  formed  by  the  action  of  heat.  This  is  separated,  either — a.  By  evaporating  the 
greater  part  of  the  alcohol,  mixing  the  solution  when  cold  with  dilute  sulphuric  acid 
(which  throws  down  the  decomposition-product  in  brown  resinous  drops),  removing  the 
sulphuric  acid  by  carbonate  of  lead,  then  filtering,  and  evaporating  over  the  water-bath ; 
or — b.    By  precipitating  the  solution  with  neutral  acetate  of  lead,  filtering  from  the 
brown-red  flocks  which  separate,  and  adding  basic  acetate  of  lead,  whereby  a  com- 
pound of  rubian  with  lead-oxide  is  precipitated,  which  must  be  washed  with  alcohol, 
and  decomposed  by  sulphydric  or  dilute  Bulphuric  acid.    In  the  latter  case,  the  exoeas 
of  sulphuric  acid  must  be  removed,  as  in  a.— -One  cwt^  of  madder  yields  1,000  grammes 
of  rubian. 

The  following  process  serves  at  the  same  time  for  the  preparation  of  alisarin, 
rubiacin,  rubiretin,  andverantin : — Coarsely  pulverised  madder-root  is  well  boiled  with 
water  (lib.  of  the  root  to  16  quarts  of  water) ;  the  liquid,  after  several  hours'  boiling, 
is  strained  through  calico  (the  residue,  exhausted  with  water,  still  contains  alizarin  and 
rubiacin) ;  and  the  liquid  is  precipitated  with  dilute  sulphuric  (or  hydrochloric)  add. 
A  dark-brown  precipitate  is  thus  obtained,  which,  when  separated  by  decantation  and 
filtration,  and  freed  from  excess  of  acid  by  washing  with  a  quantity  of  cold  water  just 
sufficient  for  the  purpose  (a  larger  quantity  dissolves  rubiacin),  contains  seven  substances, 
— viz.  rubian,  alizarin,  rubiacin,  rubiretin,  verantin,  pectic  acid,  and  a  dark-brown 
product  of  the  decomposition  of  extractive  matters.  (The  filtrate  retains  chlorogenin 
and  a  small  quantity  of  sugar).  The  precipitate,  while  still  moist,  is  boiled  with 
alcohol,  as  long  as  the  alcohol  acquires  a  yellow  colour,  and  the  liquid  is  filtered  hot. 
(In  the  residue  there  remains  pectic  acid  and  oxidised  extractive  matter).  The  dark- 
brown  decoction,  on  cooling,  frequently  deposits  verantin  as  a  dark-brown  resinous 
powder,  which  must  be  separated  by  filtration.  The  alcoholic  solution,  after  being 
again  heated  to  the  boiling-point,  is  mixed  and  digested  with  recently  precipitated 
hydrate  of  aluminium,  till  toe  solution  is  nearly  decolorised,  whereby  alizarin,  rubian, 
rubiacin,  and  part  of  the  rubiretin  and  verantin  are  precipitated,  while  another  portion 
of  the  two  last-mentioned  substances  remains  dissolved  in  alcohol. 

o.  Separation  of  Alizarin. —  The  alumina-precipitate,  after  being  washed  with 
alcohol,  is  added  to  a  concentrated  boiling  solution  of  potassic  carbonate ;  the  deep 
red  solution,  containing  all  the  other  substances,  is  filtered  from  the  undissolved 
compound  of  alizarin  and  alumina ;  this  substance  is  repeatedly  boiled  with  aqueous 
potassic  carbonate,  till  the  liquid,  which  runs  off  on  filtration,  exhibits  only  a  faint 

*  At  freih  bone-cliarcoal  prf!cipitate«  both  rabiiin  nnd  chlorogenin,  whereat  charcoat,  which  has 
once  been  n$ed  for  this  purpose  and  boiled  out  with  alcohol,  precipitatea  only  the  former,  or  at  leaat 

Sivet  up  only  the  former  to  boiling  alcohol,  it  i$  best  not  to  extract,  for  the  purpose  of  purification,  the 
rst  portion  of  rubian  taken  up  by  fk-esh  bone-charcoal,  but  to  use  this  charcoal  for  the  preparation  of 
purer  rubian. 
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pDpteeoioiiT ;  the  Msidoe  is  deoomposed  by  boiling  hydroeUoiic  acid;  and  the  alizarin 
thns  equated  ie  czyBtallised  from  alcohol. 

H  O/Rubutn, — The  deep  red  alkaline  liquid,  filtered  firom  the  compoiind  of  alizarin 
aod  alomina,  still  retains  in  solution,  rubian,  rabiadn,  rubiretin,  and  yerantin,  which 
may  all  be  precipitated  by  hydrochloric  acid,  then  collected  and  washed  with  cold 
water,  till  the  liqiud  which  rons  off  is  free  from  add.  As  soon  as  this  point  is  attained, 
the  rabian,  which  is  insoluble  in  acidulated  water,  begins  to  dissolve  in  the  pure  water, 
imparting  to  that  which  runs  off  a  yellow  colour  and  bitter  taste;  so  that  at  length  it 
is  completely  dissolred,  and  may  be  obtained  as  a  yellow  extract,  by  evaporating  the 
filtrate.  It  still,  however,  retains  pectic  acid,  which  remains  behind  on  dissolving  the 
extract  in  alcohol,  and  from  5  to  8  per  eentw  ash,  from  which  it  cannot  be  separate. 

y.  Of  JRubiadn,  BiUriretin,  and  Verantin. — ^The  residue  left  after  the  rubian  has 
been  washed  out,  is  mixed  with  that  which  remains  on  evaporating  the  alcoholic 
liquid  above  mentioned,  containing  verantin  and  mbiretin,  and  the  mixture  is  treated 
with  a  boiling  solution  of  ferric  chloride  or  nitrate.  Bubiretin  and  mbiacin  then  dis- 
solve (the  latter  partly  as  such,  partly  converted,  with  assumption  of  oxygen,  into 
ferric  mbiacate,  p.  119),  while  verantin  remains  behind  in  combination  with  ferric 
oxide.  The  deep  red-brown  solution  is  filtered  after  boiling  for  some  time;  the 
residue  is  kepi  for  the  preparation  of  verantin ;  the  mbiacin,  rubiacic  acid,  and  mbiretin 
are  thrown  down  from  the  filtrate  as  a  yellow  precipitate,  turning  brown  during 
washing ;  and  this  precipitate,  while  still  moist,  is  dissolved  in  boiling  alcohol,  which 
takes  up  the  mbiacin  and  mbiretin,  and  deposits  the  former,  on  cooling,  in  small 
lemon-jellow  crystals.  (The  rubiacic  add  which  remains  in  solution  is  purified  in  the 
manner  already  described,  p.  119, — ^the  crystallised  mbiadn  by  converting  it  into 
mbiadc  acid,  from  which  it  may  be  again  obtained  as  mbiacin).  By  further  evapora- 
tion of  the  alcohol,  a  mixture  of  mbiacin  and'  mbiretin  is  obtained  'as  a  dark-brown- 
red  residue,  which,  when  boiled  with  water,  deposits  dark -brown  drops  of  mbiretin; 
whilst  mbiacin  remains  suspended  as  a  light  powder,  and  may  be  removed  by  decanta- 
tion.  After  boiling  several  times  with  water,  as  long  as  any  yellow  powder  remains, 
uid  then  decanting,  mbiretin  ultimately  remains  in  the  form  of  a  dark  red-brown 


'Properties, — ^Bubian  is  a  hard,  dry,  brittle,  perfectly  amorphous  mass,  resembling 
dried  varnish  or  gum-arabic,  not  at  all  deliquescent,  transparent^  and  deep  yellow  in 
thin  layers,  dark-brown  in  thicker  masses.  It  is  very  soluble  in  water,  somewhat  less 
soluble  in  alcoholy  and  insolnble  in  ether,  which  precipitates  it  from  the  alcoholic  solu- 
tion in  brown  drops.    The  solutions  are  very  bitter. 

Bubian  dried  at  100^  (after  deduction  of  6*30 — 7*69  per  cent,  ash,  consisting  chiefiy 
of  ealde  carbonate),  contains,  according  to  Schunck,  64*85  per  cent  carbon,  6*57 
hydrogen,  and  39*58  oxygen,  whence  he  deduces  the  formuhi  C**H'*0'^  requiring 
55*08  C,  5*57  H,  and  39*35  O.  This  formula  serves  to  account  for  the  several  trans- 
formations of  rubian  observed  by  Schunck,  supposing  that  the  formulse  assigned  to  the 
several  products,  alizarin,  mbiretin,  rubiadin,  &c.,  are  correct  This,  however,  is  very 
doubtM,  espedally  with  regard  to  the  most  important  and  best-defined  of  these 
products,  viz.  alizarin,  to  which  Schunck  assigns  ^e  formula  C**H*®0\  representing 
Its  formation  from  rubian  by  the  equation : 

C»H**0»»    -     2C>«H'*0*  +   7H«0. 

Other  chemists,  however,  represent  alizarin  by  the  formula  C^'H^O',  which  agrees 
nearly  as  well  with  the  results  of  analysis,  and  gives  a  dearer  view  of  the  other 
chemical  relations  of  alizarin,  espedally  to  phthalic  acid  (i.  114).  Hence  Gerhardt 
{TtaiU,  iii.  492)  suggested  for  mbian  (dned  at  100<»)  the  formula  C>»H>«0«.iH«0, 
(requiring  55*87  C,  4*94  H,  and  39*25  O),  according  to  which  the  formation  of  alizarin 
u  represented  by  the  equation : 

C»*H"0*  +  HH)     =    C"H"0»  +  C«H»«0« 

Rubian.  Alizarin.  Glucose. 

It  is  not  very  easy  to  explain  the  formation  of  the  other  derivatives  of  rabian  by 
Gerhardt*s  formula,  especially  that  of  rabianic  acid ;  but,  as  already  observed,  the 
formulse  assigned  by  Schunck  to  these  compounds  are  very  doubtful,  many  of  them 
being  founded  on  analyses  eridently  made  upon  impure  preparations.  The  whole 
subject  therefore  requires  further  investigation. 

Becompoeitions. — 1.  Bubian  heated  in  a  test-tube  decomposes,  and  gives  off  water  at 
130^ ;  at  a  higher  temperature,  it  emits  orange-coloured  vapours,  chiefly  consisting  of 
alizarin,  and  leaves  much  charcoal. 

2.  Heated  on  platinum-foil,  it  melts,  sweUs  up,  bums  with  fiame,  and  leaves  a 
mixture  of  charcoal  and  ash. 

3.  Aqueous  rubian,  evaporated  by  heat  in  contact  with  the  air,  deposits  durk-brown 
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resinoiui  diopfl,  the  quantity  of  which  increases  on  pouring  water  upon  the  rendne,  and 
again  eraporating.  The  drops  of  resin  melt  in  boiling  water,  become  brittle  on  coolings 
yield,  ^en  heated  in  a  teet-tnbe,  a  copious,  yellow,  transjparent  sublimate,  resembling 
rubiacin,  and  behaving  in  a  similar  manner  to  ferric  cnloride;  they  are  pzobably« 
therefore,  a  mixture  of  rubiretin  and  rubiacin. 

4.  Chlorine  passed  into  aqueous  rubian  throws  down  yellow  flocks  of  chlororubian, 
while  glucose  remains  in  solution : 

C"H«0»»  +  3H«0  +  CP     -     C^H'^ClO^^a  +  CTH>H)». 

Rubian.  Hydrochlorata  of 

chlororubiiin. 

The  continued  action  of  the  chlorine  ultimately  produces  perchlororubian.  Chloride 
of  lime  converts  rubian  into  phthalate  of  calcium. 

5.  Aqueous  rubian  is  not  altered  by  cold  nitric  add,  but  at  the  boiling  heat  red 
fumes  ure  evolved;  and  the  rubian  is  completely  converted  into  phthahc  acid,  without 
formation  of  oxalic  acid  or  any  insoluble  residue. 

6.  Oil  of  vitriol  dissolves  rubian,  with  blood-red  colour,  and  blackens  it  on  boiling, 
with  evolution  of  sulphurous  acid. 

7.  When  aqueous  rubian  is  boiled  with  dilute  sulphuric  or  hydrochloric  acidy  the 
solution  first  becomes  opalescent,  and  then  deposits  orange-coloured  flocks,  containing 
alizarin,  rubiretin,  yerantin,  and  rubianin,  while  sugar  remains  in  solution.  [For  the 
equations  representing  the  formation  of  these  products,  see  Maddbb,  iii.  746.] 

8.  In  contact  with  aqueous  alkalis,  alkaline  earths,  or  the  acid  carbonates  of  the 
alkaline  earth-nietals,  and  air,  rubian  takes  up  oxygen,  and  is  converted  into  rubian ic 
acid,  rubidehydran,  and  rubihydran, — small  quantities  of  acetic  acid,  rubiadin,  and 
sugar  being  formed  at  the  same  time. 

a.  Formation  of  rubianic  acid : 

C«*H^*0'*  +  O*.    -    C«*H"0"  +  2C0*  +  2HH) 

Rubian.  Rubianic 

add. 

or 

C«H»«0'*  +  O      «     C«H>^»*  +   C«H*0«. 
Rubian.  Rubianic  Acetic 

acid.  add. 

fi.  Of  rubideh}'dran : 

7.  Of  rubihydran : 

C»H««0»*  +  3H«0     =     0»H*»0". 

9.  Rubian  boiled  with  excess  of  caustic  potash,  Cfr  soda,  dissolves  with  blood-red 
colour,  chan^ng  to  purple-red ;  and  by  oontmued  boiling  is  completely  resolved  into 
alizarin,  rubiretin,  verautin,  and  rubiaidin,  which  are  precipitable  by  acids,  and  sugar, 
which  remains  in  solution.  The  same  products  are  formed,  though  more  slowly,  by 
boiling  with  caustic  baryta.    [Madder,  iiu  746.] 

Ammonia  colours  aqueous  rubian  blood-red,  but  does  not  decompose  it,  even  at  t 
boiling  heat. 

Magnesia  colours  aqueous  rubian  blood-red ;  the  carbonates  of  calcium  and  barium 
do  not  act  upon  it ;  aluminic,  ferric,  and  cupric  hydrates  extract  all  the  rubian  from 
it 

The  alkaline  solutions  of  rubian  reduce  gold-salts,  but  not  silver  or  copper-salts. 

10.  Erythrozym^  added  to  an  aqueous  solution  of  rubian,  difiuses  itself  through  the 
liquid  without  dissolving,  rendering  it  turbid  and  gummy,  and  converting  it,  after 
standing  for  some  time  in  a  moderately  warm  place,  into  a  brown  jelly,  like  coagulated 
blood,  containing  yellow  stria  and  flocks  formed  of  long  capillary  crystals,  till  finally 
(more  eiythrozym  being  added  if  necessary)  the  liquid  becomes  tasteless  and  colourless, 
and  a  gelatinous  mass  sepn rates,  consisting  of  alizarin,  yerantin,  rubiretin,  rubiafin, 
rubiagin,  and  rubiadipin  (iii.  746 ;  v.  120).  The  solution  retains  sugar  and  pectic 
acid.  l)uring  the  fermentation,  the  liquid  remains  neutral,  neither  absorbing  nor 
giving  off  gases :  access  of  air  is  likewise  unnecessary. 

Derivatives  of  Rubian, 

Chlororubian,  C«H«^aO'«.  (Schunck,  Phil.  Mac.  [4]xii.  200,  270.)— A  com- 
pound formed,  together  vrith  glucose,  by  the  action  of  chlorine  on  aqueous  rubian.  To 
prepare  it,  an  aqueous  extract  of  madder  is  precipitated  with  neutral  acetate  of  lead,  the 
filtrate  precipitated  with  ammonia,  the  resulting  red  precipitate  decomposed  by 
sulphuric  acid,  and  chlorine  gas  passed  into  the  filtrate.  The  dirty  yellow  flocks  of 
an  easily  fusible  resin,  which  are  precipitated  by  the  first  action  of  the  chlorine,  are 
separated  by  filtration ;  and  the  pure  yellow  flocks  of  chlororubian,  precipitated  on 
continuing  the  passage  of  the  chlorine,  are  collected  and  crystaUised  from  hot  alcohol 
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When  ei^sfBlIued  from  dihito  alcobolie  solution,  it  forms  light  orange-yellow 
needlesi  hsnng  a  bitter  taste ;  precipitated  from  oonecntrated  alcoholic  or  hob  aqueous 
eolation,  it  forma  granular  amorphous  spherules.  It  is  neutral ;  dissolves  with  yellow 
colour  in  boiling  water,  also  in  alcohol ;  does  not  dye  mordanted  tissues.  It  gives  by 
analysis  51-18  per  cent.  C,  493  H,  and 6*38 CI,  the  formuU  requiring  60 92 C,  682 H. 
5-20  a,  and  37*61  O. 

Chlorine-toaier  gradually  converts  chlororubian  into  perchlororubian.  By  boiling 
SJlutb  suiphurie  or  kydroehlorie  acid,  it  is  resolved  into  chlororubiadin  (p.  120) 
and  glucose: 

C*»H»C10»    -     C'«H"aO«  +  C^>K)«  +  2H»0. 

With  caustic  soda  it  forms  a  blood-red  solution,  which  after  being  heated  for  some  time 
deposits  dark  red-brown  flocks  of  ozyrubian,  while  sugar  and  its  products  of 
decomposition,  together  with  verantin,  rubiretin,  and  rubiadin,  remain  in  solution. 

Oxjfru  hi  an,  after  boiling  with  hydrochloric  acid,  washing  with  boiling  alcohol,  and 
diying,  is  a  yellowish-brown  powder,  which  if  free  from  chlorine,  yields,  when  heated 
in  a  test-tube,  a  yellow  crystalline  sublimate,  easily  soluble  in  alkalis.  It  is  not 
altered  by  sulphide  of  ammonium,  but  alkalis  turn  it  red-.brown.  It  contains, 
according  to  Sdiunck,  707  C,  3*9  H,  and,  26*4  0,  which  may  be  represented  by  the 
formula  CK^^O*;  its  formation  may  take  place  according  to  the  equation : 

C«fl«C10«  +  NaHO     -i     C«H"0«  +  NaCl  +   7H*0. 

Perehlororubian,  C"H«*C1»"0»*.  (Schunck,  fo&ci<.>-This  compound,  recrystal- 
lised  frt>in  boiling  alcohol,  forms  colourless  transparent  four-sided  plates,  having  a 
splendid  iridescence.  It  is  neutral,  sublimes  in  micaceous  scales  when  cautiously 
heated,  is  insoluble  in  water,  soluble  in  alcohol  and  ether ;  gives  by  analysis  37*05  C, 
1-51  H,  44-40  CI,  the formuhi  requiring  3709  C,  126  H,  4447  CI,  and  16-88  O. 


CC  ACX9.  C«»H»»0"?  (Schunck,  Phil.  Mag.  [4]  xii.  200,  270.)— 
An  acid,  produced,  together  with  rubihydian  and  rubidehydran,  by  the  oxidation  of 
rubian  in  contact  with  alkalis  (iii  746). 

Preparation:  1.  From  Rvbian. — Carbonic  acid  gas  is  passed  into  a  solution  of 
Tubian  mixed  with  excess  of  baiyta^water,  till  the  baryta  is  converted  into  acid  car- 
bonate, and  the  filtrate  is  left  to  stand  in  contact  with  the  air.  The  liquid,  after  some 
time,  becomes  covered  with  thin  scarlet  films,  presenting  a  crystalline  appearance 
under  the  microscope  (compounds  of  baryta  with  rubianic  acid  and  rubidehydran),  more 
of  which  are  obtained  after  longer  standing,  and  again  on  evaporating  the  liquid, 
finally  in  the  form  of  red  flocks,  whilst  rubihydran  remains  dissolved  in  the  brownish- 
yellow  liquid  (sometimes  also  sugar  resulting  from  a  secondary  decomposition).  The 
collected  films  and  flocks  are  decomposed  with  dilute  sulphuric  acid ;  the  excess  of 
that  acid  is  precipitated  by  carbonate  of  lead ;  the  precipitate  is  repeatedly  boiled  with 
water,  till  it  exhibits  only  a  &int  reddish  tint  (in  which  state  it  contains  no  impurity 
except  a  small  quantity  of  rubiadin,  produced  by  secondary  decomposition),  and  the 
solution  is  filtered  and  evaporated ;  a  yellow-brown  mass  then  remains,  mixed  with 
yellow  needles,  from  which  cold  water  extracts  rubidehydran,  leaving  rubianic  acid  in 
the  form  of  a  yellow  powder.  This  product  is  washed  with  cold  water,  and  recrys- 
tallised  from  boiling  water,  if  necessary  with  aid  of  animal  charcoal. 

2.  From  Madder,  wUhout  previous  preparation  of  Eubian. — Extract  of  madder  pre- 
pared with  hot  water  is  precipitated  with  neutral  acetate  of  lead,  then  the  filtrate  with 
basic  acetate ;  and  the  latter  precipitate,  containing  rubian  and  chlorogenin,  is  decom- 
posed by  cold  dilute  sulphuric  acid,  digested  with  carbonate  of  lead,  and  filtered.  The 
filtrate,  treated  with  baryta-water,  then  with  carbonic  acid,  as  in  the  first  method, 
deposits,  after  standing  for  some  time  in  contact  with  the  air,  rubianate  of  barium  and 
the  barium-compound  of  rubidehydran,  to  be  treated  as  in  1,  while  rubidehydran  and 
chlorogenin  remain  in  solution. 

Properties. — ^Rubianic  acid  forms  lemon-yellow  silky  needles ;  in  the  impure  state, 
granules  and  a  crystalline  mass.     Tastes  somewhat  bitter.     Heddens  litmus. 

It  gives  by  analysis  55*5  to  56  6  per  cent.  C,  and  5'4  to  5*6  H,  whence  Schunck 
deduces  the  formula  C«H»K)"  (calc.  560  C,  52  H,  388  0).  The  fomiuk  C^H^O'* 
reouires  551  C,  53  H,  and  396  0. 

Rubianic  acid  dissolves  more  easily  in  boiling  than  in  cold  water ;  also  in  alcohol,  but 
not  in  ether;  does  not  dye  mordanted  fabrics.  It  dissolves  without  decomposition 
in  hot  aqueous  phosphoric,  acetic,  oxalic,  and  tartaric  acids.  Its  salts  are  red ;  those 
of  the  <dJkali^m/UaU  are  easily  soluble ;  the  rest  are  formed  by  precipitation. 

Rubianic  acid  when  stronglv  heated  yields  a  stiblimate  of  a'izarin,  and  a  residue  of 
duurooal;  by  boiling  with  dilute  sulphuric  acid  it  is  resolved  into  alizarin  and 
glnooie: 

C»H*0»*  +  2HH)     =     C'<ff*0*  +  2C«H»«0«- 
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A  body  obtained,  together  with  alizann,  rabiretin,  sad  Temntin, 
by  boiling  aqueous  rubian  (or  the  extract  of  madder  preparpd  with  boiling  water)  with 
dilute  sulphuric  acid.  The  orange-yellow  flocks  thereby  deposited,  which  contain  the 
four  substances,  are  dissolved  in  boiling  alcohol,  the  reddish-yellow  solution  is  filtered 
boiling,  and  the  residue  is  boiled  with  fresh  alcohol  as  long  as  the  latter  acquiren  s 
dark-yellow  colour.  The  yellow  or  brownifth-yellow  crystalline  mass  left  in  the  residue 
is  chiefly  rubianin,  which,  however,  may  also  be  dissolved  by  frequent  treatment  with 
boiling  alcohol,  whence  it  crystallises  on  cooling,  as  well  as  from  the  first  extracts. 
The  solutions  are  left  to  cool,  and  the  crystals  of  rubianin  containing  verantin  are 
separated  from  the  mother-liquid  (which,  however,  still  contains  a  little  rnbianin),  and 
dissolved  in  boiling  alcohol ;  the  verantin  is  precipitated  by  acetate  of  lead,  and  the 
filtrate  is  left  to  cool,  whereupon  it  deposits  crystals  of  rubianin.  (See  further  (rmelin*s 
Handbook^  jlW.  IZS,  IZ4.) 

Rubianin  crystallises  in  lemon -yellow  needles  having  a  silky  lustre,  and  lighter  in 
colour  than  rubiacin.  It  contains  (at  100°)  67*6  per  cent.  C  and  6*42  H,  whence 
Schunck  deduces  the  formula  C"H»0**  (requiring  68  0  C,  6*7  H,  and  36-3  O. 
Gerhardt(7Vrti/^,  iii.  493)  suggested  the  formula  C"H'«0*  «  C"H«0«  (alizarin) 
+  2H«0  (calc  671  C,  4-8  H). 

Rubianin  is  more  soluble  in  boiling  water  than  rubiacin,  less  soluble  in  alcohol  than 
Ribiretin  or  verantin.  Chlorine  converts  it  into  perchlorornbian  (?).  It  dissolves  with 
yellow  colour  in  cold  oil  of  vitriol,  and  without  decomposition  in  hot,  strong,  nitric 
add.  It  is  insoluble  in  the  cold  in  ammonia,  carbonate  of  potassium,  and  carbonate 
of  sodium,  but  dissolves  at  the  boiling  heat,  forming  a  blood-red  solution,  whence  it 
crystalliFes  after  standing  for  some  time. — The  ammoniacal  solution  forms  red  preci- 
pitates with  chloride  of  barium  and  chloride  of  calcium.  The  alcoholic  solution  does 
not  precipitate  neutral  acetate  of  lead.  Rubianin  dissolves  with  dark>brown  colour  in 
a  strong  solution  of  ferric  chloride,  without  forming  rubiacic  acid. 

SVBXCBIiOSZC  JLCTD*  (Rochleder,  Ann.  Ch.  Pharm.  Ixxx.  327;  R. 
Schwarz,  ibid.  Ixxx.  333  ;  Willigk,  ibid.  Ixxxii.  339.)-— This  acid,  perhaps  identical 
with  Schunck's  chlorogenin  (i.  921),  is  contained,  according  to  Rochleder,  m  the  root, 
according  to  Willigk,  in  the  leaves,  of  Rnbia  tinctorum ;  also,  according  to  Schwarz, 
in  the  herb  of  Asperula  odarata,  Galium  verum,  and  G.  aparine.  It  is  found  in  traces 
in  the  precipitate  formed  by  neutral  acetate  of  lead  in  the  aqueous  extract^!  of  the 
planta  just  mentioned;  in  somewhat  larger  quantity  in  the  precipitate  produced  in  the 
filtrate  by  basic  acetate  of  lead ;  and  chiefly  in  the  precipitate  thrown  down  by  ammonia 
in  the  liquid  filtered  from  the  preceding  precipitates,  and  still  containing  lead.  It  is 
separated  therefrom  by  sulphydric  acid.  (For  the  details  of  the  preparation,  see 
G^mdirCs  Handbook^  xvi.  67.) 

Rubichloric  acid  is  a  colourless  or  slightly  yellow  mass,  having  no  odour,  but  a  faint 
nauseous  taste;  easily  soluble  in  water  and  alcohol,  insoluble  in  ether,  coloured 
yellow  by  alkalis,  not  precipitated  by  baryta-water.  Its  Uad-sa/tf  obtained  by  preci- 
pitating the  ammoniacal  solution  with  neutnil  acetate  of  lead,  is  a  yellow  transparent 
mass.  The  results  obtained  by  its  analysis  are  so  discordant  thdt  it  is  useless  to  quote 
them.    The  acid  itself  has  not  been  analysed. 

Rubichloric  acid  heated  with  hydrochloric  acid  turns  blue,  then  green,  and  deposits 
dark-green  fiocks  of  chlororubin,  with  simultaneous  production  of  formic  acid; 
perhaps  thus : — 

C««H'«0»     ^     C'»H'0'  +  2CH*0«  +   2nK>. 

Rubichloric  Chlororubin.        Formic  acid, 

acid. 

CblorombtiLi — This  body  is  likewise  produced  by  boiling  chlorogenin  with  acids 
(Schunck).  According  to  Jesse n  (Wien.  Akad.  Ber.  xiv.  294),  it  is  contained  in 
Chinese  yellow  pods,  the  fniit  of  Gardenia  grandijlora^  and  may  be  prepared  therefrom 
by  distilling  the  alcoholic  decoction  in  a  stream  of  carbonic  anhydride,  to  remove  the 
alcohol,  passing  the  liquid  through  a  wet  filter  to  free  it  from  oil,  and  treating  the 
filtrate  with  neutral  acetate  of  lead,  which  throws  down  colouring  matters  and  tannic 
acid.  On  gently  warming  the  filtrate  with  hydrochloric  acid  and  heating  it  to  the 
boiling-point,  after  removing  the  brown  flocks  which  separate  at  first,  chlororubin  is 
deposited  in  dark-green  flocks,  which  may  be  washed  with  water  and  dried  in  a 
vacuum.  It  then  forms  a  blue-green,  grass-green,  or  black -groen  powder,  containing 
variable  quantities  of  water.  It  is  insoluble  in  water  and  in  alcohol,  but  dissolves 
in  alkalis,  forming  a  blood-rod  solution,  which  is  turned  green  by  acids.  It  gives  by 
analysis:  (a)  638  per  cent.  C,  6*0  H  (Debus);  (b)  686  C,  44  H  (Rochleder); 
(e)  61-17  C,  6-1  H    (Schwarz). 

According  to  Rochleder,  anhydrous  chlororubin  contains  C^'H'O',  and  it  is  asso- 
ciated in  a  with  {  at.,  in  b  with  \  at.,  and  in  c  with  2at*water.  According  to  Y.  Orth 
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(Wien.  Akad.  Ber.  xlii.  610),  it  oontaiDS, after  dfidnction  of  59  per  eent  uh,  74*8  C 
and  6*46  H,  whence  he  deduces  the  formula  C^"H^O*. 


C?*H«0".  (Schunck,  Phil.  Mag.  [4]  xii.  200.)— Ob- 
taioed  in  aqueous  solution  in  the  preparation  of  rubianic  acid,  and  partly  purified  by 
evaporation,  solution  in  cold  water,  and  precipitation  with  alcohol.  It  forms  a  reddish- 
yeOow,  transparent,  non-deliquescent,  bitter  gum,  yielding  with  water  a  yelJowish  solu- 
tion, fi^m  wluch  it  is  not  precipitated  by  any  metidlic  salt,  except  basic  acetate  of  lead. 
It  gave  by  analysis  56*50  C  and  5*65  H ;  the  above  formula,  which  is  that  of  mbian 
1  at.  water,  requires  56*75  C,  5*40  H,  and  38*87  O. 


C"H>'N.  (G.  Thenius,  R^p.  Chim.  app.  iv.  181 ;  Jahresb.  1S6], 
p.  500.) — ^An  organic  base  belonging  to  the  pyridine  series,  C"H^*^N,  and  contained, 
together  with  sereral  other  members  of  that  series,  in  coal-tar.  The  method  adopted 
by  Thonins  for  obtaining  these  bases  irom  coal-tar  oil,  and  separating  them  one  from 
the  other,  is  similar  to  that  given  by  G-reville  Williams  under  Pict>i.iNB  (iv.  636); 
eonsistmg  in  combining  the  bases  with  sulphuric  acid,  liberating  them  by  caustic  soda, 
dehydrating  them  with  caustic  potash,  and  separating  them  by  fractional  distillation,  or 
by  Pactional  precipitation  as  platinum-salts. 

Rabidine,  so  called  from  tbs  tendency  of  most  of  its  salta  to  assume  a  reddish  tint 
on  expoBore  to  the  air,  is  a  colourless  liquid,  baring  a  faint  odour  and  oily  consistence. 
It  is  heafier  than  water  (specific  gra-rity  ^  1*017),  slightly  soluble  therein,  soluble  in 
all  proportions  in  alcohol,  ether,  and  Tolatile  oils.  At  1 7°  it  thickens,  but  does  not 
solidify.  Boils  at  230^. — With  ehhride  of  lime  it  produces  a  red  colour,  which  does 
not  entirely  disappear  on  addition  of  acids.  Fir-wood  moistened  with  hydrochloric 
acid  is  aL»o  ooloiued  red  by  it.  The  base  precipitates  alumina,  chromic  oxide, 
and  ferric  oxide  from  solutions  of  their  salts,  but  not  lime,  baryta,  or  magnesia. 

Hie  solutions  of  mbidine  in  acids  leave,  when  evaporated  over  the  water-bath, 
gummy  masses,  which  solidify  in  the  crystalline  form  on  standing  over  chloride  of 
calcium.  The  kydrochloraU  forms,  with  mercuric  chloridSy  a  double-salt  which  melts 
at  32^,  and  crystallises  from  hot  water  in  needles,  turning  somewhat  reddish  in 
contact  with  the  air.  The  plaUnum-ealt,  2C*'H'*NCl.Pt'*Cl',  is  a  reddish  crystalline 
powder,  insoluble  in  water,  alcohol,  and  ether.  With  chloride  of  gold,  thf  solution  of 
the  base  in  hydrochloric  add  forms  a  yellowish-red,  sparingly  soluble  double 
salt 


Symbol,  Bb. ;  Atomic  Weight,  8o*4. — ^A  metal,  belonging  to  the  group 
of  elements  which  likewise  includes  lithium,  sodium,  potassium,  and  caesium.  It  wns 
diatsorered  by  Kirchhoff  and  Bunsen  in  1860,  by  the  method  of  spectral  analysis. 
Its  spec^umii chiefly  distinguished  by  two  brisht  red  lines,  situated  beyond  the  line  A : 
hence  the  name  of  ue  metal  (jwfitSoSy  dark-red). 

Rnbidium  was  first  .detected,  together  with  csesium,  in  the  mineral  water  of  Biirck- 
hdm,  in  which  it  exists  to  the  amount  of  2  pts.  in  ten  million.  It  has  since  been 
found  in  larger  quantity,  together  with  caesium  and  lithium,  in  several  other  saline 
waters  (see  Cjbsiuk,  i.  1113),  and  most  abundantly  in  that  of  Bourbonne-les-Bains,  a 
litre  of  which  contains  0*034  grm.  chloride  of  potassium,  0*032  grm.  chloride  of  caesium, 
and  0*019  grm.  chloride  of  rubidium  (Gran dean,  Ann.  Ch.Phys.  [3]  Ixvii.  155) ;  and 
in  that  of  Nauheim,  the  mother-liauor  of  which  yields  a  residue  containing  in  a  pound, 
2  drachms  9  grains  of  the  chlorides  of  rubidium  and  ceesium.  (Bottger,  Ann.  Ch. 
Pharm.  cxxvii.  368 ;  cxxyiii.  240.) 

Bubidinm  is  also  found  in  several  lepidolites ;  that  of  Bozena,  in  Moravia,  contains 
0*24  per  cent,  rubidium,  with  only  a  trace  of  caesium ;  that  of  Hebron,  in  the  State  of 
Maine,  0*24  per  cent,  rubidium  and  0*3  per  cent  csesium.  The  two  metals  likewise 
occur,  though  in  smaller  quantity,  in  the  lepidolite  of  Prague,  the  petalite  of  Uto  in 
Pinlfuid,  the  lithia-mica  of  Zinnwald  in  Bohemia,  triphylline,  *and  other  lithia 
minerals.  The  melaphyre  of  Norheim,  in  which  the  mineral  waters  of  Dim'khcim  and 
Krenznach  take  their  rise,  contains,  according  to  Laspeyres  (Bull.  Soc.  Chim.  1866, 
L  356)  0*00038  per  cent  oxide  of  caesium,  and  0*000298  per  cent,  oxide  of  rubidium. 

Lastly,  rubidium  has  been  found  in  the  ashes  of  many  plants,  and  in  the  salin  or 
crude  potash  obtained  £rom  the  residue  of  the  beetroot  sugar  manufacture  (iv.  713). 
According  to  Grandeau,  the  salin  of  the  North  of  France  contains  1*8  grm.  rubidium- 
chloride  in  a  kilogramme.  The  quantity  of  this  salt  annually  abstracted  from  the 
soil  amounts  to  about  260  grms.  per  hectare,  although  the  proportion  of  rubidium 
existing  in  the  soil  is  too  small  to  be  detected,  even  by  spectral  analysis.  Bubidium 
has  also  been  tormd  in  tobacco-leaves,  in  coffee,  tea,  cocoa,  and  crude  tartar.  In 
minerals  and  mineral-waters,  rubidium  and  caesium  are  always  associated  with  lithium, 
and  generally  also  with  potassium  and  sodium ;  but  plants  have  the  power  of  assimi- 
lating two  or  three  of  these  metals,  to  the  exclusion  of  the  rest :  thus  tea,  coffee^  and 
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the  Balin  of  beetroot  contain  potaannm,  sodinm,  and  mbidiam,  bat  not  a  trace  of 
lithium. 

Preparation, — ^The  best  sonroe  of  rabidiom,  acooiding  to  Bonsen,  is  the  saline 
residue  obtained  in  the  preparation  of  lithia  ftom  Saxon  lepidolites,  and  consisting  of 
the  chlorides  of  sodium,  potassium,  and  rubidium,  with  small  quantities  of  chloride  of 
cesium,  and  traces  of  chloride  of  strontium.  The  rubidium  is  precipitated,  together 
with  potassium  and  ceesium,  by  platinic  chloride,  and  separated  from. potassium  by  the 
inferior  solubility  of  its  chloroplatinate  (i.  1114).  One  kuogramme  of  ttie  saline  mixture 
is  dissolved  in  2*5  kilogrms.  of  water,  and  the  cold  liquid  is  precipitated  by  a  solution 
of  about  30  grms.  platinum  in  nitiomuriatic  acid.  After  the  precipitate  has  com- 
pletely settled  down,  the  supernatant  liquid  is  decanted,  and  the  precipitate  is  boiled 
25  times  in  succession  with  small  quantities  of  water  (about  1*5  kilogrm.  in  all),  each 
portion  being  then  poured  into  the  original  liquid  decanted  from  the  precipitate.  A 
fireah  precipitation  of  platinum-salt  is  thereby  produced,  and  the  liquid  decanted  there- 
from is  to  be  evaporated  down  to  nearly  its  original  bulk  (2*5  kilogrammes).  If  now 
the  precipitated  chloroplatinate  be  decomposed  by  hvdrogen,  and  the  reduced  platinum 
washed,  redissolved  in  nitromun'atic  acid,  and  adaed  to  the  liquid,  a  new  precipitate 
will  be  formed,  related  to  the  solution  in  the  same  manner  as  at  the  beginning  of  the 
process.    The  precipitate  and  liquid  may  therefore  be  again  treated  as  l^fore. 

By  repeating  this  operatioiT  seven  or  eight  times,  the  ^;reater  part  of  the  rubidium- 
chloride  contained  in  a  kilogramme  of  the  same  matmal  will  be  extracted.  Each  of  the 
precipitates  thus  obtained  is  dried  over  the  water-bath,  the  whole  reduced  by  hydro- 
gen, and  the  alkaline  chlorides  dissolved  out  by  water.  The  product  thus  obtained 
consists  of  125  grms.  chloride  of  rubidium,  mixed  with  3  or  4  per  cent,  chloride  of 
potassium,  and  a  very  small  quantity  of  chloride  of  oesium.  To  remove  these  im- 
pnrities,  the  boiling  solutions  of  86  grms.  of  the  mixed  chlorides,  and  of  the  platinic 
chloride  produced  by  dissolving  30  grms.  platinum  in  nitromuriatic  acid,  are  mixed 
together,  and  the  yellow  sandy  precipitate,  which  separates  on  cooling  to  40°,  is  washed 
by  decantation  with  water  at  40® — 60°.  The  washed  precipitate  is  reduced  by  hydro- 
gen at  as  low  and  regular  a  temperature  as  possible,  and  the  same  treatment  is  repeated 
till  the  precipitate,  when  examined  by  the  spectroscope,  no  longer  exhibits  the  red  ray 
peculiar  to  potassium  (Bun sen,  Ann.  Ch.  Pharm.  cxxii.  351).  The  chloride  of  rubi- 
dium thus  purified  no  longer  contains  any  foreign  metal  except  caesium,  from  which  it 
may  be  separated  by  the  processes  already  described  (i.  1 113,  1114). 

The  same  process  may  of  course  be  applied  to  other  mother-liquors  and  residues 
containing  csesium  and  rubidium.  Bottger  (loc.  cii.)  recommends  the  saline  residue 
obtained  by  evaporating  the  mother-liquor  of  the  Naoheim  water  as  the  cheapest  and 
most  productive  source  of  these  metals. 

A  modification  of  the  preceding  process  is  given  by  Heintz.  (J.  pr.  Chem.  Ixxxvii. 
310;  Jahresb.  1862,  p.  121 ;  further,  Ann.  Ch.  Pharm.  cxxxiv.  129  ;  Bull.  Soc.  Chim. 
1865,  ii.  354.) 

The  following  process,  applicable  on  the  large  scale,  for  extracting 'the  alkali-metals 
from  lepidolite  is  given  by  Schrotter  fWien.  Akad.Ber.i.  [2]  268;  Bull.  Soc.  Chim. 
1865,  ii.  106;  Jahresb.  1864,  p.  186): — ^The  mineral  is  first  heated  to  redness,  without 
the  Addition  of  any  flux.  It  then  melts  with  con8i4erable  tumefaction,  and  when  sub- 
sequently thrown  into  cold  water,  solidifies  to  a  vitreous  transparent  mass,  which  must 
be  pulverised  and  washed.  (The  vrash-waters  contain  small  quantities  of  the  alkali- 
metals,  and  may  be  used  for  the  treatment  of  another  portion  of  the  mineral).  The 
washed  mass  is  boiled  with  hydrochloric  acid  (2  pts.  of  acid  of  specific  gravity  1*10  to 
1  pt.  of  lepidolite)  for  several  hours,  whereby  the  greater  part  of  the  silica  is  separated ; 
and  the  solution,  after  addition  of  ferric  nitrate,  is  mixed  with  carbonate  of  sodium,  which 
precipitates  iron,  aluminium,  calcium,  magnesium,  and  manganese,  the  liquid  being 
sufficientJy  diluted  to  prevent  the  simultaneous  precipitation  of  carbonate  of  lithium. 
The  filtered  liquid  deposits  on  evaporation  a  small  additional  quantity  of  magnesium- 
carbonate,  and  then  retains  nothing  but  the  alkaline  chlorides  and  a  small  quantity 
of  silica.  It  is  saturated  with  hydrochloric  acid,  and  mixed  with  an  aqueous  solution 
of  potassic  diloroplatinate  in  sufficient  quantity  (determined  by  previous  trial)  to 
precipitate  the  whole  of  the  rubidium,  csesium,  and  thallium.  The  filtered  liquid, 
containing  the  excess  of  platinum  and  lithium,  is  precipitated  by  sulphydric  acid  to 
separate  the  platinum ;  then  concentrated,  and  treated  with  carbonate  of  sodium,  which 
throws  down  the  lithium  as  carbonate. 

The  platinum-precipitate  containing  rubidium,  csesium,  and  thallium,  is  reduced  by 
hydrogen  at  as  low  a  temperature  as  possible ;  the  igniteii  mass  is  washed  with  water, 
to  remove  the  chlorides  of  csesium  and  rubidium ;  then  treated  with  sulphuric  acid,  and 
again  washed  with  water,  to  dissolve  out  the  thallium-salt.  Lastly,  the  csesium 
And  rubidium  are  separated  by  the  processes  already  mentioned. 
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Tbifl  pcoMss,  aooording  to  Sehrotter,  may  be  appliad  to  all  minerals  oontamiag 
littninB :  1000  pis.  of  lepidolite  thus  treated  yield  78  pts.  carbonate  of  lithium,  6'5  pta. 
diloridas  of  essinm  and  rabidiam,  and  0*6  pt.  thaUinm — supposing  the  preparation 
to  be  ooDtinnously  carried  on.  (For  remarks  on  Schrotter^s  process,  see  ▼•  Hauer, 
BiiU.  Soo.  ChiiD.  1866,  iL  862.) 

Aeeordi^g  to  Redtenbaeher  (Bull.  SocChim.  1866,  ii.  201),  potassium,  cnsium, 
and  rubidivminay  be  separated  by  the  different  solubilities  of  their  alums  at  17°,  100 
pts.  of  water  at  that  temperature  dissolving  13*6  pts.  of  potassium-alum,  but  only  2*27 
pta.  of  rubidium-alum,  and  0*619  pt.  of  csBsium-alum. 

MetaUic  Subidktm  was  first  obtained  by  electrolysis  of  the  fdsed  chloride,  the 
positrre  pole  being  formed  of  graphite,  the  negative  pole  of  an  iron  wire;  but  the 
Bctal,  as  fisst  as  it  was  isolated,  rose  to  the  snrfiice  of  the  fVised  mass,  and  burnt  with 
&  reddish  flame.  By  using,  instead  of  pure  rubidium-chloride,  a  mirture  of  the  chlo- 
rides of  rubidium  and  <^1^wwi  in  equivalent  qantities,  and  heating  it  to  a  temperature 
a  little  below  redness,  a  fused  mass  is  obtained  at  the  negative  pole,  whieh,  when 
thrown  into  water,  causes  a  brisk  evolution  of  hydrogen — the  gas  carrying  with  it  small 
dobulea  of  metal,  which  bum  on  the  sur&ce  of  the  water.  This  method,  however, 
does  not  yield  the  metal  in  sufficient  quanti^  to  allow  of  an  examination  of  its  pro- 
pertiee.  On  the  other  hand,  an  amalgam  of  rubidium  is  easily  formed  by  electrolysing 
a  strong  neutral  aqueous  solution  of  rubidium-chloride,  using  mercury  as  the  negative 
and  a  platinum-wire  as  the  positive  pole  of  the  batteiy.  The  mercury  then  takes  up 
the  rubidium^  becoming  heated  at  the  same  time,  and  the  resulting  amalgam  forms  on 
cooling  a  brittle,  crfstfJline,  silver-white  mass.  It  decomposes  water  at  common  temi- 
peratnres,  and  oridiaes  in  the  air,  becoming  covered  with  a  crust  of  rubidic 
hydrate. 

Bubidinm  is  obtained  in  lazger  quantity  by  heating  a  mixture  of  89*65  pts.  acid 
tartrate  of  rubidium,  8*46  neutrS  tartrate  of  calcium,  and  1*99  soot  from  oil  of  turpen- 
thie,.  in  a  furnace  similar  to  that  used  for  the  reduction  of  potassium  (iv.  693),  and 
coUeeting  the  volatilised  metal  in  a  receiver  containing  minenil  naphtha :  76  gnus,  of 
the  acid  tartrate  thus  treated  yield  6  grms.  of  rubidium. 

Properties. — ^Rubidium  is  a  white  metal,  with  a  .tinge  of  yellow,  and  a  silvery  lustre. 
Spedile  eravity  *  1-62.  It  is  as  soft  as  waa^  even  at  — 10^,  melts  at  38*6°,  and  is 
eaoiveite<^  even  below  a  red  heat,  into  a  greenish-blue  vapour.  When  exposed  to  the 
air,  it  instantly  becomes  covered  with  a  blue-grey  film  of  suboxide,  and  takes  fire  in  a 
few  minutes  even  more  easily  than  potassium.  It  is  decidedlv  more  electropositive 
than  potassium,  whoi  formed  into  a  circuit  with  the  latter  in  acidulated  water.  When 
thiown  on  water  it  takes  fire,  with  violent  evolution  of  hydrogen,  and  burns  with 
a  flame  exactly  like  that  of  potassium.  It  bums  with  vivid  incandescence  in  the 
▼apoor  of  chlorine^  bromine,  iodine,  sulphur,  and  arsenic,  and  acts  as  a  reducing  agent 
in  the  same  manner  as  potassium.  (Bun sen,  Ann.  Ch.  Pharm.  cxxv.  367 ;  Jahresb. 
1863»  p.  186.) 

BVBlJIlUMy  BXOSRBa  OF.  HbBr. — ^Prepared  by  dissolving  the  carbonate 
in  hydrobromic  acid  ;  czystallises  in  permanent  shining  cubes  with  subordinate  octa- 
hednl  £ices  and  cubic  cleavage ;  soluble  in  104-8  pts.  water  at  16°,  and  in  6-98  pts. 
at  100^.    (Beissig,  Ann.  Ch.  Pharm.  cxxvii.  33  ;  Jahresb.  1863,  p.  186.) 

milBZDXinMr,  OB&O&IBB  or.  BbCL— The  hot  solution  of  the  hydrate  or 
carbonate  in  hydrochloric  acid  yields,  by  cooling  or  rapid  evaporation,  confused  crystals ; 
by  slow  evaporation,  cubic  crystals  having  a  vitreous  lustre  and  easily  cleavable.  They 
are  anhydrous,  permanent  in  the  air,  decrepitate  when  heated.  The  chloride  melts  at 
an  incipient  red  heat,  and  volatilises  perfectly  in  the  blowpipe  flame  on  platinum-wire. 
100  pta.  of  water  dissolve  76*38  pts.  rubidium-chloride  at  1°,  and  82*89  pts.  at  7°. 
(Bunsen,  Jahresb.  1861,  p.  176.) 

CUoroplaitnate  of  RuHditm,  2RbCLR■*Cl^  is  obtained  by  precipitation  as  a  light- 
yeUow,  sandy,  anhydrous  powder,  consisting  of  microscopic  regular  octahedrons,  in- 
soluble in  alcohol,  and  much  less  soluble  in  water  than  cnloroplatinate  of  potassium. 
(See  Table  of  Solubilities  given  under  Cssiux,  i.  1114.) 


S.1IXUI1UA1*  iTTAMTDM  OV.  Small  cubic  ciystals,  which  decompose  very 
easily  (Reissig). — ^llie  ferroeyanide,  Rb*Fe''Cy*.2fl*0,  is  obtained  by  boiUng  ferro- 
cyanide  of  iron  free  from  potash  (prepared  by  precipitating  ferrous  acetate  with  prussie 
acid,  and  exposing  the  washed  precipitate  to  the  air),  with  hydrate  of  rubidium, 
filtering,  neutii^smg  with  acetic  add,  and  precipitating  with  alcohol.  The  light- 
yellow  enrstala,  deposited  from  a  hot  solution  on  coobng,  appear  to  be  tridinic.  (P  i  o  c  a  r  d, 
B^.  Chun,  pure,  v.  264:  Jahresb.  1862,  p.  126.) 


iivx,  Bvmcnoir  aitd  asTiMATxoar  or.   The  compounds 
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of  rabidium  to  closely  resemble  the  eorrespozidiiig  compounds  o^  potasBimn  and  cnsinm, 
that  they  cannot  be  distinguished  therefrom  by  ordinary  analytical  methods ;  bnt  by 
spectral  analysis,  very  minnte  quantities  may  be  detected.  The  spectmm  of  mlridiiiiii 
is  continuous  in  the  middle  part,  like  that  of  potassium,  but  somewhat  less  bright ;  it 
is  especially  characterised  by  two  strong  red  lines,  Rba  and  Rb/i,  situated  beyond 
Fraunhoferis  line  A,  and  the  two  others,  y  and  B,  less  distinct,  and  likewise  situated 
beyond  A.  These  lines  are  most  distinctly  seen  with  the  nitrate,  chlorate,  perchlorftti*, 
and  chloride  of  rubidium,  on  aooount  of  the  fiieility  with  which  these  salts  are  decom- 
posed by  heat.  A  drop  of  water  weighing  4  miUi^mmes,  and  holding  in  solution 
only  0*002  milligrm.  of  the  chloride,  shows  the  fines  a  and  /3  yerr  distinctly.  The 
sulphate  also  gives  a  fine  spectrum,  and  eyen  with  the  silicate  and  phosphate^  all  parts 
of  die  spectrum  may  be  dimnctly  seen.    (Bun sen  and  E  irchhof  f.) 

EiHmatum  and  SeforaHon, — ^In  a  solution  not  containing  potassium  or  CBesium, 
rubidium  may  be  estmiated  in  the  same  manner  as  potassium.  The  separation  of 
rubidium  from  potassium  ii  effected,  as  already  described,  by  the  inferior  solubility  of 
its  chloroplatinate  (p.  128).  fieintz (J.  pr.  Ghem.  Izzzyii.  320 ;  Jahresb.  1862,  p.  121) 
has  observed,  that  when  a  mixture  of  the  chlorides  of  sodium,  potassium,  and  rubidium 
is  treated  with  a  quantity  of  platinic  chloride  more  than  sufficient  to  oonyert  all  the 
rubidium  into  dhloroplatinates,  and  then  boiled  down  to  a  small  bulk,  the  supernatant 
liquid  retains  only  a  trace  of  rubidium.  If,  on  the  eontrary,  the  phtinic  chloride  be 
added  in  quantity  less  than  sufficient  to  precipitate  the  whole  of  the  rubidium,  and 
the  liquid  be  kept  for  some  time  at  a  suitable  temperature,  the  precipitate  will  ooosist 
wholly  of  chloro^latinate  of  rubidium. 

For  quantitatiye  estimation,  howeyer,  it  is  best  to  resort  to  indirect  methods. 
Bunsen  (Ann.  Ch.  Fharm.  cxzii.  847)  gives  the  following : — 

a.  Thid  two  metals  are  precipitated  tocher  by  platinic  diloride^  and  the  amount  of 
platinum  in  the  precipitate  is  determined  by  the  loss  of  weisht  consequent  on  reduction 
by  hydrogen,  and  subsequent  washing.  Let  A  be  the  weight  of  the  precipitate,  B  the 
loss  of  weight  caused  hy  reduction,  £e.,  *  the  weight  of  the  potassic  chloroplatinate 
(EPtCl')*  in  the  precipitate,  y  that  of  the  eonespoDdiog  nibiaiumHMlt ;  then 

«  +  y    -    A, 

2a  ,    .  2C1  ^    jj. 

Ft  1-  K  4-  SCI     *  Ft  +  Bb  +  Sa^ 

vhence  x  and  y  may  be  calculated. 

As,  however,  commercial  platinum  often  contains  impurities,  which  may  render  its 
atomic  weight  incorrect  by  seyeral  hundredths,  it  is  more  exact:  fi.  To  weigh  the 
mixture  of  the  chlorides  of  potassium  and  rubidium  obtained  by  washing  the  ndnced 
precipitate,  and  determine  the  quantity  of  chlorine  contained  therein  by  precipitation 
with  nitrate  of  silver. 

Let  X  be  the  weight  of  potassium-chloride,  y  that  of  rubidium-chloride,  A  the  weight 
of  the  mixture  found  by  eiq^eriment,  B  that  of  the  predpitsted  chloride  of  silver : 
then 

»  +  y    »    A; 


we  find: 


^  -h  CI  Kb  +  CI 

X  -    *4^;        y  -  A  -  *. 


AtonUe  Wngkt  o/Subidium. — Determined  in  the  same  manner  as  that  of  potassium. 
According  to  the  mean  of  Bunsen's  experiments,  it  is  86'36 ;  according  to  Ficcard, 
85*41 :  hence  86*4  may  be  regarded  as  correct. 

BVBXBXVM  WmmMOOTAMTDm  OV.    (See  page  129.) 

mVBXBIVlK,  mrmULTM  OV.  BbHO,  or  Bb*O.HK).  Obtained  by  gradually 
adding  baryta-water  to  a  solution  of  the  sulphate  in  100  pts.  water  deprived  of  air  by 
boiling.  If  the  liquid  be  kept  near  the  boiling  point  at  the  time  of  adding  the  baryta- 
water,  and  agitated,  the  precipitated  barium-sulphate  settles  down  in  a  few  minutes, 
and  the  filtrate  evaporatea  in  a  silyer  retort,  yielos  hydrate  of  rubidium  in  the  form  of 
a  white  porous  mass,  with  slightly  greyish  rdlex.  It  melts  at  a  heat  below  redness, 
without  loss  of  water,  and  forms  on  cooling  a  brittle,  slightly  friable,  amorphous  mass, 
having  a  IftwiolVr  fracture.  It  volatiliBes  conq>letely  in  the  blowpipe  flame,  dissolves 
in  water  with  great  rise  of  temperature,  deliquesces  rapidly  on  exposure  to  the  air, 

•  Pi  i»  9§-7. 
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_  a  synipy  liqiiid,  vhich  is  greasy  to  the  touch,  oonodee  the  skin,  and,  on  con- 
tinned  enosore  to  u»  air,  is  gradually  transformed  into  acid  carbonate  of  rubidium. 
In  siKst^  kjdrate  of  rubidium  possesses  alkaline  and  caustic  properties  as  pow^ul  as 
tboae  of  hydrate  of  potsasium.  It  dissolves  in  alcohol,  like  caustic  potash.  It  cannot 
be  Iwed  in  platinum-Teeeela  because  it  attacks  them. 

SVBZDZUmp  lOMBa  or.    BbL— Obtained    like    the    bromide,    which    it 
Tcaembles  in  form.     (Beissig.) 

SUBSBZITMC,  OZTOBV«8A£T8  OV.  The  Oifefate,  C^'KbO',  czystaUises  in 
naervoQs  lamins  (Or andean).  The  borate,  BV0.2B'0*.6H*0,  separates  from 
a  hct  solution  of  2  at  boric  acid  and  1  at.  rubidium-carbonate,  at  6^,  in  small  tabular 
rliombic  aystaU,  exhibiting  the  combination  oP  .  ooP  .  ooPoo ,  and  haviog  the  angle 
odP:  obP  s  820  23';  ooP  :  ooj^oo  »  131^  4'.  It  is  permanent  in  the  air,  more 
soluble  in  hot  than  in  cold  water,  and  has  an  alkaline  taste.  (Beissig,  Ann.  Ch. 
Pharm.  cxxvii.  33.) 

CdrbonmUs. — The  neutrai  salt,  BbH^C,  is  prepared  by  precipitating  the  sulphate  with 
baiyta-vater,  adding  carbonate  of  ammonium  to  the  filtrate,  evaporatinff  to  dryness, 
and  exhausting  the  residue  with  water.  The  solution  yields,  on  evaporation,  indistinct 
oystals  of  the  hydrated  salt,  Bb'CO^.H'O,  soluble  in  alcohol,  and  haTing  a  strong  alkaline 
reaction.  The  crystals,  when  heated,  give  off  their  water,  and  leave  the  anhydrous 
eazbonate  as  a  sandy  powder,  which  melts  at  a  higher  temperature.  On  exposure  to 
the  air,  it  deliquesces,  and  is  converted  into  the  acid  carbonate,  BbHCO*,  which  forms 
glassy  priamatie  czystalB,  permanent  in  the  air,  havine  a  vezy  faint  alkaline  reaction, 
a  coding,  not  caustic  taste,  and  easily  converted  by  heat  into  the  neutral  carbonate. 
(Bnnsen  and  Kirchhoff.) 

CUarute,  RbQC. — Prepared  by  mixing  sulphate  of  rubidium  and  chlorate  of  barium 
m  equiTslent  proportiona  It  forms  vezy  small  white  prisms,  having  the  taste  of 
dilonto  of  potassium,  soluble  in  water  to  the  amount  of  2'8  per  cent,  at  4*7^,  and 
1  per  cent  at  195°.    (Beissig). 

Pavkloraie,  BbClO*. — Obtained  by  decomposing  the  carbonate  with  perchloric  acid, 
and  purified  by  repeated  ciystalliBation  from  boiling  water.  It  forms  a  sandy  powder, 
composed  of  hard  shining  microscopic  crystals.  The  crystals  obtained  by  evaporation 
orer  oil  of  Titriol  appear  to  be  trimetric  and  isomorphous  with  perchlorate  of  potassium. 
They  are  anhydrous,  permanent  in  the  air,  less  soluble  than  perdilorate  of  potassium, 
and  have  a  disagreeable,  slightly  saline  taste.  They  melt  easily,  and  decompose  at  a 
rnl  heat  into  oxygen  and  chloride  of  rubidium.  (Lougu  inine,  Traiti  de  CkinUe  far 
'Pdouet  €t  Frhny,  3""  ed.  iii.  1419.) 

dmaMK/es.— The  nmtral  saU,  Bb*CrO*  or  Bb^O.CrO*,  is  obtained  b^  adding  carbo- 
nate of  rabidiom  to  a  solution  of  the  dichromate.  It  is  isomorphous  with  chromate  of 
potassium,  has  an  alkaline  reaction,  and  forms  a  solution  of  a  i&ie  yellow  colour. 

The  ae£i  ckromaie  or  dichromate,  BbK).2CrO',  forms  hard,  rather  bulky  crystals, 
exactly  like  the  oorresponding  potassium-salt  It  is  easily  prepared;  either  by  super- 
satnratiBg  a  hot  solution  of  the  carbonate  with  chromic  acid,  or  by  fusing  the  nitrate  or 
carbonate  with  oxide  of  chromium,  Hxiviating,  and  evaporating.  The  mother-liquor 
ultimately  deposits  oystals  of  the  neutral  salt  (Grandeau,  Ann.  Ch.  Phys.  [3]  Ixni. 
155 ;  Jahresb.  1863,  p.  184.) 

The  nitrate  and  oxaUUee  of  rubidium  have  been  already  described.  The  aulphatea 
and  tartraUs  will  be  described  under  the  respective  adds. 

SVBXanSAV.  (Schunck,  PhiL  Maff.  [4]  xii  200,  270.)— A  substance 
having  the  composition  of  hydrated  rubian,  produced,  toother  with  rubianic  acid  and 
mbidehy&ran,by  treatingrubian  with  acid  carbonate  of  banum.  The  brown-yellow  filtrate, 
obtained  as  described  at  p.  125,  is  again  mixed  with  baryta-water  to  separate  any  still 
undeeomposed  rubian ;  carbonic  add  is  once  more  passed  into  it^  and  the  red  flocks 
which  separate  on  evaporation  are  removed.  The  filtrate  mixed  with  basic  acetate  of 
lead,  yields  a  red  predpitate,  which  is  to  be  washed,  decomposed  by  cold  dilute  sulphuric 
add,  and  treated  with  carbonate  of  lead  to  remove  the  excess  of  that  add.  The  preci- 
pitates are  then  removed ;  snlphydrie  add  is  passed  into  the  liquid ;  the  sulphide  of 
lead  is  separated  by  filtration ;  and  the  filtrate  is  evaporated. 

Bnbihydran  is  a  brown-yellow,  transparent  gum,  having  a  bitter  taste,  and  beoomine 
soft  and  moist  on  exposure  to  the  air.  It  gives  up  its  water  only  after  prolonged 
heating  over  the  water-bath,  and  then  gives  by  analysis,  51-1  per  cent.  0  and  6  0  H, 
agndag  approximately  with  the  formula  G^H^'O**  «  2C*'!H^>*.5H'0.  In  other  ex- 
periments, Schnnck  obtained  numbers  agreeing  with  the  formula  C*'H''0'*.3H*0  and 
0^*0«.6H»O. 

Bnbihydran  dissolTss  eadly  in  water,  but  is  not  very  soluble  in  alcohoL  It  is  not 
altered  by  boiling  phosphoric,  oxalic,  acetic,  or  tartaric  add ;  neither  is  it  predpitated 
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bv  any  metallic  salt  except  basic  acetate  of  lead.    With  acids,  alkalis,  and  chlorine^ 
yields  the  same  products  as  rubian. 

RVBnmBVZC  ACZB.    Syn.  with  Isamic  Acid  (iii.  403). 

SUBIVXC  ACXB.  Also  called  Rufocatechuie  acid  (S  van  berg;  Ann.  Ch. 
Fbann.  xzit.  215).  When  a  solution  of  catechin  in  an  alkaline  carbonate  is  exposed 
to  the  air,  the  liquid  gradually  assumes  a  dark  red  colour,  and  then  yields  with  hydro- 
chloric add,  red,  non-cr}'8talline  flocks  of  rubinic  acid,  which,  however,  is  so  unstable 
that  it  blackens  even  during  washing  and  drying.  When  dried  in  a  vacuum,  and  already 
altered,  it  gave  by  analysis  61*04  per  cent,  carbon  and  4*21  per  cent  hvdrogen. 

The  rubmates  are  red  and  slightly  soluble :  their  solutions  blacken  auring  evapon- 
tion.  The  potasaium'Sali  may  be  isolated  by  saturating  the  red  solution  of  catechin  in 
potassic  carbonate  with  acetic  acid,  till  the  rubinic  acid  begins  to  separate,  adding 
alcohol  to  the  filtrate,  and  drying  the  precipitated  salt  in  a  vacuum.  It  is  very  soluble 
in  water ;  its  solution  forms  red  precipitates  with  metallic  salts. 

MJJMTBMTtMm  CRH)*, — A  substance,  isomeric  with  benzoic  acid,  existing  in 
madder-root,  and  obtained  as  a  bye-product  in  the  preparation  of  rubian  (p.  123)  ; 
in  the  decomposition  of  rubian  by  acids  and  by  erythrozym  (p.  124 ;  also  Gmelin*s 
Handbook^  xiv.  133,  135),  and  in  the  preparation  1  of  rubiadin  (p.  120) ;  in  the  last 
case  as  a  lead-compound.    It  is  also  produced  by  boiling  chlororubian  with  alkalis. 

The  mixture  of  the  lead-compounds  of  rubiretin  and  verantin,  obtained  in  the  pre- 
paration of  rubiadin,  yields,  when  decomposed  by  boiling  hydrochloric  acid,  a  brown 
powder,  from  which  the  rubiretin  may  be  dissolved  out  by  cold  alcohol,  the  greater 
part  of  the  verantin  remaining  behind.  The  alcoholic  solution,  when  evaporated,  leaves 
the  rubiretin,  which,  if  it  does  not  melt  in  boiling  water,  must  be  purified  byre-solution 
in  cold  alcohol  and  evaporation  of  the  filtrate.  A  similar  mode  of  purifying  may  be 
applied  to  rubiretin  obtained  as  a  secondary  product  under  other  circumstances. 

Properties. — Rubiretin  is  a  dark  reddish-brown  resin,  brittle  and  fnable  in  the  cold, 
soft  at  65®,  melting,  at  about  100°,  to  dark-brown  drops.  It  gives  by  analysis,  6841 
per  cent.  0,  and  6-22  H  (calc.  6885  C,  491  H,  2624  O). 

Rubiretin  dissolves  sparingly  in  boiling  watery  but  softens  therein,  and  on  cooling 
deposits  yellow  fiocks,  which  increase  on  the  addition  of  an  acid.  It  is  easily  soluble 
in  alcohol.  It  dissolves  with  dark  orange  colour  in  oil  of  vitriol,  and  is  precipitated  by 
water.  It  dissolves  in  ammonia,  in  the  pure  fixed  alkalis,  and  in  alkaline  carbonates^ 
forming  brown-red  solutions,  from  which  it  is  precipitated  by  acids.  The  ammoniacal 
solution  forms  purple  precipitates  with  chloride  of  barium  and  chloride  of  calcium^ 
dirty  red  with  alum  and  nitrate  of  silver.  It  dissolves  in  aqueous /erric  chloride,  with 
dark  red-brown  colour,  and  is  precipitated  by  acids.  When  free  from  alizarin,  it  does 
not  dye  mordanted  fabrics. 

When  heated  in  a  test-tube,  it  generally  yields  a  scanty  sublimate  of  alicsrin, 
together  with  a  brown  oil.  It  is  decomposed  by  hot  oil  of  vitriol.  Boiling  nitric  acid 
converts  it  into  a  yellow  substance,  which  no  longer  softens  in  lM>iling  water,  and  is 
scarcely  soluble  in  alcohol.  Chlorine  passed  into  the  alcoholic  solution  of  rubiretin, 
decolorises  it,  and  renders  it  no  longer  precipitable  by  acids.    (Schunck.) 

XtTBXTAraZC  ACXB.  Tannic  acid  fr^^m  the  leaves  of  Subia  tinctorum, 
(Willigk,  Ann.  Ch.  Pharm.  Ixxxii.  340;  Gm.  xv.  632.) 

RITBXXVZTSXC  ACZB,  or  J^tro^hamatic  add*  See  Picbahic  Acm  under 
Phenol  (iv.  406). 


The  Oriental  ruby  is  a  red  variety  of  corundum  (ii.  86) ;  see  also  Dana's 

Mineraloay  {vL.  1\\).     The  red  varieties  of  spinel  are  sometimes  called   Spinel  ruby, 
Balas  ruby,  or  Alamandin  ruby.  (See  Spinel.) 

SVSf  OZIi  OV.  The  essential  oil  obtained  by  distilling  garden  rue  {Buia  graveo' 
lens)  with  water.  When  pmnfled  by  a  few  rectifications,  it  is  somewhat  viscid ;  has  a 
specific  gravity  of  0*837  at  18^;  a  strong  disagreeable  odour,  like  that  of  the  plant;  a 
slightly  bitter  aromatic  taste ;  boils  at  228° — 230° ;  and  solidifies,  between  +  1°  and 
—  2°,  to  shining  crystalline  laminae,  resembling  those  obtained  from  anise-oiL 

Oil  of  rue  is  chiefly  a  mixture  of  a  hydrocarbon  witii  an  aldehyde  or  ketone 
belonging  to  the  series  C°R''"0.  This  compound,  separable  by  alkaline  bisulphites, 
was  formerly  regarded,  according  to  the  investigations  of  Gerhardt  (Compt.  rend, 
xxvi.  225,  361 ;  TraitS,  ii.  773),  and  of  Cahours  (Compt.  rend.  xxvi.  262),  as  caprio 
or  rutic  aldehyde,  C»»H»0.  But  Greville  Williams  (Phil.  Trans.  1868.  [1]  99; 
Jahresb.  1858,  p.  443)  has  shown  that  tlie  crude  oil  contains  two  such  compounds,  viz., 
C'*H"0  and  C'^'^0,  the  latter  in  comparatively  small  quanti^;  and  this  result  has 
been  confirm^  byHarbordt  (Ann.  Ch.  Pharm.  cxxiii.  298 ;  Jahresb.  1862,  p.  250.) 

Williams,  by  sul^'ecting  crude  oil  of  rue  to  repeated  fractional  distillation,  obtained 
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flistiOatos  baring  boUing-points  between  160^  and  238^.  The  portion  boiling  between 
160^  and  188^,  give,  with  alkaline  bisulphites,  scarcely  traces  of  a  crystalline  compound ; 
bet  the  fractions  of  higher  boiling-point  yield  crystalline  compounds  when  thus 
treated  (best  with  the  ammonium-salt) ;  and  the  portions  boiling  abore  210^  solidify, 
after  a  few  hours*  contact  with  the  acid  sulphite,  to  a  crystalline  mass,  from  which,  alter 
Wishing  with  the  solution  of  the  sulphite,  pressure,  &c,  the  aldehyde  or  ketone  may  be 
separated  by  distillation  with  potash. 

The  product  thus  obtained  from  the  portion  of  the  oil  boiling  between  210°  and  232° 
is  a  colouii^s  liquid,  having  a  fruity  odour  quite  different  from  that  of  rue.  Specific 
gravity  »  0*8497  at  16°.  When  cooled  to  +  7°  and  shaken,  it  solidifies  to  a  white 
mass  resembling  camphor.  Soils  at  213°  (oxidising  at  the  same  time  unless  kept  in 
an  atmosphere  of  hydrogen).  Gives  by  analysis,  77*71  per  cent.  C  and  13*07  H, 
agreeing  with  the  formula  C"H'H),  which  requires  77*65  C,  12*94  H,  and  9*41  O. 
Vapour  density,  obs.  ««  5*870;  calc.  ^  5*874.  Williams  regards  this  compound  as 
euodic  aldehyde  or  hydride  of  euodyl,  G"H'*O.H,  the  name  being  suggested 
by  its  fragrant  odour.    See  also  Hallwachs  (Jahresb.  1859,  p  506). 

The  higher  fractions  of  crude  oil  of  rue^  yielded  also  by  similar  treatment  a  small 
quantity  of  a  liquid  boiling  at  232°,  and  having  nearly  the  composition  of  lauric  alde- 
hyde, C««H«0;  anaL  761  per  cent.  C,  129  H;  calc.  78*3  C,  130  H,  and  8*7  0. 
Vapoor-decsity,  obs.  —  6182;  calc  »  6*366. 

According  to  Harbordt  {loc  eit,),  the  compound  C'*H^O,  which  forms  the  chief  con- 
stituent of  rue-oil,  is  not.  euodic  aldehyde,  but  a  ketone,  viz.,  methyl-caprinol  a 
C*'H>*O.CH'.  The  portion  of  the  crude  oil  boiling  at  228°,  yielded  by  analysis 
numben  agreeing  with  the  formula  of  lauric  aldehyde,  CH^'O ;  but  the  compound 
obtained  therefrom  with  acid  ammonium-sulphite,  gave  by  distillation  with  carbonate 
of  sodiom,  a  body  agreeing  nearly  in  composition  and  vapour-density  (obs.  6*03)  with 
the  ibmnda  C^H'^O.  This  11 -carbon  compound  yielded  by  oxidation  (together  with 
oxalic  addX  4»pric  acid,  eapirlic  acid,  and  lower  members  of  the  acetic  acid  series^  but 
no  acid  containing  11  at.  carbon. 

The  portion  of  me-oil  which  does  not  combine  with  alkaline  bisulphites,  is  separable 
into  a  more  volatile  portion,  having  the  composition  of  turpentine  oil,  and  a  less  vola- 
tile portion,  which  appears  to  be  isomeric  with  bomeol,  but  boils  at  a  lower  tempera- 
tore.    (Gr.  Williams.) 


C«H*0*.H*0.  Para-eUagie  acid,  (Robiquet,  Ann.Ch. 
Pharm.  xiz.  204.) — This  acid,  which,  in  the  dry  state,  contains  the  elements  of  gallic 
add  Mffiics  1  at.  water,  is  produced  by  gently  heating  gallic  acid  to  140°  with  5  pts. 
of  strong  sulphuric  add,  and  pouring  the  sticky  mass  when  cold  into  cold  water,  drc^ 
by  drop.  An  abundant  red-brown  predpitate  is  then  formed,  partly  flocculent»  partly. 
crystalline,  ukL  the  crystalline  portion,  which  amounts  to  60  or  even  70  per  cent,  of  the 
gallic  add  employed,  may  be  separated  by  levigation. 

Rufigallic  acid  thus  obtained  forms  kermes-brown  crystalline  grains,  which-  at  120° 
give  off  10*6  per  cent.  (1  at.)  water,  and  lose  their  lustre.  When  strongly  heated  in 
the  air,  it  carbonises  in  great  part,  becoming  covered  with  small  dnnabar-coloured 
prisms.  It  dissolves  in  3,500  pts.  of  water,  easily  in  potash,  the  solution,  when 
exposed  to  the  air,  deponting  coloured  crystals  after  a  long  time.  On  boiling  the 
acid  with  stuffs  mcnrdanted  with  alum  or  an  iron-salt^  dyes  are  obtained  similar  to 
those  produced  by  madder,  but  less  bright. 

SUJPIMOXZC  ACSZB.  (Warner,  J.  pr.  Chem.  li.  82.) — An  add  obtained,  in 
the  form  of  a  dark  brick-red  predpitate,  when  a  solution  of  morintanuic  acid  in  cold 
stronff  sulphuric  add,  or  that  produced  by  boiling  morintannic  add  with  dilute  hydro- 
diionc  acid,  is  left  to  itself  for  some  time.  When  purified  by  washing  with  cold  water, 
solution  in  alcohol,  repredpitation  with  water,  and  drying,  it  forms  a  dark-red 
amorphous  powder,  very  soluble  in  alcohol,  less  soluble  in  water,  very  slightly  soluble 
in  ether.  A  very  small  quantity  of  ammonia  suffices  to  render  it  soluble  in  water,  in 
all  proportions.  Its  solutions  have  an  acid  reaction.  Its  composition,  as  determined 
by  analysis  (54*4  per  cent.  C,  4*4  H),  is  very  near  to  that  of  morintannic  add ;  and  as 
the  latter  can  be  reproduced  by  the  action  of  alkalis  on  rufimoric  add,  it  is  probable 
that  the  two  acids  are  dther  isomeric,  or  differ  only  by  the  elements  of  water. 

Buflmoric  add  may  be  heated  without  decomposition  to  130° ;  but  above  that  tem- 
perature, it  gives  off^  vapours  which  condense  to  a  crystalline  mass,  exhibiting  all  the 
characters  of  pyrocatechin.  It  dissolves  with  red  colour  in  strong  sulphuric  acid 
without  alteration,  also  in  hydrochloric  acid.  Nitric  acid  converts  it  into  oxalic  add 
and  a  nitrogenised  acid.  With  caustic  alkalis  and  their  carbonates,  it  forms  crimson 
solutions,  which  lose  their  colour  but  slowly.  An  alcoholic  solution  of  the  add  fbrms 
with  alcoholic  potash  a  dark-red  viscous  precipitate.  Rufimoric  acid,  boiled  with 
potash  or  baryta,  is  reconverted  into  morintannic  add. 
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The  aqneoiu  Bolatton  of  mfimoric  acid  (containing  a  trace  of  ammonia),  does  not 
nreeipitate  alom;  but  on  adding  more  ammonia,  a  dark-red  lake  is  thrown  down. 
The  same  reaction  is  produced  with  stannous  chloride  and  chloride  of  barimn.  Nentrml 
acetate  of  lead,  cnpric  acetate,  and  mercorouB  nitrate  fbnn  red  or  brown  predpitateo. 
Nitrate  of  silrer  and  snlphate  of  sbc  are  not  (nedpitated. 

Chlorine  decomposes  uie  solution  of  nimiforic  acid,  throwing  down  red  flocks. 


G^iH^O*.  (Mulder,  Bex.  scientif.  liL  50.) — ^A  compound  produced  bj 
the  action  of  heat  on  phlorizin,  and  differing  there&om  by  the  elements  of  2  at.  water : 
C"H**0*»  =  C^'H^fr  +  2BP0.  It  is  a  resinous  substance  of  a  red  colour,  rery 
friable,  dissolving  in  alcohol  with  deep  orange  colour,  nearly  insoluble  in  ether.  Water 
dissolves  it  at  the  boiling  heat^  and  decolorises  it  instantly ;  the  solution  become* 
milky  on  cooling.  Buftn  dissolves  in  strong  sulphuric  acid,  producing  a  fine  red  solu- 
tion, which  is  decolorised  by  water.  It  is  insoluble  in  hydrochloric  add ;  deeomposed 
by  hot  nitric  acid.  It  dissolves  with  red  colour  in  potash  and  ammonia,  and  is  pred- 
pitated  therefix)m  by  adds. 

SUM.  A  spirituous  liquor  distilled  in  the  West  Indies  from  nM^asses.  (See  Ur^» 
Dictionary  of  Arts,  j'c,  iii.  606.) 

mvancnr.  Syn.  with  CHBrsoPHAinc  Acm  (i.  958).  This  substance  exists  in 
the  roots  of  various  roedes  of  Bumat,  vis.,  Rumex  paHetUia,  S.paltutrU,  B,  ^tnUuo, 
B.  aquaticuSf  and  B,  Aydrolapathum,  as  weU  as  in  ifaubazb  and  wBll-UdMn» 

BlTBZOOBnnL  A  red  substance  produced  by  the  action  of  cfalorin^water  and 
ammonia  on  quinine  (p.  18). 

Syn.  with  Capbaxidb. 

[O  AOIB.    See  Ruthszhvx,  Oiiubs  or  (p.  137). 

BBS.    See  Ctamxdbs  or  Buthbmium  (it  271). 

Atomic  weiffht,  1 04.  Symbol,  Ku. — Thia  metal,  discovered  hj 
Claus  in  1846,  occurs  in  platinum-ore,  and  chiefly  in  osmiridium,  which  sometimes 
contains  it  to  the  amount  of  3  to  6  per  cent  Its  properties  and  combinations  have 
been  examined  chiefly  by  Claus  (Pogg.  Ann.  Ixiv.  192,  624;  Ixv.  200;  Ana  Cb. 
Fharm.  Ivi.  257;  lix.  284;  Ixiii.  259),  Fr^my  {Troiti  do  Chmie  far  FOovst  H 
Frhny,  3-*'  ed.  iii.  1334),  and  J)  eville  and  Debray  (Ann.  Ch.  Phys.  [8]  IvL  885 ; 
Jahreab.  1859,  p.  233). 

Extraction :  1.  Polverised  oemiridium,  mixed  with  about  half  its  weight  of  eommon 
salt,  is  heated  to  low  redness  in  a  current  of  moist  chlorine;  the  disintegrated  mass  is 
digested  in  oold  water ;  and  the  concentrated  solution,  whidi  is  brown-iml  and  almost 
opaque,  ia  mixed  with  a  few  drops  of  ammonia  and  gently  heated,  whereupon  it  deposits 
a  copious  black-brown  predpitate,  consisting  of  sesquioxide  of  mthenium  and  dioxide 
of  osmium.  This  precipitate,  after  bdng  washed  with  nitric  add,  is  heat^^  in  a 
retort^  till  the  osmium  is  expelled  in  the  form  of  osmic  tetroxide.  The  residue  is  then 
ignited  for  an  hour  in  a  silver  cmdble  with  caustic  potash  free  from  silica,  and  the 
ignited  mass  is  softened  and  dissolved  by  cold  distilled  water.  The  solution  is  left 
in  a  corked  bottle  for  two  hours  to  clarify ;  after  which  the  perfectly  transparent 
orange-coloured  liquid  is  separated  by  a  dphon,  and  neutralised  with  nitric  add.  It 
then  depodts  velvet-black  sesquioxide  of  ruthenium,  whidi,  when  washed,  dried,  and 
ignited  in  an  atmosphere  of  hydxpgen,  yields  the  pure  metal.  (Glaus;  see  also  Pla- 
TiNUM-OBB,  iv.  681). 

2.  Pulverised  oemiridium  is  heated  with  3  pts.  peroxide  and  1  pt.  nitrate  of  barium ; 
the  mass  is  treated  in  the  manner  described  under  iBmnnc  (iii.  315,  No.  5) ;  and  the 
orange-yellow  solution  of  mtheniate  of  potassium,  ultimately  obtained  by  fusing  the 
mixture  of  iridium  and  ruthenium  with  nitre  and  caustic  potash,  and  lixiviating  with 
water,  is  treated  with  carbonic  or  nitric  acid  till  it  becomes  colourless ;  it  then  depodts 
oxide  of  ruthenium,  slightly  contaminated  with  silica.  This  oxide,  strongly  caldned 
in  a  graphite  cmcible,  yields  metallic  ruthenium,  which  is  then  fused  in  the  oxyhy- 
drogen  furnace  (iv.  313).  The  ruthenium  thus  obt^iined  still  requires  to  be  purified 
by  one  or  more  fudons  with  nitre  and  potash,  till  its  density  is  brought  up  to  11*3. 
(Deville  and  Debray.) 

8.  Scaly  oemiridium,  consisting  almost  entirely  of  osmium,  iridium,  and  ruthenium, 
is  heated  to  bright  redness  in  a  porcelain  tube,  through  which  a  current  of  air  (freed 
from  carbonic  acid  by  pasdng  tlirough  potash,  and  from  organic  matter  by  passing 
through  oil  of  vitriol)  is  drawn  by  means  of  an  aspirator.  The  osmium  and  ruthe- 
nium are  thereby  oxidised,  the  former  being  carried  forward  as  tetroxide  and  condensed 
in  caustic  potash  solution,  while  the  oxide  of  ruthenium  remains  behind,  togetber  with 
iridium ;   and  by  fudng  this  residue  with  hydrate  of  potassium,  and  treating  the 
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with  vmter,  a  solution  of  potaasie  ratheniate  is  obtiiiiied  as  above  (Frimy). 
Aficording  to  Beville  and  Ifebraj,  the  ruthenium  thus  obtained  is  still  contaminated 
with  smaU  quantities  of  osmium,  rhodium,  and  iridiuBL 

Ptaperties, — Ruthenium  obtained  by  calcining  one  of  its  ammoniacal  chlorides;  is  a 
white  spongy  mass;  when  separated  6om  its  oxides  by  reduction  with  hydrogen,  it 
fbnas  porous  fragments,  Tory  much  resembling  iridium,  and  moderately  easy  to  pul- 
Terise.  It  is  the  most  reftactoiy  of  all  metals  except  osmium.  Berille  and  Debray 
hare,  howerer,  Aised  it  by  placing  it  in  the  hottest  part  of  the  ozyhydrogen  flame  at 
about  2  nullimetr«9  from  the  orifice  of  the  jet.  After  fusion,  it  has  a  density  of  11  to 
11-4 ;  that  of  the  porous  metal  is  only  8'6. 

Rutheaium  is  seareely  attacked  by  nitromuriatie  add.  It  is,  howeyer,  more  easily 
oxidised  than  platinum,  or  cTen  than  silver  (Fr^my).  When  pure  it  is  easily 
oxidised  by  fusion  with  hydrate  of  potassium,  still  more  easily  on  additicm  of  a  small 
quantity  o€  nitrate  or  chlorate,  producing  mtheniate  of  potassium,  which  disselves  in 
water,  with  orange-yeUow  colour. 

Xlf  THJUi  111  M«  AXiXOTS  OV.  2nc  forms  with  ruthenium  an  alloy,  which  ci^ 
tallises  in  regular  hexagonal  prisms,  takes  fire  when  heated  in  the  air,  ana  bums  with 
fieont  deflagration. 

An  alloy  kA  tin  and  ruthenium,  RnSn^  is  easily  obtained  by  heatinff  ruthenium  to 
redness  in  a  graphite  crucible,  with  10  to  16  times  its  weight  of  tin,  and  dissolving  out 
the  excess  of  tin  from  the  cooled  mass  with  hydrochloric  acid.  The  alloy  then  remains 
in  magnificent  cubic  crystals,  like  those  of  melted  bismuth.    (Deville  and  Debray.) 

KU vmiM  1UB1«  C9&OSXBX8  OV.  Ruthenium  forms  three  ehloridesi  vi&, 
RuCF,  RuCl',  and  RuCl*;  the  last,  however,  is  known  only  in  combination. 

The  dickloride,  Rud',  is  produced,  together  with  the  trichloride,  by  igniting  pul- 
verised miheaium  in  a  stream  of  chlorine,  the  trichloride  then  volatilising;  while  the 
dicfaloride  remains  in  the  form  of  a  black  crystalline  powder,  insoluble  in  water  and  in 
all  acida,  even  nitromuriatie  acid,  and  onl^  partially  decomposed  by  alkalis.  A  soluble 
dichloride  is  formed  by  passing  snlphydnc  acid  gas  into  a  solution  of  the  trichloride. 
A  brown  sulphide  is  then  precipitated,  and  the  solution  acquires  a  fine  blue  colour.  If 
the  excess  oi  sulphydric  acid  be  expelled  by  a  current  of  air,  a  pure  solution  of  the 
didiloride  will  be  obtained,  which  becomes  men  by  strone  concentration,  and  yields 
with  ammonia  a  green  precipitate  of  the  soluble  dichlorioe  (?  hydrated).  Both  the 
blue  and  the  green  dichloride  are  converted  into  trichloride  when  heated  with  nitiie 
acid. 

TVickloride  or  Rutkenious  Chloride,  RuGl*.  Prepared  by  precipitating  a  solu* 
tion  of  potassic  ratheniate  with  an  acid,  dissolving  the  precipitated  black  oxide  in  hy- 
drochloric acid,  and  evaporating.  It  is  a  yellow-brown,  crystalline,  very  deliquescent 
mass,  becoming  dark-green  and  blue  at  certain  points  when  strongly  heated.  It  dis- 
solres  easily  in  water  and  in  alcohol,  leaving  a  small  quantity  of  a  yellow  insoluble  salt. 

The  ooncentrated  solution  of  ruthenious  chloride,  mixed  with  concentrated  solutions 
of  the  chlorides  of  potassium  and  ammonium,  yields  the  double  salts  K'Ru"'Cl*  ■■ 
2Ka.RnCl«  and  (NH*)^u'"Cl»,  in  the  form  of  crystalline  preopitates,  with  violet 
iridescence,  very  slightly  soluble  in  water,  insoluble  in  alcohol.  The  solution  of  the 
potassium-salt,  left  for  some  time  in  contact  with  water,  becomes  turbid  and  black,  and 
d<>posits  a  black  o^i^chloride  of  ruthenium ;  the  same  decomposition  takes  place  imme- 
diately on  heating  the  solution. 

Tetrachloride  of  Buthenium  or  Ruihenie  Chlorid e^'RwCl*,  iakaown  only 
in  its  double  salts.  The  potasnum-salt,  K'Ru*^Cl'  »  2KCl.RuCr,  is  prepared  by  mix- 
ing a  solution  of  rotheoic  hydrate  in  hydrochloric  acid  with  chloride  of  potassium,  and 
evaporating  to  the  crystallising  point.  It  is  brown,  with  rose-coloured  iridescence,  very 
iK>luble  in  water,  but  insoluble  in  alcohol.  It  appears  to  be  dimorphous,  inasmuch 
as,  when  deposited  from  a  solution  containing  several  other  salts,  it  crystallises  in  mi- 
croscopic six-sided  prisms,  but,  under  other  circumstances,  in  regular  transparent  octa- 
hedrons, being  then  isomorphous  with  the  corresponding  salts  of  platinum,  palladium, 
osmium,  and  iridium. 

The  ammomum-Molt,  2NHK)LRu01^  is  obtained  like  the  potassium-salty  which  it 
resembles  closely. 

OV«    (See  Ctanedxs,  ii.  271.) 

^UKATXOV  or.  Ruthenium  is 
most  frequently  met  with  in  solution  in  the  form  of  trichloride.  This  solution,  which 
is  of  an  orange-yellow  colour,  is  distinguished  by  its  character  of  decomposing,  when 
heated,  into  hydrochloric  acid  and  blackish-brown  sesquioxide  of  ruthenium.  Tho 
same  solution  exhibits  with  reagents  the  following  characters : — 
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Stdphydric  acid  partly  precipitates  the  rutheniam  in  the  form  of  a  bhick  sulphide, 
but  at  the  same  time  reduces  the  trichloride  to  dichloride,  the  rednctioD  being 
attended  with  a  change  of  colour  from  orange-yelloir  to  a  fine  azure-blue :  this  reactioo 
-is  extremely  delicate»  and  yeiy  characteristie  of  ruthenium.  Zino  effects  the  same 
reduction.  Sulpkydrate  of  ammonmm  throws  down  the  greater  part  ei  the  ratfaeniumy 
in  the  form  of  a  black-brown  sulphide,  not  perceptibly  soluble  in  excess. — The  emusHe 
alkalis,  alkaline  carbonates,  znd  phosphate  of  sodium  precipitate  the  black  sesquioxide, 
insoluble  in  excess  of  the  reagrat — Borax  forms  no  predptate  at  first,  but,  on  heating 
•the  solution,  the  hydrated  sesquioxide  is  thrown  down. — 8ulpku/rous  acid,  oxidie  acid, 
and  formate  of  sodium  do  not  precipitate  the  metal,  but  merely  decolorise  U)e  8oluti<m. 
^-FerroeyoMde  of  potassium  deeolorises  tlie  solution  at  first,  but  afterwards  tuns  it 
Uuish-green. — Bulphocyanate  of  potassium  produces,  after  awhile,  a  red  coloration 
jNissing  to  deep  red-purple,  and  changing  to  a  fine  riolet  on  heating  the  liouid.  This 
IS  one  of  the  most  characteristic  reactions  of  ruthenium,  inasmuch  as  soluUe  snlnho- 
cyanates  do  not  exhibit  any  very  decided  character  with  the  other  metals  of  the  plati- 
num group ;  for  its  distinct  production,  however,  it  is  necessair  that  the  solution  be 
free  from  other  platinum-metals. — Acetate  of  lead  forms  a  purple-red  precipitate,  in- 
clining to  black. — Cyanide  of  mercury  colours  the  solution  blue,  and  tnrows  down  a 
blue  precipitate. — Nitrate  of  silver  forms  a  black  precipitate,  which  is  a  mixture  of 
chloride  of  silver  and  sesquioxide  of  ruthenium  ;  the  oxide  dissolves,  after  a  while,  in 
the  nitric  acid,  leaving  a  white  residue  of  chloride  of  silver;  and  if  ammonia  be  then 
added  in  excess,  the  chloride  of  silver  dissolves,  and  the  sesquioxide  of  ruthenium  ia 
reprecipitated :  this  is  also  a  very  dalicate  reaction. — The  chlorides  of  potassium  and  ost- 
snonium  throw  down,  from  concentrated  solutions,  crystalline  precipitates  of  double 
chlorides,  exhibiting  a  play  of  colours  inclining  to  violet — ^The  nitrites  of  the  alkali- 
*utals  form  with  ruthenious  solutions,  double  salts  [dMNO*.Ru"'(NO*)'},  which  dissolve 
readily  in  excess  of  the  alkaline  nitrite,  forming  solutions,  which,  when  treated  wit-h 
a  small  quantity  of  yellow  sulphide  of  ammonium,  assume  a  splendid  dark-red  oolonr, 
changing  to  brown  without  precipitation  of  sulphide.  This  reaction  is  recommended 
by  Gibbs  and  by  Claus  (^ihresb.  1863,  p.  697)  for  the  detection  of  nitrites. 

The  solution  of  ehlororutheniate  of  potassium,  2KC].RuGl%  exhibita  the 
following  reactions: — With  sulphydrie  acid,  no  reaction  at  first;  but  after  awhile,  or  on 
heating,  a  brown  precipitate  of  disulphide,  RuS',  a  considerable  quantity  of  ruthenium, 
however,  remaining  in  solution.— -Yellow  svlphydrate  of  amfnonium  immediately 
throws  down  part  of  the  ruthenium,  in  the  form  of  a  Inown-yellow  sulphide;  the 
reaction  is  complete  on  the  addition  of  an  acid. — Potash  and  alkaline  carbonates  form 
no  precipitate  in  the  cold ;  a  deposition  of  oxide  takes  place  on  heating  the  liquid,  but 
a  considerable  portion  still  remains  dissolved. — Nitrate  of  silver  forms  a  rose-ooloured, 
mercurous  nitrate,  a  light-yellow,  and  stannous  chloride  a  yellow  precipitate. 

The  compqnnds  of  ruthenium  may  readily  be  distinguished  from  those  of  the  other 
platinum-metals,  by  fusing  a  few  milligrammes  of  the  substance  in  a  platinum-spoon, 
with  a  large  excess  of  nitre,  leaving  it  to  cool  when  it  ceases  to  Aroth,and  dissolving  the 
cooled  mass  in  a  little  distilled  water.  An  orange-yellow  solution  of  potasnc  rutheniate 
is  thus  formed,  which,  on  addition  of  a  drop  or  two  of  nitric  acid,  yields  a  bulky 
black  precipitate ;  and  on  adding  hydrochloric  acid  to  the  liquid,  with  the  precipitate 
still  in  it,  and  heating  it  in  a  porcelain  crucible,  the  oxide  dissolves,  forming  a  solution 
which  has  a  fine  orange-yellow  when  concentrated,  and  when  treated  with  sulphydrio 
acid  till  it  becomes  nearly  black,  yields  a  filtrate  of  a  splendid  sky-blue  colour. 
Characteristic  reactions  are  also  obtained  with  sulphocyanate  of  potassium  and  acetate 
of  lead. 

Metallic  rutheniimi  may  be  distinguished  from  the  other  platinum-metals  by  mixing 
it  with  common  salt,  and  igniting  the  mixture  in  a  current  of  chlorine.  The  resulting 
black  mass  dissolves  in  water,  with  a  fine  orange-yellow  colour,  which  of  itself  is  sufil- 
cient  to  distinguish  ruthenium  from  rhodium  and  iridium  (the  former  of  which  yields 
under  simUar  circumstances  a  rose-coloured,  and  the  latter  a  black-brown  solution).  It 
may  be  further  distinguished  by  the  black  precipitate  which  it  yields  with  ammonia, 
and  by  the  reactions  with  sulphydric  add,  &c,  above  mentioned. 

Estimation  and  /SEf^ro^ton.— Ruthenium  is  precipitated  from  its  solutions  in  the 
form  of  oxide,  and  generally  as  sesquioxide,  viz.,  from  a  solution  of  the  sesquichloride, 
either  by  alkalis  or  bj  simply  heating  the  solution,  and  from  a  solution  of  rutheniate 
of  potassium  by  nitric  acid.  The  precipitated  oxide  is  reduced  to  the  metallic  state  by 
iffuition  in  an  atmosphero  of  hydrogen.  As,  however,  the  precipitate  generally  contains 
iSkali,  which  cannot  be  removed  by  washing,  the  reduced  mass  must  be  treated  with 
water ;  Uie  liquid  filtered  from  the  ruthenium ;  and  the  metal,  beforo  weighing,  must 
be  again  ignited,  and  left  to  cool  in  an  atmosphere  of  hydrogen,  as  it  oxidises  when 
heated  in  the  air. 
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Kntheniimi  has  hitherto  been  found  only  assoeiated  with  the  metals  of  the  pUtinum- 
residnes,  and  from  these  it  is  sepaiated  by  the  methods  already  described  (p.  134 ;  see 
also  ThMTUxuM-oaM,  ir.  681). 

The  following  methods  of  separating  mtheninm  from  platinam,  rhodium,  and 
iridinm,  are  given  by  Gibbs  (SilL  Am.  J.  [2]  xxxiy.  841;  Jahresb.  1863,  p. 
292):— 

L  From  FlaiinwH.—T!h»  mixture  of  the  doable  chlorides,  K'PtCl*  and  K'RnGl*, 
is  tmated  with  a  cold  solution  of  chloride  of  potassium ;  the  resultine  solution,  which 
ooDtains  chiefly  the  ruthenium-salts,  is  heated  with  nitrite  of  potassium,  and  evapo- 
rated to  dryness ;  and  the  residue  is  treated  with  hot  absolute  alcohol,  which  leaves 
chloropl&tinate  of  potassium  undissolved.  The  alcoholic  solution  containinff  the 
ehlororDtheniate  of  potassium  (together  with  traces  of  platinum)  is  evaporated;  the 
r<^idue  ia  heated  with  hydrochloric  acid;  the  deep  rose-coloured  solution  of  the 
potassic  chloiorutheniate  is  repeatedly  evaporated  to  dryness  with  sal-ammoniac ;  and 
the  hot  aqueous  solution  of  the  reBulting  chlororutheniate  of  ammonium  is  converted, 
by  evaporation  with  ammonia,  into  the  yellow  amnionio-chloride,  4NH'.BuCl'.3H'0. 
The  latter,  when  dissolved  in  hot  water,  yields  with  mercuric  chloride  a  yellow  crys- 
talline precipitate  of  the  salt,  4NH'.BuClMIg^Cl',  which  may  be  freed  from  platinum 
by  recrystalliaation;  and  yields  by  ignition  silver-white  ruthenium. 

2.  A  similar  method  serves  for  the  separation  of  ruthenium  from  rhodiumf  the 
latter  metal  remaining  undissolved  as  chlororhodiate  of  potassium,  when  the  solution  of 
the  two  double  chlorides  is  treated  with  nitrite  of  potassium,  and  the  evaporated 
residue  with  alcohoL  The  chlororhodiate  of  potassium  is  then  either  converted  into 
metallic  rhodium  by  ignition  with  sal-ammoniac,  or  dissolved  in  hot  hydrochloric  acid, 
sapersatorated  with  ammonia,  and  precipitated  as  sulphide  by  sulphydrio  acid. 
(Gibbs.) 

3.  From  Iridium, — The  best  mode  of  proceeding  is  to  heat  the  solution  of  the  two 
metals  with  an  excess  of  nitrite  and  carbonate  of  sodium  till  a  light  orange-yellow  is 
produced ;  then  add  sulphide  of  sodium  bv  small  portions,  till  part  of  the  precipitated 
sulphide  of  ruthenium  is  redissolred ;  boil  for  a  few  minutes ;  and  mix  the  nquia,  aflejr 
cnoiing,  with  a  slight  excess  of  hydrochloric  add.  The  precipitated  sulphide  of  ruthe- 
nium IS  washed  with  hot  water,  dissolved  in  nitromuriatic  acid,  and  converted,  first 
into  chlororutheniate  of  ammonium,  then  into  the  above-mentioned  mercury- compound. 
The  solution  filtered  from  the  sulphide  of  ruthenium,  and  evaporated  with  hydro- 
rhloric  acid  and  sal-emmonia(^  yields  pure  chloriridiate  of  ammonium. — ^The  tetra- 
chlorides of  iridium  and  ruthenium  may  also  be  separated  by  heating  with  nitrite  and 
carbonate  of  potassium,  evaporating  to  dryness,  and  treating  the  residue  with  absolute 
alcohoL  The  ruthenium-seut  then  dissolves,  whilst  the  iridium-salt  remains,  and  may 
be  easily  converted  into  chloriridiate  of  ammonium. 

According  to  Gibbs,  the  separation  of  iridium  and  ruthenium  by  ignition  with  nitre 
and  potash  does  not  yield  good  results,  inasmuch  as  part  of  the  ruthenium  always 
remains  unattacked,  and  a  small  quantity  of  the  iridium  dissolves,  together  with  the 
rotheniate  of  potassium. 

On  the  separation  of  ruthenium  and  the  other  platinum-metals,  see  further  Gibbs 
(SilL  Am.  J.  r^l  xxxvii.  67 ;  Jahresb.  1864,  p.  288 ;  Bull.  Soc.  Chim.  1864,  ii.  88), 
Carey-Lea  (SilL  Am.  J.  [2]  xxxviii.  81;  Jahresb.  1864,  p.  290). 

Atomic  Weight  of  Buthenium. — Glaus  (J.  pr.  Chem.  xxxiv.  178,  420;  Ann.  Ch. 
Fharm.  Ivi.  257),  by  the  analysis  of  chlororuthenite  of  potassium,  2KCl.BuCl',  found 
that  the  atomic  weight  of  the  metal  was  104*22,  which  is  nearly  the  same  as  that  of 
rhodium.  Other  experiments  gave  higher  numbers,  but  the  above  determination  is 
generally  regiarded  as  nearest  to  the  truth. 

KUTUMJilU M,  03KIBB8  OV.  Buthenium  forms  fire  oxides,  vis  BuO,  Bu*0', 
BuO*,  BuO*,  and  BuO*,  the  fourth,  however,  being  known  only  in  combination. 

The  protoxide^  BuO,  obtained  by  calcining  the  dichloride  with  carbonate  of 
sodium  in  a  current  of  carbonic  anhydride,  and  washing  the  residue  with  water,  has  a 
da^-grey  colour  and  metallic  lustre,  is  not  acted  upon  by  acids,  but  is  reduced  by 
hydrogen  at  ordinary  temperatures. 

8e*quioxid$,  or  Buthenioua  Oxide,  Bu*0'. — ^Pulverised  ruthenium,  heated  in 
contact  with  the  air,  rapidly  absorbs  48  per  cent,  oxygen,  and  is  afterwards  slowly 
converted  into  the  anhy^us  sesquioxide,  which  has  a  deep  blue  colour,  is  insoluble  in 
acids,  and  is  reduced  when  heated  into  hydrogen  gas. 

The  hydrated  sesquioxide,  Bu'O'.SH'O  «■  BuH*0',  is  obtained  as  a  blackish -brown 
precipitate,  when  a  solution  of  ruthenious  chloride  is  treated  with  an  alkaline  carbonate. 
This  hydrate,  after  proloneed  washing,  still  retains  3  or  4  per  cent  of  alkali ;  it  dis- 
solves with  yelloar  colour  m  acids,  but  is  not  dissolved  by  water  or  by  alkalis.    When 
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Btioiiglj  heated  in  an  atmosphere  of  carbonic  anhydride,  it  gives  olf  its  water,  and 
becomes  insoluble  in  acids. 

The  dioxide  or  ruthenie  oxt(fe,RnO',  is  formed  by  roasting  the  disnlphideyOrby 
strongly  igniting  mthenic  sulphate,  RuS'O'  or  BuO'.2SO'.  The  former  method 
yields  a  black-blue  powder  with  a  tinge  of  green ;  the  latter,  grey  particles  with 
metallic  lustre,  and  bluish  or  greenish  iridescence. 

The  hydrate,  HuH^O^  »  BuO'.2H*0,  is  obtained  as  a  geUtinous  predpitste,  by 
decomposing  chlororutheniate  of  potassium  with  carbonate  of  sodium,  or  ruthenie 
sulphate  with  caustic  potash  or  soda ;  in  the  latter  case,  however,  the  solution  must  be 
evaporated,  as  it  retains  a  considerable  quantity  of  the  hydrate.  Ruthenie  hydrate, 
when  dried  and  heated  in  a  platinum  spoon,  deflagrates  with  vivid  incandescenoe,  and 
is  scattered  aboutw  It  dissolves  in  acidB,  forming  yellow  solutions.  The  solution  in 
hydrochloric  acid  turns  red  when  evaporated,  and  ultimately  leaves  red-brown  ruthenie 
chloride.    The  hydrate  dissolves  also  with  light-yellow  colour  in  alkalis. 

The  trioxide^  RuO',  commonly  called  ruthenie  add,  is  known  only  in  the  form  of  a 
potassium-salt,  which  is  obtained  by  igniting  ruthenium  with  a  mixture  of  potash  and 
nitrate  or  chlorate  of  potassium.  It  dissolves  in  water,  forming  an  orange-yellow 
solution,  which  has  an  astringent  taste,  colours  oisanic  substances  black  by  ooatii^ 
them  with  oxide,  and  is  decomposed  by  adds,  yielding  a  predpitate  of  the  sesqui- 
oxide. 

Tetroxide  of  Ruthenium^  RuO^.  Ruthenie  tetroxide,  J^mtthenic  acid.  Ruthm- 
hypereaure. — This  volatile  oxide,  analogous  to  osmic  tetroxide,  is  obtained  by  heating 
to  dull  redness,  in  a  silver  crudble,  a  mixture  of  3  grammes  of  ruthenium  with  24  grms. 
caustic  potash  and  8  grms.  nitre,  dissolving  the  fused  mass  in  48  grms.  of  wa^er, 
introducmg  the  solution  into  a  tubiilated  retort  connected  by  a  long  condensing  tube 
with  a  flask  containing  caustic  potash,  and  passing  chlorine  into  the  liquid.  The 
liquid  becomes  hot»  and  the  tetroxide  passes  over,  condensing  in  the  neck  of  the  retort 
and  the  tube,  as  a  golden-yellow  crystalline  crust,  which  m^ts  between  50^  and  60^. 
Fart  of  it,  however,  remains  in  the  liquid,  and  may  be  separated  by  distillation.  To 
purify  it  from  adhering  water  and  ddorine,  it  is  meltea  in  a  tube  under  a  layer  of 
water ;  it  then  eiystallises  on  cooling,  and  may  be  pressed  between  paper. 

Ruthenie  tetroxide  is  a  golden-yellow,  crystalline  mass,  in  which  rhomboids] 
prisms  may  be  distinguished.  It  is  heavier  than  snlphuric  add,  very  volatile, 
vaporising  even  at  ordinary  temperatures,  and  emitting  an  odour  like  that  of  nitrous 
add ;  melts  at  68^,  forming  a  yellow  liquid,  which  boils  at  about  100^.  It  dissolves 
sparingly  in  water,  the  solution  remaining  unaltered  in  the  dark,  but  decomposing 
rapidly  even  in  difiused  daylight.  It  disscuves  in  hydrodiloric  add,  without  losing  its 
characteristic  odour,  and  on  adding  alcohol  to  the  solution,  trichloride  of  ruthenium 
is  formed.  Sulphurous  add  colours  the  solution  of  ruthenie  tetroxide  red-purple, 
changing  to  violet-blue  when  heated.  Sulphydric  add  throws  down  a  black  precipi* 
tate  of  oxysulpbide.  The  dry  oxide  moistened  with  strong  potash,  becomes  hot., 
melts,  and  volatilises  in  great  part,  the  rest  gradually  dissolving  as  rutheniate  of 
potassium.   (C  laus,  J.  pr.  Chem.  Ixxix.  28;  Jahresb.  1859,  p.  260.) 

&1ITB ABI  III Mf  BUXPBZSBS  07.  Sulphydric  add,  passed  into  a  solution  of 
either  of  the  chlorides  of  ruthenium,  usually  forms  a  predpitate  consisting  of  sulphide 
and  oxysulphide  of  ruthenium  mixed  with  free  sulphur.  The  blue  solution  of  the 
protochJoride  yields  a  dark-brown  sesquisulphide,  Ru'S'.  When  sulphydric  add  gas  is 
passed  for  a  long  time  into  a  solution  of  the  trichloride,  disulphide  of  ruthenium,  KuS*, 
is  formed,  as  a  brown-yellow  predpitate,  becoming  dark-brown  by  caldnation. 

aVTBBWZirM-COMPOinniSy  AMMOVZACAXto  a.  Di-ammoniacal, — ^The 
oxidcy  Ru0.2NH',  is  obtained  by  evaporatinp;  a  solution  of  the  tetrammoniacal  oxide, 
Ru0.4NH',  in  a  dry  vacuum,  as  a  yellowish-brown  spongy  mass,  formed  of  small, 
very  deliquescent,  crystalline  laminae,  containing  5  at.  water.  When  placed  on  the 
tongue,  it  exerts  a  caustic  action,  stronger  even  than  that  of  potash.  Its  salts 
resemble  those  of  the  following  series,  excepting  that  they  are  of  a  darker  colour : — 

/3.  Tc^rawwMwiaca/.-— The  chloride,  RuCl«  4NH».8HK),  is  obtained  by  dissolving 
1  pt.  of  chlororutheniate  of  ammonium,  2NH*Cl.RuCl*,  in  16  pts.  of  water,  boiling  the 
solution  for  an  hour  with  30  pts.  of  caustic  ammonia  and  1  pt.  of  ammonium- 
carbonate,  evaporating  to  dryness  over  the  water-bath,  digesting  the  pulverised 
crystalline  mass  with  1  pt.  of  water,  and  washing  it  on  a  filter  with  weak  alcohol,  till 
the  free  sal-ammoniac  is  completely  dissolved.  The  salt  when  dry  is  dissolved  in 
4  pts.  of  hot  water  containing  a  little  carbonate  of  ammonium ;  and  the  solution,  filtered 
while  still  hot,  deposits  the  salt  on  cooling  in  beautiful  golden-yellow,  oblique  rhom- 
bic crystals,  which  are  not  very  soluble  in  cold  water,  and  quite  insoluble  in  alcohol 
The  crystals  retain  their  water  till  they  are  heated  to  a  temperature  at  which  thej 
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tmdeigo  complete  de6ompo«itioii,  leaTing  metallic  ratheniiun.  The  solutioii  has  a 
ationff  tendency  to  form  slightly  solable  compoands  with  other  metallic  salts.  Caustic 
potaoh  does  not  eliminate  ammoxiia  from  it  at  ordinary  temperatures,  but  lirer  of 
■ulphiir  immediately  sets  ammonia  free ;  with  chloride  of  platinam,  it  immediately  forms 
a  preapitate  of  the  eomponnd  RuCP.4NH»  JHCl*. 

The  chloride,  treated  with  oxide  of  silver,  yields  the  oxide  Bu0.4NH*,  which,  how- 
eTer,  has  not  been  obtained  in  the  solid  state,  as  its  solution  when  cTaporated  gives 
off  half  its  anunonia,  leaving  the  oxide  Ru0.2NH',  already  described.  The  solution 
of  the  tetrammoniacal  oxide  resembles  that  of  potash ;  it  absorbs  carbonic  acid  from  the 
air,  expels  ammonia  from  its  salts,  precipitates  metallic  oxides,  and  dissolves  alumina ; 
it  does  not,  however,  exert  any  action  on  the  salts  of  copper  or  silver. 

The  oxygen-salts  of  this  base,  obtained  by  decomposing  tne  chloride  with  the  corre- 
snonding  silver-salts,  are  veiy  soluble  in  water,  but,  for  the  most  part,  insoluble  in 
alcohoL  The  carbonate,  BuCO'.2NH*.6H*0,  is  soluble,  strongly  alkaline,  and  crystnl- 
lises  in  light-yellow  rhombic  prisms.  The  nUrate,  Ru(NO«)«.2NH*.2H«0,  forms  small 
rbomboidal  prisms,  having  a  sulphur-yellow  colour  and  strong  lustre,  melts  when  heated, 
and  decomposes  with  slight  detonation.  The  ntlphate,  lluSO*.2NH'.4H'0,  crystallises 
in  fine  transparent  rhombic  plates  of  a  golden-ymlow  colour.  When  exposed  to  the  air, 
they  give  offpart  of  their  water,  and  become  opaque,  acquiring  a  metsiUic  aspect  (Clau  s, 
J.  pr.  Chem.  Ixxix.  28  ;  Ixxxv.  129 ;  Jahresb.  1859,  p.  263;  1861,  p.  320.) 


A  mineral  from  the  gold-mines  of  Rutherford  County, 
North  Carolina,  -where  it  occurs  in  small,  brown,  monoclinic  crystals,  which  exhibit  in- 
candescence when  heated.  According  to  Shepard  (Sill.  Am.  J.  xiL  209),  it  contains 
titanic  oxide  and  eerie  oxide ;  accoidi^  to  T.  S.  Hunt  {ihid,  [2]  xiy.  844),  68  per  cent, 
titanic  oxide,  12  lime,  &c 

Syn.  with  Cafbio  Acid  (i.  742). 

L  variety  of  native  titanic  oxide.    (See  TirAHiuif.) 

The  name  applied  by  Braconnot  to  a  red  resinous  substance  (called 

olivin  by  Mulder),  produced  by  salicin  with  strong  sulphuric  add:  probably  impure 
ealiretin. 


Q»n»0».      RuHnic    Acid.    Ph^meUn.    Melin,     Ve^tabU    Yellow, 
(Weiss, Pharm. Centr.  1842, p. 903.— Borntrager,  Ann.Ch.Pharm.liii.  385.— Roch- 
leder  andHlasiwet2,('^u2.  Ixxxii.  197. — ^W.  Stein,  J.  pr.  Chem.  Iviii.  399 ; Ixxxviii. 
280.— Hlasiwetz,  Ann.  Ch.  Pharm.  xcvi  123 ;  further,  Chem.  Centr.  1862,  p.  449.— 
Zwenger  and  Dronke,  Ann.  Ch.  Pharm.  cxxiii.  146. — Gm.  xvi.  600.) — ^A  glucoside, 
which  appears  to  be  very  widely  dififased  in  the  vegetable  kingdom.       It  was  first  ob- 
tained from  garden  rue,  by  Weiss  and  by  Borntrager;  afterwards  from  capers,  the 
flower-bads  of  Capparis  spinosa^  bv  Rochleder  and  Hlasiwetz,  also  by  Zwenger  and 
Dronke ;  and  from  the  so-called  Waifa^  the  undeveloped  flower-buds  of  Sophora  japonica^ 
by  Stein  and  by  W.  Martins  (N.  Jahrb.  Pharm.  i.  241).     According  to  Stein,  saf- 
flower  yellow  is  uncrystallisable  rutin  ;  the  colouring  matters  of  straw  and  of  ^thalium, 
Mppophai,    and  Polygonum  FcLgopyrum  likewise  agree    in    character   with   rutin. 

Prtparation  :  1.  FVom  Garden  Rue. — The  dried  and  comminuted  plant  is  boiled  for 
balf-an-hour  wi4h  common  vinegar,  and  the  expressed  liquid  is  set  aside  for  several 
weeks,  or  so  long  as  it  continues  to  deposit  impure  rutin.  The  deposit  is  washed  with 
cold  water,  heated  to  boiling  with  4  pts.  of  acetic  acid  and  16  pts.  of  water,  filtered, 
and  left  for  some  days  to  crystallise.  The  crystals  obtained  thus,  and  by  partial  eva- 
poration of  the  mother-liquor,  are  dissolved  in  6  pts.  of  boiling  water ;  the  solution  is 
treated  with  animal  charcoal ;  and,  after  addition  of  }  of  water,  the  alcohol  is  dis- 
tilled o£  The  rutin  ciytallises  from  the  residue  after  some  days,  the  more  readily  the 
less  strongly  the  solution  has  been  heated  (Borntrager,  Weiss).  A  green  resin 
with  whicm  the  rutin  is  contaminated  is  difficult  to  remove  by  crystallisation ;  it  is  more 
easily  got  rid  of  by  acidifying  the  alcoholic  solution  with  acetic  acid,  and  precipitating 
with  neutral  acetate  of  lead.  On  removing  the  lead  from  the  filtrate  by  sulphydrio 
acid,  and  evaporating,  the  rutin  crystallises,  and  may  be  recxystallised  from  boiling 
water.  It  still  contains  a  substance  resembling  coumarin,  from  which  it  may  be  freed, 
though  with  great  difficulty,  by  repeated  boiling  with  ether.  (Zwenger  and 
Dronke.) 

2.  From  Preserved  Capers. — ^The  capers  are  macerated  in  water  for  a  few  hours, 
after  which  the  water  is  poured  off,  and  the  capers  are  pressed ;  this  process  is  repeated 
twice,  to  remove  salt  and  vinegar.  The  decoction,  obtained  by  twice  boiling  the  washed 
capers  in  not  too  large  a  quantity  of  water,  throws  down,  on  standing  for  24  hours,  a 
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lam  qiuintity  of  yell<mi8h-wliite  flocks,  which  arc  rolleet«d,  dried,  and  diasolyed  ia 
boiiiug  alcoholi  vherebj  a  gelatinona  substance  is  left  undissolved.  The  alcoholie 
solution  is  mixed  with  water,  and  the  alcohol  is  distilled  off;  the  residue  then  solidifi^ 
on  cooling,  from  ciystallisation  of  rutin.  The  crystals  are  purified  by  pressing  and 
recrystallisation  from  boiling  water  (Rochleder  and  Hlasiwetz).  Zwenger  and 
Dronke  add  to  the  solution  in  hot  water  a  few  drops  of  solution  of  neutnil  acetate  of 
lead  (too  much  would  predpitate  a  compound  of  rutin  and  lead-oxide),  and  free  the 
filtrate  from  lead  by  means  of  sulphydric  acid. 

3.  From  Waif  a. — The  coarsely-bruised  waifa  is  repeatedly  boiled  with  alcohol  of 
80  per  cent.,  and  the  mater  part  of  the  alcohol  is  distilled  off,  whereupon  the  residue 
thidcens  to  a  pulp  of  impure  rutin,  amounting  to  11  per  cent,  of  the  waifa  employed. 
It  is  crystallised  repeatedly  from  boiling  water,  and  afterwards  washed  with  cold  water 
(Stein).  To  purify  the  rutin,  hydrate  of  lead  is  added  to  the  boiling  alcoholic  solu- 
tion, so  long  as  it  is  coloured  brown  ;  the  solution  is  filtered ;  and  the  rutin  is  thrown 
down  from  the  filtrate  by  an  additional  quantity  of  lead-hTdrate.  The  latter  pure 
yellow  precipitate  is  decomposed  by  alcoholic  sulphydric  acio,  and  the  filtrate  is  free 
from  sulphide  of  lead,  and  evaporated  to  crystallisation.    (Stein.) 

Properties. — ^BuUn  crystallises  frt>m  its  aqueous  solution  in  pale  yellow-delicate  needles, 
probably  haying  the  composition  2C"H'H)'*.5K'0.  It  has  a  slightly  styptic,  afterwards 
saline  taste.  'Hie  crystals,  heated  to  100^,  give  off  from  1*61  to  2*12  water,  and 
leave  a  hydrate  containing  C»H»0>^2H''0  (mean  of  analyses,  49*61 0, 5*47  H,  451»2  O; 
calc.  49-66  C,  6*29  H,  46*05  O),  which,  at  \60^  to  160^  gives  off  its  2  at  water  (6*6S 
— 6*92  per  cent),  and  leaves  anhydrous  rutin,  C^H'O'*,  containing  52*66  C,  5*02  H, 
42*32  0  (calc.  52-81  G,  4-98  H,  42*27  0).    fZwenger  and  Dronke.) 

Rutin  IS  nearly  insoluble  in  cold  but  dissolves  easily  in  boiling  water,  forming  a  pale- 
yellow  solution,  which  is  decolorised  bv  adds,  and  qmckly  deposits  the  rutin  on  cooling. 
It  dissolves  slightly  in  cold  absolute  alcohol,  freely  in  boiling  alcohol  of  76  per  cent, 
and  crystallises  therefrom  only  on  concentration  and  addition  of  water.  It  is  insoluble 
in  boiling  ether.  It  dissolves  freely  in  hot  acetic  acidy  and  is  partially  deposited  on 
oooHng.  By  digestion  with  moderately  dilute  mineral  acids,  it  acquires  a  lemon-yellow 
colour,  and  is  rendered  paler  again  by  water ;  when  heated  with  adds,  it  dissolves  and 
suffers  decomposition  (infra).    It  absorbs  hydrochloric  acid  aa$.    (St«^in.) 

Rutin  dissolves  easily  in  o/Aro/w  and  alkaline  carhonate$ — ^abo  in  haryta-f  <<rofifo'a-,and 
lime-water,  forming  yellow  solutions,  which  deposit  the  rutin  unaltered  on  addition  of 
id  turn  brown  in  the  air  from  absorption  of  oxygen.  According  to  Stein,  it  de- 
comunsJIllttttl^^^L'^*'^  and /erroeyanu£s  of  potassium.  It  is  coloured  dark-green 
\)y  fitriochionae^Rj^f^'tsd  to  greenish  by /frrot»  chloride.  Acetate  of  lead,  added  to 
an  alcoholic  solution  of  rutin,  or  in  excess  to  aqueous  rutin,  forms  a  yellow  predpitate 
containing  C«»H"0'*.2Pb"0.     (Borntragerj  Rochleder  and  Hlasiwets.) 

Decompositions. — 1.  Rutin,  after  dehydration  at  160°,  cakes  together  at  190^,  and 
then  melts  to  a  yellow  viscid  li(|uid,  which,  on  cooling,  solidifies  to  an  amorphous 
mass,  and  takes  up  water  when  immersed  in  it  When  more  strongly  heated  it  is 
carbonised,  emitting  an  odour  of  caramel,  and  yielding  a  distillate  containing  queroetin 
(Zwenger  and  Dronke).  Rutin,  melted  at  180°,  forms  a  yellow  viscid  liquid  on 
cooling,  and  partly  crystallises ;  at  220°  a  yellow  sublimate  is  produced  (Bo  r  n  t  r  ag  er). 
Over  a  bath  of  oil  of  vitriol,  rutin  becomes  coloured  at  100°,  melts  at  120°,  giring 
off  gas-bubbles,  boils  at  200°,  and  is  decomposed  at  290°,  yielding  products  of  distil- 
lation. The  water  evolved  at  200°  over  the  oil-bath  contains  formic  add ;  a  solution, 
of  the  melted  mass  in  a  little  boiliuff  water  throws  down  amorphous  queroetin  on 
stnding  (Stein). — 2.  Nitric  acid  boiled  with  rutin  produces  chiefiy  oxalic  add 
(Zwenger  and  Dronke).  According  to  Stein,  it  forms  picric  acid  with  a  trace  of 
oxalic  acid.  Cold  nitric  acid  colours  rutin  yellow,  then  quickly  olive,  and  at  last  red- 
brown  (Stein). — 3.  Rutin  forms  with  oU  of  vitriol  a  brown-yellow  (olive-green, 
according  to  Rochleder  and  Hlasiwetz),  afterwards  brown-red  solution,  without  libera- 
tion of  sulphurous  add  ;  water  throws  down  from  the  solution,  after  an  hour,  olive^ 
green  fiocks,  after  twelve  hours  a  violet  precipitate ;  and  the  supernatant  liquid,  when 
evaporated  and  freed  from  sulphuric  add,  yields  easily  soluble  crystals  (Stein). — 
4.  V¥hen  boiled  with  dilute  mineral  adds,  TuXin  splits  up  into  sugar  (Stein)  and 
quercetin  (Hlasiwetz).  The  decomposition  takes  place  with  peculiar  rapidity  in  an 
alcoholic  solution ;  it  is  also  effected  by  formic  ado,  especially  at  a  temperature  of, 
110°.  When  rutin  is  dissolved  in  boiling  acetic  add  of  60  per  cent.,  and  a^in  crystal- 
lised, the  amount  of  carbon  in  the  crystals  (dried  at  120°)  is  increased  to  51*8  or  62 
per  cent ;  it  now  reduces  copper  solutions,  and  has,  therefore,  been  partly  converted 
into  quercetin  (Stein).  The  aecomposition  is  not  effected  by  emulsin  (Zwenger  and 
Dronke).  From  100  parts  of  rutin,  dried  at  100°,  39*24  to  43*26  parts  (mean  41*9) 
of  quercetin  were  obtained,  corresponding  with  the  equation, 

C»H»0»»  +   3H*0     -     C'«H'»0«  +  2C«fl«H)«. 
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(Uralatkm,  43*37  per  eent. qneroetin  (Zwengor  and  Dr onke).    Hlasiwets  (Wien. 
Akad.  Ber.  17,  400)  obtained  68*08  per  cent,  qnercetin  and  44*5  per  cent,  angar. 
•    6.  Rutin,  treated  in  aqueous  or  alcoholic  solution  with  §odium'-anudff€tm,  is  converted 
info  p^T**^''*^^>»i^"^'"      (Stein,  iv.  841.) 

0.  It  reduces  nitrate  of  silver  and  triehhride  of  ^dtd,  not  cuprate  of  potassimn. 
With  vater  and  eilver-oxide,  it  forms  a  daik-red  liquid,  which  leaves,  on  evaporation, 
a  brown  amorphous  residue.     (Stein.) 

CO  ACXB.    Syn.  with  Bimx. 

VOAJt.  This  sugar,  isomeric  with  glucose,  is  produced,  together  with 
quercetin,  br  boiling  rutin  with  dilute  sulphuric  acid,  and,  after  removing  the  quercetin 
and  snlphnnc  acid,  may  be  obtained,  by  evaporation,  solution  in  alcohol,  and  precipi- 
tation with  ether,  as  a  colourless,  uncrystalliBable  syrup.  It  does  not  act  on  polarised 
light;  reduces  cuprate  of  potassium  in  the  cold;  yields  with  boiling  nitric  acid,  oxalic 
but  no  picric  acid ;  and  is  not  fermentable. 

SUWIJk.  Sjrn.  with  Cbpry/,  G'*H'*0,  the  radicle  of  rutic  or  capric  acid.  It  is 
also  applied,  but  incorrectly,  to  the  alcohol-radide  C'*H'*,  properly  called  J}eeyL    (See 


C**H**.  (A.  Bauer,  Ann.  Ch.  Fharm.  ezzzv.  344;  BuH  Soe. 
Chim.  1865,  ii.  266.) — A  hydrocarbon  polymeric  with  acetylene,  and  perhaps  identical 
with  menthene,  produced  by  the  action  of  alcoholic  potash  on  tribromide  of  diamylene, 
CmH^Be*.  It  IS  related  to  diamvlene  and  mtyl  (C"H*'0),  in  the  same  manner  as 
valsiylene,  OH*,  is  related  to  amylene  and  valexyl,  and  tocampholio  acid,  C*"H**0',  in 
tiie  same  manner  as  crotonvlene,  OH*,  to  crotonic'acid,  C*H*0*. 

Rvtjleoe  is  a  colourless  liquid,  lip^hter  than  water,  and  having  an  agreeable  odour, 
somewhat  like  that  of  turpentine-oiL  Boils  at  about  160°.  Vapoor-density,  obs.  a. 
4*843 ;  ealc.  4*778.  It  is  insoluble  in  water,  soluble  in  alcohol  and  in  ether.  Bromine 
attw^«  it  strongly,  with  formation  of  hydrobromic  acid  and  separation  of  charcoal.  If, 
however,  rise  of  temperature  be  prevented,  dibromide  of  rutylene,  0'*H"Br',  is 
formed.  This  is  a  very  unstable  compound,  which  decomposes  even  at  ordinary  tem- 
peiatures,  and  acts  strongly  on  acetate  of  silver  and  on  alcoholic  potash,  probably 
farming,  in  both  cases,  the  hydrocarbon  C>*H**. 

WTACOI^XTai  or  BhyaccHU  (from  p^,  a  lava-stream).  A  mineral  from 
Vesuvius,  having  the  crystallisation  of  felspar,  and  resembling  the  glassy  variety. 
pana,  u.  245.) 

STB.  See  CsHBiLis  (i.  823). — ^Ergot  of  Bve  (Clavicept purpurea.  T)  contains, 
according  to  Neidhardt  (N.  Jahrb.  Pharm.  xviii.  193 ;  Jahresb.  1862,  p.  516),  31  06 
per  eent.  fat  oil,  2*69  resin,  1*3  red  colouring  matter,  0*8  mannite  [mycose,  according  to 
Mitscherlich  and  Berthelot,  iii.  1068],  and  3*9  osmazome,  together  with  phos- 
phates, a  volatile  base  (trimethylamine),  gum,  and  fhngin  (cellulose  with  red  colouring 
matter).    The  crgotine  of  Wiggers  (ii.  499)  is  resarded  by  Neidhardt  as  resin. 

"Ergot  may  be  detected  in  rye- flour  by  first  boiling  the  flour  twice  with  alcohol,  to 
remove  fiitty  and  resinous  matters,  then  treating  the  expressed  residue  with  alcohol, 
and  adding  from  10  to  20  drops  of  dilute  sulphuric  acid.  If  the  lye-flour  is  free  from 
ergot,  the  Squid  remains  colourless,  or  exhibits  only  a  faint  yellowish  tinge;  in  the 
contrary  case,  it  acquires  a  red  colour,  more  or  less  deep,  according  to  the  quantity  of* 
ergot  present.  (Jacoby,  Anal.  Zeitschr.  ill.  609;  BulL  Soc.  Chim.  1866,  i.  267.  See 
ako  mmdworierb,  de  Cnem,  viL  730.) 


a 

The  seeds  of  Verairum  SabadUla  (Bets),  or  Verairum 
^kinaU  (SchL),  a  oolchiaceous  plant  indigenous  in  Mexico,  contain,  according  to 
Goner  be  (Ann.  Ch.  Phys.  [21  m.  852),  two  organic  bases,  veratrine  and  sabadilline, 
and  two  adds,  sabadillic  or  cevadic  add  (i.  843),  and  veratric  add,  together  with  helonin 
or  veratrum-resin. 

Sabadilline,  C^H^NH)*,  according  to  Couerbe,  is  extracted  by  exhausting  the 
pidverised  seeds  with  alcohol  of  spedfic  gravity  0*845,  treating  the  residue  left  on  dis- 
tilling off  the  alcohol  with  dilute  sulphuric  add,  decolorising  the  liquid  with  animal 
tthaTcSal,  and  addins  caustic  potash,  which  precipitates  sabadilline,  hydrosabadilline, 
and  veratxine^  together  with  two  non-basic  suWances.    This  predpitate  is  dissolved  in 
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dilate  salphnric  acid,  and  the  solution  is  mixed  with  nitrio  add  as  long  as  a  blaclE 
pit^hj  precipitate  is  produced.  The  liquid  filtered  therefrom  is  precipitated  bj  caostic 
potash ;  the  precipitate  is  washed,  dried,  and  dissolved  in  absolute  ^cohol ;  and  the* 
mass  remaining  after  eTapooration  of  tJie  alcohol  is  boiled  with  water,  which  takes  ap 
sabadilline  and  hydrosabadiUine.  The  former  separates  on  cooling  in  stellate  groups 
of  apparently  cubic  crystals,  which  have  a  faint  rose  colour,  but  may  be  Tendered, 
colourless  by  recrystallisation. 

Sabadilline  haa  an  extremely  acrid  taste :  it  begins  to  melt  at  200°,  and  decomposes 
at  hiffher  temperatures,  emitting  fumes,  and  leaving  a  bulky  cinder.  It  is  moderately 
soluble  in  hot  water,  the  solution  having  a  distinct  alkaline  reaction,  freely  soluble  in 
alcohol,  insoluble  in  ether.  It  is  decomposed  by  strong  mineral  acids,  but  forms 
crystallisable  salts  with  dilute  sulphuric  and  nitric  acids. 

According  to  Simon  (Pogg.  Ann.  xliii  493),  sabadilline  is  not  a  definite  substance, 
but  a  mixture  of  resin,  aikau,  and  veratrine,  the  latter  being  precipitated  by  ammonia 
from  the  solution  of  the  so-called  sabadilline  in  sulphuric  acid.  According  to 
Hubschmann,  on  the  other  hajod  {MUtheUungen  des  Schweiger  Apothekerverein*^ 
Band  iii.  Heft  1),  sabadilline  is  a  definite  compound,  and  ib  distinguished  from 
yezatrine  by  not  exciting  sneezing,  by  its  insolubility  in  ether,  and  by  not  being  pre- 
ripitated  by  ammonia  from  its  solution  in  sulphuric  acid. 

HydrosabadiUine  or  SabadUla  gum-redn,  G^H^NH)',  differing  horn  sabadilline  by 
the  elements  of  1  at.  water,  is  contained,  according  to  Couerbe,  in  the  aqueous  mother- 
liquor  of  the  latter,  and  separates  on  evaporation  in  oily  drops,  which  solidify  to  a 
reddish  resinoua  mass.  It  melts  at  166^,  is  very  soluble  in  alcohol,  nearly  insoluble  in 
ether,  has  an  alkaline  reaction,  and  unites  with  acids,  but  does  not  form  crystallisable 
salts, 

SAOCnfABAMTPaL    C^«0«  -  (C^*0«)'»  [^   (Heintz,  Pogg.  Ann.  cvi.  93 ; 

Jahresb.  1859,  p.  290.)--This  compound  separates  as  a  white  precipitate  when  dry 
ammonia-gas  is  passed  into  an  ethereal  solution  of  ethylic  saccharate  (p.  143).  It  may 
be  ciystaflised  com  warm  water,  but  is  converted  by  boiling  with  water  into  saccha- 
rate of  ammonium,  and  is  quickly  decomposed  ^  acids  into  ammonia  and  saccharic  acid. 

A*        ) 
BACCBA&ZO  AOZB.    C^mQ*  -  (C«H'02)*H0*.—  An  acid,   isomeric  with 

H«         J 

mucic  acid,  produced  by  the  action  of  nitric  acid  on  cane-sugar,  glucose,  milk-sugar,  and 
mannite.  It  was  first  observed  by  Scheele  (Oputctda,  li.  203),  who  mistook  it  for 
malic  acid,  and  it  has  been  studied  by  G-uerin-Varry  (Ann.  Ch.  Phys.  [2],  xlix.  280; 
Iii.  318;  Ixv.  332),  Erdmann  (Ann.  Ch.  Pharm.  xxi.  1),  Hess  (ibid,  xxvi  1; 
XXX.  402),  Thaulow  (t^.  xxvii.  113),  Liebig  {ibid.  xxx.  313;  cxiii.  1;  Jahresb. 
1859,  p.  261),  and  Heintz  (Pogg.  Ann.  Ixi.  315;  cv.  211;  cvi.  93;  cxi.  265,  291 ; 
Jahresb.  1858,  p.  251 ;  1859,  p.  290;  1860,  p.  259).  See  also  Gm.  xl  513 ;  Gerh.  ii. 
145 :  Kekul^'s  Lehrhuck,  il  238. 

Preparation. — 1.  One  part  of  cane-sugar  is  wanned  with  3  pts.  nitric  add,  of  specific 
gravity  1*25  to  1*30,  till  a  reaction  is  set  up ;  the  vessel  is  then  removed  from  the 
fire ;  and  after  the  first  brisk  action  ia  over,  and  the  liquid  has  cooled  to  50°,  it  is 
kept  at  that  temperature  over  a  moderate  fire  as  long  as  red  fumes  continue  to  escape. 
It  18  then  diluted  with  half  its  bidk  of  water,  and  divided  into  two  parts,  one  of  whidi 
is  saturated  with  carbonate  of  potassium,  and  then  mixed  with  the  other;  or  the  entire 
liquid  may  be  neutralised  with  the  alkaline  carbonate,  and  then  treated  with  excess  of 
acetic  acid.  The  liquid,  after  several  days'  repose,  deposits  crystals  of  add  potassie 
saccharate,  which  may  be  purified  by  repeated  cr^stalliaBttion  from  boiling  water,  with 
addition  of  animal  charcoal,  if  necessaiy  (Heintz).  Or  the  add  ammonium-salt 
may  be  prepared  instead  of  the  potassium-salt.    (Liebig.) 

2.  When  1  pt  of  milk-sugar  is  oxidised  with  2^  pts.  nitric  acid  of  specific  gravity 
1*32,  diluted  with  2|  pts.  water,  mudc  add  (about  33  per  cent.)  is  first  formed  and 
separates  out ;  and  the  liquid  filtered  therefrom,  consisting  ehiefiy  of  a  solution  of 
saccharic  acid,  may  be  concentrated  at  a  gentle  heat  to  about  one-third,  and 
neutralised  with  carbonate  of  potassium. 

Free  saccharic  add  is  best  prepared  from  the  cadmium-salt.  The  add  saccharate 
of  potassium  or  ammonium  is  dissolved  in  boiling  water ;  the  solution,  neutralised  with 
potash  or  ammonia,  is  mixed  at  the  boiling  heat  with  the  solution  of  a  cadmic  salt,  and 
boiled  for  some  time,  and  the  cadmic  saccharate  thereby  precipitated  is  decomposed  by 
Bulphydric  acid.    (Heintz.) 

Properties, — Saccharic  acid  is  not  crystallisable,  but  if  rise  of  temperature  has  been 
avoided  during  its  preparation,  it  may  be  obtained  in  the  form  of  a  colotirless  brittle 
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It  18  deliquescent,  eaoily  soluble  in  water  and  alcohol,  insoluble  in  ether.    The 
fohtiQii  of  saechaiie  acid  prepared  from  caneHSugar  is  dextrorotatory. 

Iheompoaitions, — Saccharic  add  turns  brown  even  at  the  heat  of  the  'water^bath. 
It  zeduoes  the  metal  from  eolation  of  aurio  ckloride,  and  when  heated,  also  from  ammo- 
siacal  silver^aolution.  When  oxidised  by  nUric  acid,  it  yields,  first,  dextrotartaric, 
then  oxalic  acid.  When  heated  with  hydrate  of  potaseium  to  250°,  it  yields  acetate 
and  oatalate  of  potasainm : 

C^«K«0«  +  2KH0     «.    2C«H>K0«  +  CKH)*  +  2H»0. 

Saccharate.  Acetate.  Oxalate. 

Saeeharates. — Saccharic  acid  is  mostly  dibasic,  forming,  -with  the  alkali-metals, 
both  nentral  and  acid  salts.  With  lead,  howerer,  it  forms  a  salt  containing  3  at.  of 
metal,  which  replace  6  at.  of  hydrogen. 

The  acid  potaetiumsalt,  OH'KO*,  prepared  as  aboTe,  forms  trimetric  crystals,  ex- 
faibtting  the  combination  ooiPoo  .  ooP.  .:^ao.  Angle  ooP:  ooP  »  103^26°  ;^ao  :  I'ao 
»  1S1°  46.  Axes  a  :  6 :  c  —  1*7631  :  2*2336  :  1.  CIea\'age  easy,  parallel  to  oP.  It 
is  somewhat  diCBcult  of  solution  in  water,  1  pt.  of  it  requiring  from  80  to  90  pts.  of 
water.  The  neutral  potasstum-aalt,  C*H'KH)',  forms  a  ciystalline  crust.  The  acid 
ammomum-galt,  C^'(NH*)0*,  forms  quadrilateral  prisms,  about  as  soluble  as  the 
eonespoDding  potassium-salt.  The  neutral  ammonium-salt  and  the  eodiumsalte  haye 
not  beien  obtained  in  the  crystalline  form. 

SaoeharaU  of  barium,  C*H*Ba"0',  and  the  oonesponding  etrontium-  and  calcium^ 
ealtSt  are  piecipitateB  insolable  in  water,  and  when  obtained  from  hot  solutions,  consist 
of  microfloojne  erystals.  Free  saccharic  acid  does  not  precipitate  the  salts  of  barium, 
stronfeimn,  and  calcium,  but  forms  precipitates  with  baiyta-,  stontia-,  and  lime-water. 
Soluble  saecharatee,  eyen  the  add  salts,  form  predpitates  with  barium-,  strontium-,  and 


The  moffnenum-eali,  0^"Mg''0».3BP0,  the  rinc-ealt,  C«H»Zn"0«.H«0,  and  the 
eadmmm'^alt,  CiPGd'O",  are  crystalline,  nearly  insoluble  in  cold  water,  somewhat 
aolable  in  boiling  water.  When  neutral  sacchsrate  of  potasnum  or  ammonium  is 
predpitated  by  a  eold  solution  of  cadmium-salt,  a  flooculent  predpitate  is  formed, 
which  eakee  together  into  a  resinous  mass ;  if  the  two  solutions  are  mixed  at  the  boijing 
heat,  a  white  heavy  powder  is  formed,  consisting  of  microscopic  needles. 

The  hismuih-mlt  is  obtained,'as  a  flooculent  predpitate,  on  adding  neutral  saecharate 
of  potaadum  to  a  solution  of  bismnth-mtrate  in  a  large  quantity  of  water.  The 
eopper-ealt  is  obtained  by  dissolving  cupric  hydrate  in  aqueous  saccharic  add.  The 
green  solution,  if  free  from  excess  of  add,  deposits  a  green  predpitate,  which  does  not 
bladcen  when  boiled.  The  ferroue  salt  is  obtained,  as  a  gummy  mass,  by  dissolring 
metallic  iron  in  saccharic  add  and  evaporating.  Ferric  h^rate  dissolves  with  yellow 
colour  in  saccharic  add  and  saecharate  of  potasdum. 

Saeeharates  of  Lead, — These  salts  yaiy  greatly  in  composition,  according  to  the 
manner  in  whidi  they  are  prepared.  When  saecharate  of  potassium  is  boiled  with 
exeesa  of  neutral  lead-acetate,  a  resinous  salt  separates,  agreeing  approximately  in 
eompodtion  with  the  formula  C'H'^Pnb'O" ;  and  by  boiling  the  solution  decanted  there- 
from, an  amorphous  salt  is  obtained,  corresponding  with  the  formula  CH'Pnb^O* 
(H  e  i  n  t  z).  Thaulow,  by  the  same  process,  obtamed  a  heavy  granular  predpitate,  having 
neariy  the  composition  G^H'^Flfk)'*.  If  the  boiling  be  prolone^,  the  precipitate 
becomee  continually  richer  in  lead,  and  after  9  or  10  hours'  boiling,  has  the  eom- 
podtion C«H«Pn>HJ».    (H  e  i  n  t  z^ 

Saecharate  of  sUver,  Cfl^AgH)*,  is  obtained  by  mixing  the  neutral  potasdum-salt 
with  nitrate  of  diver,  as  a  white  predpitate,  which,  in  presence  of  an  excess  of  the 
potasdum-salt,  remains  white  on  boiling  and  becomes  crystalline.  It  is  yery  soluble 
in  ammonia,  the  solution  depositing  metallic  silver  when  boiled. 

tULiOCMAMEO  BTBSBS.  Neutral  Ethylio  saecharate,  C*H'(C*H«)*0*  is  obUined 
by  passing  hydrochloric  add  gas  into  a  solution  of  saccharic  acid  in  absolute  alcohol; 
or,  oetter,  into  absolute  alooh^  containing  saecharate  of  calcium  in  suspendon.  In 
the  latter  case,  a  crystalline  compound  of  ethylic  saecharate  and  chloride  of  caldum, 
2C'H"(C*H*)*0*.Ca"Cl*,  separates,  which  is  easily  soluble  in  water,  slightly  soluble 
in  alcohol,  insoluble  in  ether.  On  dissolving  this  compound  in  a  small  quantity 
of  water,  adding  a  little  alcohol,  and  a  strong  solution  of  sodic  sulphate,  eTaporating 
qmckly  to  dryness  in  a  vacuum,  exhausting  the  residue  with  alcohol,  and  adding  a 
urge  quantity  of  ether,  a  solution  is  obtained,  which,  when  left  to  evaporate,  leaves 
the  neutral  ethylic  saecharate  in  the  form  of  a  syrup,  which  gradually  solidifies  to 
a  crystalline  mass.  It  is  easily  soluble  in  water  and  in  alcohol,  slightly  soluble 
in  ether.  The  ethereal  solution,  treated  with  dry  ammonia-gas,  yields  sacdiaramide 
(p.  142).     (Heintz,  Pogg.  Ann.  cy.  211 ;  Jahresb.  1858,  p.  251.) 
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EtJ^saeckarie  add,  C^*(C^*)0*,  has  not  yet  been  obtained ;  bnt  by  pusixigr 
hydrodiloric  acid  gas  into  absolute  aloobol  in  which  add  saci^arate  of  potassinm  wms 
snapended,  Heints  obtained  a  ciytallisable  compoond,  C*HVU"H*)0*,  containing  1  at. 
irater  leas  than  ethyl-aaccharic  add — ^probably  the  ethylic  ether  of  the  fizat  anhydride 
of  aaccharic  add :  Urns — 

(CTI*07'>Q,  ((>H*Or?o» 

H*l"^  H«((?H»)(" 

Anhydride.  Btber. 

BAOCMJkMXBm  CH'^O*. — ^A  compound  produced,  according  to  G^lia  (Compt^ 
vend.  zlTiii.  1062;  Jahresb.  1859,  p.  547),  by  heating  cane-an^  for  some  time  to 
160^.  The  sugar  is  then  converted  into  a  mixture  of  sacehand  and  deztroglucoae  : 
QisQaQii  «  C*H>*0*  +  C«H>*0* ;  it  aoauires  the  appearance  of  fruit-sugar;  only  half 
of  it  is  fermentable ;  and  it  reduces  only  naif  aa  much  enprio  oxide  in  alkaline  solution 
as  an  eaual  quantity  of  glucose  or  inverted  sugar.  By  the  action  of  dilute  adds,  how- 
ever, it  IS  rendered  wholly  fermentable,  and  then  behaves  towards  reducing  agents  like 
ordinazy  glucose. 

BACOBAJUBas.  Berthelot  applies  this  term  to  compounds  formed  by  heating 
dextroglncose,  and  other  kinds  of  su^,  with  ozganic  adds.  The  formation  of  these 
compounds  is  attended  with  elimination  of  water,  and  they  are  capable  of  breaking  up 
again,  by  assimilation  of  water,  into  the  original  add  and  carbohydrate :  e.ff, — 

2C«BK)»  +  (>H>«0«  -  8HK)     =     C"H«0». 

Butyric  Mid*        Gloooie.  DibutTro- 

glucMO. 

6C«HK)«  +  C*E}Hy  -  7H«0     -     C"H«0». 
Acetic  add.        GIucom.  Hexaeeto. 

glllCOM. 

4C*H«0«  +  C«H»»0«  -  6HK)     «     C«^H^» 
TarUuric  acid*        Oloooie.  Gloooao-Utra- 

tartarie  acid. 

The  saccharides  are  subdivided  into  glucosides,  or  those  produced  from  dextro- 
glncose; levulosides,  from  Isvo-gluoose ;  galactosides,  from  lactose  or  milk- 
sugar;  and  inosides,  from  inoeite.  The  naturally  occurring  bitter  prindples,  which 
are  resolvable  by  boilinff  with  dilute  adds  into  an  organic  acid  and  glucose,  but 
have  not  been  prepared  artificially,  are  analogous  in  composition  to  Berthelot*s 
saccharides.  Bertbelot  likewise  indudes  under  saccharides  the  compounds  formed  by 
the  action  of  acids  on  starch,  dextrin,  cellulose,  and  other  carbohydrates :  e^.,  xyloi- 
din  from  stiureh  and  nitric  add,  pyroxylin  from  cellulose  and  nitric  acid. 

The  formation  of  the  sacchariaes  occurs  for  the  most  part  by  long  contact  at  100^  or 
1^0® ;  with  some  kinds  of  sugar,  as  with  trehalose,  the  temperature  may  be  raised  aa 
high  as  180®.  Only  a  part  of  the  sugar  thus  enters  into  combination. — ^They  ar« 
decomposible  into  their  constituents  under  the  same  conditions  as  the  fats,  but  with 
greater  difficulty.  Water  scarcely  acts  upon  them  at  100°;  at  higher  temperatures 
the  sugar  itself  would  be  destroyed.  Continuous  boiling  with  dilute  adds  decomposes 
them  completely  into  the  original  add  and  fermentable  sugar ;  part  of  the  latt«r,  now- 
ever,  easily  unoergoes  a  further  decomposition  into  glade  add  and  humus-like  bodies. 
Some  saccharides  suffer  decomposition  by  contact  with  ferments. 

The  saccharides,  like  the  natural  &ts,  are  soluble  in  water  when  they  contain  a 
volatile  add ;  insoluble  when  they  contain  a  fixed  add.  The  soluble  saccharidea  have 
an  intensely  bitter  taste;  they  defiect  the  polarisation  in  the  same  direction  as  the 
sugar  from  which  they  are  derived ;  none  of  them  are  volatile,  bnt  some  of  them  emit 
a  peculiar  smell  when  warmed. 

Respecting  the  classification  of  the  saccharidea,  seeBerthelot^  CkimU  Organiquc 
fondSe  sur  la  Synthese,  ii.  271 ;  also  Gmelin's  Handbook,  xv.  817. 

BJLOtJMAMXMMTMRM  and  BJLCCMAMOWOfVMMMm  Instruments  for  deter- 
mining the  amount  of  suear  contained  in  solutions.  The  latter  term  is,  however, 
appHed  more  espedally  to  hydrometers  graduated  for  the  purpose.  (See  Suoab.) 


A  granular  variety  of  andesin,  having  traces  of  deavage  in  one 
direction,  occurring  in  veins  in  serpentine  at  the  chiysoprase  mines  near  Fra&enstein 
in  Silesia.  Specific  gravity  -a  2*668.  Contains,  according  to  Schmidt  (Pogg.  Ann. 
Ixi.  385),  58*93  per  cent  silica,  23*50  alumina,  1*27  ferric  oxide,  6*67  lime,  0*56 
magnesia,  0*05  potash,  7*42  soda,  0*39  oxide  of  nickd,  and  2*21  water. 


BAOCBAXOZS.  A  name  given  bv  Eane  to  a  sweetish  substance,  probably 
identical  with  orcin,  produced  by  the  decompodtion  of  Heeren's  pseudo-^ythrin 
(ethylic  orsellinate). 

BAfATf^HA— *^*^        See  SACCHAWlfBTBB. 
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Syn.  witJi  Sugar. 

LCCBmbBCnrv  SACCHinuKZC  ACXB«    Brown  BubstanoeB  obtaiiied  in  thft 
deoomposinon  of  sugiir  by  dilute  acids.   (See  Ulxik.) 

r-KAMOP.    (See  Ck»MBU8noN,  i.  1101.) 

An  arrangement  adapted  to  a  gaji-generating  vessel,  to  preyent 
the  Uqnid  into  which  the  dellTery-tube  dips,  from  passing  back  into  the  yessel,  in  con- 
neqnenco  of  diminished  internal  pressure.  The  simplest  form  consists  of  a  straight 
tabe  passing  through  the  cork  of  the  generating  yessel  and  dipping  below  the  surface  of 
the  liquid,  or  of  a  tube  bent  twice  at  right  angles,  passing  just  through  the  cork,  so 
that  a  portion  of  liquid  may  remain  in  the  lower  bend,  and  form  a  liquid  joint,  cutting 
off  the  communication  between  the  inside  of  the  vessel  and  Uie  external  air.  In  either 
eas^  when  the  pressure  within  the  vessel  becomes  less  than  that  of  the  atmosphere,  air 
will  pass  in  through  the  safety-tube  and  restore  the  equilibrium.  The  safety -tube 
likewise  diminishes  the  danger  of  bursting  from  sudden  increase  of  tension  within  the 
vesseL  (For  figures  of  various  forms  of  safety-tube,  see  Handworterbuch  der  Ckemie^ 
vii.853.) 

ftAVna<yxZTB.  Native  arsenide  of  cobalt,  containing  a  considerable  quantity  of 
iron.    (See  Cobalt,  i.  1042.) 

Carthamus  Hnctorius  (i.  808). 

A  yellow  substance,  consisting  of  the  dried  stigmas,  with  part  of  the 
s^les,  of  the  saflBron  crocus  {Crocus  iatwm),  a  plant  indigenous  in  Greece  and  Asia 
IGnor,  and  ^Ltensively  cultivated  in  Austria,  France,  and  Spain,  formerly  also  in 
England.  The  stigmas  are  from  an  inch  to  1|  inch  long,  narrow  and  roundish  where 
they  aro  attached  to  the  style,  but  spreading  and  club-shaped  near  the  extremity,  which 
ia  troncBted.  They  have  an  orange  or  brownish-red  colour,  yellow  in  the  narrower  part, 
a  strongly  aromatic,  almost  intoxicating  odour,  an  aromatic  bitter  taste,  and  impart  a 
strong  ycUow  colour  to  the  saliva,  as  also  to  water,  alcohol,  and  oils.  Strong  sulphuric 
add  colours  them  first  indigo-blue,  then  red,  and  finally  brown. 

Safi&Y>n  is  used  as  a  dye ;  also  in  medicine,  chiefly  for  the  colouring  of  tinctures,  &c. 
On  account  of  its  high  price,  it  is  often  adulterated  with  other  substances  of  similar 
eolour,  such  as  the  florets  of  the  safflower  or  the  marigold,  slices  of  the  flowers  of  the 
pomepTunate,  &c  ;  but  these  substances  are  easily  detected,  on  close  examination,  by 
their  different  shape  and  colour.  Safi&on  was  formerly  met  with  in  two  forms,  callea 
koy-sajfron  and  cake-sajfron ;  but  the  former  is  now  alone  in  demand,  the  latter 
being  entirely  an  artificial  compound  of  the  florets  of  the  safflower,  gum,  and  other 
materials. 

According  to  an  analysis  by  Bouillon-Lagrange  and  Vogel,  safiron  contains  7'5  per 
cent,  of  volatile  oil  (including  stearoptene),  65*0  safiBcon-yellowor  safranin,  0*6  wax,  6*5 
gum,  0*5  albumin,  10*0  vegetable  fibre,  and  10*0  water. 

Qnadrat,  by  evaporating  an  ethereal  extract  of  safl&on^  obtained  a  yellowish  fatty 
body,  which  was  partially  soluble  in  boiling  alcohol,  and  when  treated  with  hot  water 
left  a  snow-white  residue,  melting  at  about  48^.  As  the  alcohol  cooled,  crystals  sepa- 
rated out,  while  a  fatty  body  (?  oleic  acid)  remained  in  solution.  Similar  crystals  were 
likewise  obtained  by  directly  boiling  the  saf&on  with  absolute  alcohol,  and  leaving  the 
liquid  to  oooL  Quadrat  also  found  in  sai&on,  glucose  and  a  perhaps  peculiar  acid. 
Safl^n  when  burnt  left  8*9  per  cent,  ash,  containing  potash,  soda,  lime,  magnesia, 
chlorine,  sulphuric,  phosphoric,  silicic,  and  carbonic  acids,  {Handw.  d.  Chem.,  vii.  61 ; 
Penny  Cyciopadia,  xx.  309.) 

SAP&A]rzar«  or  SAT F&OW-TSUbOl^.  (Bouillon -Lagrange  and  Vogel, 
Ann.  Chim.  Iviii.  198. — IS.  E.  Henry,  J.  Pharm.  viii.  899, — Quadrat,  J.  pr.  Chem.  Ivi. 
68.) — ^A  colouring  matter  obtained,  though  not  in  the  pure  state,  from  8afi&t)n.  Quadrat 
prepares  safranin  by  first  exhausting  saf&on  with  ether,  then  boiling  it  with  water, 
anci  precipitating  the  decoction  with  acetate  of  lead,  decomposing  the  precipitate  with 
snlphydric  acid,  then  washing  it,  and  boiling  it  with  alcohol  of  40  per  cent.  The 
alcoholic  solution  when  concentrated  first  deposits  crystals  of  sulphur,  and  on 
er^wiating  the  remaining  liquid  to  dryness,  dissolving  in  water,  filtering,  and  agaiti 
evaporating,  safranin  is  obtained  as  a  roseate  inodorous  powder,  easily  soluble  with 
yellow  colour  in  water  and  alcohol,  very  slightly  soluble  in  ether,  and  slowly  altering 
by  exposure  to  li^ht  and  air.  It  is  coloured  blue  by  strong  sxdphuric  acid,  green  by 
nitric  acid,  blackish  by  hydrochloric  acid  Kochleder(J.  pr.  Chem.  Ixxiv.  1 )  Ttg&rdn 
laf&on-yellow  as  identical  with  the  colouring  matter  of  tlie  pods  of  Gardenia  grandi- 
Jbra,  and  designates  both  as  or oc in  (ii.  108). 

BAOAWimc*    A  gum-resin  imported  from  Egypt  and  Persia,  and  probably 
derived  from  Ferttlapernca.    It  occurs  in  commerce,  in  yellow  or  reddish  agglomerated 
Vol.  V.  L 


146  SAGENITE— SAL. 

granules,  haviiig  an  odour  of  garlic  and  an  acrid  bitter  taste.  It  softens  in  the 
hand,  but  does  not  melt  at  a  higher  temperature.  Contains,  acording  to  Brandes, 
volatile  oil,  two  resins,  bassorin,  gum,  malic  acid,  ash,  and  imparities. — ^It  yields  mil* 
belliferone  by  dry  distillation  (Sommer),  and  when  treated  with  nitric  add,  forms 
styphnic  or  other  acids.  (Bottgerand  Will ;  Brandes,  N.  Tr.  ii.  2, 97;  Fell  e  tier, 
BnlL  Phann.  iii.  481.) 

The  volatile  oil  of  saganennm  is  obtained  by  distillation  with  water.  It  is  lighter 
than  water,  yellow,  limpia,  and  has  a  repulsive  odonr  of  garlic.  When  exposed  to 
the  son  and  air,  the  oil  is  converted  into  a  transparent  vamish,  acquiring  at  the  same 
time  a  smell  of  turpentine.  Strong  nitric  acid,  when  heated  with  it,  turns  it  thick  and 
yellowish-red,  with  formation  of  oxalic  add.  It  assumes  a  dark-red  colour  witb  oil  of 
vitriol,  and  dissolves  in  alcohol  and  ether.    (Brandes.) 

The  alcoholic  extract  of  sagapenum  is  resolved  by  ether  into  two  resins  r^* 
a.  The  resin  insoluble  in  ether  is  brown-vellow,  brittle,  inodorous  and  tasteless,  and 
fusible  when  heated.  It  dissolves  easily  m  warm  caustic  potash  and  in  alcohol,  bat 
is  insoluble  in  aqueous  ammonia,  and  in  volatile  and  (at  oils. — b.  The  resin  solubU  in 
ether  is  red-yellow,  transparent,  tough  at  first,  and  has  a  slight  odour  of  sagapennm, 
and  a  mild,  afterwards  bitter  taste.  It  melts  when  warmed,  and  dissolves  with 
dark-red  colour  in  oil  of  vitrioL  It  dissolves  slightly  in  aqueous  ammonia,  partially 
only  in  caustic  potash,  easily  in  alcohol  and  ether,  and  very  slightly  in  hot  oil  of  tur- 
pentine and  oil  of  almonds.    (Brandes.) 

Sa|;i^num  treated  with  cold  alcohol  of  spedfic  gnvity  0*83,  yields  a  pale-jellow 
solution,  a  considerable  residue  soluble  in  water  remaining  behind.  The  pale-yeUow 
vpsin,  which  remains  on  evaporating  the  alcoholic  solution,  has  a  strong  smell  of  garlic, 
melts  at  100^,  and  gives  up  to  water,  when  repeatedly  boiled  therewith,  a  substance 
having  a  bitter  and  onion-like  taste:  the  residue  dried  at  110^,  dissolved  in  aloohol, 
again  evaporated,  and  dried  at  66^,  is  semifluid,  and  contains  69*06  per  cent  G,  8*51 
H,  and  21-43  O ;  after  being  melted  for  some  hours  at  100^,  it  is  darker,  but  ntilL 
remains  stidcy,  and  contains  69*84  per  cent  0,  8*68  H,  and  21*53  O.  (Johnston, 
Phil  Trans.  1840,  p.  361.) 


SAOJUHTAi    A  variety  of  Rutile.    (See  TrrAiouic.) 


A  kind  of  starch,  prepared  in  the  islands  of  the  Indian  Archipelago, 
Madagascar,  and  Guinea,  from  the  pitJi  of  the  stems  of  certain  palms:  e.g.,  Sagut  Rum- 
fhU  W.,  8,  farinifsra  Gartn.,  B,  Raffia  Jaoq.,  8,  Raphia  P.  B.,  8.  Unris  Jacq.,  8. 
ffentnna  LabUl,  &c. ;  and  in  China  and  Japan  from  certain  Cycads,  as  Cyoas  drcinalis  L^ 
and  Cyoas  rsvoluta  L.  The  pith  is  w^  stirred  up  with  water  on  sieves ;  and  the 
starch  deposited  ftom  the  water  is  washed,  half  dried  in  the  air,  then  rubbed  through 
suitable  sieves,  to  granulate  it ;  and  finally  dried,  either  in  the  open  air,  or  in  ovens  at  a 
heat  of  about  60^,  whereby  the  grains  become  more  or  less  homy  and  translucent 

Several  kinds  of  sago  are  distinguished : — White  eago  forms  irregular  pure  white 
grains ;  red  eago,  round  regular  grains,  brown-red  on  one  side ;  broum  sago^  round 
irregular  grains  of  various  sixes,  and  of  a  grey-brown  colour,  lighter  in  parts ;  ^arl 
sago,  yellowish  grains  of  the  size  of  a  pin's  head.  The  specific  gravity  of  sago  varies 
firom  0*670  to  0*776.  The  grains,  when  steeped  in  cold  water,  take  up  more  or  less 
of  it,  and  swell  up  to  several  times  their  original  bulk,  becoming  transparent  and  gela- 
tinous. The  water  takes  up  a  small  quantity  of  chloride  of  sodium,  and  gives  a  blue 
colour  with  iodine,  as  does  also  the  swelled  sago  itself.  The  microscope  shows  that 
the  external  layers  of  the  grains  have  been  most  disorganised  by  the  heat  employed 
in  drying  the  sago. 

The  so-called  "  German  sago*'  is  prepared  from  ordinary  wheat  or  potato-starch,  and 
is  granulated  in  the  same  manner  as  genuine  sago.  It  is  pure  white,  only  partly 
semi-translucent,  less  hard  and  more  friable  than  true  sago. 


A  variety  of  Auglta,  from  Sahla,  in  Sweden.    It  has  a  dingy  green 
colour,  and  is  coarsely  foliated,  arising  from  composition  parallel  to  the  base. 

8AIi.  The  Latan  names  formerly  used  in  chemistry  to  distinguish  salts  are  in  some 
cases  still  retained  in  pharmaceutical  language.  The  following  are  examples  of  these 
names: — 


Soil  acetoedUB,  Add  oxalate  of  potassium. 

Sal  alkali  minsrdU,  Carbonate  of  sodium. 

8al  alkali  vegetabile.  Carbonate  of  potas- 
sium. 

8td  alkali  volatile  siceum,  or  simply  Sal 
volatile.    Carbonate  of  ammonium. 

Sal  amarum.    Sulphate  of  magnesium. 


Sal  aperitivum  Friedericianum.  Sulphate 
of  sodium. 

Sal  auri  phUoeophicum,  Add  sulphate 
of  potassium. 

Sal  catharOcuin,    Sulphate  of  magneraum. 

Sal  oomu  eervi,  cWbonate  of  ammo- 
nium. 
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Sal  de  dmfms.    Neutral  snlphate  of  po- 


Sai  pol$^krestttm  Glaseri,  S.  LamerianttiH, 
&  Parisienae,  Neotnl  sulphate  of  po- 
tassium. 

8tl  pofyckrf$ium  Se^etH.  Tartrate  of 
potassium  and  sodinm. 

8(u  Batumi.    Acetate  of  lead. 

8(U  searetum  Giauberi,  Sulphate  of  am- 
monium. 

Sal  sedatipum  HonihcrgH,    Boric  acid. 

Std  succini.    Amber. 

Sal  tartari.    Carbonate  of  potassium. 

Sal  urina  fixum,  8,  fturibfe,  8,  nativum, 
Ammonio-sodie  phosphate. 

The  eommoQ  salamander,  Laeerta  ialamani^r a  {Jj,\  secretefl,  in 
tbe  '■azts  of  its  skin,  a  white  milky  liquid,  which  has  a  strong  offensive  odour  and 
diatinet  acid  reaction,  is  somewhat  Tiseid  when  fresh,  and  quickly  coagulates ;  alcohol 
cawoco  it  to  coagulate  immediately.  This  liquid,  when  introdiiced  under  thie  skin  of 
other  animals^  exerts  a  strong  poisonous  action :  in  birds  it  produces  violent  convulsions, 
ending  in  death ;  in  TOammals  the  convulsions  are  much  less  violent^  and  the  morbid 
flTmptoios  vltimatdy  disappear  without  fatal  result.  The  poisonous  principle  is  said 
to  be  of  basic  nature,  and  soluble  in  alcohol  (Gratiolet  and  Cloec,  Compt  rend. 
'    692;  zzziv.  729.) 


EUl  iUmiiiwtm  8^9iL >Chlorideof  potaa- 

8al/Jbrifiigum  ^ImL  \     slum. 

&r  dttplicatum.      Neutral   sulphate    of 

potassium. 
Sal  mariis.  Crystallised  ferrous  sulphate. 
Sml     mieraeosndGum,        Ammonio-sodic 

phoaphateu 
Simimbileperiatunu  Disodie  orthophos- 

phate. 
Sal  nareoHatm  viirioH,    Boric  acid« 


^rundo  esctdenia, — ^Tbis  bird  is  said  to  construct  the  edible 
nests  obtained  by  the  Chinese  from  the  coasts  of  Cochin-China^  Java,  and  other  islands 
of  the  Indian  Archipelago.  According  to  Mulder  (J.  pr.  Chem.  xvii.  59),  the  nests 
nsnally  have  the  form  of  a  spoon  without  the  handle ;  they  are  white  or  slightly  coloured, 
have  a  Titreous  fracture,  and  contain  about  90  per  cent  of  a  peculiar  nitrogenous  sub- 
stance, which  he  calls  reossin ;  also  about  6  per  cent,  phosphates,  and  a  small  quantihr 
of  &L  According  to  Pay  en  (PrScia  de  ChinUe  Indtutrielle,  4me,  M.  ii.  727),  the  nutn- 
tive  matter  of  theee  nests,  to  which  he  gives  the  name  of  cubUose,  exhibits  the  char 
laeters  of  the  neutral  albuminoids. 


Scdeb,  Salab. — The  tuberose  roots  of  certain  species  of  orchis,  as  Orchis 
liorio,  O.  moKula,  0.  cariopkortts,  0.  ffdlUaria,  0.  lattfolia,  0.  maculata,  &c.  The  roots 
are  gathered  in  summer,  when  the  tuber  of  the  previous  year  has  died  away,  and  the 
new  one  is  ftilly  developed.  They  are  soaked  for  a  few  minutes  in  boiling  water,  and 
then  dried.  Salep  thus  prepared  forms  round  or  hand-shaped,  somewhat  flattened, 
homy,  translncent,  greyish-yellow  lumps,  having  a  sicklv  taste  and  faint  peculiar  odour, 
and  easily  reduced  to  a  dirty  yellow  powder.  In  cold  water  this  powder  swells  up 
dowly,  in  hot  water  quickly,  to  a  bulky  semi-transparent  jelly.  One  pt.  of  salep  is 
capable  of  converting  48  pte.  of  boiling  water  into  a  thick  gum,  which  becomes  compact 
and  solid  on  the  addition  of  magnesia  or  of  borax. 

According  to  some  authorities,  salep  consists  chiefly  of  a  gum  resembling  bessorin  (ii. 
956),  with  small  quantifies  of  starch  and  gum ;  according  to  M  u  1  d  e  r  (Ann.  Ch.  Pharm. 
xxviL  283),  of  pecdc  acid.  According  toSchmidt  (ibid.  Ii.  29),  salep,  when  examined 
wit^  the  microscope,  exhibits  distinct  grains  of  starch,  or  at  all  events  of  a  substance 
which  is  turned  blue  by  iodine.  Salep-mucilage  liquefies  when  digested  with  dilute 
sulphuric  acid,  the  amylaceous  substance  being  converted  into  gum  and  sugar, while  the 
cellular  membrane  forms  a  precipitate.  Salep-bassorin  appears  to  consist  merely  of 
this  membrane  swollen  by  water.  Pulverised .  salep,  dried  at  100^,  left  1*59  per 
CPDt.  ash,  consisting  of  calcic  carbonate  with  calcic  and  magnesic  phosphates. 


L    Syn.  with  Htdbosauctujodb  (iii.  218). 

C»»B?"0'.— (Leroux,  Ann.  Ch.  Phys.  [2]  xliii.  440.— Braconnot, 
tbid.  xHv.  296. — ^Pelouze  and  Gay-Lassac,  ibid.  xliv.  220;  xlviii.  111. — ^Piria, 
f^M^.  box.  281;  [3]  xiv.  257.—- Bouchardat,  Compt  rend,  xviii.  299;  xix.  602 ;  xx. 
610,  1636.— Oerhardt,  Ann.  Ch.  Phys.  [3]  vii.  215;  Tr<M,  iii.  811.— Om.  xv.430.) 
•-llus  substance,  discovered  by  Leroux,  an  apothecary  of  Vitry-le-Fran9ais,  exists 
ready-f<»med  in  the  barks  of  several  species  of  willow  and  poplar,  especially,  accord- 
ing  to  Braconnot^  in  iiiat  of  Salix  helix,  8.  amygdalina,  Popttlus  tremula,  and  P.  grmca. 
It  appears  also  to  be  contained  in  the  flower-buds  of  meadow-sweet  (Spiraa  Ulmaria), 
and  in  the  green  parts  of  this  and  other  herbaceous  spirseae,  inasmuch  as  these  plants 
yield  salicylol  by  distillation  with  water  (Buchner,  N.  Bepert.  Pharm.  ii.  1^;  also 
m  caatoreum  (i.  814),  being  derived  from  the  vrillow-barks  which  constitute  the  principal 
food  of  the  b^ver.    fWohler.} 

Sslidn  is  produoea  artificially:—!.  By  the  action  of  nascent  hydrogen  on  helicin, 
C»*H»*0*  (iii  139).    When  an  aqueous  solution  of  that  substance  is  digested  with 
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sodium-amalgam,  and  eraporated  to  diyness  after  snpenatimition  with  carbonic  acid, 
salicin  remains  in  the  residue,  and  may  be  extracted  therefrom  by  alcohol  (Lisenk  o, 
Zeitschr.  Ch.  Fharm.  1864,  p.  677).  —  2.  Together  with  benzoic  aoid,  by  boiling  pops- 
lin  (iy.  690)  with  lime  or  baryta-water : 

C"H«0"     +     H«0       =      CIPO*     +     C»H»K)\ 

Popalln.  Benzoic  Salicin. 

acid. 

Or,  together  with  ethylic  benzoate  and  benzamide,  by  heating  popnlin  to  100°  in  a 
sealed  tube  with  alcoholic  ammonia.     (Piria). 

Preparation. — 1.  Six  pounds  of  dry  chopped  willow  or  poplar  bark  are  boiled  witH 
water ;  the  liquid  is  strained,  concentrated  down  to  18  pounds,  mixed  while  still  hot 
with  2  pounds  of  levigated  oxide  of  lead,  digested  for  24  hours,  and  again  strained  ; 
the  residue  is  thoroughly  washed ;  and  the  filtrate  is  evaporated  to  a  syrup,  and  left  to 
crystallise.  An  additional  quantity  of  salicin  is  obtained  from  the  mother-liquors 
after  they  have  again  been  treated  with  oxide  of  lead,  and  the  entire  product  is  puri- 
fied by  repeated  crystallisation  (Duf  los,  Schw.  J.  Ixvii.  26). — 2.  The  aqueous  decoc- 
tion of  the  bark  is  precipitated  with  basic  acetate  of  lead ;  the  filtrate  is  boiled  with 
dialk,  till  the  excess  of  the  basic  acetate  is  decomposed,  and  the  liquid  becomes  dear 
and  colourless ;  then  evaporated  to  an  extract ;  and  this  extract  is  exhausted  with 
alcohol  of  34°,  and  left  to  crystallise  (Pesehier,  Ann.  Oh.  Phys.  [2]  xliv.  418). — 
S.  Sixteen  pts.  of  bark  are  macerated  with  2  pts.  lime  and  with  water  for  24  hours ; 
the  mixture  is  boiled  for  half  an  hour,  and  strained;  the  residue  is  treated  in  liko 
manner  with  the  same  quantity  of  lime  as  before ;  and  the  whole  of  the  liquids  are 
decanted  from  the  sediment,  concentrated,  then  mixed  with  6  to  8  pts.  of  bone-black, 
and  evaporated  to  complete  dryness.  The  residue,  after  being  pulverised,  is  exhausted 
at  a  gentle  heat  with  alcohol  of  82  per  cent.,  and  the  alcohol  is  distilled  off  from  the 
tinctures;  the  salicin  then  cirstallises  from  the  residue  in  pale-yellow  granules, 
which  are  purified  by  reciystaUisation  with  help  of  animal  charcoal.  (Erdmann, 
Berl.  Jahrb.  xxxiii.  1,  136.) 

Properties, — Salicin  crystallises  in  broad,  tabular,  or  mostly  scaly  crystals,  belonging 
to  the  tri  metric  system,  and  exhibiting  the  combination  osP .  oo^^oo  .  Poo  •  Axes,  a:b:  c, 
«  0-9274  :  2-4938 :  1.  Angle,  ooP  :  ooP  »  139°  12',  too  :  Poo  =  136°  18' 
(Schabus).  It  is  white,  soluble  in  water  and  in  alcohol,  insoluble  in  ether  and  in 
oil  of  turpentine.  Water  at  ordinary  temperatures  dissolves  about  6  pts.  of  salicin ; 
alcohol  much  less.  It  melts  at  120°,  does  not  give  off  water  till  heated  to  200°,  and 
decomposes  at  a  higher  temperature.  Its  solutions  have  a  bitter  taste,  and  do  not  alter 
vegetable  colours.  According  to  some  authorities,  it  possesses  febrifugal  properties. 
The  solutions  turn  the  plane  of  polarisation  of  light  to  the  left;  Mr  «  —66*8°. 

Salicin  is  not  precipitated  by  neutral  or  basic  acetate  of  lead,  by  gelatin,  or  by  in- 
fusion of  galls. 

According  to  Phi ps on  (Chem.  News,  vi.  278),  an  alcoholic  solution  of  1  at.  saliciii 
and  1  at.  benzoic  acid  yields  crystals  of  populin.  Salicin  also  forms  ciystallisable 
compounds  with  tartaric  and  citric  acids.  According  to  0.  Schmidt  (Bull  Soc  Chinu 
1866,  i.  287)  salicin  does  not  yield  populin  when  heated  as  just  mentioned :  heated  in 
a  sealed  tube  with  benzoic  acid  and  water,  it  yields  a  yellow  resinous  body  (sali- 
retin  ?)  and  a  solution  which  colours  ferric  chloride  blue  (saligenin  ?). 

Decompositions. — 1.  Siilicin  heated  to  260°  gives  off  water  and  salicylous  acid,  to- 
gether with  acid  vapours  having  an  odour  of  caramel,  and  leaves  a  yellow  residue  in- 
soluble in  water,  which  turns  brown,  and  ultimately  carbonises.  By  dry  distillation  it 
yields  salicylol,  together  with  aromatic  products.  When  distilled  with  soda-lime^ 
it  yields  a  mixture  of  phenol  and  salicylol  (Gerhardt). — 2.  By  the  current  of  a 
Bunsen's  battery  of  400  pairs,  salicin  is  resolved  into  glucose  and  saligenin,  which 
latter  is  then  converted  into  salicylol,  and  ultimately  into  salicylic  acid  (Tichano- 
witsch,  Petersb.  Acad.  Bull.  iv.  80). — 3.  It  is  not  altered  by  ozone,  (Gorup- 
Besanez,  Ann.  Ch.  Pharm.  ex.  106.) 

4.  When  boiled  with  water  and  peroxide  of  lead,  it  yields  a  solution  of  lead-formate, 
and  a  lead-compound  of  salicin.  Distilled  with  peroxide  of  manganese  and  dilute  sul- 
phuric acid,  it  yields  large  quantities  of  formic  acid  and  carbonic  anhydride ;  but  a 
mixture  of  sulphuric  acid  and  dichromate  of  potassium  converts  it  into  carbonic  anhy- 
dride, formic  acid,  and  salicylol. 

6.  Salicin  is  coloured  red  by  strong  sulphuric  acid,  ^d  the  product  is  decolorised  by 
water;  the  solution  then  contains  a  conjugated  acid  (Mulder's  sulphorujic  acid), 
together  with  unaltered  salicin.  If  the  mixture  be  heated,  there  is  also  formed  a  resinous 
substance,  called  olivin  by  Mulder,  rutilin  by  Braconnot,  and  probably  identical 
with  Piria's  saliret  in  (q.  if.).  The  red^colour  imparted  to  salicin  by  strong  sulphuric 
acid  may  serve  for  the  detection  of  salicin  in  willow-bark. 
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'  €.  S^ehk  heated  with  dilute  sulphuric  or  hydrocKtcric  add  is  resolyed  into  glaoose 
•■d  saligenin : 

The  aune  tmuiformation  is  effected  by  contact  with  water  and  emtdtm^  at  a  tempe- 
ratnre  not  abore  40^  (Piria) ;  or  by  digestion  with  wlha  at  Z9P  or  40^  (Stadeler» 
J.  pr.  Chem.  Izxii.  350.) 

7.  Saficin  treated  with  vezy  weak  mtrie  acid,  at  ordinary  temperatures,  is  oonyerted 
inloheiicin: 

C"H"0»  +  0     -     C"H'«0'  +  HK). 

Sometimes  helicoTdin  is  formed  instead  of  helicin,  espedallj  if  the  add  has  a  density 
of  abont  12^  Bm.  (Piria).  When  salicin  la  boiled  once  or  twice  with  nitric  acid 
diluted  with  ten  times  its  bnlk  of  water,  it  tarns  yellow  and  gives  off  red  vapours,  to- 
gether with  the  odour  of  salicylol ;  and  the  solution,  if  then  mixed  with  a  ferric  salt, 
acquires  the  colour  of  ink.  The  same  solution,  when  left  at  rest^  deposits  salieylous 
acid,  the  quantity  of  which  gradually  increases  on  evaporation  at  a  gentle  heat,  without 
feoifing.  Bat  if  the  liquid  be  again  boiled,  it  becomes  clear,  and  then  on  cooling 
deposits,  after  a  while,  needles  of  nitrosalicylic  acid,  which  are  reddened  by  ferric  salts 
(Gerhardt).  By  the  prolonged  action  of  nitric  acid,  the  salicin  is  ultimately  con- 
Tated  into  picric  add,  together  with  oxalic  add.    (Br aeon  not.) 

8.  fialirin  added  by  small  portions  to  boiling  aqueous  caustic  «<M2a,  dissolves  with  efifer> 
veseeoce,  and  the  solution  when  saturated  with  an  acid  deposits  saliretin.  On  distilling 
the  nentralised  solution,  salicylol  passes  over,  and  a  residue  is  left  containing  salicylic 
acid  and  a  brick-red  powder  (Bouchard at,  Compt.  rend.  xix.  1179). — 9.  Fused 
with  excess  of  potash,  it  gives  off  a  large  quantity  of  hydrugt'n,  and  is  ultimately  con- 
TOted  into  salii^late  and  oxalate  of  potassium. 

10.  Chlorine  converts  salicin  into  chlorosaHcin,  dichlorosalicin,  and  perchlorosalicin. 
t— 11.  A  mixture  of  hydrochloric  acid  and  chlorate  of  potassium  transforms  it  into  per- 
ehloroquinone  (p.  29).  Salicin  distilled  with  hypochlorite  of  calcium  y\Ms  chloropicrin, 
bat  no  perchloroquinone  (St  en  house,  Ann.  Ch.  Pharm.  Iv.  4;  Ixvi.  247). — 12.  An 
aqueous  solution  of  salicin  mixed  with  chloride  of  iodine  solidifies,  after  a  while,  to  a 
white  magma  of  crystals  containing  iodine,  which  have  not  been  further  examined. 
(Stenhonse,  Chem.  Soc.  J.  xvii.  327.) 

13.  After  the  ingestion  of  salidn  into  the  animal  body,  salicylol  and  salicylic  acid 
are  found  in  the  urine  (Laveran  and  Millon,  Ann.  Ch.  Phys.  [3]  xiii  145).  If  the 
dose  is  large,  the  urine  contains  also  unaltered  salicin,  together  with  saligenin,  and 
perhaps  also  phenoL     (Hanke,  J.  pr.  Chem.  Ivi.  1.) 

* 

Bvhstitution-derivatives  of  Salicin, 

B«axoMiliclB.  C»IP*0»  «  C'»H'»(C^H»0)0^— This  is  the  composition  of  Popa- 
ltfi>  a  crystallisable  substance  obtained  from  th?  bark,  leaves,  and  root  of  the  aspen 
(iv.  689). 

OliloroaaUeia.  C"Hl'C10^  (Piria,  [3]  xiv.  275.)— Oystallised  salicin  exposed 
to  the  action  of  chlorine  gas,  is  converted  into  a  red  resinous  substance,  with  copious 
evolution  of  hydrochloric  acid ;  but  when  chlorine  is  passed  into  a  pulp  composed  of 
1  pt.  of  finely  pulverised  salicin  and  about  4  pts.  of  water,  the  whole  gradually 
dissolves,  and  chlorosalidn  separates  as  a  nacreous  crystalline  precipitate,  which  must 
be  pmsed  in  a  doth,  dried  between  bibulous  paper,  shaken  up  two  or  thre6  times  with 
ether  to  remove  adhering  resinous  matter,  ana  crystallised  from  boiling  water. 

Chlorosalidn  crystallises  in  long,  very  light,silky  needles  containing  C''H*^C10'.2H'0. 
It  is  soluble  in  water  and  alcohol,  insoluble  in  ether.  When  heated,  it  first  gives  off 
Its  water,  then  melts  to  a  transparent  colourless  liquid,  and  finally  decomposes,  giving 
off  vapours  of  hydrochloric  acid,  and  leaving  a  large  quantity  of  charcoaL  In  contact 
with  emtdsin  it  is  quickly  resolved  into  glucose  and  chlorosaligenin,  C'^H^CIO^ 
Strong  sulphuric  acid  dissolves  it  with  reddish  colour.  When  heated  with  dilute 
adds,  it  is  quickly  resolved  into  glucose,  and  a  resin  resulting  from  the  metamorphosis 
of  chlorosaligenin.    (Piria.) 

Dichlorosalicin,  C'•H••Cl-0^  is  obtained  by  the  action  of  chlorine  on  the  pre- 
ceding compound,  or  by  its  prolonged  action  on  salidn.  It  forms  long,  silky,  snow- 
white  needles,  containing  2  at  water,  which  they  give  off  at  100^.  It  is  inodorous, 
dightly  bitter,  nearly  insoluble  in  cold  water,  sparingly  soluble  in  boiling  water, 
moderately  soluble  in  alcohol,  and  nearly  insoluble  in  ether.  By  dry  distiUation  it 
yields  chloro^dicylol,  together  with  other  products.  Its  aqueous  solution  does  not 
medpitate  metallic  salts.  Dilute  adds  convert  it  into  glucose  and  a  reddish  resin. 
£mubin  acts  upon  it  in  the  same  manner  as  on  monocblorosalicin.    (Piria.) 

p€r chlorosalidn,  G"H^KI1*0^,  is  formed  when  chlorine  is  passed  into  a  heated 
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■oxture  of  water  and  dichloroaalicio,  oontaining  lumps  of  marble  to  neatnlise 
hydrochloric  acid  as  fast  as  it  is  formed.  It  is  then  precipitated  as  a  yellow 
powder,  which  must  be  shaken  two  or  three  timea  with  ether,  and  oystallised  fronm 
weak  alcohol.  It  forms  small  yellowish  needles,  containing  2  at.  water,  which  is  gireo 
off  at  100^.  It  is  inodorous,  bnt  has  a  bitter  taste,  decomposes  when  heated  abowo 
100^  aisMl  is  resolved  by  emulsin  into  glucose  and  a  resinous  prodaet.    (Piria.) 

VtambosalieliMy  G^*H*^f*b*0^  [?]» is  obtained  by  pooring  a  few  drops  of  ammonia 
into  a  hot  strong  solution  of  salicin,  and  gradually  adding  basic  acetate  of  lead  till 
about  half  the  salicin  is  precipitated.  The  lead-compound  then  separates  as  a  bulkjr 
white  precipitate,  resembling  starch  when  dried,  having  a  bitter  and  sweetish  taste^ 
aoluble  in  acetic  acid  and  in  potash.  It  does  notgive  off  any  water  at  100®.  It  is  deom' 
posed  by  the  weaJcest  adds,  salicin  being  set  free.  Strong  sulphuric  acid  colours  it 
nA, 

Lead-compounds  of  salicin  of  different  oompoaition  are  obtained  under  other  drema* 
stances,  not  very  well  defined.    (Piria.) 

8A&ZC08T&*  C'H*0'.  A  monatomie  radicle  which  may  be  supposed  to  exist  iia 
salicylol,  or  salicylous  hydride,  G'H'0'.H,  and  its  derivatives  (p.  161).  It  was  for- 
merly cflJled  wlicyl,  but  this  name  belongs  properly  to  the  diatomic  radid«  of  salicylie 
acid. 


C^^O.    The  diatomic  radide  of  sali^^lic  acid  and  its  derivatiYas. 
Not  known  in  the  separate  state. 

(CrH^O)") 
SAIACmb-ACarxC  ACZD.    C'H'O*  -*     C*H*0    yO^.-^JeetosaHtyUc  acid, 

H      ) 

[Formcriy  regarded  as  Jeetatalieylie  anhydride,  CWO^.CHH),  in  accordance  wiUi 
the  monatomie  formula  of  salicylic  add,  C'HK)*JE.O].  Discovered  by  Gerhardt,  who 
obtained  it  by  the  action  of  diloride  of  acetyl  on  salicylate  of  sodium  (i.  81).  It  is 
also  producea  by  heating  salicylic  add  with  diloride  of  acetyl.  As  thus  obtained,  i% 
crystallises  in  tufts  of  slender  prisms,  dissolves  completely  in  water  onl^  at  the  boiling^ 
heat,  easily  in  alcohol  and  ether,  and  reacts  with  ferric  salts  like  sahcylic  add.  It 
mdts  easily,  and  when  heated  a  little  above  its  melting-pmnt^  emits  the  odour  of  acetic 
add.  It  dissolves  in  warm  nitric  add  of  specific  gravity  1*2,  the  solution  yielding 
crystals  of  a  nitro-add.    (H.  v.  Gilm,  Ann.  Ch.  Phum.  czii.  180.) 

SA&ZCrrXOkXZO  ACXn.    C^STNO^  -  (C'H«0)''Iq.     (Cahours,  Ann.  Ch. 

Phys.  [8]  z.  849. — ^Muspratt  and  Hofmann,  Ann.  Ch.  Pharm.  liii.  226. — ^Lim- 
pricht,  Md.  xcviii  256 ;  zdz.  249.) — ^This  compoond,  metameric  with  oogrbenzamic 
add,  phenyl-carbamic  acid,  and  nitrotoluene,  and  formerly  regarded  as  salic^4nudep 
N.H'.C^HH)'  (that  is,  as  the  amide  of  monobasie  salicylic  acid,  C*HK)'.H.O),  is  pro- 
duced by  the  action  of  ammonia  on  methylsalicylic  or  ethylsalic^lic  add : 

CH-rCH*)©*  +  NH«     -     Cm'NO*  +  CH^O. 

MethylMlkylie  SalicyUunic       MethjU 

acid.  acid.  alcohol. 

To  prepare  it,  1  vol.  of  wintergreen-oil  (methylsalicylic  add)  is  mixed  and  repeatedly 
agitated  with  about  6  vols,  of  strong  alcoholic  ammonia.  The  yellowish-brown  solu- 
tion thus  obtained,  deposits,  on  evaporation,  needles  of  salicylamic  add,  which  may 
be  purified  by  crystallisation  from  hot  water  or  alcohol. 

According  to  Cahours,  it  is  produced  by  heating  add  salicylate  of  ammonium,  but 
Limpricht  was  not  able  to  prepare  it  in  tlus  way. 

Salicylamic  add  crystallises  in  laminie  having  a  strong  lustre,  and  ayellowiah-white 
colour  not  removable  by  treatment  with  animal  charcoal.  It  has  an  add  reaction,  is 
nearly  insoluble  in  cold  water,  easily  soluble  in  hot  water,  also  in  alcohol  and  in  ether. 
It  melts  at  132°,  and  boils  at  27(P,  giving  off  an  aromatic  vapour  which  condenses  to 
shining  laminse  of  the  add.  If  it  be  kept  at  this  temperature  till  about  a  fourth  part 
has  volatilised,  the  rendue  contains  salicylimide,  which  may  be  extracted  by  alcohol : 

C'H'NO*    -    H«0     -    CH'NO. 

This  reaction  afibrds  a  dedded  proof  of  the  diatomidty  of  salicylic  add,  dnee  monato- 
mie adds  do  not  form  amic  acids  and  imides  (i.  47,  171).  Salicylamic  add  passed 
over  red-hot  lime,  is  resolved  into  ammonia,  aniline,  and  phenol.  With  fuming  nitric 
add,  it  forms  a  nitro-substitute.  Strong  adds  and  alkalis  convert  it,  by  assumption  of 
water,  into  acid  salicylate  of  ammonium,  (C'H«0)''(NH«).H.O«. 
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Salieylainates.-  -SaUeylamic  acid  is  00  weak  an  add,  that  it  is  not  capable  of 
maitiiig  direetlj  with  ammonia,  or  decomposing  alluUine  carbonates,  bnt  dystallises 
miakered  from  the  solution,  on  evaporation.— The  harium-mtt,  C*^H'*Ba''N'0*  (at  100^), 
is  Boliible  in  water,  and  is  obtained  by  treating  the  acid  with  baryta-water  in  a  Tessel 
protected  fiom  the  air. — ^The  itrontium-f  calcivm^^  and  magnesium-'S(dt8  are  similar  in 
properties  and  composition,  and  are  obtained  in  like  manner;  the  last,  by  adding  the 
acid  to  mag;ne8]a  suspended  in  water.    All  these  salts  are  decomposed  by  carbonic 
acid, — ^The  potasHumr  and  sodium-salts  are  obtained,  as  radio-cryetalline  masses,  by 
decomposing  the  barium-salt  with  the  corresponding  sulphates,  and  erapOTating  the 
filtrate. — Cupric  salieylamate,  CH*K!u'^'0\  is  precipitated  in  bright-green  microeoo- 
pic  needleo,  oa  adding  cupric  acetate  to  a  solution  of  either  of  the  preceding  salts.-— 
The  sUver-sali,  C*H'AgNO'  (dried  oyer  oil  of  Titriol)  is  a  gie^ish-white,  not  percepti- 
bly crystalline  precipitate,  which  blackens  oa  boiling  the  liquid.    (Limpricht.) 

SubstUution-derivatives  of  Saiicylamic  Acid. 

SttroMOt^jUunto  aeld.  CE^^K^  -  [G'H^NO«)0]'lg.      Niirosalicifiamide, 

AKUamide.  (0  ahour  s,  loe.  ei/.)— Produced  by  treating  methyl-nitrosah'cylie  acid  with 
anmKHiia  in  the  manner  above  described :  its  preparation  takes,  however,  a  much  longer 
time  (two  or  three  weeks)  than  that  of  salicylaniic  add,  because  methyl-nitrosalicylic 
acid  dissolves  but  slowly  in  alcoholic  ammonia. 

Kitrosalicylamic  add  is  soluble  in  hot  water,  alcohol,  and  ether,  and  when  reovstal- 
liscd  from  alcohol,  forms  yellow  needles,  which  sublime  when  cautiously  heated.  It 
dissolves  easily  in  alkalis,  and  is  predpitated  unaltered  by  adds.  The  aqueous  solu- 
tion colours  fezne  salts  red.  When  heatfid  with  strong  adds  or  alkalis,  it  is  resolved 
into  ammoniA  and  nitrosalicylic  add.    Its  salts  are  not  known. 

BtHjlMli^ytainto    add,  C*H"NO*  -    (G'H*0)''Iq.    (Limpricht»  Ann.Ch. 

Fharm.  xeviiL  262.) — ^Ftoduced  by  the  action  of  aqueous  ammonia  on  ethylic  methyl- 
salicylate: 

CH*(CH«XC*H*)0»  +   NH»     -     CrH«(C*H»)NO»  +  CHK). 

If  the  materials  are  left  to  act  in  the  cold,  colourless  needles  of  ethylsalicylamie  add 
are  obtained  in  a  few  days ;  if  they  are  heated  to  100^  in  a  sealed  tube,  tne  action  is 
complete  in  a  frw  hours. 

Ethylsalicylamie  add  is  soluble  in  hot  water,  in  alcohol,  and  in  ether,  and  separates 
from  the  ethereal  solution  in  crystals  of  considerable  size.  It  melts  at  110^  in  the 
diy  state,  at  100°  when  heated  with  water,  and  solidifles  to  a  crystalline  mass, 
which  sublimes  at  a  stronger  heat.  From  solution  in  warm  potash-ley,  hydrochloric 
add,  or  nitric  add,  it  separates  unaltered  on  cooling ;  from  solution  in  sulphuric  add 
on  dilution  with  water.  The  aqueous  solution  has  a  slight  add  reaction.  It  is 
coloured  red  by  ferric  chloride,  green  by  cupric  sulphate,  and  is  predpitated  by  aumo- 
niaesl  aeetate  of  lead. 

C'H»O.H)^ 
aMUMsriMOteytamlo  aold,  Ci^Hi^NO*-^  (G«H«0)''Vq.      SengoylsaUc^mide, 

Salieyibensamide.  (Gerhardt  and  Chiossa,  Compt. rend. zxzvii.  86. — ^Limpricht, 
Ann.  Ch.  Pharm.  zdz.  249.) — ^Produoed  by  the  action  of  salieylamio  acid  on  chloride 
of  benzoyl.  A  mixture  of  the  two  substances  in  equivalent  quantities  is  heated  to  1 20° 
— 145°  88  long  as  hydrodiloric  acid  continues  to  escape;  and  the  residue,  which 
remaina  liquid  and  visdd  for  a  long  time  after  ooolinff,  but  becomes  crystalline  on  the 
addition  of  a  few  drops  of  alcohol  or  ether,  is  washed  with  a  small  quantity  of  ether 
and  dissolved  in  boiling  alcohol,  whence  it  crystallises  on  cooling  in  very  slender 
needles  united  in  flocks. 

The  add  when  heated  gives  off  1  at  water,  and  is  converted  into  benzoylsalicylAmide, 
C'*H*KO*  (Limpricht).  It  dissolves  very  easily  in  ammonia,  but  is  deposited  in  its 
original  state  when  ^e  ammonia  evaporates,  or  when  the  solution  U  mixed  with  an 
acul ;  also  in  the  fixed  alkalis,  fbrming  deep  yellow  solutions,  but  is  generally  resolved 
stthe  same  time  into  benzoic  and  salicylamic  adds  (Limpricht).  It  dissolves  in 
warm  carbonate  of  sodium  without  evolution  of  carbonic  anhydride,  and  the  solution, 
when  ti«atsd  with  aeids,  deposits  very  soluble  crystals,  prob4^)ly  consisting  of  bensoio 
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and  salicylanic  acids  (Limpricht).  Its  solation  in  strontia -water  first  depomtm 
exystals  of  benzoat<s  and  afterwarda  of  salicylamate  of  strontium. 

The  ammoniacal  solution  fonns  a  light  lemon-yellow  precipitate  with  neatial  acetato 
of  lead,  and  light-blue  with  sulphate  of  copper.    ^G  erh ard  t  and  Chiozza.) 

/^ver-salt.—The  ammoniacal  solution  of  the  acid  fonns  with  nitrateof  silver  alight 
lemon-yellow  precipitate,  which  becomes  strongly  heated  with  chloride  of  benzoyl* 
forming  chloride  of  silTer.    (Gerhardt  and  Chiozza.) 

GimiylMaiojUunto   add,  C^m^lS{0»  »    (C'H«Oy  V^.    -—Prepared,  like  the 

preceding,  with  salicylamio  acid  and  chloride  of  cnmyl.  Crystalliaes  fcoai  aloohol  in 
capillary  needles.     (Gerhardt  and  Chiozza.) 

(C»H«N«0  -  (C'H^O)"!  j^^  appears  to  be  produced  by  the 

prolonged  action  of  ammonia  on  ethylic  methylsalicylate.  (Limpricht>  Ann.  Ch. 
Pharm.  xcviii.  262.) 

C>*H>»0*  -     CRH)   yO\     Syn,  with  Bm- 

H    j 

lie  acid,  (Firia,  Ann.  Ch.  Pharm.  xxz.  165 ;  zciii.  262. — ^Lowig  and  Weidmann, 
J.  pr.  Chem.  xix.  236;  Pogg.  Ann.  xlvi  83. — ^M  a  r  ch  a  n  d,  J.  pr.  Chem.  xxvi.  396. — P  ro  c- 
ter,.  J.  Pharm.  [3]  iii.  275.— Delalande,  Ann.  Ch.  Phys.  [31  vi.  346.— Gerhardt, 
ibid.  Til  217.— Cahours,  iiidf.  x.  327;  xiii.  90,  113.— Ettling,  Ann.  Ch.  Pharm. 
liii.  77.— Schlieper,  ibid,  lix.  26. — ^Eolbe  and  Lautemann,  Ann.  Ch.  Pharm. 
cxiii.  125  ;  cxv.  157 ;  cxx.  299;  Jahresb.  1869,  p.  309  ;  1860,  p.  287 ;  1861,  p*  393. — 
KekuU,  Ann.  Ch.  Pharm.  cxvii.  145;  Jahresb.  1860,  p.  293.— Gm.  xii.  246.— Gerh, 
iii.  320;  iv.  1017.) 

'  This  acid,  metamertc  with  ozybenzoic  acid,  exists  ready-formed  in  the  flowers  of 
Spirma  Ulmariat  and  as  methylsalicylic  acid  in  oU  of  wintergreen. 

Formation. — 1.  From  sal  Ley  lol  by  oxidation  wiith  aqueous  chromic  acid  (Ettl  i  ng), 
or  by  heating  with  oxide  of  copper  (Ettling,  Piri a). — 2.  By  melting  salicylol  or 
salicin  with  hydrate  of  potassium  (Piria): 

C'H«0«  +  KHO     «     CH*KO«  +   H» 

Salicylol.  Potassle 

Salicylate. 

— 3.  By  heating  indigo  with  hydrate  of  potassium  to  300*'.  The  experiment  dow  not 
always  succeed :  if  the  heat  be  not  continued  long  enough,  only  phenyl-carbamic  acid 
is  produced ;  if  too  long,  a  brown  substance  is  formed.     (Ettling.) 

5.  By  passing  oirbonic  anhydride  into  phenol  containing  small  pieces  of  sodium.  Hie 
metal  then  dissolves  with  evolution  of  hydrogen,  and  salicylate  of  sodium  is  formed, 
together  with  other  products.  Salicylic  acid  has,  in  fact,  the  same  composition  as 
phenyl-carbonicacid:  C^H'^O  +  C0«  »  C'H«0»  (Kolbe  and  Lau  temann).— 6.  By 
the  action  of  nitrous  acid  on  phenyl-carbamic  acid  (Gerland): 

C'H'NO«  +  HNO«     «     C'H»0*  +  H*0    +  N*. 


salicylic  acid,  nitric  acid,  and  free  nitrogen : 

C'*H»N»0»  +  2H«0     «     2C^«0»  +  NHO»  +  N*. 

7.  Coumaric  acid  (ii.  93),  heated  with  hydrate  of  potassium,  yields  salicylate  and 
acetate  of  potassium  (Delalande,  Ann.  Ch.  Phys.  [3]  vi.  343): 

C»H»0»  +   2KH0     -     C'H»KO«  +   C*H»KO«  +   H«. 

8.  Methylsalicylic  add  (oil  of  wintergreen)  is  resolved  by  gaseous  hydriodic 
add  into  salicylic  acid  and  methylic  iodide  (L  autemann,  Ann.  Ch.  Pharm.  cxxv.  13) : 

C^»(CH«)0*  +  HI     -     C»H«0"  +  CH»I. 

9.  lodosalicylic  acid  is  decomposed  by  hydriodic  acid,  even  at  temperatures  below 
lOO^and  more  quickly  at  100^,  into  salicylic  add  and  free  iodine  (KekuU,  Chem.  Soc. 
J.  xvii.  203) : 

C'H*IO*  +  HI     -     C'H«0«  +  P. 

Preparation, — a.  From  the  flowers  of  Spiraa  Ulmaria,  The  flowers  ai«  exhausted 
with  ether,  or  the  water  distilled  from  them,  with  frequent  oohobation,  is  shaken  up 
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with  ether ;  the  ethereal  eolution  is  distilled ;  the  rendne  is  treftted  with  water,  which 
dJaeolTee  ealieylic  acid  and  taxmin ;  and  the  aqueous  solution  is  nentialised  with  carbo-   ' 
nate  of  potassimn,  evaporated,  and  distilled  with  hydrochloric  acid.     The  watery  dis- 
tillate slo-wly  OTHporated  yields  colourless  needles.    (L o w i g  and  Weidmann.) 

*-  From  Oil  of  Gauttheria  {Wintergreen), — ^The  oil  is  heated  with  strong  potash- 
ley  till  no  more  methylic  alcohol  is  given  off  from  it,  and  the  residue  is  precipitated  with 
hydrochloric  acid.  The  precipitate  is  washed  with  cold  water,  and  ciystalUsed  from 
hotftlcohoL     (Cahours.) 

e.  Prom  Salicyid,  or  from  Salicin, — 1.  Hydrate  of  potassium  is  heated  in  a  silver 
bssin,  and  as  soon  as  it  is  melted,  salicin  is  added  by  small  portions,  with  con- 
tiniud  stirring ;  whereupon  the  mass  turns  brown,  swells  up,  aod  gives  off  a  large 
qnantitj  of  hydrogen.    It  is  thpn  heated  as  loug  as  hydrogen  is  given  off  in  prpsence 
of  excess  of  potash.    K  the  potash  ia  not  in  excess,  only  a  small  quantity  of  salicylic 
acid  is  obtained,  but  instead  of  it,  salicylol  and  a  brown  resinous  substance  which 
ifc  is  difficult  to  convert  into  salicylic  acid,  even  by  repeated  fusion  with  hydrate  of 
potasaiiun.     If  the  process  be  rightly  conducted,  the  mass  becomes  near'y  colourless, 
exhibiting  onlv  a  slight  yellowish  tint.    The  mass  is  dissolved  in  water ;  the  solution  is 
sQpersatnratea  with  hydrochloric  add,  the  vessel  being  surrounded  with  cold  water ; 
and  the  resulting  eiystallino  mass  is  separated  from  the  mother-liquor  (which  contains 
CBEalic  acid),  and  recrystallised  from  hot  water  (Piria,  Qerhardt,  Marchand).-— 
2.  Cnprie  salicylate  is  heated  in  a  retort  till  nothing  more  escapes  at  220^,  and  the 
residue  has  assumed  a  uniform  kermee-brown  tint.   This  residue,  consisting  of  cuprous 
calicylite,  is  then  introduced  into  a  glass  tube,  and  sulphuretted  hydrogen  passed  over 
it^  whereupon  the  mass  becomes  heated  and  blackened,  and  salicylic  acia  sublimes ; 
and  in  order  that  the  sublimate  may  not  cover  up  the  undecomposed  mass,  and  so  pro- 
tect it  from  frirther  decomposition,  it  must  be  driven  forward  by  the  application  of  a 
gentle  heat.     Or  the  cuprous  salicylate  is  dissolved  in  warm  acetic  acid,  or  in  hydro- 
2hloric  acid  diluted  with  an  equal  quantitv  of  water ;  the  colourless  liquid  is  precipitated 
by  salphnretted  hydrogen,  and  the  liquid  filtered  from  the  sulphide  of  copper  is  eva- 
porated to  the  crystallising  point.  Or  the  solution  of  the  copper-salt  in  acetic  acid  is 
Ripersatarated  with  ammonia,  and  precipitated  with  neutral  acetate  of  lead,  the  preci- 
pitate suspended  in  hot  water,  sulphuretted  hydrogen  passed  through  the  liquid,  and 
the  ffolphide  of  lead  removed  by  filtration :  the  filtrate  on  cooling  yields  pure  salicylic 
add.     (Ettling.) 

d.  From  Indigo  (p.  152). — ^The  heat  must  be  carefully  regulated,  because,  if  the  required 
temperature  is  ex<»Beded,  the  salicylic  acid  decomposes,  and  a  brown  substance  is  formed ; 
and  if  the  heating  is  not  continued  long  enough,  nothing  but  phenyl-carbamic  add  is 
pcodnoed. 

€,  From  Phenol, — ^Diy  carbonic  anhydride  is  passed  into  warm  phenol,  with  addition 
of  small  pieces  of  sodium.  The  metal  then  dissolves  with  evolution  of  hydrogen,  and 
a  stiff  paste  is  formed,  containing  the  isomeric  salts,  salicylate  and  phenyl-carbonate  of 
sodium,  together  with  unaltered  phenol.  On  acidulating  with  hydrochloric  acid,  the 
phenyl-carbonic  add  is  deoompoeea  with  evolution  of  carbonic  anhydride,  and  the  salicylic 
add  which  is  set  free  maybe  separated  from  ihe  phenol  by  solution  in  strong  aqueous  car- 
boaiate  of  ammonium.  The  solution  boiled  down  till  it  acquires  a  slight  acid  reaction, 
filtered  from  separated  resin,  and  mixed  with  hydrochloric  add,  yields  salicylic  add, 
to  he  purified  by  recrystallisation  with  aid  of  animal  charcoal  Salicylic  acid  is  also 
ibrmed,  though  in  much  smaller  quantity,  by  passing  carbonic  anhydride  into  a  ready- 
prepared  solution  of  phenylate  of  sodium  in  phenoL  (Kolbe  and  Lautemann, 
Ann.  Ch.  Pharm.  cxv.  177.) 

ProperHes. — Salicylic  add  crystallises  by  spontaneous  evaporation  of  its  alcoholie 
solution  m  large  monodinic  four-sided  prisms.  From  a  hot  aqueous  solution  it  sepa- 
rates on  cooling,  in  slender  needles  often  an  inch  long.  Particularly  large  and  fine 
erystals  are  obtained  by  slow  evaporation  of  the  ethereal  solution  (Cahours).  It  melts 
at  158<»  (Cahours),  at  121°  (Procter),  at  125°  (Ettling).  Sublimes  at  about  200°, 
without  boiling,  in  slender  needles  having  a  strong  lustre,  and,  when  pure,  may  be 
completely  distilled  by  careful  heating  (Cahours,  Ettling).  It  has  a  sweetish-sour 
taste,  and  produces  irritation  in  the  tnroat.  Beddens  litmus  rather  strongly.  It  does 
not  act  on  polarised  light. 

It  is  slightly  soluble  in  cold,  much  more  soluble  in  hot  water ;  still  more  in  alcohof, 
moderately  soluble  in  wood-spirit,  especially  when  warm.  Ether  dissolves  it  in  some- 
what considerable  quantity  at  ordinary  temperatures,  and  still  more  when  heated. 
Boiling  oil  of  turpentine  dissolves  about  |  of  its  weight  of  the  add. 

The  aqueous  solution  imparts  a  deep  violet  colour  \jo  ferric  salts, 

DeeomosiHons. — 1.  Salicylic  add,  when  quickly  heated,  espedally  if  it  be  impure, 
gives  off  phenol  (Marchand,  Cahours).  Heated  with  pounded  glass  or  quicklime, 
it  is  reaohrod  into  phenol  and  carbonic  anhydride.    (Gerhardt,  iv.  389.) 
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2.  Heated  with  dilate  Bulphnrie  acid  and  manganic  peroxide^  it  yields  fonme 

3.  Sidphuric  anhydride  conTerts  it  into  sulphoealicyiic  add,  C'H'O'JSO*. 

4.  Fuming  nitriG  acid  in  the  cold  converts  saUcjIic  acid  into  nitroealicylic  acid ;  \>y 
prolonged  action,  however,  picric  acid  is  produced.  The  same  prodncts  are  obtaiDed 
by  treating  salicylic  add  with  a  mixture  of  fdming  nitric  and  strong  sulphuric  acid. 

6.  With  chlorine  and  hromine-t  salicylic  acid  yields  chlorinated  or  brominated  addfl^ 
the  degree  of  substitution  varying  according  to  the  proportions  used,  and  the  circnna- 
stances  of  the  reaction  (p.  156). 

•  6.  A  mixture  of  hydrochloric  acid  and  chlorate  ofpotamum  oonveits  it  into  perchloro' 
quinone  (p.  29). 

7.  Dry  salicylic  acid  (1  at)  distiUed  with  j)«n^aciU(>rte20<>/'^AM|>A<>n»  (2  at.  or  3 
pta.)  yields  an  oily  body,  which,  after  rectifying  and  collecting  the  portion  whieli 
distils  between  240^  and  270^'.  consists  of  salicylic  chloride,  (CrQ*0)''CP,  salicylio 

chlorohydrate,  C»H»0«.C1  «  (CH^Of  |^q,  and    chlorosalicyUc  chloride,  CnS*Cl\ 

or  (C^H^C1*)''C1*.  The  fibnt  and  third  of  these  bodies  are  resolved  by  boiling  witb 
water  into  hydrochloric  acid  and  chlorosalicyUc  add,  G^H'CiO',  isomeric  witJi. 
chlorobenzoic  acid ;  the  second  yields,  in  like  manner,  hydrochloric  and  salicylic  acids. 

Such  are  the  results  obtained  by  Kolb  e  and  Lau  te  ma  nn  ( Jahresb.  1860,  p.  288),  who 
however,  regard  the  compound  C'HK)01*  as  chloride  of  ehlorosalvlie  acid,  C'H^GIO.CI 
(isomeric  with  chloride  of  chlorobenzoyl),  and  the  third  as  trichloride  of  ehloroealyl, 
C'H*CLC1«. 

Chiozza  (Ann.  Ch.  Phys.  [3]  zxxvi.  102;  Jahresb.  1852,  p.  493),  by  distilling 
salicylic  add  with  pentachloride  of  phosphorus,  bad  previously  obtained  an  oily  distillate, 
which  yielded  chlorobenzoic  add  (or  an  isomer)  when  treated  with  water.  Gerhard t 
(Ann.  Ch.  Pharm.  Ixxxix.  360;  Jahresb.  1854,  p.  421),  by  acting  in  like  manner  on 
methylsalicylic  acid  (oil  of  wintergreen),  obtained  salicylic  chlorohydrate,  C'H*0*C1 ; 
and  Drion  (Jahresb.  1854,  p.  423),  by  the  same  process,  likewise  obtained  the  latter 
compound,  together  with  salicylic  chloride,  C'H^OCl*.  KekuU  (ibid,  1860,  p.  293), 
by  heating  the  distillate  obtained  with  wintergreen  oil  and  phosphoric  chloride  to  180^ 
^200^,  to  expel  oxychloride  of  phosphorus  and  the  excess  of  pentachloride  (1  at^ 
methylsalicylic  add  decomposes  only  I  at.  PGl'),  obtained  a  product  which,  when 
treated  with  water,  yielded  only  saHcylic  add,  no  chlorobenzoic  or  chlorosalylic  add : 
therefore  C'H'OCl;  but  when  the  chlorinated  distillate  was  further  heated  to  somewhat 
below  280^,  the  compound  G'H^OCl*  was  obtained,  which  yielded  with  water  the  chlo- 
rinated add  C'HK710*.  Kekul^  finds,  however,  that  the  composition  of  the  chlorinated 
distillate  is  by  no  means  constant,  but  that  the  proportion  oi  chlorine  increases  at  each 
rectification. 

Very  different  results  have  been  obtained  by  Coupe r  (Ann.  Ch.  Pharm.  cix.  369 ; 
Jahresb.  1858,  p.  266),  who,  by  gradually  dropping  1  at.  wintergreen  oil  into  2  at. 
pentachloride  of  phosphorus,  and  rectifying,  obtained  a  yellowish  liquid  passing  over  at 
about  290°,  and  a  blackish  residue  which  solidified  on  cooling.  This  liquid  has  the 
composition  CH^Cl^PO*  {mlicyl4richloropho9phate\  and  is  resolved  by  water  into  hydro- 
chloric, phosphoric,  and  salicylic  adds.  Its  formation  may  be  represented  by  the 
equation : — 

C'H'p*     +    POT      -       2HC1     +     C»H*C1«P0«. 

8.  Brv  salicylate  of  sodium  distilled  with  excess  of  phosphoric  oxychloride  gives  off 
hydrochloric  add,  a  viscid  liquid  which  passes  over  at  a  high  temperature,  and  on  ex- 
posure to  the  air  deposits  tabular  crystals  consisting  of  the  phenylic  ether  of  la sy lie 

acid,  C'»H"0«  -   c5»   f^-    (Kolbe  and  Lautemann.) 

9.  With  rA/m<ftfo/'flort!y/salicylic  add  forms  acetyl -salicylic  acid,C'H*(C*H"0)0*, 
metameric  with  terenhthalic  add.     (H.  v.  Gilm,  Ann.  Ch.  Fharm.  cxii.  180.) 

10.  Salicylic  acid  heated  with  iodine  yields  a  mixture  of  mon  o-,  di  -,  and  tri-iodo- 
salicylic  acids  (Kolbe  and  Lautemann),  together  with  tri-iodophenol  (L an- 
te man  n,  Jahresb.  1861,  p.  393).  The  same  iodated  salicylic  adds  are  produced  by 
dropping  tincture  of  iodine  into  a  cold  aqueous  solution  of  salicylate  of  barium  (Kolbe 
and  Lautemann).  On  adding  a  solution  of  iodine  in  chlorine-water  to  a  warm  aqueous 
solution  of  sali(nrlic  acid,  a  crystalline  precipitate  is  immediately  formed,  which  after 
washing  with  cold  water,  is  found  to  contain  a  considerable  quantity  of  an  iodine — 
probably  an  iodosalicylic  acid.    ^H.  Watts.) 

Salictlatbs. — Salicylic  acid  is  dibasic,  forming  acid  and  neutral  salts,  repre- 
sented by  the  following  formulfie : — 

Add.         (^.MO-     -    (C'HJO)-jo.^^c„3,.jj„0,    ^    (^I^'JO*. 
Neutral,    CH«M«0»     -     ^^^^IP^'JO' and  C'H<M-0«      =     ^^'^^W- 
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The  acMi  aaUcylates  of  diatomie  metals  maj  alae  be  regaxded  as  compounds  of  the 
aevted  saJta  with  tiiefreeadd :  C^fi'^M^O*  »  (^H«M''0*.C'H'>0*.  The  neatml  salicy- 
htes  of  the  moiuktamic  metal?,  potassium,  ammonium,  and  silyer,  have  not  been  obtained. 

Salicylic  acid  was  formerly  regarded  as  monobasic,  the  salts  here  considered  as  acid 
being  then  regarded  as  neutral ;  indeed,  the  existence  of  salicylates  containing  2  at  of 
a  monatomic  or  1  at.  of  a  diatomic  metal  was  not  known  till  18do,  when  seyeral  of 
them  were  prepared  by  Piria.  The  diatomicity  of  salicylic  acid  is  corroborated  by  the 
exislenee  of  acid  salicylic  ethers,  oil  of  wintergreen  for  example,  and  by  the  composi> 
tioa  of  aalicjlamic  acid  and  salicylimide  (p.  150). 

The  salieyiates  of  ammonium,  potassium,  sodium,  barium,  strontium,  magnesium, 
caleiuiii,  and  sdnc,  are  soluble  and  crystallisable.  The  aqueous  solutions  of  the  alkaline 
saiiryLates  torn  brown  on  exposure  to  the  air.  Host  salicylates  are  resolTed  by  dry 
distillation  into  phenol  and  a  carbonate. 

Saiieylate  of  Ammoniuv^  C'H*(NH*)0'. — ^Deposited  in  crystalline  scales  from 
a  solution  of  the  acid  saturated  with  ammonia,  then  boiled  and  evaporated,  or  in  silky 
needles  by  spontaneous  evaporation  of  the  dilute  solution.  The  crystals  are  monoclinio 
(Marignac).  It  melts  at  126^  (Procter),  and  is  completely  decomposed  by  distil- 
lation into  water  and  salicylamic  acid,  according  to  Cahours;  according  to  Limpricht^ 
however,  salieylamic  acid  is  not  produced  in  this  way. 

Salicylates  of  Barium.— Tha  acid  adit,  C"H»Ba"0«.H»0,  orC'H<Ba"0«.C^«0«. 
HK>,  is  formed  by  boiling  salicylic  acid  with  carbonate  of  barium,  and  separates  on 
eraporation  in  short,  concentrically  grouped,  shining  needles,  which  give  off  their  water 
at  21 S*'  (C  a  hours).  A  boiling  concentrated  solution  of  this  salt  mixed  with  concen- 
trated bazyta-water  deposits  the  neutral  salt,  C'H'Ba"0*.2H*0,  in  small  colourless 
lamina?,  which  give  off  their  water  at  140^.  The  salt  has  an  alkaline  reaction,  and  is 
resolved  by  carbonic  acid  into  the  acid  salt  and  carbonate  of  barium.  It  dissolves  but 
slightly  in  water  even  at  the  boiling  heat.    (Piria.) 

Salicylates  of  Caleium.-^The  acid  salt,  C»*H»«Ca"0«.2H«0,  prepared  like  the 
acid  barium>ealt,  is  ^uble  in  cold  water,  and  separates  therefrom  by  spontaoeons 
evaporation  in  well-developed  octahedrons.  On  mixing  a  concentrated  solution  of  this 
Bslt  witb  a  solution  of  lime  in  sugar-water  containing  a  large  excess  of  su^var,  snd 
warming  the  liquid  in  the  water-bath,  the  netetral  calctum-salt,  C^H^Ca"0'.H'0,  sepa- 
TAtes  as  a  sandy  insoluble  powder,  which  retains  its  water  at  100^  but  gives  it  off  at 
180^.  It  is  decomposed  by  carbonic  acid  in  the  same  manner  as  the  neutral  bariimi- 
salt. 

Salicylates  of  Copper,— The  acid  salt,  C»*H»«Cu''0«.4H'0,remains  dissolvedwhen 
a  solution  of  the  add  barium-salt  is  decomposed  by  sulphate  of  copper,  and  crvstal- 
lises  in  long  greenish-blue  needles,  which  do  not  give  off  their  woier  till  heatea  con- 
siderably a^ve  100°.  When  heated  with  a  quantity  of  water  not  sufficient  to  dissolve  it 
completely,  it  melts  below  100°,  and  is  resolved  into  salicylic  acid  and  the  neutrcd 
eopper^saU,  C'H^Cu"0*.H'0,  which  forms  a  yellowish-green,  light,  nearly  insoluble 
powder.    The  same  decomposition  of  the  acid  salt  is  effected  by  ether.    (Piria.) 

Potassio-cuprie  salicylate,  G'^H*Cu"K'0'.4H'0,  is  obtained  on  adding  salicylic  acid 
to  a  solution  of  enpric  tartrate  in  excess  of  strong  potash-lev,  as  a  light-green  crys- 
talline precipitate,  which  separates  from  solution  in  a  small  ^antity  of  warm  water, 
in  emerald-green  rhombic  plates.  It  is  very  soluble  in  water,  msoluble  in  alcohol  and 
ether,  and  is  resolved  by  boiling  its  aqueous  solution  into  curaric  oxide  and  acid  sali- 
cylate of  potassium.  It  gives  off  its  water  below  100°. — jSaryUH^mric  salicylate, 
C'*H'(7n'1Ba''0*.4H*0,  separates  on  mixing  the  solution  of  the  preceaing  salt  with 
chloride  of  barium,  as  a  siskin-green  aystalline  precipitate  insoluble  in  water.  The 
water  of  oystallisation  begins  to  escape  at  35°.    (Piria.) 

Salicylates  of  Lead.— The  acid  salt,  C»*H:>W'0".H»0,  is  obtained  by  boiling 
salicylic  acid  with  water  and  carbonate  of  lead,  in  needles  having  a  very  brilliant 
satiny  lustre,  or  by  pouring  a  strong  solution  of  salicylate  of  ammonium  or  potassium 
into  a  strong  solution  of  acetate  of  lead,  as  a  white  cn'stalline  precipitate,  soluble  in 
boiling  water  rCahoursJ.— The  neutral  salt,  C'H*Pb''0',  is  obtained  as  a  heavy 
crystalline  powaer  by  adding  basic  acetate  of  lead  to  a  boiling  saturated  solution  of 
the  add  nit — A  haiie  salt,  2C'H^Pb"0'.8Pb''0,  separatee  as  a  white  powder  composed 
of  nacreous  scales,  on  boiliug  the  add  salt  with  a  slight  excess  of  ammonia.    (Piria.) 

Salicylate  of  Magnesium  (add),  obtained  by  boiling  the  aqueous  acid  with 
magnesia  or  its  carbonate,  forms  radiating  needles  often  aggregated  in  a  compact 
mass.     It  dissolves  easily  in  cold  and  still  more  in  boiling  water.    (Cahours.) 

Salicylate  of  Potassium,  2C'H*K0".BTO,  is  obtained  in  colourless,  shining', 
silky  neeoles,  by  saturating  the  aqueous  add  with  carbonate  of  potassium,  evaporating 
to  dryness,  and  treating  the  residue  with  strong  boiling  alcohol.    It  is  converted  by 
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chlorine  into  dichloroBalleylate,  and  by  bromine  into  dibromosalieylate  of  potasninn. 
Treated  with  bromine  in  presence  of  excess  of  potash;  it  yields  a  red  subetaneo 
resembling  sulphide  of  antimony,  insoluble  in  alcohol,  ammonia,  and  potash,  ancl. 
having  the  composition  of  tribromophenol.    (Oahours.) 

Salicylate  of  Silver,  C^^AgC,  is  a  white  precipitate,  which  dissolTes  in  a 
small  quantity  of  boiling  water,  and  separates  on  coolmg  in  small  reiy  brilliant  needles. 
(Cahours.) 

Bromoealieylio  Acids. 

MoBobromosalleyUo  add,  CH^BrO*.     (aerhardt,  Ann.  Ch.  Phys.  [3]  yfi. 
217  ;  Cahours,  ibid,  xiii.  99.) — This  acid  is  produced  by  triturating  sabcylic  acid 
with  a  quantity  of  bromine  not  sufficient  to  conyert  the  whole  of  it.     On  washing  the 
resulting  gummy  mass  with  small  quantities  of  cold  alcohol,  to  extract  the  unaltered 
salicylic  acid,  dissolving  the  residue  in  boiling  alcohol,  and  leaving  the  solution  to 
evaporate,  bromosalicylio  acid  is  obtained  in  colourless  prisms  having  a  strong  lustre, 
and  somewhat  like  salicylic  acid.     It  melts  when  slightly  heated;    dissolvee  baft 
sparingly  in  water,  even  at  the  boiling  heat ;  pretty  readily  in  alcohol  and  ether,  espe- 
cially when  warm.  It  is  decomposed  by  dry  distillation.  When  distilled  with  fine  sand 
and  a  small  quantity  of  baryta,  it  yielos  tluck  yapours  condensing  into  a  reddish  liquid, 
which  by  repeated  distillation  with  sand  and  baiyta  yields  bromophenol:  CH^BrC  ^ 
(>H*BrO  +  C0«. 

Bromosalicylio  acid  forms  with  ammonia,  potash,  and  soda,  crystallisable  salts^ 
which  are  less  soluble  in  water  than  the  salicylates. — It  colours  ferric  salts  red,  like 
salicylic  acid. 

Bibromoaaiieylio  aeld,  C'H^Br'O*.  (Cahours,  Ann.  Ch.  Phys.  [3]  vii.  102.) 
— ^To  prepare  this  add,  pulverised  salicylic  acid  is  gradually  triturated  with  excess  of 
bromine  as  long  as  any  action  takes  place,  and  the  mixttire  is  left  to  stand  for  some 
hours ;  the  excess  of  bromine  is  then  washed  out  with  cold  water,  and  the  residue  dis- 
solved in  boiling  ammonia.  As  the  solution  cools,  the  ammonium-salt  is  deposited  in 
slender  shining  needles.  These  crystals  are  dissolved  in  water ;  the  odd  precipitated 
by  hydrochloric  acid ;  the  white  precipitate  washed  and  dissolved  in  boihng  alcohol, 
and  the  solution  left  to  evaporate.  Or  bromine  is  dissolved  in  a  concentrated  solution 
of  salicylate  of  potassium,  whereupon  the  liquid  becomes  heated,  and  soon  deposits 
crystals  of  dibromosalicylate  of  potassium ;  this  salt  is  decomposed  by  hydrochloric 
add,  and  the  separated  add  washed  and  crystallised  from  alcohoL 

It  forms  short  colourless  or  slightly  reddish  needles,  which  melt  at  about  150°.  It 
is  sparingly  soluble  in  water,  moderately  soluble  in  alcohol,  more  easily  in  ether.  It 
dissolves  in  strong  etUphuric  acid  at  a  eentle  heat,  and  is  predpitated  from  the  solution 
by  water.  Boiling  nitric  acid  dissolves  it  readily,  with  evolution  of  bromine  and  nitrous 
vapours  and  formation  of  picric  acid,  which  crystallises  on  cooling.  When  distilled 
with  sand  and  a  small  quantity  of  baryta,  it  yields  dibromophenol. 

The  dibromosalicylates  of  ammonium,  potassium,  and  sodium,  are  even  less  soluble 
than  the  monobromosalicylates.  The  potassium-salt  crystallises  from  alcohol  in 
shining  colourless  prisms. 

TrtbromosalloyUo  aoid,  C'SmBr'O*.  (Cahours,  Ann.  Ch.  Phys.  [31  vii.  104.) 
— ^When  a  mixture  of  finely  pulverised  dibromosalicylic  acid  with  excess  of  bromine  is 
exposed  to  sunshine  for  25  or  30  days,  and  the  resulting  crystals  are  washed  with 
water,  and  recrystallised  from  strong  alcohol,  tribromosalicylic  acid  is  obtained  in 
small  yellowish  prisms,  veiy  hard  and  friable,  insoluble  in  water,  moderately  soluble 
in  alcohol,  very  readily  in  ether. 

When  distiUed  with  sand  and  a  small  quantity  of  barvta,  it  ^elds  tribromophenol 
contaminated  with  a  small  quantity  of  oUy  matter.  When  boiled  with  nitric  acid, 
it  yields  bromine-vapours  and  yellow  crystals. 

Its  compounds  with  ammonia,  potash,  and  soda  are  crystallisable,  but  very  sparingly 
soluble  in  water.  The  ammonium-salt  forms  with  silver-salts  a  predpitate  of  a  deep 
orange-yellow  colour. 

Chloro9alieylio  Acids, 

Only  two  of  these  compounds  are  known,  both  being  produced  b^  the  direct 
action  of  chlorine  on  salicylic  add.    (Cahours,  Ann.  Ch.  Phys.  [3]  xiii.  106.) 

Monoohlorosalioyllo  aold,  C^H'CIO',  is  produced: — 1.  By  the  action  of  chlorine 
on  excess  of  salicylic  add,  a  portion  of  the  add  therefore  remaining  undecomposed ;  it  is 
difficult,  however,  to  purify  from  dicblorosalicylic  acid. — 2.  When  chlorine  gas  is  vctv 
slowly  passed  into  a  concentrated  solution  of  salicylate  of  potassium,  till  the  liquid, 
which  becomes  brown,  begins  to  deposit  a  dark-green  substance ;  the  solution  then 
decomposed  by  an  add,  and  the  resulting  white  predpitate  washed  with  water  and 
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oTstallised  from  aloobol,  slender  needles  are  obtained  eonsuting  of  ehlorosalicylic 
mad  Dot  quite  pure. 

DicliloroMaioylio  aeld«  C^Klll'O'. — This  compound  is  produced  by  the  action 
of  excess  of  chlorine  on  salicylic  acid.  To  prepare  it,  chlorine  gas  is  passed  through  a 
ooooeiitrat«d  solution  of  salicylate  of  potassium  as  long  as  t£e  liquid  continues  to 
deposit  a  dark-green  body;  this  substance  is  washed  on  a  filter  with  water  till  the 
water  runs  away  colourless,  then  dissolved  in  boiling  water,  which  is  mixed  with  }  of 
its  Tolume  of  alcohol  of  36^  Bm. ;  and  the  needles  of  the  potassium-sidt  which  sepa- 
rate on  cooling  are  repeatedly  crystallised  from  very  weak  spirit  till  they  become 
eolonrieas.  These  crystals  are  then  dissolved  in  water,  the  solution  mixed  with  hydro- 
chk>ric  add,  and  the  resulting  white  precipitate  dissolved  in  boiling  alcohol  of  82  per 
cent.;  the  solution  on  cooling  yields  the  acid  in  needles  or  in  scales,  or  by  spontaneous 
en^Kiration  in  hard,  well-formed  octahedrons.  The  acid  dissolves  sparingly  in  boiling 
waier^  and  crystallises  in  slender  needles  on  cooling.  It  dissolves  in  gently  heated 
cU  of  vitriol,  and  separates  partially  as  the  liquid  cools. 

The  add,  distillea  two  or  three  times  with  sand  and  a  small  quantity  of  baryta  or 
lime,  is  completely  resolved  into  carbonic  anhydride  and  dichloropbenol.  It  disEolves 
gradually  in  boiliug  nitric  aeid^  and  deposits  beautiful  yellow  laminse  on  cooling. 

Dicklorosalicylate  of  amnumivm  is  sparingly  soluble  in  water.  The  acid  potassium- 
salt  forms  greyish-white  needles  very  much  resembling  methyl-dichlorosalicylic  acid. 

lodosalieylie  Acids, 

Yomudum. — 1.  When  tincture  of  iodine  is  dropped  into  a  cold  aqueous  solution  of 
barytic  salicylate,  C'H*Ba'0',  till  the  yellow  colour  of  the  tincture  remains  j)ermanent> 
several  iodoralicylic  acids  are  formed,  which  on  addition  of  hydrochloric  acid  are  pre- 
dpitated  together  with  unaltered  salicylic  add.  They  cannot,  however,  be  separated 
from  one  another  by  water,  although  their  solubility  diminishes  as  the  proportion  of 
iodine  increases. — 2.  When  1  at.  salicylic  acid  is  fused  with  2  at.  iodine,  and  the  pro- 
duct is  treated  with  aqueous  potash,  several  iodosalicyUc  acids  are  dissolved  out,  and 
there  remains  a  red  body  resembling  amorphous  phosphorus,  which  is  insoluble  in  water, 
aloohol,  ether,  alkalis,  and  adds,  is  not  altered  by  fuming  sulphuric  acid,  but  dissolves 
with  red  colour  in  sulphide  of  carbon;  this  body  appears  to  be  tetriodo-disalicylio 
acid,  C'^H*I^O^    (Kolbe  and  Lautemann,  Ann.  Ch.  Pharm.  cxv.  157;  Jahresb. 

1860,  p.  291.)  .  .  ,  ^ 

As  iodosalicylic  add  is  reduced  by  hydriodic  acid  to  salicylic  acid  even  below  100° 
(p.  152),  Kekul6  is  of  opinion  that  the  iodosalicylic  acids  obtained  by  fusing 
saiiejlic'add  with  iodine  are  not  directly-formed  substitution-products,  but  are  rather 
formed  in  the  Valine  solution,  during  the  process  of  separation ;  perhaps  thus : — 

CHH)*  +     P  +     KHO     »     C^H»IO«    +     KI  +  HH)-. 

Salicylic  Mono-iodo- 

a^.  lalicylic  acid. 

C^«0«  +   2P  +  2KH0    o.     CH^PO*  +  2KI  +  2H«0. 

Salicylic  DI-jodoMli- 

acld.  «y''C  acid. 

C'HW  +   3P  +   8KH0     -     C«H»I»0    +   CX)«    +  8KI  +  SH«0. 

Salicylic  Tri-lodp- 

acid.  pheaol. 

Preparation, 1.  Finely  pulverised  iodine  (2  at)  is  ultimately  mixed  with  saHcylic 

add  (lat.),  and  the  mixture  is  heated  over  a  lamp  in  a  wide-bottomed  glass  vessel,  the 
heat  being 'removed  as  soon  as  the  fused  mass  begins  to  boil.  The  resulting  brown 
crvstalline  mass,  containing  a  mixture  of  mono-,  di-,  and  tri-iodosalicylic  adds,  with 
somewhat  considerable  quantities  of  tri-iodophenol  (iv.  409)  and  unaltered  salicylic 
add,  is  treated  with  dilute  potash,  which  dissolves  everything  excepting  the  red  body 
above  mentioned;  the  filtered  alkaline  liquid  is  mixed  with  hydrochloric  acid;  and  the 
separated  acids  are  washed  with  water,  which  removes  nearly  all  the  unaltered  salicylic 
aad.  On  dissolving  the  fused  residue  in  excess  of  sodic  carbonate,  and  neutralising 
the  hquid  with  hydrochloric  acid,  the  tri-iodophenol,  which  is  soluble  only  in  excess  of 
alkali,  separates  out ;  and  the  filtered  liquid  yields  on  evaporation,  first,  crystals  of  sodio 
tri-iodoe^^late,  then,  on  further  concentration,  satiny  needlos  of  sodic  di-iodosalicy- 
late,  and,  lastly,  sodic  mono-iodosalicylate  in  small  lancet-shaped  laminfle.  The  complete 
separation  and  purification  of  the  last  two  adds  is  effected  by  decomposing  the  sodium- 
saSs  with  hydrochloric  acid,  and  boiling  the  separated  acids  with  carbonate  of  barium, 
the  di-iodosalicylate  of  barium  being  very  slightly  soluble  in  water,  while  the  mono- 
iodosalicykte  dissolves  with  moderate"  fadlity.— 2.  A  larger  product  is  obtained  by 
dissolving  equal  weights  of  salicylic  acid  and  iodine  in  alcohol  of  80  per  cent,  and 
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boiling  the  solution  for  three  honrs  in  a  flask  provided  with  an  nbrfght  oondensf  119 
tube.    The  brown  solution  is  mixed  with  water,  heated  to  drive  off  the  alcohol,  tW<— m 
supersaturated  wifdi  carbonate  of  sodium,  and  the  resulting  sodium-salts  are  furtli«v 
treated  as  above.    (Lantemann,  Ann.  Ch.  Pharm.  czx.  299;    Jahresb.  1861,    p. 
393.) 

MoBO-lodOMOiejIio  meUkf  CH'IO*. — ^This  add,  separated  from  the  purift«^ 
barium-salt  by  hydrochloric  acid,  forms  a  white  crystalline  mass,  slightly  soluble  in 
wateTf  easily  soluble  in  alcohol  and  ether.  It  aystallises  from  water  acidulated  wicJi 
sulphuric  or  acetic  acid  in  long  silky  needles;  from  alcohol,  by  slow  evapof!ation,in  faaztl 
warty  ^^Pf  of  needles.  It  melts  at  196^,  and,  when  suddenly  heated,  is  resolved  into 
free  iodine,  iodophenol,  and  carbonic  an^dride.  By  boiling  with  caustic  potash  it  is 
converted  into  oxysalicylic  acid,  C*H'0*  (iv.  320). 

The  aqueous  and  alcoholic  solutions  of  the  acid,  and  likewise  the  solutions  of  ifs 
salts,  colour /emo  chloride  violets 

lodosalieylate  of  Ammonium  is  s^ringly  soluble  in  water,  and  crystallises  in  needles. 
— ^The  barium-aaltf  C^^H'BalH)*,  is  very  soluble  in  water,  and  crystallises  in  rosettes 
of  delicate  lamin®,  which  assume  a  reddish  colour  when  heated  in  the  moist  state. — 
The  sUwr-aalt  is  sparingly  soluble,  and  czystaUises  in  hard  grains.    (Lautemann.) 

]M-lodoflall03rlio  aeid«  CWl^O*,  separated  from  the  barium-salt^  forms  a  white 
amorphous  mass,  nearly  insoluble  in  loaieTf  moderately  soluble  in  alcohol  and  eth^a^. 
From  water  acidulated  with  sulphuric  acid,  and  ttom  acetic  acid,  it  crystallises  like  the 
mono-iodated  acid ;  from  alcohol  in  needle-shaped  crystaLs.  It  does  not  melt  at  212^, 
but  turns  brown  from  incipient  decomposition ;  when  quickly  heated,  it  decomposes, 
with  separation  of  iodine.  Boiling  nitric  acid  likewise  eliminates  iodine  from  it,  and 
probably  converts  it  into  dinitrosalicylic  add.  By  boiling  with  strong  potask4ey  it  is 
converted  into  diozysalicylic  or  gallic  acid,  Cn'O",  part  of  which  is,  however, 
resolved  into  carbonic  anhydride  and  diozyphenic  (pyro^hc)  add. — The  solutions  of 
di-iodosali(^lic  acid  and  its  salts  colour  ferric  ehlonde  violet. 

The  di-iodosalicylates  are  for  die  most  part  very  sparingly  soluble ;  the  most 
soluble  among  them  is  the  aodium^salt, — ^The  oarium-^altf  G^*H1^B«i"0*,  crystallises 
from  a  moderately  concentrated  solution,  in  needles  having  a  satiny  lustre.  (Laute- 
mann.) 

Trl-lodosaUoylto  acid.  C*H*PO". — ^This  add  is  very  difficult  to  prepare,  being 
very  unstable,  and  apt  to  split  up,  during  the  process  of  formation  by  fusing  salicylic  add 
with  iodine,  into  carbonic  anhydride  and  tri-iodophenol.  It  is  insoluble  in  water, 
soluble  in  alcohol  and  ether,  and  crystallises  fiom.  tne  former  in  tufts  of  needles.  It 
melts  at  about  157^  with  partial  decomposition.  Alkalis  decompose  it,  abstracting^ 
carbonic  anhydride  and  hydriodic  add,  and  converting  it  into  a  red  body,  G^1*0. 

Tri'iodoealicylate  of  Sodium  is  a  grey-green  mass  very  slightly  soluble  in  water. 
(Lautemann.) 

Nitrosalioylio  Acids. 

Two  nitro-derivatives  of  salicylic  add  are  known, — ^viz.,  the  mono-  and  di-nitrated 
adds. 

Mtono-Bltro-salloyllo  add,  or  simply  antrosaUojrlle  aoldp  C^H^KO^  «■ 
C'H\NO')0*.  Indigoticacid.  AnUicaeid.  Mtro^anilicacid.  Aniloticacid.  Nitrospiroylio 
add.  (Chevreul,  Ann.  CJhim.  Ixxii.  131. — Buff,  Ann.  Ch.  Phys.  r2]xxrvii.  160. — 
Dumas,  ibid,  btiii  206  ;  [3]  il  227.— Gerhardt,  ibid.  vii.  326. — Marehand,  J.  pr, 
Chem.  xxvi.  386. — Piria,  Ann.  Ch.  Pharm.  Ivi.  36. — St  en  house,  iUd.  Ixx.  263. — 
H.  Major,  Das  chem.  Laboratorium  der  Univ.  Christiania,  1864,  p.  84. — Gm.  xii. 
307. — G-erh.  iii.  336.) — This  acid  was  first  observed  by  Chevreul  among  the  products 
of  the  decomposition  of  indigo  by  nitric  acid.  Gerhardt  obtained  it  by  treating 
salicylic  add  with  fuming  nitric  add.  Piria  and  Major  have  shown  that  it  is  formed, 
together  with  holidn,  by  the  action  of  cold  dilute  nitnc  add  upon  salicin. 

Preparatum, — I.  From  salicylic  acid. — Fuming  nitric  acid  acts  violently  on 
■aBcyuc  add,  converting  it  into  a  reddish  resinous  mass ;  and  on  removing  the  excess 
of  nitric  add  by  washinff  with  cold  water,  and  dissolving  the  residue  in  boiling  water, 
nitrosalicylie  acid  is  deposited  in  delicate  yellowish  needles.  It  may  also  be 
pi«pared  by  gently  heating  salicylic  add  with  very  dilute  nitric  acid.     (Gerhard t.) 

2.  From  indigo. — ^When  indigo  is  gradually  added  to  boiling  dilute  nitric  acid 
diluted  with  10  to  16  times  its  weight  of  water,  a  solution  is  formed  which  on  cooling 
deposits  nitrosalicylie  acid ;  but  the  product  requires  to  be  purified  by  several  crystal- 
lisutions,  or  by  transforming  it  into  a  lead-salt,  and  decomposing  the  latter  with 
sulphydric  acid.     (C  h  e  v  r  e  u  1,  B  u  f  f,  M  a  r  ch  a  n  d.) 
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3l.  F^Km  methyl-nitroBalxcTlic  acid,  liy  bciUiig  with  potash,  satuiMting  the 
raiting  bvDvii'ied  liquid  with  hydrochloric  acid,  and  cryntallising  the  flaky  acid  which 
paratesw     (Cahonrs.) 

PropertifM. — ^Nitrosali^Ufi  acid  crystallises  in  colourless  needles  containing  1  at 
tep,  CrH"(NO*)0".HK),  which  they  readily  give  off  on  exposure  to  diy  air.  It  melts- 
ai  a  moderate  heat,  and  solidifies  on  cooling  to  a  crystalline  mass  composed  of  six-sided 
platee.  It  reddens  litmus,  and  sublimes  at  a  gentle  heat.  It  is  very  sparingly  soluble 
IB  cold  ftMter,  but  dissolves  easily  in  boiling  water  and  in  alcohol.  Its  solutions  are 
et^ocn^ad  blood-red  by  ferric  salts. 

Boiling  nitric  acta  converts  nitrosalicylic  acid  into  picric  acid.  A  boiling  solution  of 
eii^ride  of  inns  converts  it  into  chloropicrin  (S  ten  house).  By  boiling  with  hydro- 
thiorie  acid  and  ckloraU  of  potassium  it  is  quiddy  converted  into  perdiloroquinoae. 
The  same  transformation  takes  place  in  a  few  days  when  chlorine  gas  is  passed  into 
the  hot  aqoeoos  solution.  Nitrosaiiqrlie  acid  in  contact  with  nascent  hydrogen  dissolves 
in  water,  fiorming  a  Uood-red  solution,  which  gradually  deposits  purple-red  flocks. 
(BcLfL) 

Niirosalicylates,  C'H«M(NO«)0«  and  C"H»M''(NO«)«0«— These  salts  an 
mcotij  ynllow,  ^e  fire  when  heated,  and  bum  like  gunpowder  without  actual  detona- 
tion.    They  x«dden  ferric  saks  strongly. 

The  amaumimf^salt,  (rHXNH«)(NO*)0*,  obtained  by  saturating  the  add  with  am- 
monia, crystallises  by  cooling  or  spontaneous  evaporation  in  fine  needles  of  a  gold  or 
omnge-yellow  colour. — The  potassium-saltt  CH*K(NO')0',  forms  yellow  silky  crystals 
■li^tly  soluble  in  cold  water,  moderately  soluble  in  alcohuL — The  sodium^wlt  is 
yeUoWy  and  very  soluble  in  water. 

The  banum-saU,  C*'H«Ba"(N0*)*0*.4H*0  (?),  obtained  by  saturating  the  acid  with 
carbonate  of  barium,  crystallises  in  shining  yellow  needles,  which  are  sparingly  soluble 
in  cold  water,  insoluble  in  alcohol,  and  give  off  12*7  per  cent,  water  of  crystallisation  at 
2<m«'.— A  basic  salt,  C»^Eraa''(NO«)H)«.Ba'B«0«  4H«0,  is  obtained  as  a  yeUow  powder 
of  the  oolonr  of  lead-chviMnato^  by  precipitating  a  solution  of  the  preceding  saut  with 


The  strontium-,  calcium;  and  magneshim^aaUs  are  yellow,  and  very  soluble  in  water. 

^le  ferric  salt  forms  long,  dark-red,  nearly  black  needles,  which  dissolve  slowly  in 
water,  fiorming  a  blood-red  solution. 

The  netaral  lead-salt,  C'*H»Pb"(NO«)«0«.H«0,  obtained  by  saturating  the  acid  with 
carbonate  of  lead,  or  by  pouring  nitrosalicylate  of  potassium  into  a  hot  solution  of  a 
lead-salt^  forms  a  very  bulky  .crystaUine  precipitate,  which  increases  considerably  as 
the  liquid  cools.— A  basic  had-salt,  C'^H"Pb'*(NO»)*0«.Pb"0,  is  formed  when  the  neu- 
tral salt  is  treated  with  hot  aqueous  ammonia ;  it  is  a  dark-yellow  powder,  quite  inso- 
luble in  water,  and  contains  66  per  cent,  lead-oxide  (Du  m  as).  When  a  neutral  solution 
of  lead-nitzate  is  poured  into  a  boiling  solution  of  potassic  nitrosalicylate,  the  mixture 
deposits,  after  a  short  time,  veir  slender  dark-yellow  needles,  insoluble  in  water,  and 
containing  60  per  cent,  lead-oxide.    (Buff.) 

The  mercurous  salt  is  obtained  by  mixing  the  solution  of  potassic  nitrosalicylate 
and  barytic  nitrate,  as  a  light-yellow  predpitate,  insoluble  in  cold,  slightly  ik>luble  in 
boiling  water.        

The  sHver^-salt,  <7H^Ag(N0*)0*,  is  obtained  by  precipitating  the  ammonium-salt 
with  silver-nitrate,  and  crystallises  easily  from  boiling  water  in  straw-coloured  needles. 
When  heated,  it  does  not  detonate,  but  throws  out  very  buU^  vegetations  of  carbide  of 
stiver. 


•«!«•  C»H*N«0»  «  C^H*(NO«)«0».  NUropoptdie  acid.— 
(Cahours,Ann.  Ch.  Phys.  [3]  xxv.  11. — Stenhouse,  Ann.  Ch.  Fharm.  Ixxviii.  1.^ — 
Produced: — 1.  As  an  acid  methyl-ether,  by  the  action  of  a  mixture  of  fummg 
nitric  and  sulphuric  add  on  methylsalicylic  add.  On  boiling  the  resulting  methyl- 
dinitrosalicylic  add  for  a  few  minutes  with  strong  caustic  potash,  a  dipotassic  dinitro- 
salicylate  is  obtained  ss  a  sparingly  soluble  salt  of  a  splendid  red  colour ;  and  on 
treadng  this  salt  with  strong  sul{J^uric  add,  keeping  the  temperature  from  rising 
above  60^,  sulphate  of  potassium  is  formed,  together  with  dinitrosalicylic  acid,  which 
may  be  dissolved  out  by  cold  water.    (Ca hours.) 

£  By  digesting  the  aqueous  extract  of  the  brandies  of  certain  poplars  (Populus 
balsamtferay  P.  nigra)  with  dilute  nitric  add  (Stenhouse).  For  details  of  the  prepa- 
ration, see  Gmelin's  Handbook,  xii.  314. 

Diniiiosalicylie  add  crystallises  from  boiling  water  in  nearly  colourless  silky  needles, 
or  by  slow  evaporation  in  small  hard  prisms.  It  is  very  soluble  in  pure  waier^  but 
only  slightly  soluble  in  water  containing  sulphuric  or  hydrochloric  add.  It  dissolves 
eanly  in  alcohol  and  ether.    Its  taste  is  very  sour  at  first,  then  astringent,  and  finally 
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very  bitter.    Its  solutions  impart  a  persistent  yellow  coloiir  to  the  skin.     It  melts    at 
a  moderate  temperature,  when  cautiously  hcateid,  and  sublimes  without  alteration. 

Dinitrosalicyuc  acid  produces  a  deep  cherry-red  colour  with,  ferric  salts.  Strong 
nitric  acid  at  Uie  boiling  heat  quickly  converts  it  into  picric  acid  (hence,  in  preparixig 
it  from  poplar  extract,  tibe  heat  must  be  kept  low).  Oil  of  vitriol  diesolyes  it  at  lo^vr 
temperatures,  and  water  separates  it  from  the  solution  unaltered ;  but  the  mixtizre 
carlx)niseA  when  heated.  When  heated  with  hydrochloric  acid  and  chlorate  of  pot€i^~ 
slum,  it  is  converted  into  perchloroquinone. — Chloride  of  lime  does  not  attack  in  tJi« 
cold  ;  but  on  heating  the  mixture,  a  violent  action  takes  place,  resulting  in  the  form»' 
tion  of  chloropicrin. 

Dinitrosalicylates, — ^Dinitrosalicylic  acid  forms  neutral  salts ,  C'H'M"(N0*)O* 
and  C^'M^CNO')*©",  and  acid  salts,  C'H«M(NO«)W  and  C"H«M''(NO«)«0«.  They  are 
mostly  yellow,  sptaringly  soluble,  and  detonate  violently  when  heated. 

The  ammonium-salt,  C'H«(NH*)(NO«)W,  is  easily  obtained  by  dissolving  the  acia 
in  ammonia,  and  separates  on  evaporation  in  small  needles  of  a  fine  yellow  colour. 

PotassiuTn-salts. — ^The  neutral  or  dipotassie  salt,  C'H*ii.*(NO*)*0',  is  produced  when 
methyl-nitrosalicyUc  acid  is  decomposed  by  boiling  with  excess  of  strong  potash-ley. 
It  forms  beautifal  needles,  having  a  splendid  yellowish-red  colour  and  satiny  lustre, 
and  united  in  stellate  groups.    It  appears  to  be  completely  decomposed  by  continue<l 
boiling  with  potash ;  detonates  violently  on  slowing  coals  or  on  a  hot  plate  (CahoursX 
The  monopotassie  or  acid  salt,  C'H'K(NO*)K)',  produced  by  neutralising  the  aqueous 
acid  with  carbonate  of  potassium  (St  en  house),  or  by  heating  the  neutral  salt  with 
dilute    nitric   acid    (Cahours\  crystallises  in   small  lemon-yoUow  prisms;  very 
sparingly  soluble  in  cold  water ;  insoluble  in  alcohol  or  ether.    It  dissolves  very  readily 
in  alkaline  liquids,  and  is  precipitated  therefrom  by  acids  (S  t  e  n  h  o  u  s  e).  It  deposits  the 
free  acid  when  boiled  with  strong  hydrochloric  acid.    It  dissolves  in  slightly  heate<d 
oil  of  vitriol,  and  the  solution,  on  being  mixed  with  water,  deposits  the  acid  in  crystal* 
line  laminae.    It  detonates  on  glowing  coals,  but  not  so  strongly  as  the  neutral  salt. 

The  monosodic  salt,  C'H'Na(NO*)*0',  obtained  by  neutredising  the  aqueous  add 
with  carbonate  of  sodium,  forms  small  spicular  crystals  or  yellow  shining  needles, 
more  soluble  in  water  than  the  potassium-salt 

Barium-salts, — The  neutral  salt,  C'H*Ba*(NO')*0*,  is  obtained  by  adding  a  boiling 
solution  of  caustic  baryta  to  a  boiling  solution  of  the  acid,  as  long  as  the  resulting  pre- 
cipitate redissolves  on  agitation.  The  filtrate  then  on  cooling  deposits  small  granular 
crystals. — The  acid-salt,  C"H*Ba''(NO')*0*,  is  obtained  as  a  yellow  precipitate  on 
adding  baryta-water  in  excess  to  dinitrosalicylic  acid.  It  is  crystalline,  and  very 
slightly  soluble  in  boiling  water. 

The  l-ead-salt  is  very  sparingly  soluble  in  water. 

The  silver-salt,  C'H'Ag(NO')*0',  is  obtained,  in  small  granular  very  slightly  soluble 
crystals,  by  saturating  a  hot  dilute  solution  of  the  acid  with  carbonate  of  silver. 

Osysalieylie  Acids. 

Oxysalicylic  acid,  C1[*0*,  and  dioxysalicylic  acid,  C'H'O',  are  formed  by  the 
action  of  boiling  potash-ley  on  mono-  and  di-iodosalicylic  acid  respectively  (iv.  820  ; 
V.  168). 

SAXiZCnZC  AVBTBIIZBBS.  (aerhardt,Ann.  Ch.Fhys.  [3]  xxxvii.  322.) 
— ^When  dry  salicylate  of  sodium  is  treated  with  phosphoric  oxychlonde,  hydrochloric 
acid  is  evolved,  and  two  products  are  formed,  both  containing  the  elementa  of  sali- 
cylic acid  minus  water,  viz. : — 

(C'H*0)" 
DisalicyUc  add,  C"H"0»    =    (C'H*0/' 

H« 
SaUcylide  C'H*0«      =     (CH^O)"©        «     C'H«0»     -   H*0. 

The  formation  of  these  compounds  may  be  represented  by  the  equation  : — 

4C'H»NaO»  +  PC1«0     «     C"H"0»  +  2C'H*0»  +  NaCl  +   2HC1   +  PNaW. 

The  product  of  the  reaction  is  a  hard  mass,  which,  when  heated  witli  water,  is  con- 
verted into  a  viscous  substance  soluble  in  boiling  alcohol.  The  alcoholic  solution 
on  cooling  deposits  disalicylic  acid  in  the  form  of  a  thick  oil,  which  very  slowly 
solidifies,  and,  when  treated  with  boiling  water  or  with  alkalis,  is  converted  into  salicylic 
acid.  Boiling  ether  dissolves  it,  and  leaves  it  on  evaporation  in  the  form  of  a  plastic 
mass. 

If  salicylic  add  be  regarded  as  monobasic,  and  represented  by  the  formula 
C'H»0«.H.O,  disalicylic  add  will  be  its  anhydride,  (C*H*0»)*0,  which  is  the  view  of 
its  composition  taken  by  Gerhardt.    In  like  manner,  the  compounds  now  denominated 


0«     =r     2C'H«0«  -  WO. 
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■tiicvi-acetic  and  salicyl-benzDie  acida  were  fbrmerly  regaided  as  anhTdridea 
(1^150). 

Salic  ylide,  OHH>*,  the  trae  anhydride  of  salicylic  acid,  ia  the  portion  of  theabore- 
dneribea  product  which  ia  insoluble  in  boiling  aloohoL  It  is  white,  amorphous,  not 
attack-ed  by  boiling  water,  insoluble  in  boiling  ether.  When  heated,  it  melta  to  a 
transparent  liquid,  which  solidifies  to  a  translucent  mass  on  cooling.  It  is  not  attacked 
by  a  bailing  solution  of  sodic  carbonatB,  and  but  slowly  by  boiling  aqueous  ammonia^ 
tiot  paCaah  quiddy  converts  it  into  salicylate  of  potassium. 

When  salicylic  anhydride  [?  disaUcyUc  acid  or  salicylide]  is  subjected  to  dry  distil- 
lation, tbe  portion  which  passes  over  below  300^  contains  phenol  and  a  body  having 
the  eoinpomtion  CHK)  [ -a  salicylide,  G'H*0'  —  CO] ;  and  on  expelling  the  phenol  by 
heat,  and  cxyatallising  the  residue  from  alcohol,  with  addition  of  animal  charcoal,  this 
body  is  obtsaned  in  silky  needles,  which  melt  at  103**,  dissolve  in  125  pts.  alcohol  of 
apeofic  gravity  0*801,  and  sparingly  in  water  and  in  ether.  The  ciystsJs  heated  with 
bt  ommt  to  100^  yield  a  bromine  compound,  G*H*BrO,  which  melts  at  196^,  and  ciys- 
taDiaes  from  hot  alcohol  in  needles. — ^A  nitio-compound,  C'IH'(NO')0,  crystallising  in  a 
MitiTlA^*  form,  uid  melting  at  160^,  is  produced  by  treating  the  compound  CH*0  for 
several  days  with  fuming  nitric  acid.  This  nitro-compound  is  converted  by  sulphide 
of  ammonium  into  a  bsM,  GfHK>N,  which  ciystallises  in  yeUow  needles,  and  forms  a 
o^talline  platinum-salt  somewhat  soluble  in  water.  The  compound  C*H*0  yields 
with  strong  sulphuric  add  a  sulpho-add,  which  forms  a  barium-salt  crystallising  in 
nodules  (£  Marker,  Ann.  Ch.  Pharm.  cxziv.  249).  The  formation  of  the  compound 
CH*0  was  first  noticed  byLimpricht  (Lehrb.  d.  ory.  Chem.  p.  914.) 

OSXiOSOBra&ATB.  C^K)«a=((?H*0)"|^Q.— This  body, 

. with  chlorosaHcylol  (p.  171),  and  commonly  called  chloride  of  talioyl,  is 

produced,  together  with  chlorobenzoylic  chloride,  C*H*G10.C1,  by  the  action  of  penta^ 
^iknide  of  {Kosphoms  on  methylsahOTlic  add  (Gerhard t,  TraiU,  iii.  343 ;  Drion, 
Ann.  Ch,  Pharm.  xcii.  423),  and  on  salicylic  acid  (Kolbe  and  Lautemann,  Jahresb. 
18G0,  p.  288;  Kekuli,  iHd,  293;  see  also  p.  164  of  this  volume).  When  sm>arated 
from  phosphoric  ozycUoride  by  heating  the  product  to  160^,  it  forms  a  sUghtly- 
colosred  faming  liquid.  In  contact  with  water,  it  becomes  heated,  and  is  transformed 
into  hydrodiloric  and  salicylic  adds.  With  methylic  and  ethylic  alcohols,  it  yields  in 
like  yngatytmr  methyl-  and  ethyl-salicylic  adds.  It  cannot  be  distilled  without  decom- 
position, bydioehloric  add  being  then  evolved,  and  a  faming  liquid  passing  over 
which  exhibits  aU  the  characters  of  chlorobenzoylic  chloride;  a  large  quantity  of 
earbonaceous  matter  is  also  left  behind.    (Gerhardt.) 

AAUOWKI  JHfH  MUM  By  distilling  salicylic  add  with  an  alcohol  and  strong 
mlplmric  add,  add  ethers  are  obtained  having  the  oompodtion  of  salicylic  add  in 
wfaidi  1  aL  of  the  typic  hydrogen  is  replaced  by  an  alcohol-radide,  the  remaining  atom 
of  hjdrogien  bdng  xe|Maceable  by  metals,  or  likewise  by  alcohol-radicles,  yielding  neutral 
salieyUe  ether. 

»giitHjrl— W<iyMe  tteld.  0^"0*     »       CH"     >0\  Gauliherie  acid.  (CAhouTB, 

H  3 
Ann.  Gh.  Fhys.  [3]  z.  327 ;  zxvii.  5.^Frocter,  J.  Pharm.  [3]  iii.  27.— Gerhardt, 
Gompl.  rend,  zzzviii.  32.)---This  ether,  isomeric  with  anisic  acid,  exists  ready-formed 
In  the  volatile  oU  of  winteigreen  (  QauUheria  prooumbens),  of  which  it  constitutes  about 
A,  the  remainder  consisting  of  a  hydrocarbon  isomeric  with  oil  of  turpentine  (ii.  826). 
Cm  TCdafying  the  comment  oil,  we  hydrocarbon  passes  over  first  at  about  200^,  and 
the  bmling-point  then  quickly  rises  to  222^,  at  which  temperatorepnre  methylsalii^lic 
acid  passes  over. 

Hethylsalicylio  add  is  likewise  obtained,  unmixed  with  any  hydrocarbon,  by  distil^ 
linff  witn  water  the  baric  of  the  sweet  birch  {Betida  Unto) ;  and  it  may  be  produced 
srtifidally  by  distilling  a  mixture  of  2  pts.  salicylic  add,  2  pts.  anhydrous  methylic 
alcohol^  and  1  pt.  of  sulphuric  add  spedfic  grarity  1*66 ;  or  by  treating  anhydrous 
methylic  aleohol  with  saU<nrlic  chlorohydrate. 

Pure  methyisalicylic  add  is  a  colourless  oil,  having  a  very  penetrating  but  agreeable 
odour,  and  a  sweet,  cooling,  aromatic  taste.  Specific  gravity  >»  1*18  at  10^.  BoiUng 
point  222^.  Vapour-density,  obs.  »  5*42 ;  calc.  s  5*719.  It  is  sli^tly  soluble  in 
water,  and  mixes  in  all  proportions  with  alcohol  and  ether.  Its  aqueous  solution  is 
eoloured  violet  by  ferric  salts.  It  dissolves  iodine  without  decomposing^  and  forms  a 
farown  solution. 

Jkeompoeiiiinu.'—l.  When  methyisalicylic  acid  is  mixed  with  strong  nitric  acid, 
violent  nirting  t^ee  place,  if  the  mixture  is  not  cooled ;  but  when  it  is  ke^t  cool,  methyl- 
sitrosaharlie  add  is  produced  (Oahours).     By  fuming  nitric  add,  it  is  converted 
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into  methyl-nitzosalicylie  add ;  by  a  mixture  of  ftuning  nitric  add  and  oil  of 
into  methyl-dinitrosiilicylic  acid,  or  by  longer  action  into  methjrl-trinitroBalicylie  , 
(Cab ours). — 2.  Bromine  added  by  dropeto  metbylaalicylic  add  canaea  considerable 
rise  of  temperatore  and  evolution  of  bydrobromic  add ;  tiie  maaa,  wbich  aolidifiea  on 
cooling,  contains  methyl-bromoaalicylic  and  metbyl-dibromoaalicylic  adds,  tbe  proportions 
varying  according  to  the  quantity  of  bromine  used.  Chlorine  forms  similar  prodnctBp 
the  quantity  of  hydrogen  replaced  never  exceeding  2  at.,  even  in  sunshine  (Proct  er, 
Ca  hours). — 3.  PtntMhlonde  of  phosphorus  sets  vioXentXj  on  the  add,  forming  sali- 
cylic chlorohydrate,  methylie  chloride,  and  phosphoric  oxychloride : 

c^»(CH»)o«  +  pa*  -   (rH»o«ci  +  ch«ci  +  poa». 

For  the  refolts  obtained  bv  Couper  and  by  Kekul6,  see  p.  154. 
4.  With  the  chlorides  of  hengoylf  cumyl,  and  succinyl,  methylsalicyHc  add  forms 
benzoic,  cumylic,  or  succinic  methylsalicylate,  together  with  hydrochloric  add,  e.ff.  z 

C»H«(CH«)0«     +     C^H)C1      -      Cm\CH*)(C'mO)G»     +     HCL 

M ethjisalicyllo  BmbsoIc  B«Dsoic  meChjrl- 

acid.  chloride.  salicylate. 

6.  By  fotash-Uy  methylsalicylic  acid  is  resolved,  after  a  few  hours  at  ordinary  tempe- 
ratures, immediately  when  heated,  into  salicylic  acid  and  methylie  alcohol  (Procter, 
Gab  ours). — 6.  Heated  with  anhydrous  barytn^  it  yields  carbooate  of  barium  and 
aniaoL — 7.  With  ammonic^  either  gaseous  or  alcoholic^  it  forms  salic^lamic  add  and 
methylie  alcohol : 

(CrHK))"}  ^      )n         CH«) 

CH«     |0«  +  NH»     »    (CrH*0)"|.g    +     H   l^' 

8.  When  pieces  ot  potassium  are  dropped  into  methylsalicylie  add  heated  to  betwc^en 
SO^  and  60^,  the  temperature  rises,  g^  is  evolved,  and  after  the  addition  of  a  consider- 
able quantity  of  potassium,  the  mass  solidifies,  even  if  kept  at  106°.  Soon  afterwards 
it  takes  fire  and  leaves  a  black  residue.  In  one  experiment  salicylol  was  produced. 
(Cahours.) 

(C»HO)'  > 

Methylsalicylates,  C"H'MO*     «     CH*     lO*,  the  formula  bdng  doubled  for 

diatomic  metals. 

Thepotassium-salt,  OHHIO',  is  obtained,  by  agitating  strong  potash-ley  with  excess  of 
methylsalicylie  acid,  in  pearly  scades,  which  may  be  purified  by  washing  with  the  wnallftiA 
possible  quantity  of  cold  water,  pressure  between  bibuloas  paper,  solution  in  absolute 
alcohol,  and  evaporation  in  vacuo.  It  then  forms  extremely  delicate  white  needles, 
having  a  strong  lustre  and  resembling  asbestos  (Cahours) ;  six-sided  plates  (Procter). 
It  is  very  soluble  in  water,  alcohol,  and  ether,  colours  ferric  salts  purple,  and,  when 
heated  in  the  moist  state,  gives  off  methyl-alcohol,  and  leaves  salicylate  of  potassium^ 
The  sodium-salt  resembles  the  potassium-salt,  but  is  less  soluble  in  water,  aloohdl,  and 
ether. — ^The  barium-salt,  C**H'*Ba''0*.H*0,  separates  in  crystalline  scales  on  gradually 
adding  methylsalicylie  acid  to  hot  baryta-water,  and  leaving  the  liquid  to  cool.  By 
dry  distillation  it  is  resolved  into  anisol,  carbonate  of  barium,  and  carbonic  anhydride: 

C»«H"Ba'0«  +  H«0     -     2C"H«0  +  Ba"CO»  +   C0». 

The  potassium-salt  forms  predpitates  with  the  salts  of  lead,  copper,  dlvar,  and 
mercury. 

Neutral  methylsalicylie  ethers, — ^i.e.,  compounds  in  which  the  bade  hydrogen  of  methyl* 
salicylic  acid  is  replaced  by  methyl,  ethyl,  amyl,  &c., — are  obtained  by  heating  methyl* 
salicylate  of  potaasium  with  iodide  of  methyl,  ethyl,  or  amyl,  in  sealed  tnbes.  Th.0 
meth^-oompound,  C^«(CH*)K)*,  boils  at  248<>,  the  ethyl-compound,  O'HVCH'XO'H^O*, 
at  262°,  and  the  amyl-oompound  above  300°  (Cahours,  Compt.  rend,  ^mi^  266). 
According  to  Cahours,  these  ethers  are  resolved  by  boiling  wi^  potash  into  salii^lio 
add  and  alcohols;  but  according  to  Gr&be  (Ann.  Ch.  Pha[rm.  cxxxvi.  124),  the  methyl- 
compound  thus  treated  is  converted  into  methoxysalylic  acid,  C'H*(CH')0',  and 
the  ethyl-compound  into  ethos^Balylic  add.    (See  Sal>tuo  Aon>.) 

Bensoie  methylsalicylate,  C**B}H)*     -      CH*     }0\  is  obtained  by  heating  equal 

C^»0  j 
parts  of  methyl8ali<7lic  add  and  chloride  of  benzoyl,  as  long  as  hydrochloric  add  con- 
tinues to  escape^  washing  the  tenadous  gradually  cxystaUising  product  with  potash-ley, 
and  crystallising  ftom  alcohol  or  ether. — It  crystallises  in  oblique  rhombic  prisms 
having  a  splendid  lustre.  They  remain  unaltered  in  warm  water.  When  heated  with 
saustic  potash,  they  are  strongly  attacked,  and  give  off  an  aromatic  odoui ;  and  on 
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tiwtniy  the  aqueous  sbfaition  of  the  residue  with  hydiochlorie  acid,  a  predpttate  of 
ailicjfae  add  is  obtained.  The  oompoimd  is  insoliible  in  water,  bat  diflsolTea  readily 
in  akohdl  and  ether.    (Gerhardt) 

CmmUc  mdkMke^aU,  C><H>*0«      »      CH*     >0',  is  obtained  in  like  manner 

with  dikride  of  camyl,  but  reqjuires  for  its  production  a  rather  higher  temperature. 
The  product  is  a  thidc  oil,  which  remains  liquid  for  a  long  time,  but,  if  mixed  with  a 
little  ether,  solidifies  on  evaporation  to  a  radiated  mass.  It  is  insoluble  in  water, 
ilig^dj  sohible  in  cold,  more  soluble  in  boiling  alcohol,  whence  it  crystallises  in  highlj 
hstroas  rhombic  scales ;  very  soluble  in  ether,  and  separates  therefirom  bj  spontaneous 
eiaporation  in  oblique  zhomboidal  prisms,  sometimes  of  considerable  size. 

(Crfi*0)«  ) 
AmM  meihyUaUeylaU,  G^Hi^O"  -      (CH*)*  VO«.—IVepared  by  gently  heating 

(OH*07') 
snednie  chloride  with  about  2  pts.  of  methylsalicylic  add  as  long  as  hydroddorie 
add  cootiniies  to  escape,  digesting  the  resulting  brown  mass  with  potash-ley,  and  ciys- 
tallising  it  from  boiling  aloohoL  The  solution  on  cooling  deposits  large  rectangular 
lamina  composed  of  easily  separated  fibres.  The  compound  is  sparingly  soluble 
in  ether.    (Gerhardt.) 

(CTI«BrO)") 
)fBTKTXrBBOxosAi.ioTi<ic  AOiD,  C^'BrO'  —        CH*       >0^  (Cahours, 

H  ) 
AuL  Ch.  Phys.  [3]  z.  839.)— When  bromine  is  slowly  dropped  into  methylsalicylie 
add  \Kipt  ms  md  as  possible,  snd  the  mass  which  solidifies  on  cooling  is  freed  fh>m 
hjdzobromie  add  by  washing  with  weak  alcohol  and  dissolved  in  boiHiig  alcohol  of 
36^,  the  U^nid,  as  it  eools,  deposits  shining  crystalline  lamius  of  methyl-dibromo- 
■alieylie  aeid,  an  additional  quantity  of  which  may  be  obtained  from  the  mother-liquor 
OB  cooling  after  evaporation  to  one-half.  Hie  remaining  mother-liquor,  however,  yields 
by  further  evaporation  crystals  of  methyl-bromosalicyho  add,  which  may  be  purified 
by  three  crystallisations  from  alcohol  or  by  sublimation. 

Methyl-bromottlicylie  add  forms  sill^  needles,  having  a  peculiar  odour,  melting 
at  55^,  and  subliming  without  decomposition.  It  is  nearlv  insoluble  in  water ^  but 
dissolves  readily  in  <£x>Ao^  93aA,dher.  It  dissolves  in  cold  concentrated  potash-ley, 
spparently  forming  the  salt  C'Ji"Ji-br(Cll')0* ;  on  heating  the  liquid,  methylic  alcohol 
is  given  cm^  and  bromosalicylate  of  jpotasdum  remains.  A  strong  solution  of  ammonia 
^adually  converts  it  into  bromosahcylamic  add ;  distilled  with  cyanide  of  mercury  it 
forms  methyl-cyanosalicylic  acid. 

(C'H'Br'O)'') 

Mbthtl-dibboxosalictlio  acid^   C^*BrK)*  -         CH'        VO*.    (Ca- 

H  ) 
hours,  locdt.) — ^This  add  is  prepared,  as  above  described,  by  the  action  of  bromine  on 
meUi^dsalii^lic  add,  or  by  treating  the  monobrominated  add  with  excess  of  bromine. 
It  oystallises  from  alcohol  in  rather  large  prisms,  melting  at  146°,  and  volatilidng  at 
a  higher  temperature.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether, 
espeoaily  when  warm.  With  cyanide  of  mereu/ry  it  behaves  like  the  monobrominated 
oompound.  It  dissolves  in  potash  and  in  soda,  forming  dystallisable  salts,  from  which 
it  is  separated  by  adds  in  its  ori^nal  state. 

KeOiy]rdibromosali<7lic  add  is  not  attacked  by  excess  of  bromine,  even  in  direct 
sunshine. 

HnTHTX.-CHLOBOSALiCTZ.io  ACID,  CH'CIO*,  IS  formed  when  methylsalicylie 
add  is  exposed  to  the  action  of  a  small  quantity  of  chlorine ;  but  it  is  difficult  to  punfy. 
(Cahours.) 

Kbthtl-dichlobosalictlic  acid,  C^*C1*0'.  ^Procter,  J.  Phann.  [3] 
iii.  275. — Cahours,  Ann.  Ch.  Phys.  [8]  x.  343.) — ^When  cnloiine  gas  is  passed  into 
methylsalicylie  acid  till  the  action  ceases,  a  yellowish  crystalline  mass  is  formed,  con- 
gating  of  methyl-dichlorosalicylic  add  mixed  with  a  small  quantity  of  liquid  methyl- 
dilorosaliCTlie  add.  By  crystallisation  from  boiling  alcohol,  the  dichlortnated  add 
is  obtained  in  colourless  rhombic  tables  (Pro  c  t  e  r) ;  in  needles  (Cahours).  It  melts 
at  104^  (Procter),  at  about  100^  (Cahours),  and  crystallises  on  cooling ;  volatilises 
without  decompodtion  at  a  stronger  heat  (Cahours),  and  sublimes  a  little  above  its 
mdtiDg  point  in  rhombic  crystals.  It  is  insoluble  in  water,  soluble  in  alcohol  and 
dher ;  dissolves  in  cold  strong  caustic  potash,  and  is  separated  therefrom  by  adds  in  its 
original  state.  It  dissolyes  slowly  in  ammonia,  forming  a  chlorinated  amide.  When 
distilled  widi  cyanide  of  mercury,  it  yields  a  compound  in  which  the  chlorine  is 
replaced  hj  eyaiipgui.    It  is  not  attacked  by  chlorine  in  sunshine. 

m2 
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[C^H^O*)©]") 

MSTHTL-KITEOSILICTLIO  ACID,  C>*H'^0*  -  CH«  \0\    Indi^toU 

H  ) 

of  Methylene,  (Ca hours,  Ann.  Ch.  Phm  [81  x,  S46.)--Ppoduced  by  adding  ftunin^ 
nitric  acid  to  methylaalicylic  acid,  cooled  so  that  no  spirting  may  take  place.  Tbe 
liquid  then  quickly  soUdifles  in  a  czystalline  mass,  from  which  the  free  nitric  aeul  niay 
be  ertracted  by  boiling  water;  and  the  product,  purified  by  two  or  three  c]^stallusattoiis 
from  alcohol,  forms  Teiy  delicate  yellowish  needles,  which  melt  between  88°and90**,  and 
may  for  the  most  part  be  Tolatilised  without  decomposition.  It  is  yery  slightly  soloble 
in  water f  easily  soluble  in  boiling  alcohol.  Potash  and  soda  likewise  dissoiTe  it  easily, 
formingjnethyl-nitrosalicylates ;  ammonia  ultimately  converts  it  into  nitrosali^Iamie 
acid.  iBoiling  potash  decomposes  it  into  metfaylic  uoohol  and  nitrosalicrlic  add.  ^ 

When  fuming  nitric  and  m  idight  excess  is  gradually  added  to  methyl-nitzosalicylie 
acid,  a  brisk  action  tskes  place^  and  a  dark-red  solution  is  formed.    If  the  mixture  be 
not  cooled,  but  gently  heated  at  the  last,  the  liquid  becomes  turbid,  and  deposits  drops 
of  oil,  which,  if  the  heat  be  discontinued  as  soon  as  they  cease  to  increase^  fbrm   a 
yellow  resinous  mass ;  and  this  substance,  when  dissolved  in  hot  alcohol,  separates 
almost  completely  on  cooling,  in  pale-yellow  needles,  which  melt  at  95°,  and  form   on 
cooling  a  yellow  radiated  mass,  which,  if  carefully  raised  to  a  higher  temperature, 
sublimes  in  pale-yellow  slender  needles.    It  dissolves  sparingly  and  with  slight  colour 
in  cold  water,  and  more  abundantly  in  hot  water,  whence  it  separates  in  long,  slender, 
nearly  colourless  crystals ;  it  dissolves  also  in  alcohol  and  ether,  especially  when  hoc 
Neither  the  aqueous  solution  nor  the  acid  obtained  after  decomposition  with  pota^ii 
reddens  ferric  salts.    The  cnrstals  contain  43*40  per  cent.  C,  9*57  N,  and  3*28  H,  and 
are,  therefore,  a  mixture  of  methyl-nitrosalicylic  and  methyl-dinitrosalicyHc   acids 
(Gahours).    Procter  obtained  a  similar  substance  by  boiling  winteigreen-oil  with 
nitric  add  of  specific  gravity  1*14. 

[C*IP(NO«)K)]'') 

MBTHTL-DIVITB08A.LIOTLtO    ACID,    C^*N*0'    sa  CH*  >0*.     AddS 

H  ) 

aaulthMque  binitriqus,  Salieylate  de  methyUns  Innitrijue,  (Cahours,  Ann.  CLPhys. 
{31  XXV.  6.) — ^When  meth^lsalicylic  add  is  dropped  mto  a  mixture  of  foming  nitric 
acid  and  fumins  oil  of  vitriol  kept  cool  by  cold  water,  a  dear  dark-orange-coloored 
liquid  is  producM.  As  soon  as  the  dro^  of  methylsalicylic  add  cease  to  dissolve,  a 
small  quantity  more  of  nitrosulphuric  acid  is  added,  the  mixture  shaken  till  the  solution 
is  complete,  and  ^e  liquid,  after  some  minutes,  diluted  with  dght  times  the  quantity  of 
water,  whereupon  the  methyl-dinitrosalicylic  add  separates  out,  and  may  be  crystal- 
lised from  solution  in  boiling  alcohol  The  aqueous  mother-liquor  contains  methyl- 
trinitrosalicylic  add. 

Methyl-dinitrosalicylic  add  forms  yellowish-white  crystalline  scales,  whidi  become 
nearly  colourless  after  two  crystallisations.  It  is  heavier  than  water ;  melts  between 
124^  and  125^,  forming  a  pale-yellowish  liquid,  which  solidifies  in  a  fibrous  mass  on 
cooling,  volatilises  completelv  when  caref^y  heated  in  a  retort,  and  sublimes  in  very 
delicate  shining  laminse.  Wnen  suddenly  heated,  it  detonates,  and  decomposes,  giving 
off  a  thick  black  smoke,  and  leaving  a  carbonaceous  residue. 

-  The  add  is  insoluble  in  water,  even  at  the  boiling  heat,  nearly  insoluble  in  cold 
alcohol f  but  easily  soluble  in  boiling  alcohoL 

.  It  dissolves  in  gently-heated  oil  of  vitriol,  and  is  precipitated  therefrom  by  water  in 
nearly  colourless  scales,  having  a  strong  lustre.  The  solution  in  oil  of  vitriol  gives  off 
carbonic  anhydride  between  75^  and  80^ :  if  it  be  gradually  heated,  and  too  great  a 
rise  of  temperature  prevented  by  frequent  immersion  in  cold 'water,  a  colourless  liquid 
is  formed,  which  is  rendered  turbid  by  addition  of  a  large  quantity  of  water,  ana  on 
cooling  yields  small  shining  needles,  which  dissolve  readily  in  boiling  water  or  alco- 
hol, and  czystaUise  on  cooling. — ^If  the  solution  in  oil  of  vitriol  be  heated  somewhat 
more  quickly,  or  above  100^,  the  liquid  turns  red  and  ultimately  black,  ^ving  off 
carbomc  and  sulphurous  anhydrides,  and  depodts  brown  flakes  when  mixed  with 
water. 

Methyl-dinitrosalicylic  add  dissolves  without  decompodtion  in  Aiming  nitric  acid  at 
temperatures  between  30^  and  40°,  and  is  repredpitated  by  water  in  its  oriffinal  state. 
The  solution  in  gently-heated  nitxomuriatie  add  deposits  on  cooling  needles  of  the 
unaltered  substance. 

By  continued  boiling,  either  with  fuming  or  with  commercial  nitric  add,  it  is  com- 
pletely decomposed,  with  formation  of  picric  acid.  By  the  continued  action  of  a 
mixture  of  nitric  and  sulphuric  adds,  it  is  converted  into  methyl-trinitrosalieylic  acid. 
By  boUiDg  with  strong  potash-ley,  it  is  resolved  into  methylic  alcoh<^  and  dinitro- 
salicvlic  add. 

Methyl-dinitxosalicylic   add   forms  salts   containing  C'H'M(NO*)*(CQ'}0*.      It 
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dinolTea  in  dilute  potash  and  aoda,  forming  salts  which  erystaUise  by  eyaporatioii.  The 
ammommmrtalt,  CrH\NH«)(CH*XNO')'0',  obtained  by  dissolying  the  add  in  a  slight 
aaesfli  of  vann  canatic  ammonia,  ciystallises  in  yellow  transparent  needles,  sparingly 
soliiUe  in  eoM,  Tery  soluble  in  boiling  water;  the  solution,  mixed  with  an  add, 
dcpositamethyl-dinitrosalicylic  add.  The  nlver-salt,  CrH*Ag(CH*)  (N0*)*0*,  obtained 
by  adding  nitrate  of  silver  to  a  dilute  solution  of  the  ammoniumnBalt,  is  a  yellow 
powder  resembling  chromate  of  lead. 

[C»HCNO»)»OJ') 

UXTBTX.-TBIKITBOSALICTLI0    ACID,  OT[*NH)»    -  CH»  lO*.     (Ca- 

H  j 

Iiourst  Ann.  Ch.  Phys.  [3]  zz7.  20.)— -When  the  product  of  the  action  of  a  mixture 
of  strong  sulphuric  and  raming  nitric  add  on  methylsali<^lic  acid  is  treated  with 
iKoling  aIeoh<M,  and  tbe  deposit  of  methyl-dinitroRalicylic  ada  is  separated,  the  mother- 
liquor  retains  methyl-tzinitroealicylic  add,  which  crystallises  in  yellowish  transparent 
l^atei^  but  always  aooompanied  by  picric  add. 

XlbylMliojllo   meld,  C"H>K)*  »      CH*    VO*.     (Cahours,  Ann.  Ch.  Fhys. 

[3]  z.  869.— G.  Baly,  Chem.  Soc  Qu.  J.  ii.  28.— Gerhardt,  TVoi^,  iiL  326.)— 
1.  When  4  pts.  of  alcohol  are  distilled  with  3  pts.  of  crystallised  salicylic  add  and 
2  ptBu  of  oil  of  vitriol,  alcohol  alone  passes  over  first,  then  a  mixture  of  sloohol  and 
ethylsalicylic  add,  and  lastly  a  smsll  quantity  of  alcohol  with  a  laree  quantity  of 
eChylsalieylic  add.  As  soon  as  sulphurous  anhydride  begins  to  escape,  tiie  distillation 
is  intexxii^»l,  the  distillate  shaken  up  with  water  containing  a  litUe  ammonia,  then 
wadied  with  water,  dried  oyer  chloride  of  cslciom,  and  rectified  by  two  distillations. 
(Cahours,  Baly). — ^2.  When  absolute  alcohol  is  added  by  drops  to  salicylic  chloio- 
hydeate,  the  mixture  becomes  heated,  and  giyes  off  large  quantities  of  hydrochloric 
acid.  As  soon  as  the  action  ceases,  the  liquid  is  distHled,  and  the  portion  which 
goes  over  towards  225^  is  collected.    (Gerhardt.) 

Properties, — ^Sthylsalicylic  add  is  a  colourless  oil,  heavier  than  water.  Spedfie 
graTity  1*097  (Baly);  11843  at  lO^"  (Delffs).  BoUs  at  225^'  (Cahours)  ;  at  22lo 
with  the  barometer  at  28"  1'3^  (Delffs);  at  229*6<*  (Baly).  It  has  an  agreeable 
odour,  resembling  that  of  methylsalicylic  add.  It  dissolves  sparingly  in  water,  easily 
in  aUokal  and  e^er, 

IkeomposUions, — 1.  Chlorine  and  bromine  act  strongly  on  ethylsalicvlic  acid,  pro- 
dudng  eiystallised  subsdtution-producta.— 2.  With  pentachloride  of  phosphortie  and 
with  chloride  ofhensot/l,  it  reacts  hke  the  corresponding  methyl-compound. — 3.  Ammonia 
dissolves  it  slowly,  converting  it  into  ethylic  alcohol  and  salicylamic  add. — 4.  Fum- 
ing  nitric  add  converts  it  into  ethylic  nitroealicylate ;  but  when  boiled  with  nitric 
sod,  it  yields  picric  add. — 5.  When  boiled  with  potash  or  soda,  it  is  resolved  into 
alcohol  and  salic^lie  add. — 6.  Anhydrous  baryta  attacks  it  strongly,  and  the  product* 
when  distilled,  yields  ethylic  phenate  or  phenetol  : 

C»H«(C»H»)0«     «    C0«  +  CWa»(C«H»)0. 

BUi7UallcjUc  Ph«n«tol. 

add. 

Ethylealieylates. — The  add  dissolves  in  cold  potash-  or  soda-ley,  forming 
crystalHsed  salts  soluble  in  water.  Heated  in  a  sealed  tube  with  methylic,  ethyliCf 
or  amylic  iodide,  it  yields  the  ethylsalicylate  of  methyl,  ethyl,  or  amyL 

Bensoie  ethylsalieylaie,  C^\Cm^O){Cm.*)0*,  is  produced  by  heating  the  add  with 
chloride  of  bensoyl  as  long  as  hydrochloric  add  continues  to  escape.  It  is  a  cxystalline 
mass,  soluble  in  alcohol  and  ether,  and  separates  from  its  ethereal  solution  by  spon- 
taneous evaporation  in  the  form  of  an  oil,  which  graduaJly  solidifies  in  nodular  groups  of 
small  prisms.    (Gerhardt) 

ETHTX.-BBOXOSAI.ICTLIC  AOiD,  C'H^Br(C'H*)0',  is  ]pioduced  by  the  action  of 
bromine  on  salicylic  add  in  excess.  It  dissolves  very  easily  m  alcohol,  and  crystallises 
therefrom  in  slender  needles,  very  much  like  methyl-bromosalicylic  add.  (Cahours* 
Ann.  Ch.  Phys.  [3]  x.  341.) 

£tbtx.-dibeomo8ai.ictlio  A.CID,  C'H'Br^C'H*)(>*,  is  produced  by  treating 
ethylsalicylic  add  with  excess  of  bromine.  It  crystalUses  in  broad  nacreous  scales, 
venr  slishtly  soluble  in  cold,  moderately  soluble  in  boiling  alcohol.  It  melts  at  a 
zatner  £>w  temperature,  and  solidifies  on  cooling  in  a  mass  similar  to  crystallised 
bismuth;  by  fusing  about  10  or  15  grammes  of  it,  large  well-defined  cubes  may 
be  obtained.  When  slowly  heated,  it  volatilises  almost  without  residue.  It  dissolves 
in  strong  caustic  potash,  and  is  precipitated  therefrom  unaltered  by  adds.  Ammonia 
ultimately  dissolves  it,  forming  dibromoealicylamic  add.  (Cahours,  Ann.  Ch.  Phys. 
[3]  X.  364.) 
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Ethtl-dichlohosaI'ICTI.ic  acid,  C^'C1XC^')0*,  u  produced  bj  ^MaaSng 
chlorine  into  ethylsalicylic  acid  heated  oyer  a  water-bath.  The  Bolidified  mama 
obtained  at  the  end  of  the  reaction  is  pnrifled  by  pressnre  between  bibulons  paper,  and 
one  or  two  crystallisations  from  alcohol,  whence  it  is  deposited  on  cooling  in  Bm&U, 
colonrless,  shining  plates.    (Gahours,  Ann.  Ch.  Phys  [3]  xzvii.  461.) 

Ethyl-nitbosalictlic  acid,  (?H»N0»  -  C'H*(C«H*)(NO*)0«.  (Cahonrs, 
Ann.  Ch.  Phys.  [31  x.  362.) — When  ^ming  nitric  acid  is  gradually  added  to  ethyl- 
salicylic acid,  which  is  kept  cool,  a  red  liquid  is  formed,  from  which  water  throws  do^ra 
a  heavy  oil,  solidi^ng  after  a  while  in  a  crystalline  mass.  The  oil  sometimes 
remains  liquid  for  seyeral  days,  but  immediately  solidifies  if  a  few  drops  of  ammonia 
are  added  to  saturate  the  free  acid.  When  the  solid  mass  is  repeatedly  washed  with 
cold  water  and  dissolved  in  hot  alcohol,  the  solution  yields  by  evaponition  yellow 
ailky  crystals,  which  must  be  repeatedly  recEystalhsed. 

Ethyl-nitrosalicylic  acid  forms  yellowish  needles,  very  much  resembling  the  methyl- 
compound.  It  melts  in  boiling  water,  and  solidifies  again  on  cooling.  Heated  with 
potash  or  soda,  it  yields  nitrosalicylic  acid  and  alcohol.  It  is  not  immediately 
dissolved  by  antmomOf  but  when  left  in  contact  with  it  in  a  closed  vessel,  it  gradually 
dissolves,  forming  nitrosalicylamic  acid  and  alcohol. 

The  add  dissolves  in  cold  potash  or  soda,  forming  an  ethyl-nitrosalicylate  of  the 
alludi-metal. 

Ethtl-dinitbosaiictlic  ACID, C^'NK)' «  C'H'CC'H^XNO^'O'.  (Cahours, 
Ann.  Ch.  Phys.  [3]  xzy.  19 ;  xzvii.  462.) — ^When  dinitrooalicylic  acid  is  dissolved  in 
absolute  alcohol,  and  dry  hydrochloric  acid  gas  passed  into  the  boiling  solution,  the 
liquid  evaporated  to  one-half,  and  water  added,  a  heavy  oil  is  thrown  down  which 
soon  solidifies ;  and  if  this  oil  be  washed  several  times  with  water,  and  then  dissolyod 
in  boiling  alcohol,  the  solution  on  cooling  ^elds  crystals  of  ethyl-dinitrosalicylic 
acid.  The  same  product  is  obtained  by  tr^tms  ethylsalicylic  add  with  nitric  and 
sulphuric  adds,  in  the  same  manner  as  methylssSicylic  add  is  treated  for  the  prepara- 
tion of  meth^l-dinitzosalicylic  acid  (p.  164^. 

Ethyl-dinitrosaUcylic  add  forms  oeautiful  yellowish-white  scales  and  plates.  It 
melts  at  a  gentle  heat,  and  solidifies  again  in  the  crystalline  form  on  cooling.  After 
being  heated  for  some  time,  it  remains  li<mid  for  a  considerable  time  on  oofuing,  and 
then  solidifies  in  the  form  of  a  resin.  It  forms  soluble  crystallisable  salts  with  the 
alkalis.  When  boiled  with  potash,  it  is  resolved  into  alcohol  and  dinitrosalii^lic 
add. 

(C^*0)«) 

atbylaiie  mmXkejUo  aetO,  Gi«H*K>*  «  (C*H«)r  yo*,    (L.  Gilmer,  Ann.  Ch. 

H«  3 
Pharm.  crriii.  277.) — ^Produced  by  heating  bromide  of  ethylene  with  diy  salicylate  of 
diver.  After  purification,  it  forms  white  needles,  havine  a  iattv  lustre,  melting  at  83^, 
insoluble  in  water  and  in  caustic  alkalis,  soluble  in  alcohol^  ana  predpitated  therefirom 
by  ether  (G-ilmer).  According  to  A.  Mayer,  on  the  contrary  (Zdtschr.  Ch.  Pharm. 
1864,  p.  642),  it  is  more  soluble  in  ether  than  in  alcohol.  The  lamine  resulting  from 
the  first  ciystsUisation  are  converted  by  recrystallisation  into  Isige  colourless  or 
yellowish  prisms  (Mayer).    The  compound  heated  with  pentachloride  of  phosphorus 

g'ves  off  hydrochloric  acid,  phosphoric  oxychloride,  and  chloride  of  ethylene,  and 
aves  a  residue  exhibilnting  Uie  characters  of  salicylic  anhydride.    (Gilmer.) 

(CTH^O) 
JLin^riMUoytte  Mid,  Ci^**G*  ->  C*H»     ^0*.    (Drion,  Ann. Ch. Pharm.  xdi. 


H       ) 


518.) — ^Produced  by  the  action  of  salicylic  chlorohydrate  on  amylic  alcohol.  It  is 
necessary  to  opefrate  on  small  quantities  only:  otherwise  the  action  becomes  too 
violent,  and  a  large  quantity  of  phenol  is  produced. 

It  is  a  colourless  strongly  re£nicting  liquid,  heavier  than  water,  and  insoluble  there- 
in, boiling  at  270^,  and  having  an  agreeable  odour.  With  cold  potash-ley,  it  forms 
amylsalicylate  of  potassium.    ^D r  i  o  n. ) 

When  boiled  with  potash,  it  yields  amylic  alcohol  and  salicylate  of  potasdum. 

Heated  with  chlortde  of  benzoyl,  it  gives  off  hydrochloric  add,  and  yields  a  body 
which  crystallises  in  needles  (benzoic  amylsalicylate?  Gerhardt);  according  to 
Dinon,  it  yields  a  visdd  mass,  which  does  not  reaaily  solidify. 

C'H*0«.— The  anhydride  of  salicylic  add  (p.  160). 

CH^NO   -   ^^2*^nK.  (Limpricht,  Ann.  Ch.  Pharm. 

zcviii.  261.) — ^Produced  by  the  action  of  heat  on  salicylamic  acid  (p.  150).  The 
reddue,  obtained  by  heating  the  acid  to  270^,  is  washed  with  cold  alcohol,  to  remove 
vndecomposed  salicylamic  add;  it  then  forms  a  yellow  powder,  which  under  the 
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miaoaeogt  ^rpean  to  consist  of  crjrstaUine  needles.   Does  not  melt  at  200^.    It  is 
coioored  pnTold  hy  femic  chloride. 

fislicylunide  is  insoluble  in  water  and  in  aqneoos  ammonia,  bnt  is  dissolTed  by 
4deoiolie  ammonia,  forming  a  yellow  solution,  which,  when  evaporated,  leaves  the 
compoimd  apparently  unaltered.  Adds  decolorise  the  solution ;  acetate  of  lead  forms 
in  it  a  white,  nitrate  of  silver  a  yellowish,  and  sulphate  of  copper  a  slight  greenish 
precipitate.    It  is  nearly  insoluble  in  boiling  alcohid  and  etker, 

CHK)*-  (CrHK))'!]^^.  aalicyUnu Hydride,    ffydrie  SalicyliU. 

add.  Hydride  of  Salicosyl  (incorrectly  Hydride  of  Saiicyl),  Volatile  Oil  of 
_^  _  (Pagenstecher,  Ann.  Ch.  Phys.  [2]  Ixix.  881. — Lowig,  Pogg.  Ann.  zzzv. 
S83.— Piria,  Ann.  Ch.  Pharm.  zxiz.  300;  xzz.  153 ;  Ixzzi.  245.— j)uma8,f6t<f«xxiz. 
306. — ^Lowig  and  Weidmann,  Pogg.  Ann.  xlvi.  57. — ^Ettling,  Ann.  Ch.  Phamu 
xrix.  809;  xxxv.  241;  liii.  77.— Wohler,  ibid,  xxxix.  121.— Marc  hand,  J.  pr. 
Chem.xiTL  394.— Bertagnini,  Ann.  Ch.  Pharm.  buzv.  193.)— This  compound,  inter- 

mediate  between  salicylic  acid,  {CK^Oy  j  -nry  and  the  unknown  salicylic  aldehyde, 

(C^'O)"  ]  g>  ^i^aA  formerly  regarded  as  saHcylous  hydride,  or  hydride  of  salicosyl, 

CVH>'3.  It  was  discovered  in  1835  by  Pagenstecher,  who  obtained  it  by 
distilling  the  flowers  of  meadow-sweet  (8piraa  TJlmaria)  with  water.  It  appears, 
however,  not  to  exist  ready-formed  in  these  flowers,  as  it  cannot  be  extracted  therefrom 
by  alcohol  (Dumas).  It  is  obtained  also  from  the  green  parts  and  the  rootstock  of 
Spir^a  Ulmaria ;  from  the  greenparts  of  8p.  dwiiata,  8p.  lobata,  and  Sp.JUipendida,  but 
notfiom  the  shrubby  spiraeas  (W  icke,  Ann.  Ch.  Pharm.  xci.  374) ;  also  from  the  warty 
secretion  of  thelarvse  of  Ckryeomda  poptdi  (Liebig,  Schweizer),  and,  according  to 
Kna  (Jahresb.  1859,  p.  312\  from  the  beetles  themselves  by  distillation  with  water. 
Artificial  fannaiion. — 1.  By  the  dry  distillation  of  quinic  acid  (Wohler). — 2.  By 
the  oxidation  of  saligenin,  either  in  the  free  state  or  as  contained  in  salicin  or 
popolin ;  therefore  by  the  action  of  potassic  chromate  and  sulphuric  acid  (Piria),  or 
of  aqaeoos  osmic  acid  (Buttlerow,  J.  pr.  Chem.  Ivi.  278)  on  saligenin,  salicin,  or 
pt^mlin,  or  by  the  action  of  bromine  or  iodine  on  salicin  in  water  containing  potash 
(Lefort).  "ijoTa.  saligenin,  C^'O*,  it  is  formed  by  direct  oxidation ;  and  as  salicin 
is  a  glncoeide  of  saligenin  (p.  147),  and  populin  has  the  composition  of  benzoylsalicin, 
its  formation  from  these  bodies  is  likewise  easily  intelligible. — 3.  By  the  fermentation 
of  salicin  (Ranke,  J.  pr.  Chem.  Ivi  1).— 4.  In  the  decomposition  of  helicin  (iii.  139), 
by  fomentation,  by  acids,  or  by  heating  with  alkalis. 

Preforation, — 1.  From  the  flowers  of  Spiraa  Ulmaria.  These  flowers  distilled  with 
water  yield  an  essential  oil,  consisting  of  salicylol  mixed  with  a  hydrocarbon  having 
the  composition  of  turpentine-oil,  and  a  camphor-like  substance  which  solidifies  at 
ordinazy  temperatures.  On  neutralising  this  distilled  liquid  with  potash,  evaporating 
neaily  to  dryness  to  expel  the  hydrocarbon  (this  part  of  the  operation  being  performed 
in  a  retort  to  keep  out  the  air),  then  slighdy  supersaturating  the  residue  with  phos- 
phoric acid,  and  distilling,  salicylol  passes  over,  partly  us  aqueous  solution,  partly  in  oil- 
drops.  It  may  be  further  purifiea  bv  repeatedly  agitating  the  last  distillate  with 
ether,  ahaiking  up  the  decanted  ethereal  solution  with  potash,  supersaturating  the  potash 
solution  with  phosphoric  add,  and  distilling.    (Lowig,  Lehrbuch,  ii.  747.) 

2.  From  emicin,  by  oxidation  with  chromic  acid.  The  best  proportions,  according 
to  Ettling,  are  3  pts.  salicin,  3  pts.  acid  chromate  of  potassium,  4^  pts.  strong  sul- 
phuric acid,  and  36  pts.  water.  The  potassic  chromate  is  intimately  mixed  with  the 
salicin ;  about  f  of  the  water  is  poured  upon  the  mixture,  which  is  then  well  agitated 
in  the  retort ;  tne  whole  of  the  sulphuric  acid,  diluted  with  the  remainder  of  the  water, 
is  then  poured  in  at  once,  and  the  agitation  is  repeated.  A  slight  evolution  of  gas  then 
takes  place,  lasting  for  half  or  three-quarters  of  an  hour,  the  liquid  at  the  same  time 
becoming  heated  to  between  60^  and  70^,  and  assuming  an  emerald-greeu  colour.  As 
soon  as  this  reaction  has  ceased,  the  liquid  must  be  moderately  heated.  Salicylol 
then  passes  over,  and  condenses  in  the  receiver  in  the  form  of  a  heavy  oil,  its  formation 
being  accompanied  by  the  evolution  of  carbonic  anhydride  and  formic  acid.  The 
distillation  is  continued  till  the  condensed  water  is  no  longer  milky.  The  salicylol 
dissolved  in  the  water  may  be  extracted  by  agitating  with  ether,  and  evaporating 
the  ethereal  solution.  The  residue  in  the  retort  is  a  solution  of  chrome-alum,  on  the 
snr&oe  of  which  there  usually  floats  a  resinous  matter,  resulting  from  the  decomposition 
of  part  of  the  salicylol*  250  grms.  of  salicin  thus  treated  yield  about  60  grms.  of 
salicylol. 

The  aqueous  extract  of  willow-bark  may  also  be  used  instead  of  pure  salicin  for 
the  prepaiation  of  salicyloL    The  salicylol  thus  obtained  is  puriflea  by  combining 
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it  with  an  alkali,  oonooitrating  the  Bolutaon,  and  diatalling  it  with  dilate  aolphi 
add. 

Properties, — Sali^lol  is  a  ooloarleBs  or  reddish  oil,  having  a  pleasant 
odonr,  like  that  of  bitter-almond  oil,  and  an  acrid  burning  taste.  It  tnms  red  on 
ezposnre  to  the  air,  bnt  may  be  rendered  colourless  again  by  a  single  distillaticm* 
Specific  sraTity  »  1173  at  13-3<>.  Boiling  point,  l96'6o  (Piria),  182<3  (£ttlin^>. 
'Vapour-density,  obs.  >»  4*276 ;  calc.  »  4*225.  It  BoUdifies  at  —  20°,  is  inflammable^ 
and  bums  inth  a  bright  but  smoky  flame. 

Salicylol  dissolves  with  moderate  fficility  in  water;  its  solution  has  no  action 
npon  litmus ;  it  is  coloured  deep  violet  by  jerrie  ealts.  Alcohol  and  ether  dissolwe 
it  in  all  proportions.    The  solutions  have  no  action  in  polarised  light. 

Salicylol  decomposes  alkaline  earbonate»y  even  in  the  cold.  Caustic  alkalis  diseolwe 
it,  with  formation  of  salicylites.  When  heated  with  hydrate  of  potamum,  it  ia  coo- 
verted  into  saliqrlate  of  potassium,  with  evolution  of  hydrogen : 

C»H«0«  +  KHO     -    H«  +  (rH»KO«. 

Ammonia  converts  it  into  hydrosalicylamide  (iii  218)  : 

8CHK>*  +  2NH«     -     0«>H»»N*0"  +  8HK). 

By  chlorine  it  is  converted  into  chlorosalicylol;  by  bromine  into  bromoealicylol. 
Iodine  dissolves  in  salicylol  without  alteration;  nitric  acid  converts  it  into  nitio- 
aalicylol;  by  prolonged  boiling  with  nitric  add,  it  yields  picric  acid  and  carbonie 
anhydride.  Boiled  with  hydrochloric  acid  and  chlorate  oj  potassium,  it  yields 
perehloEoqainone  and  carbonic  anhydride  (Hofmann): 

CTHH)*  +  6C1»  +  0«    -     C«a«0*  +   6HC1  -i-  C0«. 

By  boiling  with  acid  chromate  of  potassium  and  dilute  sulj^huric  acid,  it  is  partly  con- 
verted into  salicylic  add  (Ettling).  It  is  likewise  oxidised  to  salii^lic  acid  by 
boiling  with  cuprio  oxide  in  alkaline  solution,  a  predpitate  of  cupric  oxide  being  formed 
at  the  same  time.  It  also  reduces  oxide  of  silver.  When  exposed  to  the  vapour  of 
sulphuric  anhydride,  it  is  converted  into  a  neutral  insoluble  bodv,  isomeric  with  saU- 
cylol,  and  related  to  it  in  the  same  manner  aa  bencoin  to  bitter-almond  oil. 

CoifFOTJHDS  AND  IhERIVA.TITU  OV  SiLUGZLOL. 

Salicylol,  as  already  observed,  is  intermediate  in  oompodtion  between  salicylic  add  and 
salicylic  aldehyde ;  and  accordingly  it  forms,  on  the  one  hand,  salts  called  salicylites, 

by  exchange  of  its  typic  hydrogen  for  metals,  e,g,  (C^*0)'W^q,  and,  on  the  other 

hand,  crystalline  compounds  with  acid  sulphites  of  alkali -metals. 

These  latter  compounds  are  obtained  either  by  direct  combination,  or  by  the  action 
of  sulphurous  anhycuide  on  the  salicylites  of  the  alkali-metals : — Ammoniumsalt. — ^An 
aqueous  solution  of  add  sulphite  of  ammonium  easily  dissolves  salicylol,  forming  a 
yellow  oily  liquid,  which  after  some  hours  solidifies  to  a  crystalline  mass.  The  product 
dissolves  in  hot  water,  and  separates  on  cooling  ^  shining  slightly  yellow  needles. 
When  exposed  to  the  air  for  some  days,  it  changes  to  a  brown  viscous  mass,  having  a 
very  bitter  taste. 

Fotassium^^alt,  C*H*0' JLUSO*. — Salicylol  shaken  up  with  an  aqueous  solution 
of  add  potasde  sulphite  of  28^  Bm.,  dissolves  without  colour;  and  the  saturated 
Bolution  solidifies  in  a  few  seconds,  forming  a  white  inodorous  crystalline  mass,  which 
may  be  recrystallised  from  alcohol.  When  dry  sulphurous  anhydride  is  passed  into  a 
cold  satura^^  alcoholic  solution  of  potassic  salicylite  at  a  temperature  between  40® 
and  50^,  tiU  the  yellow  colour  disappears,  and  the  liquid  is  then  left  at  rest,  it  soon 
becomes  filled  with  slender  needles  arranged  in  n>herical  groups.  The  compound  is 
white^  with  a  pearly  lustre,  and  a  faint  odour  of  salicyloL  It  dissolves  abundantly 
in  cold  water,  easily  in  warm  alcohol,  less  easily  in  cold  alcohol.  When  heated,  it 
gives  off  sulphurous  anhydride  and  salicylol,  leaving  a  reddue  of  potasde  sulphite, 
-which  afterwards  changes  to  sulphate.  The  aqueous  solution,  when  heated,  soon 
becomes  turbid,  and  depodts  salicylol;  heated  with  adds,  or  mixed  (even  in  the 
cold)  with  alkalis  or  alkaline  carbonates,  it  turns  yellow,  and  yields  a  salicylite.  The 
solution  takes  up  iodine,  at  first  without  coloration ;  when  it  begins  to  show  colour,  the 
whole  of  the  sulphurous  add  is  converted  into  sulphuric  add,  and  the  salicylol 
is  set  free.  With  bromine  the  solution  forms  sulphuric  add  and  bromosalicylol. 
(BertagninL) 

Sodium-salt. — A  solution  of  acid  sodic  sulphite,  agitated  with  a  large  quantity  of 
salicylol,  solidifies  to  a  white  crystalline  mass,  the  solution  of  winch  in  hot 
water  depodts,  on  cooling,  shining  crvstals,  having  a  sulphurous  taste  and «.  dour,  solu- 
ble in  purewater;  also,  with  partial  decomposition,  in  boiling  alcohoL  (BertagninL) 
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Vetalltoa««tv«tlve»  of  BaUeyloL    SallejIltM.    C'H*MO' «  Cm^Ofj^^ 

aiidC"ff*BrO*  =  (C'i*0)«j^^^.— These  compoundB  are  obtained  by  the  action  of 

saliqrlol  on  metalUe  ozidee  and  hydrates.  The  salicylites  of  the  alkali-metals  are 
Bodantelj  aolable  in  water ;  most  of  the  others  are  insoluble.  They  are  yellow,  and 
ooQtun  water  of  crystallisation.  The  solutions  colour  ferric  salts  Tiolet  In  the 
moist  state  they  quickly  decompose,  emitting  the  odour  of  rosea,  and  turning  brown, 
and  ultimfttely  black. 

Salicylites  of  Ammonium,'-The  neutral  salt,  G'H'(NH^)0*  is  obtained  by 
agitating  aalicylol  with  strong  aqueous  ammonia  at  a  senile  heat^  and  crystallises 
on  ooohug  in  yellow  needles.  It  is  slip^htly  soluble  m  cold  water,  still  less  in 
alcohol;  ntielta  at  115^,  and  volatilises  without  alteration  at  a  higher  temperaturoL 
When  kept  in  the  moist  state  in  a  closed  yessel,  it  gradually  decomposes ;  blackens^ 
becomes  semifluid,  giTee  off  ammonia,  and  acquires  a  very  penetrating  odour  of  roses. 
The  alcoholic  solution,  evaporated  with  excess  of  ammonia,  yields  golden-yellow 
needlesof  hydrosalicylamide  (Ettlin^,  iii.  219).  When  macerated  with  potash  or  soda, 
it  gives  off  ammonia  only  after  some  tune,  or  when  heated.  Acids  decompose  it  imme- 
diately, separating  salicyloL  It  decomposes  the  metallic  salts  of  the  stronger  adds, 
yielding  Uie  ammonium-salt  of  the  acid,  and  a  salicylite  of  the  metal  (Lowig 
and  Weidmann).  An  acid  salicvlite  of  ammonium  is  obtained  by  dissolving  the 
neutral  salt  in  warm  water,  and  adding  salicylol ;  it  ciystallises,  on  cooling,  in  groups 
of  slender,  transparent,  yellow  needles.    (Berzelius,  Lehrb. iv.  350.) 

Salicylites  of  Potassium:  a.  Neutral,  C'H*KO'. — 1.  Potassium  dissolves  in 

aqueoQB  salicjlol  with  evolution  of  hydrogen,  forming  salicylite  of  potassium  (Lowig). 

— 2.  When  salicylol  is  mixed  with  potash-ley  of  about  45^  Bm.,  the  whole  solidifies 

to  a  ^llow  aystalline  mass,  which  separates  from  the  excess  of  potash-ley;  it  must 

be  quickly  pressed  between  bibulous  paper,  and  dissolved  in  a  small  quantity  of  hot 

absolute  alcohol,  whence  the  salt  crystallises  on  cooling  (Piria). — 8.  Salicylol  is 

dissolved  in  three  times  its  bulk  of  50  per  cent  alcohol,  and  caustic  potadi-solution  is 

added  till  the  mass  become  solid ;  1  vol.  more  of  the  same  alcohol  is  then  added,  and 

the  whole  gently  wanned  till  the  solid  mass  is  dissolved.   The  czystaLs,  which  separate 

on  cooling  are  washed  with  a  small  quantity  of  cold  strcm^  alcohol,  whereby  they  are 

Tsoderraughter,  then  pressed  between  bibulous  paper,  and  immediately  dried  in  vacuo 

over  oO  of  vitriol  (Ettling). — The  salt  crystallises  in  small  straw-coloured  prisms 

(Lowig);  golden-yellow  square  tables,  with  a  pearly  lustre,  and  unctuous  to  the 

toudi  (Jriria,  Ettling).   It  is  slightly  soluble  in  water,  and  has  an  alkaline  reactioi^ 

According  to  Piria,  it  contains  water  of  crystallisation,  which  cannot  be  completely 

expelled.    At  100^  it  assumes  a  dark  straw-yellow  colour,  and  gives  off  10*72  per  cent. 

water  (calc  10'17) ;  and  no  more  at  120^. 

It  is  permanent  at  ordinary  temperatures  when  dry,  but  decomposes  q^uickly  in  the 
moist  state,  yielding  acetic  and  melanio  acids  (iii.  867).  When  heated,  it  decomposes 
with  appearance  of  fire,  but  without  separation  of  charcoal.    (Lowig.) 

3.  Acid  salt,  CTH^KO'.G^H)'.— Salicylol  is  added  to  the  solution  of  a  in  hot 
alcohol,  till  a  sample  of  the  liquid  on  cooling  no  longer  yields  tables,  but  specular 
crystals;  it  is  then  left  to  cool  slowly,  and  the  resulting  crystals  are  washed  tiU  the 
yellow  colour  disappears.  White  needles  united  in  tnfts,  somewhat  less  alterable  than 
the  neutral  sidt  in  moist  air;  decomposes  with  water  into  the  neutral  salt  and 
■afieyhd.    (Ettling.) 

Salicylites  of  Sodium, — ^The  neutral  salt  resembles  neutral  salicylite  of  potas- 
sium.—The  acid  salt,  2(C'H*NaO«.CTa«0*).H«0,  prepared  like  the  corresponding 
potassium-salt,  crystallises  more  readily  in  slender  wnite  needles,  which  are  permanent 
u  the  air.  At  \WP  it  gives  off  only  0*007  per  cent,  water ;  at  135°  in  vacuo,  4036 
per  cent^  and  at  140^  4*35  per  cent.  It  bears  a  temperatore  of  150°  without  decom- 
position, but  decomposes  at  higher  temperatures,  giving  off  salicylol.    (Ettling.) 

Salicylite  of  Barium,  C'*H"Ba''0*.2H*0,  separates  as  a  yellow  crystalline 
powder,  when  chloride  of  barium  is  poured  into  a  concentrated  solution  of  potassio 
salicylite.  A  hot  solution  of  baryta  saturated  with  salicylol,  and  left  to  cool,  deposits 
the  same  salt  in  yellow  needles.  It  contains  8*6  per  cent  water,  which  it  gives  up 
at  160°  in  a  current  of  dry  air. — ^The  strontium'  and  calcium-salts  are  sparingly 
soluble. — ^The  maynesium'Salt  is  obtained  by  agitating  aqueous  salicylol  with  hydrate 
of  magnesium,  as  a  light-yellow,  nearly  insoluble  powder. 

Cuprie  Salicylite,  C'^H'*Cu''0\  is  easily  obtained  by  agitating  a  cold  solution 
of  salicylol  in  50  or  60  times  its  volume  of  alcohol,  with  aqueous  cuprie  acetate.  The 
liquid  then  assumes  a  fine  green  colour,  and  becomes  filled,  after  some  time,  with 
iridescent  needles  of  the  same  colour.  These  crystals  are  very  slightly  soluble  in 
water  and  in  alcohol    An  additional  quantity  of  them  may  be  obtain^  by  saturatiog 
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the  aeedc  add  set  free  in  the  reaction  with  an  aUuili.  An  aqneouf  solutioii  <x£ 
foUcylol  shaken  up  with  recently  precipitated  cnpric  hydrate,  yields  a  cnpric  salicylitA 
in  de  fonn  of  a  very  light  powder  of  a  green  colour.  Cnpric  salicyUte  heated  to 
920°  gives  off  salicylol,  bensosalicylol,  and  carbonic  anhydride^  leaving  a  residue  c£ 
cnpric  salicylate. 

Ba\icylittB  of  Iron, — Th^ferroua  aaU  is  obtained,  as  a  dark-riolet  predpitatey  on. 
adding  ammonia  to  a  solution  of  ferrous  chloride  mixed  with  salicyloL — Ferric  salt. 
A  solution  of  ferric  chloride,  mixed  with  salicylol,  immediately  assumes  a  dark-violet 
colour.  The  mixture  loses  its  colour  on  exposure  to  the  air,  but  recovers  it  on  a  fireah. 
addition  of  salicyloL 

8alicylit€9  of  Lead.—a,  JSeutrtd,  Beoently  predpitated  hydrate  of  lead  In 
contact  with  aqueous  salicylol  is  converted  into  a  li^t-yellow  powder  made  up  of 
amaU  shining  8cales.—/9.  A  basic  salt,  Ci«H»Pb"0«J'b*0,  is  precimtated  in  light- 
yellow  grains,  on  mixing  an  alcoholic  or  aqueous  solution  of  salicylol  with  basic 
acetate  of  lead,  or  with  the  neutral  acetate  and  ammonia.  With  an  alcoholic  solution 
of  salicylol,  the  predpitation  does  not  take  place  immediately.  The  salt  predpitated 
in  the  cold  is  floosulent  at  firsts  but  gradually  becomes  crystalline.    It  is  anhydrous. 

Mereury-salt. — ^Mercuric  oxide  is  not  attacked  by  salicyloL  A  strong  solution 
of  mercuric  chloride  poured  upon  salicylite  of  ammonium  forms  light  bulky  locks. 

Silver-salt. — Obtained  by  double  decomposition,  as  a  yellow  predpitate,  which 
soon  blackens  and  decomposes.  With  very  dilute  solutions  no  precipitate  is  formed, 
but  the  sides  of  the  vessel  become  coverea,  after  about  24  hours,  with  a  pellicle  of 
reduced  silver ;  in  a  hot  solution  this  reduction  takes  place  immediately.  Aqueous 
salicylol  reduces  oxide  of  silver. 

Zinc-salt. — ^Aqueous  salicylol  shaken  up  with  oxide  of  sine,  forms  a  yellow 
solution,  which,  when  evaporated  in  a  vacuum,  leaves  a  yellow  pulverulent  residue. 

Orguiio  derlTatlwes  of  BslieyloL — These  compounds  are  formed  by  the 
action  of  salicylol  on  the  chlorides  of  add  organic  radides. 

Aeetosalxcylol,  C"HH)"  -  C»H*(C*H«0)0«.  Acetosalici/l  rCahours,  Ann.  Ch. 
Fharm.  dv.  109 ;  cviii.  312.) — ^When  equal  volumes  of  saUcylol  and  acetic  chloride 
are  heated  together,  the  mixture  becomes  viscous,  and  evolves  large  ouantities  of  hydro- 
chloric add ;  and  if,  when  this  action  is  over,  the  Uquid  be  heated  for  some  hours  to 
100°  in  a  sealed  tube,  it  yields,  on  slow  cooling,  brownish  prismatic  crystals  of  aceto- 
salicylol,  which  may  be  purified  by  pressure  between  bibulous  paper,  and  repeated 
eiystallisatton  ftom  alcohoL 

Acetoealicylol  is  metamerio  with  coumaric  acid,  CH'0*.H.O,  and  acetobenzoic 
anhydride,  CHK).C'HH).0.  It  is  insoluble  in  water,  slightly  soluble  in  ether  and  in 
cold  alcohol,  more  fireely  in  boiling  alcohol,  ftom  which  it  separates  almost  completelj 
in  slender  needles. 

Anisosalicylol,  C»H»«0*  -  (rH».(C»H»0«)0',  is  produced  by  treating  salicylol 
with  ddoride  of  anisyL    (C  ahou r s.) 

Bensosalicylol,  Ci*H»0*  -  C*H*0*.(rH*0.  BengosaUcyl,  FdrasalicyL  (Ett- 
ling,  Ann.  Gh.  Pharm.  liii.  77.— Oahours,  ibid.  Ixxviii.  228;  cviiL  312.)— This 
compound,  metameric  with  benioic  anhydride,  (C'HK))K),  and  oreoselone,  is  produced : 
1.  By  the  dry  distillation  of  cupric  salicylite.  On  treating  the  oily-4iatillate,  from 
which  crystals  have  already  separated,  with  potash-lev,  the  bensosalicylol  remains 
undissolved,  and  may  be  crystamsed  irom  warm  alcohol  or  ether  (Ettling). — 2.  By 
the  action  of  bensoic  chloride  on  salicylol.    (C  a  h  o  u  r  s.) 

Bensosalicylol  crvstallises  in  obliquely  bevelled  tridinic  prisms  melting  at  127^,  and 
forming  a  pale-yeUow  liquid,  whidi  solidifies  to  a  radiate  mass  at  98°.  At  180^ 
it  sublimes  in  long  needles,  undecomposed,  and  without  previous  ebullition.  It  is 
insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether ;  also,  without  decomposi- 
tion, in  gently-warmed  sulphuric  acid.  Hot  strongnitric  acid  dissolves  it  with  evolution 
of  nitrous  vapours,  and  formation  of  picric  add.  With  chlorine  or  bromine  in  sunshine 
it  forms  crystalline  products. 

Cumosalieylol,  C"H'H)«  -  C'H».(C»«H"0)0«.  Chmosalicyl.—TrodxuitA  by 
treating  sriicylol  with  chloride  of  cumyL  Crystallises  in  colourless  prisms,  resem- 
bling toluosalicyloL    (Cahours.) 

Suecinosalioylol. — Salicylol  treated  with  chloride  of  sucdnyl  yields  a  compound 
which  crystallises  in  colourless  needles. 

Toluosalieylol,  C"H'*0«  -  C'H»(C«H'0)0«.  7b/tw«rftcyZ.— Prepared  by  heating 
together  equal  volumes  of  salicylol  and  toluylic  chloride,  pressing  the  resulting 
brownish  mass  between  bibulous  paper,  treatins  it  with  hot  potash-ley  and  then 
with  water,  and   eiystidlising  from  strong  alccNQoL    It  forms  shining,  colourless, 
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tf^ble,  9maStj  fbnble  pgrumB,  insoluble  in  c«ld  water,  slightly  lolnble  in  bdling  water 
•pd  in  cold  alcohol,  more  easily  in  hot  aleohol  and  in  ether.  It  is  not  deeomposed  by 
diatillatum  with  hydrate  of  potassium.  Forms  ciTBtallisable  snbstitution-products 
with  eliloziiie»  biomine,  and  fhming  nitric  add.    (Cahours,  Ann.  Ch.  Fharm.  criii. 

ai2.) 


Monobromosalieylol,  C*H*BrO'.  Bromosalieyiow  Acid. 
(^^^i&  '^ogg.  Ann.  xzxri.  383.— Piria,  Ann.  Ch.  Fhys.  [3]  Iziz.  281.~H  eerie  in, 
J.  pr.  Cheui.  zzxii.  65.) — Prodaced  by  adding  bromine-water,  not  in  excess,  to  an 
miroholic  aolation  of  salicylol,  and  separates,  on  addition  of  water  to  the  liquid,  in  small 
eoloozless  needles.  It  is  less  fusible  than  the  corresponding  chlorine'^ompound, 
•abliuable,  mad  distils  orer  with  Tapoor  of  water.  It  dissolres  in  dlk4Uu,  yielding 
wwtallie  bronaosalieylites. 

Bromosmlicylol  forms,  with  the  acid  atdphUes  of  the  alkali-metaJ^,  oystalline 
coBpounds,  which  are  decomposed  by  prolonged  boiling,  or  by  heating  with  adds. 
The  pofaaaium^taU  crystallises  in  small,  ooloorkss,  shining  needles ;  the  »odium-saU  in 
interlaced  needles. 

Dihro-mosalieylolt  G'H'Bi'O'. — Obtained  by  treating  salicylol  with  excess  of 
Vromine- water.  It  fonns  long  yellowish  needles,  insoluble  in  water,  soluble  in  alcohol 
and  in  ether.  "With  potash  it  yields  potasdc  dibromosalicylite ;  sulphydzie  add 
eanTerts  it  into  the  sulpbydrate  of  sulphodibromosalicyloL    (H  e  e  r  1  e  i  n.) 

eMiwr  eaaltciylela.  Monoehiorosalieylol,  CHH^IO*.  Chlorosalicylout  Acid. 
(Ldwig,  Piria,  loc.  cii.) — Salicylol  is  strongly  attacked  by  chlorine ;  and  if,  after  the 
erolntaon  of  hydrochloric  add  lus  ceased,  a  current  of  dty  air  be  passed  through  the 
liquid,  chloronJicylol  remains  as  a  yellow  crystalline  body,  which  dissolres  in  boiling 
alfohol,  and  crystallises  on  cooling  in  colourless,  nacreous,  rectangular  plates.  It  has 
aa  unpleasant  odour  and  burning  peppery  taste ;  melts  when  heated,  and  sublimes  in 
long  anow-white  needles ;  it  is  inflammable,  and  bums  with  a  ^reen  flame.  It  is 
inaolable  in  water,  but  solable  in  alcohol  and  ether.  It  dissolves  m  strong  sviphurie 
cdd  with  yellow  colour,  and  is  predpitated  from  the  solution   by  water.      With 

mmumnua  it  fbrms  hydiochloiosalicylamide^  C>'H'K:;1*N'0<  -  3C'HH:;10'  ^   2NH*  - 

tBK)  (iii.  219). 

Chloroaalieylol  dissolTes  easily  in  alkaUSf  forming  metallic  chlorosalicylites. 

The  potoBgiwm'SaU  crystallises  in  radiate  groups  of  red  scales.    Its  solution  treated 

with  diloride  of  barium,  yields  baryOc  chioroeaiieyliU,  C"H«Ba''ClK>«.HH),  in  the  fbrm 

cf  a  yellow  oystalline  powder. 

Chloroaaliqrlol  dissolyes  eanly  also  in  the  aeid  tutphiiee  of  the  alkoH-metale, 

fonning  cxystalline  compounds. 

Diehloroealieyloly  CHHTIH)*?  is  produced,  according  to  Lowig,  by  the  pro- 
longed acdon  of  chlorine  on  ndicylol.  On  remorinff  the  excess  of  chlorine  by  exact 
nturation  with  ammonia,  agitating  the  liquid  with  etner,  and  CTaporating  the  ethereal 
•olution,  a  soft  red  body  remains,  baring  a  pungent  odour,  melting  at  sEs^,  and  form- 
ing red  salts  with  the  aUCaUs  and  alkaline  eartha  It  gaTe  by  an^yds  89*8  per  cent, 
esrbon,  2*4  hydrogen,  and  87*1  chlorine,  whence  Lowig  supposes  it  to  be  dichloro- 
Mdicylol,  the  formula  of  which  requires  44'0  per  cent,  otarbon,  2*1  hydrogen,  87 '1 
cfakrine,  and  20*7  oxygen ;  but  it  eridently  require*  (unher  examination. 

ejmnomtOLey'Mt,  C^*NO*  -  C'H\CN)0*.— Thj«  compound,  metameric  with 
isatin,  is  produced  by  the  action  of  bromide  of  cyanogen,  dissolyed  in  absolute  alcohol, 
on  salicy&te  of  potasdum.  Bromide  of  potassium  then  separates,  and  the  alcohoUo 
solution  yields  by  eyaporation  yellowish  crystalline  scales  of  cyaoosalicylol,  which  is  a 
week  boM  capable  of  uniting  with  acids.    (Cahours,  Ann.  Ch.  Pharm.  cviiL  322.) 

lodaaaUoylolf  O^H^IO'? — ^Iodine  dissolves  in  salicylol  without  alteration;  but 
by  distilling  a  mixture  of  potassic  iodide  and  chlorosalicylol,  chloride  of  potassium 
is  obtained,  together  with  a  brown  sublimate  analogous  in  properties  to  chlorosalicylol. 
(Lowig.) 

WItroMlloylol.  C^*NO«  «  C^H^NO')0*.  Nitrosalicyloue  Acid.  Spiroylic  Acid, 
(Lowig,  loc.  cit,) — Prepared  by  treating  salicylol,  at  a  gentle  heat,  with  moderately 
strong  nitric  add.  It  crystallises  in  transparent  yellow  prisms,  slightly  soluble  in 
water,  very  soluble  in  alcohol  and  in  ether ;  its  solution  imparts  a  persistent  yellow 
stain  to  the  skin.  It  melts  when  heated,  and  solidifies  to  a  crystalline  mass  on  cooling ; 
sublimes  partially  at  a  higher  temperature. 

Nitrosalicylol  dissolves  easily  in  alkalis,  forming  crystallisable  salts.  When 
saturated  with  arnmoniaf  it  forms  a  blood-red  liquid,  leaving,  on  evaporation,  a  yellow 
residue,  from  which  potash  eliminates  ammonia,  even  in  the  cold.  The  solution 
of  the  sodium-salt  forms  a  yellow  precipitate  with  lead-salts,  a  green  precipitate  with 
cuprie  ealte,  and  imparts  to  ferric  chloride  a  deep  dierry  colour.  These  salts  explode 
when  heated. 


Qf,    (Bertagxiiiii,i7iVti0^ 


1T2  SALICYLURIC  ACID— SALIGENIN, 

KitroMliejIol  mutes  with  add  solphites  of  alkali-metob.  Hie  amnumium^^aU 

not  appear  to  OTStalliBe.    The  wtasHum-doU  is  more  soluble  than  the  sodium-salt.. 

The  Boditunrrndtf.  obtained  by  dissolTing  nitro8ali<7lol  in  a  warm  solution  of  aeul 
sulphite  of  sodium,  crystallises  on  cooling  in  golden-yeUow  interlaced  needles, 
soluble  in  water,  insoluble  in  aloohoL 

SiUpHoMdlejlolv  (7H*0S.  TMoaalicol,  (Cahonrs,  Compt  rand.  zxy.  46S.> 
—This  body,  which  has  the  composition  of  saUcylol  in  which  half  the  oxygen 
is  replaced  by  sulphur,  is  produced  by  the  action  of  sulphydric  add  on  hydixi- 
salicylamide  in  alcoholic  solution.  It  is  a  pulyemlent  substance,  whidi  fonns  aalto 
with  the  alkalis,  and  colours  ferric  salts  yiolet-red* 

Bromosulphosalieylol,  CH'BrOS,  is  obtained  by  the  action  of  sulphydrate    of 

ammonium  on  bromoealicylol,  as  a  brown  resinous  substance,  soluble  in  potash. 

When  sulphydric  add  gas  is  passed  into  an  alcoholic  solution  of  dibromosalicylo], 
and  water  is  thus  added,  a  resinous  body  is  predpitated,  consisting  of  sulphydrate 
ofdibromosulphosalicylol,  C^«Br*SO.H'S. 

SB&ZCTXi-BUXiVSinuO  ACZll.  C^^O*.  Syn.  with  SxTLFHOSAUcnrLio  Aaa>. 

MAJMrwunaa  acid.   CfH*NO«  -  ^c^iq^ 

«o  Cfimmto,  L.868.) — This  add,  related  to  salif^lic  add  in  the  same  manner  as  hip- 
puric  to  benzoic  add  (iii.  156),  is  found  in  the  nrine  after  salicylic  add  has  been 
swallowed.  To  raepare  it^  tiie  add  urine  voided  after  taking  salicylic  add  is  eyapora- 
ted  down  to  12°  Bm.,  addulated  with  hydrochloric  add,  shaken  up  with  ether,  and  the 
ether  is  distilled  from  the  ethereal  solution.  The  reddue  yields,  by  spontaneous 
evaporation,  large  crystalline  nodules,  which,  when  freed  from  the  mother-liquor  by 
pressure,  di^lvedin  boiling  water,  and  treated  with  animal  charcoal,  yield  a  crystal- 
line mass^  consistinff  for  the  most  part  of  slender  needles,  mixed  with  larger  needles  of 
salicylic  add.  Onneating  this  mixture  in  a  current  of  air  to  between  140^  and  160% 
the  salicylic  add  yolatUises ;  and  the  reddue^  crystallised  from  hot  water  containing^ 
animal  cnarooal,  yields  pure  salicyluric  add. 

This  body  crystallises  in  slender,  shininff,  crystalline  needles,  which  when 
obtained  from  the  aqueous  solution  are  grouped  concentrically.  It  has  a  somewhat 
bitter  taste,  and  a  strong  add  reaction ;  melts  at  about  160^,  and  solidifies  in  the  ays- 
talline  form.  It  dissolves  easily  in  boiling  water  and  in  alcohol,  leas  easily  in  cold 
Water  uid  in  ether.    The  solutions  colour  &rrio  salts  violet,  like  salicylic  add. 

Jkcomiporitions. — 1.  Between  160°  and  170^,  the  add  turns  brown,  and  begins  to 
decompose,  yielding  a  sublimate  of  salicylic  add.  At  a  stronger  heat>  it  swells  up  and 
gives  off  ammonia,  leaving  a  residue  of  charooaL — 2.  When  boiled  with  excess  of 
banta-water,  it  does  not  form  any  salicylate  of  barium ;  a  small  quantity  of  ammonia 
ii^  however,  eiven  off. — 8.  Heated  for  a  short  time  with  fuming  hydrodiloric  add,  it 
dissolves,  and  crvstdlises  out  again  unaltered ;  but  if  the  boiU^  be  continued  tost  two 
or  three  hours,  the  add  is  resolved  into  salicyUc  add  and  glycoone : 


(0«H«0)" 


4.  When  it  is  boiled  with  water  and  peroxide  of  lead,  the  latter  is  decolorised;  and 
on  boiling  the  solution,  small  shining  needles  separate  out. 

Salicylurates. — The  add  decomposes  carbonates.    Its  salts  oystallise  easily. 

The  barium-salt  is  obtained  by  dissolving  carbonate  of  barium  in  the  warm  add. 
As  the  solution  cools,  the  salt  crystallises  in  large  hard  prisms,  which  become  opaque 
and  give  off  water  when  heated,  then  mdt  and  decompose,  giving  off  ammonia  and  an 
oil  which  smeUs  like  phenol,  and  leaving  a  reddue  of  barytio  carbonate.  The  salt 
is  sparingly  soluble  in  cold  water. 

Calcium-salt. — a.  When  carbonate  of  caldum  is  dissolved  in  the  aqueous  add,  the 
solution  ou  coolinff  yields  agn^^ted  needles,  which  are  sparingly  soluble  in  cold  water, 
and  insoluble  in  lucohoL — b.  When  milk  of  lime  is  added  by  succesdve  small  portions 
to  the  warm  aqueous  add,  a  solution  is  at  first  obtained,  which  suddenly  solioifies  to 
a  crystalline  mass,  insoluble  in  boiling  water. 

8 AUaswzv,  C'H"0»,  probably     -    (C^H-)" )  o«  _(p  i ,  i  a,  Ann.  Ou  Pharm. 

Ivi.  53;  Ixxxi.  246. — ^Beilstein  and  Seelheim,  ihid.  cxvii.  83. — Ghn.  xii.  233.)— 
A  compound  produced  from  salicin  by  the  action  of  acids  and  of  emulsin  (Firia) : 
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Salidn.  SallgODlii.  GltaooM. 

[  Also  from  salleylol,  CrH^O*,  by  tbe  action  of  Bodinm-amalgam  in  preBence  of  w»ter. 

t  (Rein « eke  and  BeiUtein,  Ann.  Ch.  Fhann.  exxriii.  179.). 

J^tpartUion. — 1.  AnaqneouB  solution  of  salidn,  acidixlated  with  snlphnric  or  faydro- 
ehloric  acid,  ia  heated  till  it  just  boils  np;  the  liquid  is  then  saturated  with  chalk,  and 
tbefiltsate  ahaken  with  ether,  which  takes  up  the  saligenin.  A  considerable  quantity 
of  nJicctin  ia  always  formed  at  the  same  time. — 2.  When  60  pts.  of  finely  pmyerised 
saliein  suspended  in  600  pts.  of  water  are  shaken  up  with  3  pts.  of  emulmn  (ii.  486), 
and  heatea,  in  lukewarm  water  to  a  temperature  not  exceeoing  40^,  the  saliein  di^ 
solTea.  being  decomposed  in  the  oonrse  of  24  hours  into  glucose  and  saligenin.  When 
DO  mare  than  the  prescribed  quantity  of  water  *is  employed,  part  of  the  saligenin 
OTStallifles  out ;  and  if  the  liquid  be  then  twice  shaken  up  with  an  equal  bulk  of  ether, 
and  the  ethereal  liquid  evaporated  over  the  water-bath,  the  residue  solidifies  in  a  white 
mass  composed  of  pearly  luninse,  which  may  be  pressed  between  paper,  and  repeatedly 
ctystalULsed  firom  boiling  water  (Piria).  JBeilstein  and  Seelheim  purify  it  by  recry'S- 
tallisafion  from  benzene. 

Propertiet, — Saligenin  cmtallises  in  white  rhombic  tables  haying  a  pearly  lustre, 
or  in  small  oolourless  rhombohedrons.  Sy  spontaneous  evaporation  of  the  aqueous  so- 
IstJon,  tliere  is  formed  a  white  opaque  mass,  composed  of  microscopic,  shining,  irides- 
cent huninspt  (Piria).  Specific  gravity  «■  l'1613at26°  (Beilstein  and  Seelheim). 
Saligenin  is  unctuous  to  the  touch.  In  vacuo  over  oil  of  vitriol,  it  does  not  give  off 
water,  but  partly  volatilises,  in  consequence  of  which  the  oil  of  vitriol  becomes  covered 
with  a  crimson  cmst. — ^It  melts  when  heated,  forming  a  colourless  transparent  liquid, 
whidi  solidifies  to  a  crystalline  crust  at  82^.  When  heated  for  some  time  to  100^,  it 
jields  a  sublimate  of  delicate,  white,  shining,  iridescent  luminn. — Theaqueoas  solution 
imparts  a  bright  indi^  colour  to  ferric  salts.    (Pi  r i  a.) 

Saligenin  dissolves  in  16  pts.  of  water  at  22^,  and  in  aU  proportions  of  boiling  water; 
eaaaly  also  in  alcohol  and  ether  (Pi ria\  One  part  of  saUgenin  dissolves  in  62*5  pts. 
of  benxems  at  180,  and  in  a  much  smaller  quantity  at  the  boiling  heat  (Beilstein 
and  S  e  e  1  h  e  i  m).  The  solutions  do  not  act  on  polarised  light.  It  £ssolves  in  ammonia, 
and  appears  to  combine  with  potash.  The  aqueous  solution  does  not  precipitate  the 
salts  ol  barium,  calcium,  copper,  neutral  lead-acetate,  mercuric  chloride,  nitrate  of 
BQver,  or  tartar-emetic.  Wim  basic  acetate  of  lead,  it  forms  a  scanty  precipitate,  of 
variable  composition.  It  imparts  to  ferric  salts  a  bright  indigo  colour,  which  is  quickly 
destroyed  by  heat^  or  by  the  action  of  chlorine  or  acids.  The  alcoholic  and  ethereal 
solutions  do  not  eshibit  this  colouring. 

Deconmoritume, — 1.  Saligenin  heated  above  100^p:ives  off  aqueous  vapour  and  sali- 
cyloL  &tween  140^  and  160^,  it  becomes  very  viscid,  and  solidifies  on  cooling  to 
a  mass,  which  is  less  crystalline  the  more  strongly  it  has  been  heated;  and  at  length 
there  is  formed  an  amber-coloured  translucent  resin  having  the  properties  of  saliretin. 
— 2.  Exposed  to  the  air  in  contact  with  platinum-bkiekf  it  is  quickly  converted  into 
salicyloi ;  at  higher  temperatures  the  same  conversion  is  produced  b^  mere  contact 
with  the  sir,  or  by  ckromie  acid,  oxide  of  eilver,  &4C,  without  the  formation  of  any  other 
oiganie  sabstaaoe  or  of  carbonic  anhydride : 

CHK)'  +  O     -    CHK)*  +  HK). 

HflKurie  oxide  does  not  act  iqwn  saligenin. — When  saligenin  is  heated  with  eulpkurio 
acid  and  peroxide  of  manganeae,  carbonic  anhydride  and  formic  add  are  produced, 
without  a  trace  of  salicylol.^8.  Chhrine  ffoa  acts  violently  on  diy  saligenin,  giving 
off  hydrochloric  acid  and  forming  a  yellow  resin,  which  sradually  turns  red,  and  ulti- 
mately solidifies  to  a  mass  composed  of  small  crystals,  which  melt  and  turn  red  when 
exposed  to  the  fiirther  action  of  chlorine.  Bromine  acts  in  a  similar  manner. — ^Tha 
chief  jproduct  finrned  by  the  action  of  chlorine  gas  on  a  concentrated  aoueous  solution 
of  saligenin,  is  trichlorophenic  acid  (iv.  392). — 4.  With  iodine  taidphoepnorue  saligenin 
forms  a  brown  liquid,  which  appears  to  contain  C'H'O.IH,  but  is  vei^  unstable  (Li  m- 
pricht). — 6.  Saligenin  heated  with  dilute  acids,  is  resolved  into  saliretin  and  water: 
trHK)"  —  CHH)  +  H'O. — 6.  Strone  sulphuric  acid  colours  saligenin  deep  red, 
like  saliein. — 7.  Strong  nitric  acid  dissolTes  it^  with  evolution  of  nitrous  vapours  and 
carbonic  anhydride,  and  formation  of  picric  acid.  Dilute  nitric  acid  converts  it  into 
salicyloi,  pailly  also  into  yellow  crystals  of  nitrosalicylol  (p.  172). — 8.  Saligenin  is  not 
perceptibly  altered  by  potash-ley  at  ordinary  temperatures,  but  appears  to  unite  with 
It.  When  heated  with  solid  potassic  hydrate,  it  gives  off  hydrogen,  and  forms  salicylate 
of  potassium: 

CTEKfl  +  KHO     -     C»H*KO»  +   2H«. 
9;  SodiumwBAB  upon  saligenin  dissolved  in  pure  ether,  with  evolution  of  hydrogen,  an^ 
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formatioii  of  a  precipitate,  consisting  of  the  sodinm-componnd  C'^fin*NaO'.  A  mlxt&on. 
of  salJgenin  in  benzene  reacts  with  sodiam  in  a  similar  manner,  excepting  that  tlie 
precipitate  formed  ia  not  of  constant  composition  (Beilstein  and  Seelheim).— - 
10.  Pentachloride  of  phosphorus  conyerts  saligenin  into  saliretin,  with  erolution  o£ 
hydrochloric  acid  and  phosphoric  oxychloride  (Beilstein  and  Seel  h  eim) : 

C'H»0«  +  pa*    =     2HC1  +  POCl*  +   C'H«0. 

"~1 1.  Saligenin  is  also  converted  into  saliretin  by  heating  to  100^  with  acetic  anhydride 
and  ether;  also  when  hydrochloric  acid  eas  is  passed  into  a  solution  of  saligenin  in 
glacial  acetic  acid  (Beilstein  and  Seelheim). — 12.  Saligenin  is  attacked  by  cA/bru^tf 
of  benzoylf  with  evolution  of  hydrochloric  acid,  and  formation  of  a  compound  containing^ 
C'H'(C'H*0)0',  apparently  analogous  to  the  compound  ethers.     (Limpricht.) 

Chlorosaligenliifl*  These  compounds  are  produced  by  the  action  of  emnlsin  on 
the  corresponding  chlorosalicins  (p.  149).  They  are  all,  like  saligenin  itself  oonvezied 
into  resinous  matters  by  contact  with  adds. 

Monochlorosaligeninf  C'H'CIO',  crystallises  from  hot  water  in  pure  oolonrleaa 
ihomboidal  plates,  exactly  like  saligenin.  It  dissolves  in  water,  alcohol,  and  ether, 
turns  ferric  salts  blue,  and  is  changed  into  a  resin  (?  chlorowUiretin),  under  the  influ- 
ence of  acids.    (F  i  r  i  a.) 

DichhromJUgenin,  C'H"a*0*,  and  I^chloroealigenin,  CHH^IK)',  are  produced  in 
like  manner  from  di-  and  per-chlorosalidn,  but  only  in  very  small  ouantitieB. 
(Piria.) 

BAJUCOXiTOZC  ACXB.    Syn.  with  Sauctlttbic  Acid. 

■A&ZSBTnr.  G'H"0.  (Piria,  Ann.  Oh.  Pharm.  zxx.  178,189;  Ivi.  45.— 
Gerhardt^  Ann.  Ch.  Phys.  [3]  vii.  215.) — ^This  body,  which  differs  from  saligenin 
by  the  elements  of  1  at.  water,  is  produced  by  the  action  of  dilute  acids  on  saligenin, 
or  on  salicin,  glucose  being  also  formed  in  the  latter  case.  The  transformation  is 
effected  by  the  greater  number  of  adds,  even  in  very  dilute  solution,  provided  the 
liquid  be  heated  to  the  boiling-point.  The  saliretin  then  rises  to  the  surface  in  the 
form  of  a  resinous  body,  generally  yellowish,  sometimes  quite  white.  In  general,  the 
more  dilute  the  acid  (sulphuric  or  hydrochloric)  employed,  the  purer  is  the  product 
obtained;  It  may  be  further  purified  by  solution  in  sloohol  and  predpitaticm  with 
water.  According  to  Piria,  100  pts.  saligenin  treated  with  dilute  hydrochloric  acid, 
and  heated  to  between  120^  and  130%    lose  15*39  per  cent  water  (oalc,  14*62  per 

CMlt.). 

Saliretin  is  insoluble  in  water  and  ammonia,  but  soluble  in  alcohol,  ether,  and 
strong  acetic  acid,  and  is  predpitated  from  these  solutions  by  water.  Potash  and 
soda  likewise  dissolve  it,  and  the  solutions  are  not  predpitated  by  water ;  but  adds 
(even  carbonic  acid)  separate  the  saliretin  in  the  form  of  a  white  gelatinous  ^p. 
Sulphuric  add  colours  saliretin  blood-red.  Strong  nitric  add  converts  it  at  the  boiling 
heat  into  picric  add,  without  formation  of  oxalic  add.  By  dry  distillation  it  yields 
phenol,  water,  and  a  copious  residue  of  charcoal. 

BJkXtBMVMtiLm  The  fruit  of  Salisburia  adiant\folia  (or  Gingko  hUoba)  contains, 
besides  gum,  sugar,  pectin,  citric  add,  butyric  add,  &c,  9  per  cent,  of  a  fiittv  oil 
which  is  extracted  from  it  by  ether.  This  oil  is  yellow,  has  an  add  reaction,  BoUdifies 
in  ^e  crystalline  state  at  0^,  contains  a  &tty  add,  C^H'K)',  meltinff  at  85%  and 
called  by  Schwarzenbach  (Jahresb.  1857,  p.  529),  gingkoic  aei£— The  fleshy 
part  of  the  fruit  contains  746  per  cent  water,  24*8  dry  organic  matter,  and  I'l  ash. 

Syn.  with  Sahlttb. 

Syn.  with  Et^stuc  Phbkatb  or  Phbhbtol  (iv.  391). 

(Lehmann,    Lehrb.     ii.     9. — Gorup-Besanez,     Lekrh,  488.— 


Bidder  u.  Schmidt,  Verdauun^ssdfU,  p.  1. — Bernard,  Legons  Phys,  Exp.  1856, 
voL  ii. — ^B.Eckhard,  Beitrdget  ii.  205. — Ordenstein,  ihid,  p.  101. — Oehl,  BaUva 
vmanoy  1864. — Kilhne,  Lehrb,  Phys.  Chem.  p.  1.) 

Several  organs — ^viz.,.the  parotid,  submaxillary,  sublingual,  and  buccal  glands — ^poor 
into  the  mouth  their  respectire  secretions,  which,  mixed  together,  form  what  is  called 
mixed  saliva,  or  briefly  saliva. 

Parotid  Saliva,  or  the  secretion  of  the  parotid  gland,  may  readily  be  obtained  by 
canalization  of  the  Stensonian  duct  The  quantity  secretod  by  one  gland,  in  man,  has 
been  estimated,  for  the  24  hours,  at  1*4  erm.  per  kilo  of  body-weight  (Oehl).  The 
first  drops,  obtained  after  introdudn^  uie  tube,  are  turbid  and  acid,  probably  firom 
decomposing  epithelium;  the  secretion  afterwards  flows  clear  and  alkaline.  On 
standing,  it  becomes  turbid,  with  deposition  of  carbonate  of  caldum,  probably  owing  to 
escape  df  carbonic  add.    Oehl  states  that  the  fluid,  as  it  escapes  from  the  tabs^  if 


SALIVA.  175 

ofteo  aei^  especially  when  the  Biilject  is  fasting;  he  also  maintains,  that  tmn8paren<nr 
belongs  to  the  acid  secretion  onlj,  an  alkaline  or  a  nentral  saliva  bein^  always  turbid, 
eren  as  it  flows  firom  the  tube.  Thoe  are  no  special  morphotic  constituents.  Specific 
mTitj  (man)  1-0031 — 1*0043;  solid  residue,  '571 — '616  per  cent.  Bidder  and 
Schmidt  found,  in  the  dog,  in  1000  pts.  water,  995*3,  solids  4*7,  of  which  organic 
matters  1*4,  salts  8*3  (potassic  and  sodic  chlorides  2*1,  calcic  carbonate  1*2).  Purotid 
salira  is  firee  from  mndn,  contains  a  Tcry  small  quantity  of  globulin,  and  a  larger  but 
rtill  snuJl  amount  of  albumin.  In  the  horse,Bernard  found  a  material  separable  by 
Mtnration  'witli  magnesian  sulphate  (  ?  globulin).  In  man,  sulphocyanate  of  potassium 
is  inrariablj  (?)  found  (to  the  extent  of  *03  per  cent.)  (Oehl).  Bromides  and  iodides 
pass  readily  nom  tbe  blood  into  saliTa,  apparently  being  substituted  for  the  chlorides, 
Yhieli  are  proportionately  lessened. 

8mbrma rillary  Saliva,  which  flows  into  the  mouth  through  the  Whartonian  duct,  is  a 
eenerally  transparent^  but  sometimes  turbid,  and  always  more  or  leas  viscid  fluid,  of 
distinct  alkaline  reaction,  and  of  very  yariable  specific  gravity.  Bidder  and 
Schmidt  found  in  the  dog,  in  1000  pts. — ^water,  991*45;  solids,  8*55:  of  which 
organie  matters  2*89,  salts  5*66  (potassic  and  sodic  chlorides  4*50,  calcic  and  magnesian 
carbonates  and  phosphates  1*16).  When  obtained  by  canalization,  it  is  limpid  as 
it  flows  from  the  tube,  but  almost  immediately  becomes  viscid.  Besides  mucin,  to 
whi^  oonstitnent  the  viscidity  is  due,  it  contains  a  small  quantity  of  globulin  and  of 
albumin.  In  man,  according  to  Oehl,  it  gives  faintly  the  reactions  of  sulphocyanate 
of  potaoednm. 

The  submaxillazy  gland  is  subject  to  the  influence  of  different  systems  of  nerves, 
and  the  quality  of  the  secretion  depends  on  the  kind  and  degree  of  nervous  action  set 
gjoing.     £zcitation  of  the  chorda  tympani,  and  excitation  of  the  aympathetie  nerve 
belon^ng  to  the  gland, produce  two  distinct  kinds  of  saliva.    The  chorda-saliva  is 
transparent^  distinctly  alkaline,  firee  from  morphotic  constituents,  moderately  viscid,  of 
speciac  gravity  1*0039 — 1*0056,  and  yields  1'2--1'4  per  cent,  solid  residue.  The  sym- 
pathetic saliva  is  always  turbid  or  opaque,  extremely  viscid,  and  contains  peculiar 
gdatinous  microsoopical  masses,  of  vanable  size.     There  are  also  other  varieties  of 
submaxillary  saliva,  which  have  not  as  yet  been  closely  studied. 

Bmblinffwd  Saliva  is  alkaline,  exceedingly  viscid,  with  a  solid  residue  of  9*98  per 
eent^  and  contains  sulphocyanate  of  potassium. 

Bmeeal  Saliva,  or  Oral  Mucus,  obtained  by  ligaturing  the  ducts  of  all  the  other 
saHvaiy  glands,  is  very  viscid,  and  abounds  in  morphotic  constituents — viz.  epithelium, 
with  mueofl,  and  the  so-called  salivaiy  corpuscles.  In  1000  pts.  Bidder  and 
Sehmidt  fiyond  9*98  solid  residue,  of  which  organic  matters  3*84,  inoiganic  matters 
613. 

Miaad  SaUva  varies  in  its  qualities,  according  as  one  or  other  of  its  component  secre* 
tions  preponderates.  It  is  generally  alkaline,  but  sometimes  acid,  probably  from 
acid  fermentation  of  saccharine  aliment  retained  in  the  cavities  and  folds  of  the 
month.  The  total  quantity  secreted  in  the  24  hours  varies  exceedingly ;  Bidder  and 
Schmidt  calculate  it,  for  man,  at  1400  grms. ;  Lehmann  at  473  grms. 

ITwf  ofSalioa. — By  virtue  of  its  fluidity  and  viscidity,  s4liva  is  of  great  assistance  in 
mastication  and  deglutition.  Animals,  when  the  ducts  of  the  sidivary  glands  are 
ligatured,  chew  and  swallow  with  great  difficulty. 

When  raw  starch  is  exposed  at  35^  to  human  saliva,  frequently  renewed,  the  starch* 
nanulose  is  after  a  while  dissolved,  and  finally  converts  into  dextrin  and  sugar. 
Boiled  starch  treated  in  the  same  way  is  almost  mstantaneously  converted  into  dextrin 

andsogar. 

In  man,  parotid  and  submaxillary  saliva,  or  infusions  of  the  respective  glands, 
pnnnmn  equally  with  mixed  salira  this  power  over  starch.  In  the  dog,  the  sympathetic 
snbmaxillaTy  saliva  alone  acts  on  starch,  and  that  very  feebly  (Kuhne).  In  the  pi^, 
rabbit,  and  guinea-pig,  infusions  of  the  salivary  glands,  and  probably  also  their 
secretions,  are  as  enereetic  as  in  man.  In  the  horse,  the  ox,  the  sheep,  and  the 
cat,  the  secretions  and  glandular  infusions  are  entirely  or  almost  entirely  inactive.  In 
man  tbe  change  effected  by  saliva  on  boiled  starch  is  sufficiently  rapid  to  allow  of  a 
considerable  production  of  sugar  during  the  act  of  mastication.  But  it  is  evident  that 
in  many  api'wMw  the  saliva  can  have  no  such  function. 

Ptyalin. — ^This  action  of  saliva  on  starch  is  not  due  to  the  morphotic  elements,  to 
mucus,  to  the  globulin,  or  to  the  other  albuminoid  constituents,  but  seems  to  belong  to 
a  special  "active  principle''  or  "ferment^"  for  which  the  name  ptyalin  maybe  profitably 
reserved.  If  saliva  be  treated,  first  with  dilute  phosphoric  acid,  and  then  with  lime- 
water,  the  bulky  precipitate  of  phosphate  of  calcium  carries  down  with  it  the  greater 
part  of  the  ferment,  together  with  albumin.  If  the  separated  deposit  be  agitated  with 
distilled  water,  it  gives  up  the  ferment  but  not  the  albumin :  nence  by  filtration  a 
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clear  liquid  is  obtainedi  acting  powerfallj  on  etarch,  but  firee  from  albumin.  "From  tiiiis 
the  ferment  may  be  precipitated  by  alcohol,  forming,  when  carefully  dried,  an  amoz^ 
phous  powder  (mixed  with  phorohatesX  containing  nitrogen,  but  not  exhibiting  tbo 
xanthoproteic  reaction.    (Cohnheim.) 

Ptyalin  is  most  active  in  a  neutral  or  faintly  alkaline  solution ;  the  addition  of  axi 
acid,  or  an  alkali,  first  delays,  then  arrests,  and  finally  destroys  its  action.  It  is  moc^ 
active  at  a  temperature  of  about  S6°;  its  properties  are  wholly  destroyed  when  itm 
solution  is  boiled.    The  presence  of  an  excess  of  glucose  hinders  its  action. 

HLF. 

8A&&<yw-TBOXVp  or  ABA^BITOXTBOXV.    S»ppopha9  rhamnoides  (iii. 
166). 

Syn.  with  Sal-ammoniac,  or  Chlobise  of  Ammonium. 

ACZS.  Salmsdure.  Lachasaure, — ^A  reddish  feitty  acid,  existing, 
according  to  Fr^my  and  Valenciennes  (J.  Phaim.  [3]  xxviii.  401),  in  the  reddisb 
muscles  of  various  species  of  salmon,  most  abundantly  in  Salmo  same  and  &  har- 
maius. 

,  or  8 AXABFAXnr.    Syn.  with  SABSAPABiLLnr. 

A  genus  of  chenopodiaceous  plants,  growing  on  the  seashore,  and 
generally  on  soils  rich  in  common  salt.  They  yield  a  large  quantity  of  ash,  chiefly 
consisting  of  sodic  carbonate,  on  which  account  several  spmes  (Salsola  Kali,  a. 
Soda,  &c.)  are  cultivated  for  tiie  preparation  of  natural  soda,  or  barilla.  Salaola  Soda 
is  cultivated  for  this  purpose  chiefly  in  Spain,  near  Alicante. 

The  ashes  of  several  sjpecies  of  salsola  from  the  Eliighis  Steppe,  have  been  analysed 
by  Gob  el  {Reise  in  die  Steppen  des  mdlichen  Eusslands,  I)orp.  18*^7  and  1838; 
Handto.  d.  Chem,  vii.  204).  The  young  plants  of  Salsola  brachiata,  air-dried,  yielded  30 
percent  ash,  of  which  66'6  per  cent  was  soluble  in  water ;  older  plants  gave  only  18  per 
cent  ash,  containing  63-6  per  cent  of  soluble  salts.  Young  plants  of  8.  claviata  gave 
42  per  cent  ash,  of  which  74  per  cent  was  soluble ;  young  plants  of  S,  lanata  gave 
19'6  per  cent,  of  which  38  per  cent,  was  soluble  in  water.  Old  plants  of  8.  laricina 
gave  7*0  per  cent  ash,  containing  44*6  per  cent  of  soluble  salte ;  old  plants  of  8.  ta^ 
mariseina  9*3  per  cent  ash,  containing  46  per  cent  soluble  salts. 

OomposUum  of  the  Ash  ofvarwva  Specks  of  SalsoUu 


Sulphate  of  Potassium       • 
Carbonate          „ 
Chloride             „ 
Sulphate  of  Sodium  • 
Chloride          „         .        .        . 
Carbonate        „        .        .        . 
Free  Soda,  with   Sulphide  and 
Hyposulphite  of  Sodium 

1 

Kali. 

8,  brackiata. 

S.  clatifiilia. 

6*6 

8-9 

11*2 
4*2 

41 

S.kai' 

8. 

young 

old 

young 

old 

6*6 
10 
3*4 

•     . 

341 
6*1 

8*9 

•  . 

•  • 
4-6 

14-8 
26-2 

61 

8-6 

•        • 

27 
19*4 
241 

3-8 

1*3 

1-8 

12-4 

•     . 

43*8 
6*8 

0-7 

8-7 

5-0 
460 

41 

9*4 

•    • 

71 

12*3 

6-9 

27 

7-6 

0-2 

26*6 
81 

1-6 

49-2 

69*6 

68-6 

661 

64*6 

34-9 

88-4 

42*8 

Sodic  chloride,  sea-stdt,  or  common  salt,  the  substance  which  is  always 
denoted  when  the  word  "  salt "  ((Jr.  4a*,  Lat  sal,  Fr.  sd,  Crerm.  Salz)  is  used  without 
qualification  in  ordinary  language,  was  doubtless  the  first  body  to  which  this  name  was 

pven.    The  word  salt  itself,  in  ite  Greek  form,  sufficiently  establishes  this  fact, «Af 

in  the  feminine  being  used  for  the  sea,  and  iXs  in  the  masculine  for  the  solid  product 
left  when  sea-water  evaporates.  In  endeavouring  to  trace  some  of  the  most  im- 
jwrtant  of  the  steps  by  wnich  this  word,  from  having  been  the  specific  name  of  a  par- 
ticular substance,  has  come  to  be  used  as  a  generic  term  of  wider  application  than  any 
other  in  the  whole  vocabulanr  of  chemistry,  we  find  that  the  first  extension  of  its  meaning 
was  in  connection  with  the  leading  idea  which  the  etymol<»y  of  the  word  shows  to  have 
been  attached  to  it  firom  the  beginning.  This  idea  evidently  was  very  nearly  what 
would  have  been  expressed,  in  the  language  of  a  later  time,  by  saying  that  sea-salt  was 
the  essence,  or  essential  principle,  of  sea-water.  Accordingly,  when  it  was  observed 
that  other  watery  liquids  yielded,  underthe  same  conditions  as  sea-water,  a  solid  sub- 
vtonce,  not  veiy  unlike  sea-salt  in  appearanoe»  the  name  salt  was  applied  to  these 
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nbstiiiMs alflOu  Tlni«.  Aooording  to  Eopp  (GeackickU  der  Ckemie,  iii  2),  Aristotle 
calls  the  xeiddiie  deposited  on  cooling  by  tne  evaporated  lixiTiom  of  vood-ashes,  salt, 
and  Dioseorides  and  Pliny  enumerate  as  one  of  the  kinds  of  salt, mild  fixed  alkali; 
some  other  allied  sabstanees  also  bore  the  same  name.  Bat,  as  Eopp  yeiy  indiciouslj 
points  oat^  this  extension  of  the  name  salt  to  other  bodies  than  that  to  which  it  was 
fiiit  appHedy  indicated  ignorance  of  the  real  diffierenoes  of  these  bodies,  rather  than  any 
desr  perception  of  analogies  among  substances  recognised  as  distinct.  The  ose  of  the 
tenn  was,  howeTer,  such  as  to  show,  clearly  enough,  that  the  notion  which  it  originally 
ooDTejed  was  that  of  a  sdnble  solid  substance  produced  from  a  watery  liquid  by 
evwpontion. 

This  original  idea  of  solubility,  as  the  most  characteristic  property  of  saline  or  salt- 
like sabstanees,  retained  its  ground  down  to  the  times  of  the  lUchemists ;  bat,  as  the 
differaot  bodies  to  which  the  common  name  of  salt  was  applied  came  to  be  more  accu- 
rate^ distinguished  from  each  other,  it  became  necessaiy  to  adopt  for  them  distinctiyfl 
appeilationa;  and  thus  in  thewritings  of  Albertus  Magnus,  Kaymund  Lully,and 
their  oootempGEsries  of  the  thirteenth  centnzy,  occur  such  specific  names  as  gal  Tnarir 
•MM,  tdfeb^  or  so/  nitri^  sal  ammornacwmf  sal  ve^stabUe  (potashes),  &c.  All  the 
sabstanees  doioted  by  these  names  have  been  ever  smce  classed  as  salts :  but  that  the 
ideas  attached  to  the  word  salt,  at  the  period  referred  to,  were  yeiy  Tague  and  indefinite, 
is  shown  fay  the  fact  that  all  the  then  known  metallic  salts,  a  class  of  compounds  which 

ness,  in  as  marked  a  degree  as  any,  the  characters  now  recognised  as  saline,  were 
ed  the  name  <tf  salts  by  Basil  Valentine  (in  the  latter  part  of  the  fifteenth 
century),  and  dassed  together  as  vitriols.  There  can  be  no  doubt,  however,  that  thia 
aifaitiaiy  distinction,  as  it  seems  to  us,  between  metallic  salts  and  other  salts,  was  in 
iarmony  with  the  chemical  ideas  generally  prevailing  at  the  time.  For  the  alchemists, 
the  main  problem  presented  by  chemistry  was  the  study  of  the  metals,  just  as  for  Lavoisier 
and  his  school  it  was  combustion,  and  for  Berzelius  it  was  the  quantitative  composition 
of  mineral  salts  as  illustrating  the  doctrine  of  definite  proportions.  Hence  it  is  not 
sorprjsing  that  substances  either  produced  from  metals,  or  from  which  metals  could 
be  obtained,  should  have  been  regarded  bv  the  alchemists  as  of  an  essentially  different 
oatere,  and,  so  to  speak,  as  possessing  a  higher  rank  than  the  substances  known  to 
them  as  salta.  Acoordhigly,  this  separation  was  generally  maintained  as  long  as  alche- 
my held  its  ground,  but  was  abandoned  as  widfir  views  grew  up  in  the  science ;  and 
even  during  the  alchemical  period  it  was  not  recognised  by  those  chemists  who  were 
not  alchemists.  Thus  Bern ard Pali ssy,  in  a  tract,  *'  Des  8ds  divers  et  du  3el  com* 
mun  "  publiahad  in  1680,  classed  together  as  salts,  common  salt,  saltpetre,  the  vitriols, 
alum,  borax,  sugar,  corrosive  sublimate,  tartar,  and  sal-ammoniac.  (See  L\fe  of 
Bernard  PaHssy  of  SmnUs^  hj  Henry  Morley,  London,  1855,  pp.  96,  97.) 

The  moat  important  modification  which  the  original  idea  of  a  salt  underwent, 
before  the  beginning  of  the  eighteenth  century,  was  that  it  implied  a  substance  not 
only  poescflsed  of  s(£ibility,  but  capable  of  affecting  the  sense  of  taste.  It  is  not  clear 
at  what  period  the  latter  property  began  to  be  generally  recognised  as  an  essential 
character  of  salts,  but  it  was  commonly  received  as  such  in  the  sixteenth  century.  In 
making  the  possession  of  taste  an  essential  quality  of  salts,  chemists  were  evidently  led 
by  the  analogy  of  chloride  of  sodium,  the  original  salt,  whose  remarkable  flavouring 
power  has  been  a  chief  cause  of  its  common  employment  from  the  earliesi  ages. 
(**  Can  that  which  is  unsavoury  be  eaten  without  salt  ?  " — Job  vi.  6.)  Daring  ail 
this  period,  therefore,  all  that  seems  to  have  been  implied,  when  this  or  that  particu- 
lar substance  was  called  a  salt,  was  that  some  undefined  degree  of  resemblance  in 
external  qualities,  especially  in  the  two  just  mentioned,  was  perceived  between  it  and 
common  salt;  and  it  is  probable  that  the  notion  which  underlay  the  application  of  the 
same  name  to  these  various  compounds,  was  rather  that  of  their  being  modifications 
of  a  single  fundamental  substance  than  radically  distinct  though  analogous  bodies. 

But  during  the  latter  part  of  the  fifteenth,  the  whole  of  the  sixteenth,  and  a  great 
part  of  the  seventeenth  centuries,  the  term  salt  was  used  not  only  in  the  sense  that 
has  been  explained,  as  a  seneric  name  for  certain  definite  preparable  substances, 
but  also  in  a  much  more  abstract  sense,  as  the  name  of  one  of  the  supposed  ultimate 
elements  of  all  ntaterial  things. 

Thus,  according  toBasil  Valentine,  all  inorganic  substances  trere  made  up  of 
salt,  sulphur,  and  mercury;  and  Paracelsus  (in  the  early  part  of  the  sixteenth  cen- 
toiy)  declared  that  the  same  three  substances  were  the  elements  of  all  bodies,  oiganic 
as  well  as  inorganic — a  doctrine  which  was  adopted  by  a  great  many  succeeding 
ehemistSb  And  until  the  rise  of  analytical  chemistry,  and  the  foundation  of  the 
modem  views  of  the  nature  of  the  chemical  elements  by  Boyle  in  the  latter  part  of 
the  seventeenth  century,  salt  was  almost  always  enumerated  as  one  of  the  elements, 
although  opinions  varied  considerably  as  to  the  others. 

In  order  to  understand  this  use  of  the  word  salt,  it  is  needful  to  remember  that  the 
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idea  of  an  *'  element,"  at  the  period  we  are  referring  to,  was  Tory  diflW«Bt  from  tBatf 
which  is  expressed  by  the  same  word  now.    It  hadmnch  less  reference  to  eomwmtian, 
as  now  nnderstood,  than  to  what  were  supposed  to  be  the  intrinsic  and  fkuMumental 
properties  of  material  bodies.    The  principles  recog;nised  as  elementaiy  by  the  chemists 
of  that  age,  differed  both  in  name  and  in  attributes  from  the  elements  admitted  by  Hie 
Greeks ;  nevertheless,  the  notion  of  an  element  was  still  essentiaUy  of  the  same  qnalitjf 
as  that  acted  npon  by  Aristotle,  when  he  selected  as  elements  Fire,  Water,  Air,  and 
Earth,  on  the  ground  that  they  appeared  to  him  the  most  distinct  embodiments  of  ETeat 
and  Cold,  Dryness  and  Moisture,  which  he  regarded  as  the  fundamental  qualities    of 
matter.    Accordingly,  when  we  find  salt  spoken  of  as  one  of  the  elements,  and  as  a 
constituent  of  all  manner  of  substances — as  it  is,  for  instance,  by  Palissy  in  tiie 
treatise  already  referred  to :  **  I  tell  you  frirther,  that  thers  is  nothing  in  this  world 
which  has  no  salt  in  it,  whether  it  be  in  man,  the  beast,  the  trees,  plants,  or  other  regeta- 
tive  things,  or  even  in  the  very  metals,  &c.'* — ^we  are  not  to  understand  the  statement  aa 
we  should  if  it  were  made  by  a  modem  chemist,  but  should  rather  take  it  as  implying 
that  saline  properties  (solubility  and  taste)  were  supposed  to  belong  in  some  degree  to 
all  substances.    In  particular,  the  notion  that  salt  was  a  constituent  of  the  metsJs  was 
clearly  nothing  more  than  the  theoretical  conception,  in  accordance  with  the  general 
modes  of  thought  prevailing  at  the  time,  which  corresponded  to  the  known  fact  that  by 
Tarious  processes  the  metals  could  be  actually  transformed  into  salts ;  for  the  conrer- 
sion,  say,  of  iron  into  green  vitriol,  was  not  then  regarded  as  a  process  of  combination 
of  iron  with  other  su^tances,  but  simply  as  a  process  in  which  iron  was  modified  in 
such  a  manner  as  to  allow  its  preyiously  latent  saline  qualities  to  be  manifested. 

The  name  salt  being  appliea  to  all  substances  which  were  soluble  and  possessed  of 
taste,  included  some  which  differed  greatly  in  other  properties.  Thus,  in  addition  to 
neutral  salts,  it  included  the  acids  and  alludis.  As  the  properties  of  these  two  daases 
of  bodies  became  known,  it  was  gradually  recognised  that  they  were  in  many  respects 
antagonistic,  and  especially  that,  by  their  action  upon  each  other,  their  distinguiabing 
characters  were*more  or  less  completely  obliterated,  new  and  comparatively  indifferent 
substances  being  generated.  These  observations  led  to  the  subdivision  oi  salts  into 
three  classes,  variously  distinguished  by  different  chemists.  From  about  the  year 
1700,  the  names  by  which  the  three  classes  of  salts  were  generally  indicated  were 
8(Uia  acida^  aalia  {UcalinOf  and  salia  salsa,  saHa  media,  or  salia  neuira. 

The  relation  which  had  thus  been  already  partially  perceived  between  acids,  alkalis, 
and  neutral  salts,  was  made  by  G.  F.  Kouelle,  in  1744,  the  basis  of  a  general  theory 
of  salts,  which  closelv  approximated  to  that  very  generally  adopted  in  quite  recent  times. 
The  importance  of  the  step  made  by  Ron  ell  e  was  such  as  to  make  it  desirable  to 
stato  his  views  in  his  own  words.  In  the  introduction  to  a  paper  on  Salts  in  the 
Memoirs  of  the  Academy  of  Sciences  of  Paris,  for  the  above-mentioned  year  {Mem, 
Acad,  Boy.  Sciences,  1744,  p.  853),  he  says :  "  La  pMpart  des  chymistes  ne  donnent  le 
nom  de  sel  neutre,  moyen  on  sal^  qu'i  un  tr^s-petit  nombre  de  sels ;  il  y  en  a  mdme 
eu  qui  n'ont  donni  ce  nom  qu*au  seul  tartre  vitrioU,  demandant  pour  caract^re  d^ 
ces  sels  que  I'acide  et  I'alcali  qui  les  forment  soient  tellement  unis  qu'ils  r^istent  a 
toute  d^mposition  ;  d'autres  ont  admis  avec  le  tartre  vitriol^  les  deux  sels  neutres 
form^  par  Tunion  des  acides  du  sel  marin  et  du  nitre  4  des  bases  alcali  fixes,  tels 
sont  le  sel  marin  et  le  nitre ;  d'autres  y  joignent  trois  autres  sels  form^  par  Tunion 
des  trois  acides  k  un  alcali  volatil,  qui  sont  le  sel  ammoniacal  secret  de  Glauber  on  le 
sel  ammoniacal  vitriolique,  le  sel  ammoniacal  ordinaire,  et  le  sel  ammoniacal  nitreux ; 
il  y  a  eu  d'autres  chymistes  qui  ont  joint  au  nombre  de  ces  sels  neutres  plusieurs  autres 
substances  salines.  Je  donne  &  la  famille  des  sels  neutres  toute  I'extension  qu'elle 
peut  avoir  ;  j'appelle  sel  neutre,  moyen  ou  sal^,  tout  sel  form6  par  Tunion  de  quelque 
acide  que  ce  soit,'ou  mineral  ou  v^^tal,  avec  un  alcali  fixe,  un  alcali  volatil,  une  terre 
absorbante,  une  substance  m^tallique,  ou  une  huile."  And  again,  in  another  paper 
in  1754,  he  says,  referring  to  the  one  already  quoted:  "J'ai  ^tendn  le  nombre 
de  ces  sels  autant  qu'il  ^tait  possible,  en  d^finissant  g^n^riquement  le  sel  neutre  nn  sel 
form^  par  Tunion  d'un  acide  avec  une  substance  quelconque,  qui  lui  sert  de  base  et  lui 
donne  une  forme  concrete  ou  solide."  {MSm.  Acad.  Soy.  Sciences,  1754,  pp.  673, 
574:  see  also  Kopp,  Geschichte  der  Chemie,  iii.  68,  69.)  Rouelle  was  not  the 
first  to  recognise  that  the  combination  of  acids  with  alkalis  gave  rise  to  neutral  salts; 
but,  according  to  Kopp,  he  was  the  first  to  declare  formation  by  the  union  of  add  and 
base  to  be  the  characteristic  mark  of  neutral  salts,  and  thus  rested  the  idea  of  a  neutral 
salt  upon  chemical  composition,  instead  of  upon  external  properties. 

As  a  consequence  of  the  alteration  which  Rouelle  introduced  in  the  definition  of 
salts,  some  substances  which  had  previously  been  considered  as  belonging  to  it  (for 
instance  sugar)  were  excluded  from  it,  and  others — namely  insoluble  saUs,  such  as 
horn-silver  and  calomel  —which  had  previously  been  excluded,  were  now  indnded  in 
it;  and,  moreover^  an  essential  distinction  was'  made  between  acids  and  alkalis  rn  the 
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«■•  kud,  and  neatnl  salts  on  the  other.  These  views  did  iiot»  however,  immediatelj 
meet  with  vniveisal  aoceptanoe.  Solubility  was  still  regarded  by  most  chemists  as  an 
laicntiil  qnalily  of  salts.  The  idea  which  commonly  prevailed  as  to  the  nature  of 
salts,  nhiBty  or  a  hundred  years  ago,  may  be  gathered  from  the  following  extracts.  In  the 
fcartesnth  volnme,  pnblidied  in  1766,  of  Diderot  and  D^Alembert's  "  £ncyck>pMie," 
is  an  artide  on  Salts,  commencing  thns :  "  Sbl  bt  Sbls. — On  comprend  sons  le  nom  de 
9d  trois  ero^ces  de  substances ;  lea  acides,  lee  alkaLis,  et  les  selsnentm;  en  r^unissant 
lea  mtpnStia  communes  k  ces  trois  classes,  on  trouve  que  les  sels  sont  des  corps 
Bohbles  dans  Feau,  ineombustibles  par  euz-mdmes,  et  savoureuz ;  il  faut  bien  se  d^ 
fimdie  d*appeler  srf  tout  ce  qui  se  ciystallise,  sans  quoi  nous  confondrions  plusieurs 
com  tr^oiff^rens  entre  euz."  In  a  Dieiionnaire  de  Chymie  (Macquer'  s),  published 
at  Fluis  in  1766,  salts  are  defined  as  follows : — "  Les  propriety  essentielles  de  toute 
matiire  qu*an  doit  regarder  comme  saline,  sont  daffecter  le  sens  du  go^t,  on  d*avoir 
de  la  saTeor,  d'etre  dissoluble  dans  Teau,  et  d*avoir  toutes  les  autres  quality  prind- 
pales,  eomme  la  pesanteur,  la  fizit^,  moyennee  entre  celles  de  Teau,  et  celles  de  la  terre 
purs."  {Op.  eU.u.  412).  A  few  years  later,  Bergman,  in  his  Seiagrapkia  regni 
mmendif  (§  zz.),  thus  states  the  distinguishing  markB  of  salts ' — '*  ^es  audiunt,  qui 
IB  liugiii  plus  minus  saporis  ezdtan^  et  probe  pulyerati  aquA  ebuUiente,  saltern 
nillies  ponderosiore,  solvi  possnnt.  Igne  liqnescunt  et  plerique  mutantur  vel 
destruuntur."  In  his  T%ot^his  cm  a  Natural  System  of  FoasUs,  after  characterising 
salts  almost  in  the  same  words  (§  xlvii.),  he  points  out  (§§  xlviii.— 1.),  that  taste,  depend- 
ing on  the  Taiying  perceptions  of  individuals,  is  necesauily  a  very  uncertain  criterion ; 
while  solnbifitj,  being  a  property  which  admits  of  an  infinite  number  of  degrees,  is 
hardly  less  so.  unless  defined  by  arbitrarily-chosen  conditions.  Bergman  seems, 
however,  to  have  perceived  that  the  saline  character  was  Amdamentally  a  matter  of 
composition,  eTen  to  the  extent  of  inferring  solubility  in  the  case  of  substances  which 
had  not  been  proved  experimentally  to  be  soluble:  thus,  in  { li.  of  the  work  last  quoted, 
he  says: — "Vitriolated  ponderous  earth,  commonly  called  spatum  ponderosum, 
aerated  lime,  fluorated  lime,  impregnated  with  the  add  of  the  lapis  ponderoawm^  are 
an  saline  earths  by  the  force  of  composition,  and  are  even  without  doubt  soluble, 
though  to  what  extent  experience  has  not  yet  determined.*' 

Sitth  then  were  the  prevalent  opinions  as  to  the  nature  of  salts,  when  Lavoisier, 
by  his  diseovezy  of  the  important  functions  of  oxygen,  changed  the  whole  aspect  oi 
fliMiiiratl  sdenee.  Lavoisier's  own  ideas  on  the  subject  of  salts  are  thus  expressed 
by  him: — ''Les  substances  acidifiables,  en  se  combinant  avec  Toxyg&ne,  et  en  se  con- 
Textiasant  en  addes,  acqui^nt  une  grande  tendance  4  la  combinaison ;  elles  deviennent 
soscepdbles  de  s'unir  avec  des  substances  terreuses  et  m^talliques,  et  c'est  de  cette 
reunion  que  r^nltent  les  sels  neutres.  Les  acides  peuvent  done  6tre  regard^  comme 
de  T^ritables  prindpes  salifians,  et  les  substances  auxqueUes  ils  s'unissent  pour  former 
des  sels  neutres,  comme  des  bases  salifiables.     .     .     . 

"  Cette  mani&re  d*envisagerles  addes  ne  me  permet  pas  de  les  regarder  comme  des 
sels,  quoiqu'ils  aient  quelques-unes  de  leurs  propri^t^  prindpales,  telle  que  la  solubi- 
lity dans  Teau,  etc  Les  acides,  comme  je  I'ai  d^j4  fait  obseryer,  r^sultent  d'un  pre- 
mier ordre  de  oombinaisons ;  ils  sont  formes  de  la  reunion  de  deux  principes  simples, 
ou  au  moins  qui  se  comportent  k  la  mani&re  des  prindpes  simples,  et  ils  sont  par  con- 
s^uent,  pour  me  serrir  de  Texpression  de  Stahf,  dans  Tordre  des  mixtes.  Les  sels 
neutres,  au  contraire,  sont  d'un  autre  ordre  de  combinaisons,  ils  sont  formes  de  la  re- 
union de  deux  mixtes.  et  ils  rentrent  dans  la  classe  des  composes.  Je  ne  rangerai  pas 
non  plus,  par  la  m6me  cause,  les  alkalis  ni  les  substances  terreuses,  telles  que  la  chaux 
lamagn^op,  etc.,  dans  la  classe  des  sels,  et  je  ne  d^ignerai  par  ce  nom  que  des  com- 
post form^  de  la  reunion  d*une  substance  simple  oxyg^n^e  arec  une  base  quelconque." 
(TVmt^  elkmentaire  de  Chimie^  ed.  1789,  yol.i.  pp.  162-164).  Althoagh  these  views  were 
in  the  main,  with  the  exception  of  what  related  to  the  constitution  of  the  acids,  only 
a  reiteration  of  those  expressed  forty  years  previously  byRouelle,  they  were  felt  by 
Lavoisier  to  be  so  little  in  harmony  with  contemporary  opinion,  that  he  thought  it 
needful  to  add  to  the  passage  we  have  quoted  the  following  apologetic  foot-note : — 
"  On  regardera  pent- toe  comme  un  d^faut  de  la  m^thode  que  j'ai  adoptee,  de  m'avoir 
eonbaint  &  reieter  les  alkalis  de  la  classe  des  sels,  et  je  conviens  que  c'est  un  reproche 
qu'on  pent  lui  faire ;  mais  cet  inconvenient  se  trouve  compens^  par  de  si  grands  avan- 
tsges,  que  je  n'ai  pas  cru  qu'il  dut  m'arrSter." 

In  accordance  with  these  views,  the  history  of  whose  spread  and  adoption  makes 
pazt  of  that  of  the  antiphlogistic  system  in  general,  a  salt  was  a  combination  of  a 
oighly-oxidiBed  substance  (an  acid)  with  a  base.  The  bases  of  the  metallic  salts  were 
ahesdy  known  to  be  oxides,  and  the  same  was  soon  demonstrated,  by  Davy,  to  be 
troe  of  the  earths,  alkaline  earths,  and  fixed  alkalis.  Hence  salts  soon  came  to  be 
defined  as  compounds  of  electronegsitive  oxides  (acids),  with  electropositive  oxides 
(bises),  and  all  salts  were  consequently  regarded  as  containing  oxygen.    Salts  were, 
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howerer,  known  in  which  the  pKSenoe  of  oxygen  ooold  not  be  dixectly  prorred,  and 
amongst  them  was  common  salt  itself.    Ab  a  natural  conseqaence,  the  constitotioii  of 
such  bodies  gave  rise  to  mnch  discussion.    The  application  of  Lavoisiex's  dootnoe  to 
the  chlorides,  for  instance,  cansed  them  to  be  regarded  as  componnds  of   noetalUc 
oxides  with  muriatic  acid,  supposed  to  contain  oxygen.    This  was  the  view  adopted  by 
Gay-Lussac    and    Th^nard    (MSnwires  cTArcueil,    ii.    357,   358   [1809 J  ;     and 
Recherches  phyaico-chimiques,  ii.  155 — 176  [1811])  as  the  most  probable  conc^iuion 
that  could  be  drawn  from  their  inyestigations  into  the  nature  of  these  oompoonds,  and 
maintained  byBereelius  until  about  the  year  1820.  (See  his  Lehrhuch  der  Ohentie^ 
[first  Carman  edition,  1 820,  translatf^  from  the  second  Swedish  edition],  vol.  i.  especially, 
pp.  707—714  ;  n^aoJahredtericht,  i.  46,  [1821]  ;  ii.  60—62,  70  [1822] ;  iii.  98  [182^].) 
Davv,  on  the  oihej  hand,  who  never  adopted  Teiy  fully  Lavoisier  s  views,  regardwi 
the  chlorides  as  compounds  of  the  metals  with  a  simple  body,  chlorine,  comparing^  them 
to  the  simple  metallic  oxides,  and  represented  the  salts  known  to  contain  oxvgen  as 
double  oxides.    Speaking  of  these  substances,  he  says :  "  They  are,  in  &ct,  all   com* 
pounds  of  oxygen  with  double  bases ;  and  when  one  fixed  alkali,  or  earth,  or  oxide, 
separates  another,  it  may  be  supposed  that  the  basis  only  is  changed.    Thus,   -where 
hydrat  of  potassa  separates  lime  from  its  nitric  solution,  it  may  be  conceived  that 
the  potassium  only  takes  the  place  of  the  calcium,  and  that  the  oxygen  and  water  of  the 
hydrat  of  potassa  unite  to  this  metal,  and  that  the  potassium  unites  to  the  ozygene, 
nitrous  acid  and  water  of  the  solution."     {Memtnta  of  Chemical  Philotopky  £1812], 
p.  495.) 

The  adoption  of  Dayy's  views  of  the  constitution  of  the  chlorides  was  greatly  pn>- 
moted  by  uie  discovery  of  iodine  in  1811,  and  the  investigation  of  it  by  himself  and 
by  Gay-Lussac  in  1813-'14,  one  of  the  first  consequences  of  which  was  that  Gay- 
Lussac  himself  became  convinced  of  the  elementary  nature  of  both  iodine  auid 
chlorine.    And  important  additional  evidence,  that  oxygen  was  not  essential  to  the 
constitution  of  salts  or  acids,  was  afiTorded  by  Gay-Lu8sac*s  discovery  of  cyanogen, 
and  analysis  of  anhydrous  pmssic  acid,  in  1815.     Id  consequence  of  these  discoveries, 
a  large  number  of  chemists,  if  they  did  not  adopt  Davy's  views  of  the  constitu- 
tion of  salts  in  general  (for  which  see  also  the  article  Acids,  i.  41,  42),  at  least  ad- 
mitted that,  in  addition  to  ordinary  salts,  which  they  regarded  as  formed  by  the  union 
of  (anhydrous)  acids  with  metallic  oxides,  there  was  another  class  of  salts — comprising 
the  chlorides,  iodides,  sulphides,  cyanides,  and  perhaps  the  fluorides — ^into  whose  com- 
position oxygen  did  not  enter.    Berzelius,  however,  held  fast  to  Lavoisier's 
definition  of  salts  ("  TJnter  Salz  verstehen  wir  eine  Yerbindung  einer  Sauremit  einem 
Alkali  einer  Eidart,  oder  einem  Metalloxide:"  Lehrbuch,   ed.   1820,  L  817),  and 
consistently  declared  in  consequence  that,  if  the  chlorides,  &c.  were  constituted  as 
represented  by  the  adherents  of  the  new  theory,  they  could  not  be  salts  at  all. 
("Daher  ist  das  salzsaure  Natron  oder  Kochsals  [welches  durch  seine  Geschlechtsahn- 
lichkeit  mit  anderen  Salzen  Anlass  gegeben  hat,  das  Wort  Sals  als  allgemeino 
Benennung  des  ganzen   Salzgeschlechts  zu  gebrauchen],  der  neuen  Theorie  gemass, 
kein  Salz  mehr.  .    .   .  ." —  Op,  eit. — "Die  salzsauren  Salze  sind  in  dieser  Theorie 
keine  Salze,  z.  B.  Kochsalz  ist  nicht  eine  Yerbindung  von  Natron  mit  einer  Saure, 
sondem  eine  Yerbindung  von  Natrium  mit  Chlor." — Ibid.)    Berzelius  perceived, 
what  most  chemists  of  that  time  do  not  seem  to  have  done,  that  the  chemical  history 
of  iodine  afforded  in  reality  no  new  argument  in  favour  of  Davy's  theory,  all  the 
combinations  of  iodine  admitting  of  precisely  the  same  kind  of  interpretation  as  the 
corresponding  compounds  of  chlorine,  on  the  supposition  that  both  were  oxidised  com- 
pounds of  unknown  elements.    (For  his  views  of  the  chlorine-compounds,  see  i.  902.) 
The  sulphides  he  did  not  admit  into  the  category  of  salts  at  all ;  the  cyanides,  however, 
especially  cyanide  of  mercury  and^  prussiate  of  potash,  could  not  be  denied  the  pos- 
session of  distinctly  saline  proi>ertief.  But  even  these  substances  were  not  regarded  by 
him  as  affording  conclusive  evidence  that  true  salts  could  exist  without  containing 
oxygen;  for,  although  it  was  certain  that  they  contained,  in  addition  to  metid,  nothing 
but  carbon  and  nitrogen,  the  latter  element  was  at  this  time  regarded  by  Berzeh'us 
as  itself  a  compound  of  oxygen  with  an  unknown  radicle,  nitricum.    Bepresenting 
one  combining  proportion  of  this  supposed  radicle  by  i?  (*  6),  and  one  combining  pro- 
portion of  oxygen  by  0  (  »  8),  his  view  of  the  constitution  of  nitrogen  and  its  oxides 
may  be  represented  by  the  following  formulae : — 


Nitrogen  »     RO 

Nitrous  oxide      «k     RO* 
Nitric  oxide        «     RO^ 


Nitrous  acid  (anhydrous)        ■■    RO^ 
Nitric  peroxide  »     RO^ 

Nitric  acid  (anhydrous)  »    RO^ 


(For  the  reasons  urged  by  Berzelius  in  support  of  these  views,  which  were  mainly 
founded  on  the  phenomena  attending  the  formation  of  ammonium-amalgaJn,  see  his 
Lehrbuch  der  Chemie,  ed.  1820,  i.  225,  226;  491,  492;  618—619;  896;  810.) 
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Hie  oreumstm&ee  which  chiefly  oontrihuted  to  make  Berzelins  at  last  receive  the 
•o-caQed  '^  ehlorisdc  theory  **  was  Faraday's  discorexyyin  1821,  of  the  sesquichloride, 
pcotodilaride,  and  bichloride  of  carbon.    It  had  been,  from  the  first,  one  of  Davy's 
stroDgeBt  arguments  against  the  existence  of  oxygen  in  chlorine,  and  oonseanently  in 
the  chlorideS)  that  chlorine  irss  not  decomposed  by  carbon  even  at  the  hlgoest  tem- 
pexatnrea.    The  opponents  of  his  views  declared  that  this  experiment  was  inconclusive, 
fat  efalorine  could  not  be  decomposed,  under  these  circumstances,  without  the  formation 
of  cazbonie  acid  or  oadde,  and  (hypothetically)  anhydrous  muriatic  add,  to  the  formation 
<iC  which  there  would  be  no  tendency  unless  these  compounds  were  themselves  capable 
of  oombimng  together,  and  they  maintained  that  there  was  no  evidence  of  the  possibility 
of  such  a  combination.  The  chlorides  of  carbon  discovered  by  Faraday  were,  however, 
pseeisdy  such  compounds ;  and,  upon  the  old  view  of  the  constitution  of  chlorine,  could 
not  be  otherwise  represented  than  as  combinations  of  (hypotheticallv)  anhydrous 
muriatic  aetd,  with  anhydrous  oxalic  acid,  carbonic  oxide,  and  carbonic  add  respec- 
tavdj.    Such  an  interjpretation  of  the  nature  of  these  substances  seemed  toBerzelius 
ao  little  in  harmony  with  their  properties,  as  to  be  even  less  probable  than  the  views 
as  to  the  elementary  character  of  chlorine  and  iodine,  which  he  had  hitherto  opposed. 
He  afterwards  saw  a  confirmation  of  these  views  in  the. colour  of  red  prussiate  of 
potash,  discovered  in  1822  by  Leopold  Gmelin :  in  hisaecount  of  this  salt,  in  his 
Third  Annual  Beport  (p.  98),  he  says  that  he  had  hitherto  regarded  the  reddish  colour 
cf  the  sesquichloride  and  other  sesquisalts  of  iron  as  favouring  the  idea  that  they  con- 
tained as  a  proximate  constituent  the  red  sesquioxide ;  but^  as  a  red  salt  was  now 
known  which  demonstrably  contained  no  oxygen,  he  considered  this  view  no  longer 
tenable. 

In  1825,  Berselius  himself  discovered  the  sulphur-salts,  and  thus  aflbrded  a  fresh 
proof  that  substances  perfectly  devoid  of  oxygen  could  possess  aU  the  characters  of 
salts.  In  consequence,  he  seems  to  have  entirely  changed  his  opinions  as  to  what  were 
the  essential  marks  of  a  salt.  He  now  says  distinctly  that  it  is  not  a  question  of  com- 
position but  of  properties :  "  When,  for  example,  so(uum  combines  with  chlorine,  the 
product  is  common  salt,  the  most  characteristic  of  all  salts ;  but  when  sodium  combines 
with  oxygen,  it  does  not  produce  a  salt,  but  a  substance  which  acquires  properties 
analogous  to  those  of  common  salt  only  by  combination  with  an  acid.  The  idea 
which  is  to  be  connected  with  the  word  salt  cannot,  therefore,  be  deduced  from  com- 
position, for,  in  the  first  place,  the  salt  is  composed  of  two  simple  bodies,  and  in  the  second 
of  two  oxides.  The  idea  of  what  a  salt  is  must,  consequently,  be  derived  from  that 
kind  of  electrochemical  indifierence,  which  chemists  have  from  antiquity  very  fitly 
called  neutrality,  and  which  results  from  the  combination  of  substances  without 
respect  to  the  elements  of  which  the  neutral  compound  is  formed."  (Jahresb,  vi. 
185  [1826].)  Berzelius's  views  of  the  nature  of  salts  are  further  illustrated  by  the 
manner  in  which  he  classified  the  simple  bodies  in  relation  to  them.  At  the  place 
last  quoted  he  divides  the  elements  as  follows : — 

A.  Hlbctboiooativb  : 

1.  Those  which  produce  mUs  by  direct  union  with  electropositive  elements. — 
Halogens :  namely,  chlorine,  iodine,  and  probably  fiuorine. 

2.  Those  which  produce  b€ues  by  union  with  electropositive  elements,  and  acids 
by  union  with  electronegative  elements  of  the  third  dass. — ^Am  phi  gens; 
namely,  oxygen,  sulphur,  selenium,  and  tellurium. 

3.  The  remaining  non-metallic  elements,  and  the  electronegative  metals:  by 
union  with  the  second  dass  of  electronegative  dements  they  form  acids  (and 
sometimes  also  very  weak  bases).  This  dass  contains  nitrogen,  carbon, 
arseniG^  &c. 

B.  Elsctboposttivb  : 

The  electropositive  elements  do  not  admit  of  subdivision :  by  combination  with 

electronegative  elements  of  the  first  dass,  they  form  salts;  with  those  of  the 

second  class,  bases ;  with  those  of  the  third  dass,  alloys. 

Salts  themselves  were  divided  into  two  dasses:  the  first  dass,  called  haloid  salts, 

ioduded  those  formed  (like  chloride  of  sodium)  by  the  union  of  an  electropositive 

necal  with  a  haloeen ;  the  second  class,  amphid  salts,  was  composed  of  those  formed 

(like  potassic  sul^iate)  by  the  union  of  an  add  and  a  base,  and  was  subdivided  into 

four  genera — ^namely  oxysalts,  sulphosalts,  sdeniosalts,  and  tellurisalts — according  to 

the  nature  of  the  amphigen  contained  in  them.    (See  fiurther  Berzelius,  Jahresb.  viii. 

137 — 148  [1828],  where  the  same  views  are  again  insisted  on.) 

These  views  were  accepted,  almost  without  question,  by  the  gnat  majority  of  chemists; 
and  they  wiU  be  recognised  by  every  reader  as  having  been  reproduced,  with  very  little 
variation,  in  nearly  every  textbook  of  chemistry  published  from  the  year  1880  till 
within  the  last  ten  years^  and  even  in  many  that  are  still  more  recent.    It  is  hardly 
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needfiil  to  say,  that  it  is  for  thisrecMon  that  we  have  discnssed  Bezzelins's  opmioour  mft 
60  great  a  length.  There  were,  howeyer,  always  a  few  chemista  to  whom  the  diwi sion 
into  haloid  s^ts  and  amphid  salts  appeared  arhitzary  and  inadmissible.  The  most 
important  of  the  earlier  attempts  to  reduce  all  salts  into  a  single  class  gave  rise  t<>  tiba 
BO-called  **  binary  '*  theory,  already  aUuded  iu  the  article  Acids  (i.  42  and  45,  foot- 
note). This  theoiy,  however,  never  exerted  a  very  important  influence  on  the  praig 
of  chemistry,  and  it  is  therefore  not  needful  to  discuss  the  arguments  by  which  it> 
supported  and  opposed. 

If  we  try  now  to  state  what  is  the  idea  which  is  attached  to  the  word  salt, 
present  used  in  chemical  science,  we  find  it  impnossible  to  do  so  in  very  preciae 
i^robably  we  may  most  correctly  define  this  idea  by  saying  that  it  impli< 
capability  of  readily  undergoing  dotible  decomposition.    ('*  Nous  i^peleions  mTs^    i 
corps  binomes,  tons  les  compost  chimiques  formes  par  deux  parties,  I'une  m^talliqt 
et  Tautre  non-m^tallique,  pouvaut  ainsi  s'^anger  par  double  d^mpoeitioo." — 
Gerhardt^  Introduction  a  VHude  de  la  Chimiepar  U  Systhnu  Uniiaire,  1848,  p.  91. > 
In  its  most  restricted  signification,  the  word  salt  suggests  a  substance  which,  if  soiable 
in  water,  can  produce  rapid  double  decomposidous  with  other  soluble  substances,  or, 
if  insoluble,  can  be  produced  as  a  precipitate,  as  the  result  of  a  rapid  double  decom- 
position taking  place  between  soluble  substances.    This  is  certainly  the  idea  suggested 
by  the  application  of  the  word  salt  to  chloride  of  sodium,  nitrate  of  potasainm, 
sulphate  of  barium,  nitrate  of  silver,   hydrochlorate  of  aniline,  &c.      By  an  ine- 
vitable extension  of  meaning,  the  name  salt  is  also  sometimes  given  to  substances 
which,  like  chloride  of  ethyl,  give  rise  to  slow  processes  of  double  decomposition  with 
aqueous  solutions  of  the  salts  specially  so  called.    By  a  still  further  extension,  it  is 
sometimes  applied  to  such  Ixxuos  as  acetate  of  ethyl,  or  stearin,  and  even  these 
compounds  do  not  mark  the  limit  of  its  occasional  Sjpplication.    The  fact  is,  that  as 
there  is  no  class  of  bodies  known — ^not  even  excepting  the  elements  themselves — 
which  do  not,  under  certain  conditions,  give  rise  to  reactions  which  must  (or  may)  be 
represented  as  double  decompositions,  so  there  is  no  class  of  bodies  to  which  the 
name  salt,  as  implying  capability  of  double  decomposition,  is  completely  inapplicable^ 
The  name  is,  however,  most  commonly  and  most  appropriately  applied  to  those  bodies 
of  which  reaction  by  double  decomposition  is  the  most  characteristic  property,  and 
which  exhibit  such  reactions  under  the  most  familiar  conditions.  G.  0.  F. 


Marais  salins.  Shallow  ponds  or  ditches,  excavated  on  the 
seashore  and  puddled  with  clay,  for  concentrating  sea-water  by  spontaneous  evapora- 
tion, and  obtaining  common  salt.     (See  Sodixtm,  Chlobidb  of.) 

BAXbT  XiAKSB.  Salzseen,  Inland  seas  containing  considerable  quantities  of 
chloride  of  sodium,  and  other  constituents  of  sea- water  and  salt-springs,  carried  down 
by  the  various  streams  which  flow  into  them.  As  the  water  evaporates  during  the 
hotter  season  of  the  year,  chloride  of  sodium,  more  or  less  pure,  separates  out^  and 
the  remaining  water  approaches  in  composition  to  the  mother-liquor  of  ordinary  salt- 
springs,  containing  considerable  quantities  of  the  chlorides  of  magnesium  and  calcium, 
and  comparatively  little  chloride  of  sodium;  also  bromides,  potassium-salts,  &c. 
The  proportions  of  these  several  constituents  vary  with  the  season  of  the  year,  ac- 
cording to  the  temperature,  and  the  quantity  of  fresh  water  brought  down  by  rivers. 

Salt-lakes  are  especially  numerous  in  the  great  basin  of  Nordiern  Asia,  the  lowest 
part  of  which  is  occupied  by  the  Caspian  Sea  and  Lake  Aral.  In  the  government  of 
Astrachan  there  are  129  of  these  lakes,  of  which  32  are  worked  for  the  production  of 
salt.  Near  Kistiar,  in  the  government  of  the  Caucasus,  there  are  21,  from  18  of  whidi 
salt  is  likewise  obtained.  One  of  the  most  oocsiderable  of  these  salt-lakes  is  the  Klton 
Lake,  in  the  Steppe  of  Kirghis,  between  the  Bivers  Volga  and  Ural.  As  the  water  of 
this  lake  evaporates  in  summer,  the  chloride  of  sodium  separates  out  in  loose  masses, 
which  afterwards  become  denser.  It  is  very  impure,  containing  Luge  quantities  of 
magnesium-chloride,  which  gives  it  a  sharp  and  bitter  taste.  If,  however,  this  deposited 
salt  remains  in  the  lake,  and  is  exposed  to  the  solvent  action  of  fresh  water  in  the  foUowing 
spring,  the  chloride  of  magnesium  and  other  foreign  salts,  being  more  soluble  than  the 
cnloride  of  sodium,  are  first  dissolved,  and  the  chloride  of  sodium  remains  as  a  compact^ 
stony,  bluish  mass,  having  a  pure  saline  taste.  A  black  mud  is  at  the  same  time 
deposited  upon  it,  and  forms  a  sharp  demarcation  between  the  deposits  of  successive 
years.     This  lake,  in  1832,  yielded,  40,000  tons  of  salt. 

The  following  tables  exhibit  the  percentage  composition  of  the  water  of  several  salt- 
lakes: — 
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1 

C.  0.  Gme- 

Bfarchaod. 

Booth  and 

Molden' 

Boustin- 

Un. 

MuckJe. 

baoec, 

gault. 

^\\S' 

So.  gr. 

•^.A'- 

Sp.  gr. 

I- 194 

(tummer  of  (sprtng  of 

1854). 

1855). 

71 

6-6 

7-8 

2-9 

6-5 

Gbkridp  of  magneaiimL 

11-8 

10*5 

14-6 

6-8 

10-7 

CJiloride  of  oaldiim    . 

3-2 

2*9 

81 

1-5 

3-6 

Chlflnde  of  potasnnm 

1-7 

1-4 

0-6 

2*4 

1-6 

Ghloiide  of  maDganAM 

0-2 

Ohkride  of  alnmininin 

01 

0-01 

«         • 

.     . 

trace 

Bromide  of  magnesiiim 

0-4 

0*2 

•         • 

0-2 

0-5 

Bromide  of  potaaraum 

.     • 

•            m 

0.03 
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74-5 
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The  foUowing  analTBes  of  the  water  of  the  Dead  Sea,  in  different  parts  and  at 
difl^rent  depths,  have  lately  been  published  by  A  Terrell  (Compt.  rena.  Ixii.  1329 ; 
Zeirsdhr.  £  Chem.  [2]  ii.  415)  :— 

IkadSea, 


Deptf)  in  netrM 

Sf>edficf(raTitTatl90 

Solid  residue  In  100 pu.  vator. 

Chlorloo 
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1  021 Q 
2-7078 

Surface 

1*0375 

4*7663 

Surface 

1  1647 
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20 
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42 

1-2151 
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16*5443 
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2  4786 
0*2421 
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0*4870 
00451 
4-1806 
0-3704 
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04503 

17-4985 
0  7093 
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2*5708 

4*7912 

19-2153 

20*7181 

24-2628 

.M*5732 

25-1101 

ssi»e4 

Traces  of  caxbonic  add,  ammonia,  ferric  oxide,  alumina,  and  omnic  matter  were 
likewise  fonnd ;  no  iodine,  phosphoric  acid,  lithium,  caesium,  or  rubidium. 

The  table  shows : — 1.  Tnat  the  density  and  concentration  of  the  water  increases 
with  the  depth. — 2.  That  the  composition  yaries  throughout  the  entire  breadth.  The 
water  to  the  north  of  Sodom  contains  a  larger  proportion  of  sodium-  than  of  macnesium- 
chloride ;  and,  as  a  consequence  of  this,  small  fish  are  able  to  live  in  it — 3.  That  the 
proportions  of  the  dififerent  constituents  are  the  same  at  all  depths,  the  bromine  alone 
sppearing  to  increase  in  a  greater  ratio  at  a  depth  of  300  metres. 

The  quantities  of  potsssium-salt  and  of  bromine  in  the  water  are  remarkably  great. 
The  water  of  the  springs  and  riyers  in  the  neighbourhood  contains  chlorine,  sulphuric 
acid,  carbonic  add,  lime,  magnesia,  potash,  and  sods,  but  no  appreciable  quantity  of 
bromine. 

Salt  Lakei  of  the  Northern  Asiatic  Basin. — a.  Oroomiak  Lake,  in  the  north-west  of 
Persia;  specific  gravity  1*555  (Hitchcock).-—^.  Elton  Lake,  in  spring  (Gob el). — 
e.  The  same  in  summer  TErdmann). — d,  Tlie  same  in  autumn  (G.  Eose).  In  the 
clay  soil  of  the  shore  of  tnis  lake.  Rose  found  small  crystals  of  gypsum ;  small  groups 
of  oystals  of  magnesium-sulphate  were  also  found  floating  on  the  water. — e.  Bitter-salt 
Lake  of  Kigatsch,  one  of  the  arms  by  which  the  Volga  flows  into  the  Caspian  Sea.  At 
the  bottom  of  this  lake  there  is  a  deposit  of  sodio-magnesic  sulphate,  a  foot  thick. — 
/.  Salt-lake  of  Tasly,  near  the  highroad  from  Sympheropol  to  Eupatoria. — ^.  Lake  of 
Bogdo^  north-east  of  the  Boedobeig  in  the  Caspian  Steppe. — h.  &ilt-lake  of  Tschak- 
nbskoi,  not  far  from  Kertsch,  separated  only  by  a  narrow  strip  of  land  from  the  Sea 
of  Azat — i.  Stepanow  Lake. — k,  Indertsch  Lake. — L  Putrid  lake  on  the  east  coast  of  the 
Crimea,  separated  only  by^  narrow  tongue  of  land  from  the  Sea  of  Azof.  The  water 
contains  a  small  quantity  of  caldc  sulphate,  and  smells  of  sulphydric  and  hydrochloric 
adds. — m,  Salt-liUce  of  Azsaigar,  the  largest  next  to  the  Bogdo  Lake^  between  the 
Bivers  Volga  and  UraL 
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1-6 

2-2 

6-3 

8-2 

2-3 

lO;  4-2 

0-7 

0-8 

1-2 
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Water 
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1 
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The  analyses  e  to  m  are  by  Gobel  (Reise  in  die  Siepfen  des  sudlicken  SunUmds) : 
these  waters  were  examined  for  bromides  and  potassium-salts  only  in  a  few  cases ; 
but  it  is  probable  that  these  salts  exist  in  all  salt-lakes.    {Handw,  d,  C^iem,  yii.  218.) 

SA&TPVnulk    Nitrate  of  potassium  (see  Nxtratbs,  iy.  98).    Nitrate  of  flodimn 
is  often  called  Chili  Saltpetre. 

SAXiT-SASZCUi.  The  chlorous  or  electronegative  constituent  of  a  salt,  accord- 
ing to  the  binaiy  theory :  e.^.,  CI  in  KCl,  SO'  in  K*SO\  &e. 

8A&TS,  srOXBiroULTinUi  OF.  See  NoiCEircLA.TUBB  (iv.  126). — ^The  fol- 
lowing salts  were  denoted  in  the  older  language  of  chemistry  by  particular  names^ 
some  of  which  are  still  occttsionally  used : — 


Salt  of  Coloothab.    Sulphate  of  iron. 

Salt  of  Eoba.  Sulphate  of  magne- 
sium. 

Salt  of  Lsacons  (Essbmtial).  Acid 
oxalate  of  potassium. 

Salt  of  Satubk.    Acetate  of  lead. 

Salt  of  Skdutz.  Sulphate  of  magne- 
sium. 

Salt  of  Skionbttb.  Tartrate  of  potas- 
sium and  sodium. 

Salt  of  Soda.    Carbonate  of  sodium. 

Salt  of  Sobbbl.  Acid  oxalate  of  po- 
tassium. 

Salt  of  Tabtab.  Carbonate  of  ix)tas- 
sium. 

Salt  of  Yitbiol.  Purified  sulphate  of 
sine 

Salt  of  Wisdom.  Ammonio-mercurie 
chloride,  2NH«C1.H^C1«.HK). 

Salt  (Pbblatb).  Disodic  orthophoe- 
phate. 

Salt  (Poltchbbst)  of  Glasbb.  Sul- 
phate of  potassium. 

Salt  (Sbdatitb).    Boracic  acid. 

Salt  (Spibit  of).  Hydrochloric  acid 
was  formerly  called  by  this  name,  which 
it  still  retains  in  commerce. 

Salt  (Sulphubboxjb)  of  Stahl.  Sul- 
phite of  potassium. 

Salt  (Woxdbbfdl).  Sulphate  of  so- 
dium. 

Salt  (Woitdbbful,  Pbblaib).  Disodie 
orthophosphate. 


SA&T  SPKZWCM.  This  name  is  applied  to  waters  which  contain  large  quaatitieB 
of  chloride  of  sodium  in  proportion  to  their  other  constitnentB,  and  are  fheMfore  used  for 
the  extraction  of  that  salt.  In  many  saltworks,  artificial  salt-springs  are  formed  by 
dissolying  rock-salt  or  bay-salt  in  sea-water,  or  in  a  weak  solution  of  sodium-chloride. 
(See  SoDiuH,  Chlobidb  of.) 


Salt  (Amkoxoagal,  Fixbd).  Chloride 
of  calcium. 

Salt  (AjncoNiACAL,  Sbcbbt)  of  Glau- 
beb.    Sulphate  of  ammonium. 

Salt  (Absbnical,  Nbutbal)  of  Mao- 
QtJBB.    Acid  arsenate  of  potassium. 

Salt  (Bittbb,  Cathabtic).  Sulphate  of 
magnesium. 

Salt  (Comvon).    Chloride  of  sodium. 

Salt  (DiGEsnyB)  of  STLyius.  Acetate 
of  potassium. 

Salt  (Diubbtic).  Acetate  of  potassium. 

Salt  (^paou).  Sulphate  of  magnesium. 

SALT(FBBBIFU0B)0FSTLyiU8.    Chloridft 

of  potassium. 

Salt  (Fosiblb).  Phosphate  of  am- 
monium. 

Salt  (Fusiblb)  of  Ubikb.  Phosphate 
of  sodium  and  ammonium. 

Salt  (Glaubbb's).  Sulphate  of  sodium. 

Salt  ^Gbben).  In  the  mines  of  Wie- 
licska  tne  workmen  give  this  name  to 
the  upper  stratum  of  native  salt,  which  is 
rendered  impure  by  a  mixture  of  day. 

Salt  (HABih-s).    Chloride  of  sodium. 

Saj.t  (Mabinb,  Aboillagboits).  Chlo- 
ride of  aluminium. 

Salt  (MicBOCOsmc).  Phosphate  of  so- 
dium and  ammonium. 

Salt  (Nitbous  Ammomiacal).  Nitrate 
of  ammonium. 

Salt  of  Ambbb.    Succinic  acid. 

Salt  of  Bbnzoik.  '  Benzoic  acid. 

Salt  of  Canal.  Sulphate  of  magne- 
ttum. 
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The  ffaiden  sage,  Stdoid  cffieinalis,  yields,  by  distiUation  with  water, 
mil  coaential  oil,  which  is  light^yellow  or  nearly  colourless  when  fresh,  but  after  a  time 
hccomes  darker  and  deposits  a  camphor.  It  has  an  aromatic  taste,  and  a  penetrating 
camphoraceons  odour,  like  that  of  the  plant  It  floats  on  water,  its  specific  gravity  varying 
from  0*86  to  0*92  (Zeller).  It  boils  between  130°  and  160^,  but  not  at  a  constant 
temperature.  According  to  Kochleder  (Ann.  Ch.  Pharm.  zliv.  4),  the  comik>6ition 
and  boiling-point  of  the  oil  raxy  greatly  with  its  age,  and  when  rectified  over  solid 
potaah,  it  yields  oils  differing  in  composition  and  boiling-point.  These  oils  may  be 
regarded  as  compounds  of  the  hydrocarbon  CH**,  with  varying  quantities  of  oxygen 
(from  3  to  11  per  cent).  Sage-oil  treated  with  cold  concentrate  nitric  acid  becomes 
hot,  and  is  converted,  with  evolution  of  gas,  into  a  red  resinous  mass,  which  when 
distilled  with  water  gives  off  common  camphor,  C**H"0,  mixed  with  an  oil.  When 
sage-oil  is  dropped  into  fuming  nitric  add  at  the  boiling  heat,  it  dissolves,  giving  off  a 
mixtnre  of  carbonic  anhvdride  and  nitric  oxide.  If  the  liquid  be  then  distilled  with 
water,  pure  camphor  collects  in  the  condensing  tube.  In  the  formation  of  camphor 
from  ssge-oil,  2  atoms  of  the  hydrocarbon,  OH**,  give  up  2  at.  C  and  i  at.  H,  which 
escape  as  carbonic  anhydride  and  water: 

2C*H'*  +   0'     -     C»*H»«0  +  2C0*  +   2H«0. 

Another  camphor,  or  stearoptene,  is  deposited  from  sase-oil  when  kept  for  a  long 
time  in  a  badly-dosed  vessel.  (Herberger,  Bepert.  Pharm.  zxxiv.  138. — Qm.  xiv. 
399.) 

filasiwetz  (J.  pr.  Chem.  li.  3551  by  boiling  volatile  oil  of  mustard  with  soda- 
lime,  once  obtained  an  oil  which  haa  the  odour  of  sage-oil,  and  contained  80'0  per 
cent  carbon,  11*1  hydrogen,  and  8*9  oxygen,  agreeing  nearly  with  the  formula  C'H'^O 
(80-25  C,  10*91  H,  and  8*84  0).  Its  formation  may  perlukps  be  represented  by  the 
equation: 

6(C»H».CyS)  +   SNa«0     -     C'«H«K)   +  C>H«NaO»  +   5NaCyS. 
Allyitc  laU  Sage-oil.  Sodic  pro-  Sodic  suU 

pbocyaaate.  pionata.  pbocyanate. 

Bespeetxng  the  ferment-oil  of  Salvia  pratenns,  see  ii.  636. 

BAJbTXZO  AOO^m  This  name  was  given  by  Kolbe  and  Lautemann  tb  a  supposed 
isomer  of  benzoic  acid.  Chiozza,  as  already  observed  (p.  154),  by  treating  the 
product  of  the  action  of  phosphoric  chloride  on  salicylic  acid  with  water,  obtained  an 
add  having  the  composition  of  chlorobenzoic  acid,  C'H^CIO*.  This  acid  was  after- 
wards examined  by  Limpricht  and  v.  Uslar,  who  found  that  it  differed  in  ciystalline 
form  and  melting-point  from  ordinary  chlorobenzoic  acid  (i.  555^  and  therefore 
regarded  it  as  isomeric  with  the  the  latter.  This  conclusion  was  corroborated  by 
the  experiments  of  Kolbe  and  Lautemann  (p.  154),  who  designated  the  chlorinated 
acid  obtained  from  salicylic  acid,  as  chlorosalylic  acid ;  also  by  those  of  Kckul^ 
(Ann.  Ch.  Pharm.  cxvii.  145 ;  Jahresb.  1860,  p.  395).  Kolbe  and  Lautemann  also 
found  that  chlorosalylic  acid  differed  from  chlorobenzoic  acid  in  its  behaviour  with 
sodium-amalgam,  the  latter  being  scarcely  acted  upon  thereby,  whereas  the  former  is 
easily  deprived  of  the  whole  of  chlorine,  and  is  converted  into  salylie  acid,  C^H*0*, 
isomeric  with  benzoic  acid 

Salylic  acid  precipitated  from  the  alkaline  solution  by  hydrochloric  acid,  and  purified 
by  reciystallisation  from  water,  is  said  to  form  very  small  needles,  which  under  the 
Dicrosoope  never  exhibit  the  indented  form  of  benzoic  acid.  It  is  more  volatile  than 
the  latter,  melts  at  nearlv  the  same  temperature,  viz.  at  119^  (benzoic  acid  melting  at 
121^),  b  much  more  soluble  tiian  benzoic  acid,  1  pt  of  it  dissolving  at  0°  in  237  pts. 
water,  whereas  benzoic  acid  requires  607  pts.  &me  of  the  salts  of  salylic  acid  differ 
also  in  form  and  solubility  from  the  corresponding  benzoates.  (Kolbe  and  Laute- 
mann.) 

Griess,  by  acting  on  diazobenzo-oxybenzamic  acid  (iv.  293)  with  nitrous  acid,  has 
also  obUuned  an  acid  isomeric  with  benzoic  add,  which  he  regards  as  identical  with 
Kolbe  and  Lautemann's  salylic  acid. 

On  the  other  hand,  acGordmgtoRBeichenbachandBeilstein  (Ann.  Ch.  Pharm. 
exxxii.  309;  BulL  Soc  Chim.  1865,  ii.  53),  the  so-called  salylie  acid,  whether  prepared 
from  nlicylie  or  frx>m  diazobenzo-oxybenzamic  add,  is  nothing  but  ordinary  benzoic 
acid,  more  or  less  contaminated  with  foreign  substances.  After  bdng  distmed  with 
water,  converted  into  a  sodium-salt,  precipitated  by  hydrochloric  add,  and  once  recrys- 
tallised,  it  exhibits  all  the  characters  of  pure  benzoic  add ;  likewise  in  its  salts, 
and  in  the  nitro-acid  prepared  from  it. 


nethylic 

anaddc , „ ^  -v 

perhaps  methoxybenzoic  add.    [Cahours  obtained  salicylic  acid  by  the  same  reaction]. 


186  SAMADERA— SAMBUCUS- 

Thifl  add  crTBtaUises  in  large  tables,  slightly  soluble  in  oold  crater,  easily  solnble  ib 
boiling  water  and  in  ether.  Its  solution  is  strongly  acid,  and  does  not  give  with  fiazrir 
salts  the  reaction  charaotaristic  of  salicylic  acid.  It  melts  at  99^,  and  is  partly  reaolwed 
by  distillation  into  carbonic  anhydride  and  anisoL 

Ethylio  methylsalicylate  treated  vith  potash  yields,  in  like  mannar,  an  add  oontain- 
ingC?H"0«  =  C'H»(C«H*)0".    (Grabe.) 

SAMABSXA  UVBICA  (Gartn.),  Vitkmannia  dliptiea  (Yahl).  A  tree  of  the 
siraarubaceous  order  (class  Terwinthaceat^  growing  in  Jara,  and  callcni  by  the  Malays 
Galip  PahU.  The  almond-shaped  fruits  (which  are  enclosed  in  leathery  capsules)  and 
the  bark  are  distingnished  by  a  peculiar  intensely  bitter  taste.  According  to  C.  Ij 
Blume  (Arch.  Phann.  czlyi.  265;  Handw.  yii.  222 ),  the  fruit  and  bark  contain,  in 
100  pts. ;— 


Fruit. 

Bark. 

Matters  soluble  in  ether 

34-2 

1-4 

»i 

*) 

alcohol 

8*4 
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water 
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01 

trace 

Cellulose 

• 

•        «        •        «        < 

890 

70-6 

Water    . 

. 

•           a            «            • 

4-6 

11-8 

Ash-constituents 

•            •            •            • 

.       27 

7-9 

Ether  extracts  from  the  fruit,  a  colourless  oil,  having  a  peculiar  odour,  and 
saponifiable  by  alkalis.  The  alcoholic  extract  of  the  fruit  consists  chiefly  of  a  brown, 
Teiy  bitter  substance  (perhaps  a  resin),  which  is  somewhat  soluble  in  water,  absorbs 
moisture  from  the  air,  and  deliquesces. — The  aqueous  infusion  of  the  fruit  yields  a  deli- 
quescent, very  bitter  extract,  containing  tannic  acid  and  a  peculiar  bitter  principls 
called  samaderin.  The  ash  of  the  fruit  contains  carbonate  of  calcium  and  tha  chlo- 
rides of  calcium  and  potassium. 

From  the  bark,  ether  extracts  a  light-yellow  £at  of  soft  resinous  consistence,  which 
is  only  partially  saponified  by  alkalis,  and  appears  to  be  a  mixture  of  resin  and  fat. 
The  alcoholic  and  aqueous  extracts  of  the  bark  have  the  same  oonstitueDts  and  pro- 
perties as  those  of  the  fruit. 

Samaderin,  the  chief  bitter  constitaent  of  the  bark  and  fruit,  is  most  easily  pre- 
pared from  the  aqueous  infusion  by  evaporating  it  to  an  extract,  and  treating  the  extract 
repeatedly  with  small  quantities  of  alcohol ;  it  may  be  purified  by  solution  in  water, 
and  treatment  with  animal  charcoal.  It  is  dazzling  white,  with  a  foliated  and  some- 
what  feathery  crystalline  structure;  has  a  persistent  and  intensely  bitter  taste,  stronger 
perhaps  than  that  of  any  other  known  substance;  dissolves  in  water  more  easily  than 
in  alcohol,  and  to  a  slight  extent  also  in  common  ether.  Its  solutions  are  perfectly 
neutral.  When  heated,  it  melts  and  gives  gS  vapours  having  a  sharp  bitter  taste. 
Hydrochloric  and  nitric  adds  colour  it  yellow.  Strong  sulphuric  acid  immediately 
produces  with  it  a  splendid  red-violet  colour,  which  disappears  after  a  while ;  a  conside- 
rable quantity  of  feathery,  strongly  iridescent  crystals  is  formed  at  the  same  time. 
Samaderin  produces  no  particular  reaction  with  metallic  salts,  or  with  tincture  of 
iodine,  chromate  of  potassium,  or  ferrocyanide  of  potassium. 

BAMAXSXXTB.  Uranoniobate  of  yttrium  and  iron,  occuiring  near  Minsk,  in 
the  Ilmen  Mountains  (iv.  5b),^ 

UAMMOCUBm  A  genus  of  plants  belonging  to  the  order  Caffjfoliacem,  The 
berries  of  the  dwarf  elder  or  danewort  (Samhueua  Ebulua)  contain  malic  add  (Bra  con- 
not),  and  a  veiy  gelatinous  soft  resin  which  may  be  used  as  birdlime. 

The  root-bark  of  the  oommon  elder  [Sambucua  nigra)  contains,  according  to  Simon, 
an  emetic  and  puigative  soft  resin,  which  may  be  obtained  by  treating  the  alooholie 
extract  with  ether,  and  evaporating. — The  flowers  contain  a  volatile  oil,  which  is  very 
soluble  in  wat>er,  and  is  therefore  not  easily  obtained  by  distillation  with  water.  The 
best  way  of  preparing  it,  according  to  Wmckler,  is  to  concentrate  the  water  in  which 
fresh  elder-flowers  have  been  macerated,  saturate  it  with  common  salt,  shake  up  with 
ether,  and  evaporate  the  ether.  It  is  colourless,  lighter  than  water,  and  has  the  pene- 
trating odour  of  the  flowers,  which,  like  musk,  is  capable  of  fllling  a  very  huge 
space.  At  0^  it  solidifies  to  a  oystalline  mass,  like  oil  of  roses.  It  has  a  very  hi^ 
boiling-point  When  exposed  to  the  air,  it  turns  brown,  thickens,  and  acquires  the 
odour  of  decayed  elder-flowers.  It  is  sud  to  contain  sulphur.  Elder-berries  contain, 
according  to  Scheele,  malic  but  no  dtric  acid;  also  sugar,  gum,  a  peculiar  sudorific 
substance  (which  likewise  exists  in  the  fiowers),  and  a  red  colouring  matter,  which  is 
turned  blue  by  a  small  quantity  of  alkali,  green  by  a  larger  quantity. 

•  It  Isttaflre  call«d  **araBoniobite'*  of  yttrium,  ftc;  bnt  the  aclJ  formerlj  called  niobint,  or  bvponioblc 
acid,  ii  DOW  known  to  be  the  only  ozygen-acUl  of  nlobiuia,  and  ts  therefore  called  niobic  mcid 
(It.  785). 
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MEMSm    Au  obsolete  name  of  nentnl  potaaae  taztmto. 

.  COXX*.  An  alnrainons  silicate  allied  to  allophane,  occurring  in  stalactitic 
fonnsin  the  lava  of  Upolu,  an  island  of  the  Navigator  group.  It  has  a  lamellar 
Mrnetare,  whitish  colour,  and  slightly  nacreous  lustre ;  hardness  =.  4*0  to 45 ;  specific 
grmtf  -3  1-7  to  1-9.  Contains,  according  to  B.  Silliman,jun.,  81*26  per  cent. 
silica,  37-21  alumina,  and  80-46  water,  together  with  4*06  magnesia,  0-01  calcic 
carbonate,  0-06  soda;  according  to  another  analysis,  however,  36'19  silica,  81*96 
alumina,  and  30-80  water ;  the  formula  is  therefore  doabtfid. 

Syn.  with  Sapan. 


MAMJ^m  This  name  is  mostly  applied  to  quarts  occurring  in  a  granular  or 
polrerolent  form,  as  on  the  seashore,  in  the  beds  of  rivers,  and  covering  extensive 
tracts  on  many  j»rts  of  the  earth's  surface ;  but  it  is  also  extended  to  other  minerals 
oocumng  in  a  smular  condition :  hence  the  terms  dolomitie  sand,  iron  sand,  titani- 


leroos  sand,  &c. 


W009*  Sandd-wood,  Santal-tDoodf  Bed  Saunderg-toood. — ^A  dye-wood 
famished  bj  thePteroearpua  Santalinus,  a  papilionaceous  tree  indigenous  in  the  tropical 
parts  of  Asia.  It  occurs  in  commerce,  sometimes  in  large  heavy  billets  of  a  fine  red 
Qoloiir  (caliatur-wood)— sometimes  as  a  red,  loose,  dusty  powder.  It  has  a  somewhat 
hsish  taste,  and  when  warmed  or  rubbed  gives  oflf  a  faint  agreeable  odour.  It  is 
used  ip  India^  together  with  one-tenth  of  sapan-wood,  chiefly  for  dyeing  silk  and  cotton, 
to  which,  and  al»o  to  wool,  it  imparts  reds  of  various  shades,  according  to  the  kind  of 
Biordant  used.     (See  Ur^s  DicHmary  ofJrta,  &c.,  iii.  631.) 

Sandal-wood  contains  a  peculiar  red  resinous  colouring-matter,  called  santalin,  and, 
aeoording  to  Meier  (Ann.  Ch.  PhamLlxxii.  320),  five  other  amorphous  resinousbodiee 
which  he  dceignates  as  santalic  oxide,  santalide,  santaloide,  santalidide, 
and  santaljoidide;  the  last  four  being  extracted  from  the  wood  by  waters— the  first, 
together  with  santalin.  by  alcohol  These  five  bodies  have  not,  however,  been  obtained 
pure,  and  their  separate  existence  is  very  doubtful. 

Santalin,  or  santalic  acid,  C'»H"0*  (?),  is  prepared  by  treating  the  wood  with 
ether,  and  evaporating  the  resulting  solution ;  dissohing  the  highly-coloured  crystals 
thus  obtained  in  alcohol,  after  having  exhausted  them  with  water ;  precipitating  the 
alooholie  eolution  with  acetate  of  lead ;  boiling  the  violet  precipitate  several  times 
with  alcohol,  then  suspending  it  in  that  licjuid,  and  decomposing  it  with  dilute 
mlphurie  add.     (Meier.) 

Santalin  forms  small  crystals  of  a  fine  red  colour,  and  without  taste  or  smelL 
It  is  insoluble  ia  water,  but  very  soluble  in  alcohol,  forming  a  blood-red  solution 
which  reddens  litmus.  It  melts  at  104°,  and  at  a  higher  temperature  becomes  resinous 
and  poflb  up.  It  contains,  according  to  Westermann  and  Haffely  (Ann.  Ch. 
Pharm.lxxiv.  226),  66*85  per  cent  C  and  6*2  H,  the  formula  C'*H"0*  requinnir  65*7  C 
61  H,  and  29-2  O.  ^        5      •     . 

The  alcoholic  solution  of  santalin  preci^tates  lead-salts,  but  not  the  salts  of  barium 
silver,  or  copper.    Santalin  dissolves  easily  in  ammonia  and  in  potash,  forming  violet 
solntions,  which  precipitate  the  alkaline  earths. 

The  barwmsalt  is  a  violet  crystalline  precipitate,  which,  when  dried  at  100**,  gives 
by  analysis  53-2  to  637  per  cent.  C,  4-6  to  8-5  H,  and  229  BaO,  the  formula 
(^^E^'BarO" requiring  62-7  C,  3-8  H,  and  224  BaO. 

The  Uad-Mlt,  C*H»^b''0»».Pb*H*0«,  gave  by  analysis  85-3  to  37  per  cent.  C,  2.8  H, 
and  44*6  to  44*9  lead-oxide,  the  formula  requiring  36*2  C,  2*8  H,  and  44*6  PbO. 

AAjraiAXACA.    Syn.  with  Bbaxqab  (i.  886). 

•AJniAJULCS.  A  gum-resin  which  exudes  fix)m  Thuja  artiotdata,  a  small 
eoniferous  tree  growing  in  Barbary.  It  occurs  in  pale-yellow  elongated  plates,  covered 
with  a  very  fine  dust»  and  having  a  vitreous  lustre  on  the  fractured  surface.  It  has  a 
&int  odour,  and  crumbles  between  the  teeth  without  softening.  According  toJohnston 
(J.  pr.  Cham.  xvii.  157),  sandarach  is  a  mixture  of  three  acid  resins.  The  o-resin 
forms  a  white  or  yellow  powder,  slightly  soluble  in  alcohol,  and  not  easily  fusible.  It 
forms  but  a  small  part  of  the  entire  resin,  and  contains  78*04  to  78*46  per  cent.  0,  and 
9*80  to  9*91  H,  whence  Johnstpn  deduces  the  formula  C*H*«0*  (calc.  79'4V  0 
9-93  H,  and  10*60  0).  The  ;B-resin,  which  forms  three-fourths  of  the  whole,  has  a  light^ 
yellow  colour,  softens  at  100°,  and  dissolves  easily  in  cold  alcohol.  Contains  76-08  to 
76*60  C,  and  9-71  to  10*04  H,  whence  C*H»0«  (calc  76*47  C,  9*41  H,  and  1612  O). 
The  7-resin  is  a  light-yellow  powder,  soluble  in  boiling  alcohol,  melting  with  difficultyi 
and  decomposing  at  the  same  time.  Contains  76*63  to  76*69  C,  and  9*36  to  9*47  H 
whence  the  formula  C~H«>0».  ' 

•1I700B.    Syn.  wiUi  Sakdal-wood. 
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CAW  AH  WTIilB.  The  loot  of  this  plants  belonging  to  Um 
papaTezaoeoiu  order,  contains  sanguinarine  or  chelerythrine,  and,  according  to 
Gibb  (PbjBrm.  J.  Trana.  [2]  i.  464),  two  other  alkaloids,  called  porphjroxine  and 
pnccine;  but  the  two  latter  hare  been  bat  imperfectly  ezaminecL    (Gm.  xrii.  162.) 


Chelerffthrins,Py^hopme.  G^'H^'NO*.  (Dana,  Annak  of 
the  Lycenm  of  New  York,  ii.  245. — ^Probst,  Ann.  Oh.  Pharm.  zxix.  120 ;  xxxi.  350. 
^Polez,  N.  Br.  Arch.  zvi.  77.— J.  Schiel,  Ann.  Ch.  Pharm.  zliii.  233;  Siil.  Am.  J. 
[2]  X.  220. — G  nL  xvii»  156.) — ^An  alkaloid  discovered,  a8sangainarine,by  Dana,  in  the 
roots  of  San^Ktnoria  canadensis;  aschelerythrine,  by  Probst,  andasporphyroxine 
by  Polex,  in  the  common  celandine  {Chdidonium  mqjus) :  the  identibr  of  the  alkaloids 
from  these  two  sources  was  demonstrated  by  Probst  and  Schiel.  In  celandine  it  is 
found  chiefly  in  the  roots  and  unripe  fruit;  in  Sangmnaria  it  exists  also  in  the  leaves, 
and  most  probably  in  the  seed.  It  is  also  found  in  the  roota  of  the  yellow-homed 
poppy  (  Glauciumluteum)f  together  with  glauoopicrine,  but  not  in  the  green  parts  of  the 
plant,  which  contain  glaucine  (ii.  845,  846). 

PreparaHan :  1 .  From  the  roots  of  San^waria  eanadensis, — ^The  dried  and  powdered 
root  is  exhausted  with  ether,  hydrochloric  acid  sas  is  passed  into  the  filtrate,  and  the 
impure  hydrochlorate  o  fsanguinarine  thereby  thrown  down,  is  collected  and  dried.  In 
the  ether  there  remains  a  brown  greasy  resin,  together  with  a  little  sangninarine, 
which  is  recovered  by  eva^rating,  exhausting  the  residue  with  water  containing 
sulphuric  acid,  and  precipitating  by  ammonia.  The  precipitate  hydrochlorate  ia 
dissolved  in  water ;  the  solution  is  precipitated  by  ammonia ;  the  precipitate  is  waahed, 
dried,  and  dissolved  in  ether;  and  the  solution  is  shaken  with  animal  charcoal  till  the 
supernatant  liquid  appears  colourless.  The  precipitate,  again  thrown  down  from  the 
filtrate  by  hydrochloric  acid  gaa,  is  decomposed  by  aqueous  ammonia,  and  afterwards 
washed  and  dried  (P rob s  t ;  B  ch  i  el).  Schiel  purifies  sanguinarine  extracted  by  other 
methods,  by  precipitating  its  ethereal  solution  with  hydrochloric  acid  ma  or  sulphuric  acid. 

2.  From  the  roots  of  ChtHdomum  majua, — Tha  fresh  or  dried  root  is  exhausted 
with  water  containing  sulphuric  acid:  the  liquid  is  precipitated  by  ammonia;  and  the 
precipitate  is  washed,  fre^  from  water  as  far  as  possible  by  pressing,  and  dissolved, 
wMe  still  moist,  in  alcohol  containing  sulphuric  acid.  The  alcoholic  solution,  diluted 
with  water,  is  submitted  to  distillation,  and  after  the  alcohol  is  driven  off,  precipitated 
by  ammonia.  The  precipitate  is  dried  between  bibulous  paper  as  quickly  as  poesiblep 
at  a  veiy  gentle  heat^  powdered,  and  treated  with  ether,  whidi  dissolves  chiefly  san- 
guinarine. On  expelling  the  ether,  there  remains  a  viscid  turpentine-like  mass,  to  be 
treated  with  as  small  a  quantity  as  possible  of  water  containing  hydrochloric  add, 
which  leaves  resin  undissolved.  The  solution  is  evaporated  to  dryness,  and  the  resi- 
due washed  with  ether,  hydrochlorate  of  sanguinarine  then  remaining.  This  is  dissolved 
in  a  little  cold  water,  which  leaves  most  of  the  hydrochlorate  of  chelidonine  undissolved ; 
the  solution  is  evaporated,  and  the  residue  again  treated  with  water  so  long  as  hydro- 
chlorate of  chelidonine  continues  to  separate.  From  the  last  aqueous  solution  the 
sanguinarine  is  thrown  down  by  ammonia,  and  is  purified  by  washmg  and  drying  and 
subsequently  dissolving  in  ether  and  evaporating.    (Probst.) 

3.  From  Glaucium  luteum. — The  dried  and  powdered  roots  of  plants  of  one  to  two 
years'  growth  are  exhausted  with  water  containing  acetic  acid ;  the  extract  is  precipi- 
tated by  excess  of  ammonia ;  and  the  precipitate  is  washed,  dried,  and  exhausted 
with  ether,  which  leaves  nearly  pure  sanguinarine  on  evaporation.  The  product  is 
dissolved  in  the  smallest  possible  quantity  of  water  acidulated  with  hydrochloric  acid ; 
the  water  and  excess  of  acid  are  evaporated ;  and  the  remaining  hydrochlorate  of 
sanguinarine  is  freed  from  chlorophyll  by  washing  with  ether,  after  which  it  is  dissolved 
in  a  little  water,  and  mixed  with  an  equal  volume  of  strong  hydrochloric  acid, 
which  precipitates  it  almost  completely,  the  supernatant  liquid  retaining  only  a  small 
quantity,  precipitable  by  ammonia.  The  precipitated  salt  may  be  obtained  in  the  crystal- 
line form,  by  dissolving  it  in  water  and  evaporating  the  solution.  By  decomposition 
with  ammonia  it  yields  sanguinarine,  which  is  crystallised  from  ether,  with  addition  of 
water.    (Probst.) 

Properties, — Sanguinarine  is  obtained  from  absolute  alcohol,  by  spontaneous  evapo- 
ration, in  groups  of  crystalline  nodules  (Probst);  in  white,  pearly,  fine  grains  (Dan  a); 
in  star-shaped  groups  of  transparent  needles,  and  white  nodules  (Polex).  It  is  insoluble 
in  water,  but  soluble  in  alcohol  and  ether.  The  ethereal  solution  leaves,  on  evapora- 
tion, a  turpentine-like  body,  which  gradually  hardens  to  a  shining  friable  mass 
(Probst).  The  aystals  become  opaque  and  brown  on  drying  (Polex).  It  is  taste- 
less (Schiel);  in  the  mouth  it  slowly  creates  a  very  &int  taste  (Dana);  in  alcoholic 
solution  it  has  a  burning  sharp  taste  (Probst);  very  bitter  (Schiel).    It  acts  as  a 

S>werful  narcotic  poison.    The  dust  excites  violent  sneezing  (Probst).    According  to 
ana  and  Schiel,  it  has  an  alkaline  reaction ;  but  according  to  Ptebst  and  P<^ex,  it  is 
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iMitrmL  On  exposure  to  the  air  it  gradually  assiimea  a  yeUowish-irlute  colour  (B  a  na), 
and  in  prasenee  of  small  qnantideB  of  add  yapouiB  becomes  immediately  red  (Folex ; 
Sehiel).  It  softens  at  65^  like  a  resin  (Probst),  melts  at  a  somewhat  high  tempera- 
tare,  and  boms  completely,  ^Ting  off  ammoniacal  yapoors  ^F  o  1  e  x).  It  is  decomposed 
by  nitzic  add.    Its  oompootion  (at  100*^ — 105^)  is  snown  m  the  following  table : — 

Schtol. 


CakmkMm. 

a. 

ft. 

C»                 228 

70-69 

69-66 

70-34 

H"                 17 

6-26 

616 

6.21 

K                    14 

4-38 

6-23 

6-07 

0*                  64 

19-82 

19-96 

19-38 

C"^»»NO«    823 

lOO-OO 

100-00 

100-00 

a  was  prepared  from  Sanguinariaf  h  from  Chdidomum, 

Sangninazine  nnites  with  aeida,  which  it  coloars  a  fine  oran^red,  forming  nentrsl 
saltB,  portly  crystallisable,  having  a  burning  sharp  taste,  a  narcotic  action,  and  dissolying, 
for  the  most  part,  in  water.  From  the  solutions,  eanguinarine  is  separated  by  ammonia, 
the  fixed  alkalis,  or  magnesia,  in  the  form  of  a  grey-white  curdy  precipitate  (Frobst). 
Concentratad  adds  have  but  little  action  on  sanguinsrine  in  the  cold  (Fo  1  e  x\  Acetate 
of  sangninarine  forms  yellowish-white  precipitates  with  tartar-emetic,  feme  chloride, 
mneinoiis  nitrate,  mercuric  chloride,  and  silyer  nitrate:  iodine  predpitates  the  solution 
of  a  cnmson,  chromate  of  potassium  of  a  yellow,  and  chloride  of  gold  of  a  dark-red- 
yellow  oolonr.  Basic  acetate  of  lead  and  tincture  of  galls  do  not  produce  predpitates. 
(Polex.) 

■blkVOVIMIBBJL  FBJBOOX.  A  rosaceous  plant,  formerly  used  as  a  stypdc. 
100  pts.  of  the  fresh  phint  contain  71*0  water,  10*3  matter  soluble  in  water,  9*2  soluble 
in  dilute  potash,  8-9  cellulose,  and  1*9  ash  free  from  carbonic  add.  The  ash  contains, 
in  100  pts^  after  deduction  of  carbonic  add,  13-7  potash,  7*7  soda,  27*0  lime,  3*9 
magnesia,  0-9  alumina  and  fenic  oxide,  33'9  silica^  4*1  sulphuric  anhydride,  7*6  phos- 
phoric anhydride,  and  1*2  chlorine. 

Glassy  felspar  (ii.  620). 

A  name  given  to  trachytic  porphyry,  on  account  of  the 
crystaLs  of  Hanidin  which  are  embedded  in  it. 

8AnA3bIO  JLOIB9  SAVTAabIBB,  UAXTMJUMf  &e.  (See  Sakdal-wood, 
PL  187.) 

SAWTOWar.  SanUmio  acid,  C**H>'0*.— This  substance  was  discoTered  in  1830 
by  Kahler  (Brandos.  Axchir.  xxxiy.  818,  xxxr.  216),  and  about  the  same  time  by 
Alms  (ibid,  xxxiy.  319,  xxix.  190),  in  woimseed,  Stmen  contra.  Semen  eina,  or 
Semem,  Santonici,  the  undeydoped  fiower-heads  of  Artemisia  Fakliana,  and  other  species 
of  the  same  genus.  It  hss  been  inyestigated  chiefly  by  H.  Trommsdorff  (Ann. 
Ch.  Fharm.  xi.  90)  and  W.  Heldt  (Und.  Ixiii.  10  and  40).    See  also  Gm.  xvi.  260. 

Tu  prepare  it^  a  mixture  of  wormseed  with  a  small  quantity  of  dry  slaked  lime  is 
exhaustea  with  hot  alcohol,  the  alcoh(^  expelled  by  distillation,  ana  the  remaining 
liquid  supersaturated  with  acetic  add.  The  predpitate  thereby  formed  is  purified  by 
solution  in  ^eohol,  and  treatment  with  animal  chaKoal. 

Santonin  crystallises  in  flattened  hexagonal  prisms,  or  interlaced  tufts  of  crystals, 
which  are  colourless  at  first,  but  turn  yellow  on  exposure  to  light  From  an  eUiereal 
solution  it  is  deposited  in  rhombic  plates :  sp.  gr.  ■»  1*247.  Santonin  has  yery  strong 
heyorotatory  power;  for  the  transition-tint  [a]  ->  —  230^  at  20°  in  alcoholic  solution, 
-weaker  after  addition  of  alkalis,  but  not  diminished  by  adds  (Buignet,  J.  Fharm. 
[3]  xl.  262).  It  is  neutral  according  to  Kahler,  add  according  to  Ettling ;  inodorous ; 
tastes  slightly  bitter  aft^er  being  kept  for  some  time  in  the  mouth,  yery  bitter  in 
alcoholic  solution.  It  exerts  an  anthelmintic  action,  but  is  sometimes  fatal  to  children 
whengiyen  in  quickly-repeated  doses  of  1  to  2  grains  or  more  (Layater,  Fharm. 
Viert^.  iL  110).  Larger  doses  of  santonin  giyen  to  adults  produce  colour-blindness, 
lasting  for  several  hours.  (Wells,  J.  Fharm.  [3]  xy.  111. — Martini,  Compt.  rend, 
xlvii.  259;  L  646.) 

Santonin  giyes  by  analysis  72  40  to  72*6  per  cent,  carbon,  and  7*47  to  7*67  hydrogen, 
the  formuU  C»»H*0»  requiring  731 7  C,  7*32  H,  and  2961  0. 

Santonin  is  nearly  insoluble  in  cold,  rather  more  soluble  in  hot  toater ;  yery 
soluble  in  boiling  alcohol,  less  in  eiher.  According  to  Trommsdorfl^  1  pt.  of  santonin 
requires  for  solution  43  pts.  alcobol  at  22*5°,  12  pts.  at  60°,  and  2*7  pts.  at  80° ; 
of  ether,  6*76  pts.  at  17^  42  pts.  at  40° ;  of  water,  6000  pts.  at  17  6°,  and  260  at 
100°.  Santonin  dissolves  in  4*3  pts.  of  chloroform  (Schlimpert,  N.  Br.  Arch, 
c  161) ;  also  in  acetic  add  'and  volatile  cUa, 

Santonin  mdts  at  136°  to  a  colourless  liquid,  which  solidifies  to  a  ciystalline  mas^ 
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on  eooEiig,  bat  by  pvoloiiged  ftuion,  it  midexgoes  a  mt%}0^tmUr  duage,  and  heeaonem 
amorphous :  the  same  ehaiaoter  is  eodiibited  hy  many  other  ervBtalline  resinous  bodiee — - 
helenin  for  eocample.  Santonin  soblimes  withont  decomposition  when  heated  in  small 
qnantitiea ;  but  when  larger  qnantities  are  heated,  a  considerable  portion  decompoaesy 
yielding  an  oil,  whieh  solidifies  on  cooling  to  a  blown  resinons  snbstanee.  By  prolonged 
exposure  to  light,  most  quickly  in  alcoholic  solution,  it  is  conyerted  into  photo* 
santonin,  C"H"0«.    (Sestini,  iy.  627.) 

Santonin,  suspended  in  water,  and  submitted  to  the  action  of  chlorine  gas^  is  conyerted 
into  mono-,  di-,  or  tri-chlorosantonin,  according  to  the  circumstances  of  the  ex- 
periment (Sestini).  It  also  yields  a  ciystallisable  substitution-product  with  bromine. 
(Heldt) 

Santonin  dissolyes  without  decomposition  in  strong  sulpkufio  acid,  and  is  precipi- 
tated from  the  solution  by  water;  the  solution  turns  red  after  a  while,  and  yields  a 
resinous  substance.  Acoordinff  toKossmann(J.  Pharm.  [3]  xxxyiiL  81),  santonin 
boiled  with  dilute  sulphuric  acid  is  resolyed  into  glucose,  and  a  resinous  body  which  he 
calls  s  an  tire  tin.  Accordina  to  O.  Schmidt,  howeyer  ^Zeitschr.  f.  Chem.  [2]  L 
212),  no  such  decomposition  tiULOs  place,  eyen  when  the  ebulhtion  is  kept  up  for  a  con- 
siderable time.  If  the  water  be  not  renewed  as  it  evaporates,  the  acid,  as  it  becomes 
concentrated,  turns  the  santonin  brown,  and  conyerts  it  into  a  resinous  product 
— ^probably  dehydrated  santonin — ^which  when  treated  with  water  and  ciystaUised 
from  alcohol,  yields  the  santonin  in  its  original  state.    (Schmidt.) 

Fuming  nitric  acid  also  dissolyes  santonin ;  dilute  nitric  add  converts  it,  by  prolonged 
ebullition,  into  a  bitter  non-ciystallisable  body,  yeiy  soluble  in  water  and  in  alcohol, 
and  finally  into  a  ciystallisable  acid,  also  very  soluble  in  water  and  alcohol,  probably 
succinic  acid.    Hydrocyanic  acid  is  also  formed,  together  with  other  yoladle  products. 

Santonin  dissolves  in  cavsHc  fixed  alkahs,  forming  definite  compounds.  It  does  not 
appear  to  combine  with  ammonia.  When  it  is  digested  with  alcohol  and  metallic 
oxides,  the  liquid  assumes  a  fine  crimson  colour,  which  disappears  after  some  time. 

The  santonates  are  decomposed  by  prolonged  ebullition,  santonin  being  set  free. 
The  potassium-salt^  obtained  like  the  sodium-salt,  forms  a  gummy  mass.  The  sodium- 
salt,  2C»H"NaO«.9H«0,  or  2(C'»H«0«.NaHO).7H*0,  is  obtained  by  digesting  an 
alcoholic  solution  of  santonin  with  sodic  carbonate,  till  the  mixture  is  decolorised;  then 
evaporating  to  dryness  at  30°,  exhaustins  the  residue  with  absolute  alcohol  to  separate 
the  excess  of  sodic  carbonate,  and  leaving  the  filtrate  to  evaporate.  It  is  then  de- 
posited in  slender  interlaced  needles,  which  by  crystallisation  from  a  yeiy  small 
quantity  of  water,  are  conyerted  into  large  rhombic  prisms,  with  the  dominant  faces 
ooP,  oe^oo,  foo.  Angle  ocP  :  P  -  about  141®;  too  :  f  oo  (brach.)  «  about  102<>. 
The  crystals  lose  about  7  )3er.  cent,  water  at  100°.     (Heldt.) 

The  banum-salt,  2C>*H"0«.Ba;'H«0«.H»0  (at  100"^),  is  obtained,  by  digesting  hydrate 
of  barium  with  alcoholic  santonin  tiU  the  red  colour  disappears,  then  filtering,  evapo- 
rating to  dryness  at  37'd°,  exhausting  with  water,  and  again  evaporating  as  a  wlute 
crust,  slightly  gelatinous,  and  drying  up  to  a  light  powder. 

The  cddumrsaU,  2C'*H»0*.Ca'H*0*(at  100<=),  obtained  in  Uke  manner,  oystallises 
in  silky  needles. 

The  Uad-salt,  2p^m^K^:Ph''0  (at  120°),  is  obtained  by  mixing  a  boiHng  alcohoUc 
solution  of  santonin  with  neutral  acetate  of  lead,  filtering,  and  exposing  the  mixture  for 
some  time  to  a  temperature  of  3U°  to  40°,  avoiding  the  access  of  atmospheric  carbonic 
acid.  The  compound  is  then  deposited  in  mammellated  groups  of  small  nacreous  needles. 

Santonate  of  potassium  forms  a  pale-blue  precipitate  with  oupric  salts,  chamois- 
coloured  with  ferric  salts,  white  with  niercurous,  silver,  and  einc  salts ;  it  does  not 
precipitate  mercuric  salts. 

BromoMtntonln.    When  bromine  is  dropped  gradually  into  a  cooled  alcoholic 
solution  of  santonin,  and  the  liquid  is  left  to  evaporate,  a  brown  resin  is  gradually 
deposited,  together  with  white,  tasteless,  inodorous  crystals  of  a  brominated  santonin,     ' 
which  is  yery  unstable,  dissolves  with  difficulty  in  water,  more  easDy  in  boiling  aloohol 
and  in  ether;  also  in  alcoholic  potash,  forming  a  cherry-red  liquid.    (Heldt) 

Chloroaaatoiiiiui.  (Heldt,  Ann.  Ch.  Pharm.  Ixiii.  34. — Sestini,  Bull.  Soc 
Chim.  1866,  i.  202.) — These  compounds  are  formed  by  the  action  of  chlorine  or  of  hypo- 
chlorous  acid  on  santonin.  Tney  are  less  altered  by  light  in  proportion  as  they 
contain  more  chlorine. 

Monochlorosantonin,  C'*H*'C10*,  appears  to  be  produced  by  the  action  of 
chlorine-water  on  excess  of  santonin.  Sestini,  by  adding  half  a  litre  of  recently  pre- 
pared chlorine-water  to  an  equal  volume  of  water  holding  10  grms.  of  santonin  in 
suspension,  then  shaking  the  liquid  strongly  in  a  closed  vessel  till  the  odour  of  the 
chlorine  was  no  longer  perceptible,  and  ciystallising  the  product  from  alcohol,  obtained 
first  crystals  of  santonin,  then  a  confusedly  crystaUine  mass,  which  turned  yellow  on 
exposure  to  light,  but  less  quickly  than  santonin,  and  contained  11*3  percent  chlorine: 
the  formula  of  monochlorosantonin  requires  12'7  per  cent 
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•  J>t^klorosantonin,  G>*H>'C1K)*.— lYlien  santonin  smpendad  in  wtAet  10  ejcposed 
to  the  action  of  a  alow  current  of  chlorine  for  10  or  11  honrs,  a  product  is  obtained 
vhieh  cryatallifleB  from  alcohol  in  gronps  of  small  laminaB,  containing  22*4  |>er  cent,  chlo- 
zina  (S  e  8 1 i  n  i).  H  e Id  t,  by  dissQlving  santonin  in  warm  hydrochloric  acid  containing 
a  fittle  alcc^ol,  and  adding  small  ciyst^s  of  potassic  chlorate,  stirring  all  the  whUe,  and 
keeping  the  liqud  wann,  obtained  a  white  amorphous  mass,  which  when  dissolTed  in 
hot  aleohol,  and  crystaUlsed  by  spontaneous  evaporation,  yielded  delicate  white  shioing 
needles^  which  gave  by  analysis  21*9  per  cent,  chlorine  (it  probably  contained  a  small 
poition  of  monochlorosantonin). 

Dichloroauitonin  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether 
(H  eld t) ;  less  eaailpr  in  alcohol  than  triehloroeantoDin,  easily  in  chloroform  (Sestini). 
Aoeording  te  Sestini,  it  slowly  aoouires  a  slight  yellow  colour,  on  exposure  to  light ; 
aceoordini;  to  Heldt,  it  is  not  altered  by  exposure  to  difihsed  daylight^  but  when  exposed 
to  sanahine^  eren  in  an  atmosphere  of  hydrogen,  it  turns  rusty-red,  and  afterwaros  be- 
eomes  oorered  with  a  brown  crust/but  not  so  quickly  as  santonin.  Alcohol  removes  the 
bcown  crust,  leaving  white  cirstals  (the  e&ct  was  perhaps  partly  due  to  the  mono- 
chloneantonin  in  Heldt's  product).  Dichlorosantonin  is  inodorous  and  tasteless  in  the 
coHd  state,  but  veiy  bitter  in  alcoholic  solution.  It  melts  when  heated,  and  solidifies 
again  on  cooling;  but  when  heated  above  its  melting-point,  it  decomposes,  with  evolution 
of  hydrochloric  add.  It  dissoles  in  alcoholic  potash,  fonning  an  orange-red  liquid. 
(Heldt.) 

Trieklorotantonin,  C"H**C1'0',  was  obtained  by  exposing  £0  grms.  of  santonin 
suspended  in  2  J  litres  of  water  to  a  slow  current  of  chlorine  continued  for  several  hours 
on  roar  successive  days,  washing  the  product  with  tepid  water,  dissolving  it  in  boiling 
alcohol,  and  leaving  the  solution  to  evaporate.  It  ciystallises  in  transparent  monoclmic 
prisms,  which  are  not  coloured  even  by  prolonged  exposure  to  sunshine  (analysis  34*1 
per  cent,  chlorine ;  calc  30*5  per  cent).  It  is  insoluble  or  nearly  so  in  water,  but  dis- 
solves with  moderate  facility  m  alcohol,  ether,  and  chloroform  ;  firom  the  last-mentioned 
liquid  it  ciystallises  in  long  silln^  needles.  It  does  not  lose  weight  by  prolonged  ex- 
posure to  air  dried  by  oil  of  vitriol,  or  when  heated  to  100 — 110^ :  hence  the  crjrstals 
aeppear  to  be  anhydrous.  It  melts  at  213^,  assuming  a  faint  brown  colour.  Alcoholic 
poiati  converts  it  into  colourless  or  slightly  coloured  oil^  drops ;  and  boiling  alcoholic 
solutions  of  caustic  alkalis  decompose  it,  converting  it  into  a  resinous  substance. 
(Seat  in  i.) 

SJknosnr.  An  argillaceous  mineral,  occurring  on  the  island  of  Santorin, 
^vhich  yields  an  excellent  cement.  According  to  Eisner,  it  contains  68*5  per  cent. 
filica,  6*5  ferric  oxide,  13*3  alumina,  0*7  manganous  oxide,  2*3  lime,  3'1  potash,  4*7 
soda,  with  traces  of  common  salt,  sodic  sulphate,  and  organic  matter. 


The  seed  of  Maesa  pieta,  a  primulaceous  plant,  used  in  Abyssinia  as 
a  remedy  for  tapeworm.  According  toApoiger  (Jahresb.  1857,  p.  630),  it  contains 
a  waxy  substance,  a  soft  resin,  a  fatty  non-drying  oil,  an  acrid  substance,  extractive 
matter,  gum,  pectin,  albumin,  sugar,  an  iron-greening  tannin,  lactic  acid,  dtric  acid, 
Taoemic  add  (?),  a  volatile  add  (?),  and  a  volatile  oil.  The  seed  dried  at  100°  yielded 
7-7  per  oant.  ash,  containing  27*84  per  cent  K'0, 904  Na*0,  8*76  CaO,  7*47  MgO, 
0-96  AlK)*,  1-69  FeO,  with  trace  of  manganous  oxide^  9*00  CI,  3*73  SO',  9'93PH)», 
••09  SiO»,  1617  C0«,  and  030  B*0». 


BrazUin,  C«H»0'.  (Bolley,  Ziirich.  Mittheil.  1865,  p.  2; 
J.  pr.  CheuL  xciii.  451.) — ^The  colouring  matter  of  sapan-wood  {Casalpinia  echinata  or 
C.  aapan\  appears  from  BoUe/s  investigations  to  be  identical  with  Chevreul's  braziliu* 
(i.  655),  obtained  from  brazil-wood  {Casalpinia  crista,  C.  brasUiensis,  izc).  It  was  pre- 
pared ^m  a  crystalline  deposit,  which  had  collected  at  the  bottom  of  a  cask  filled 
with  extract  of  sapan-wood,  by  dissolving  the  deposit  in  absolute  alcohol,  and  leaving 
the  filtrate  to  crystallise  in  a  vessel  excluded  from  light  and  air.  It  is  not  easily 
obtained  in  the  pure  state  from  brazil-wood. 

8apan-red,Qr  orazilin,  crystallises  from  absolute  alcohol  in  amber-yellow  or  brownish 
xhombohedrons,  or  in  short  monoclinic  prisms  containing  66*66  per  cent  carbon  and 
604  hydrogen  (calc  66*66  C,  504  H,  and  28*28  0) ;  from  h^drated  alcohol  or  from 
aldehyde,  in  small  straw-yellow  or  golden-yellow  monodmic  needles,  containing 
2C"H"0'.3H*0,  turning  brown  at  90",  and  giving  off  6'6l  percent,  water;  no  more 
at  120^  (I  at  H'O  =  6*39  per  cent).  They  gave  by  analysis  62*78  per  cent  C  and 
6*48  H  (calc.  62*41  C,  5*43  H,  and  3216  0). 

Brazilin  is  soluble  in  water,  alcohol,  and  ether.    The  reddish  aqueous  solution  is 

*  Tbe  sUtementt  reipecttag  braziUn,  given  (I.  656)  on  the  authority  or  Freiuer,  are  not  to  be  de- 
paodftdupon. 
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coloured  deep  eanniiie-TCd  by  traces  of  ammonia,  the  fixed  aDEalis,  or  Imi7ta-wa.t«p. 
The  alcoholic  aolntion,  slowly  evaporated  in  contact  with  air  containing  ammonia* 
yields  iridescent  spangles,  which  giro  off  ammonia  when  treated  with  potaw.  Bmsilin 
dissolves  also  in  aqueous  add  sulphite  of  Bodium,  and  the  solution  deposits  colour^ 
crystals  containing  sulphur. 

Brazilin  difiors  from  hematoxylin  (iii.  4)  by  containing  the  elements  of  phenol 
addition : 

c«H»o»   -   om^*o^  +  cmH). 

Braxilln.  HsmaioxjUn.       PhenoL 

A.ccordingly,  bnudlin  treated  with  nitric  add  yields  picric  add,  whereas  hematoxyiln 
thus  treated  3^eld8  nothing  but  oxalic  add. 

Syn.  with  Saffhibb. 

The  name  given  by  Bolley  (Ann.  Ch.  Pharm.  xe.  211 ;  xd.  117X 
to  the  product  obtained  by  boiling  saponin  with  dilute  sulphuric  or  hydrochloric  add. 
^remy  (Ann.  Ch.  Fh^s.  [2]  Iviii.  102),  who  first  obtainea  this  substance,  designated 
it  as  ssculic  acid  (i.  69).  See  also  Saponin  (p.  194),  and  Chndin*s  Handbook, 
XV.  53. 


'OVASZV.  A  bitter,  neutral,  crystalUsable  substance,  occurring,  according  to 
Osborne  (Ann.  PhiL  xi  302),  in  the  roots  of  Saponaria  officinalts,  before  flowering 
time^  but  not  afterwards.  It  dissolves  in  less  than  2  pts.  of  water,  is  soluble  also  in 
alcohol  and  ether,  insoluble  in  oil  of  turpentine. 

SAVOVXVZCATXOV.  This  term  was  originally  applied  to  the  conversion  of 
natural  fa,tB  (glycerides)  into  soaps,  by  the  action  of  alkalis  or  other  metalh'c  hydrates, 
the  change  consisting  in  the  rearrangement  of  the  elements  of  the  acting  substances 
in  the  form  of  a  metulic  salt  of  the  fatty  add,  and  glycerin.  It  is  now,  however,  used 
in  a  wider  sense^  being  extended  to  the  resolution  of  all  ethers,  and  neutral  substancfn 
of  analogous  composition,  into  adds  and  alcohols ;  sometimes  even  to  the  deoompositiu& 
of  glucosides  under  the  influence  of  dilute  adds.  (See  Ethbbs^  Glucosidss^ 
Gltgbbidxs,  Soap.) 


JOMTMm  Siruthiin,  Githagin,  Seneoin.  Polygalin,  Polygalie  aeid, — ^Thts 
substance,  first  observed  by  Schrade  (Gehlens  N.  Joum.  d.  Chem.  viii  648)  in  the 
common  soapwort  {Saponaria  offieinalis),  and  some  time  afterwards  by  B ley  (Ann. 
Ch.  Pharm.  iv.  283)  and  B ussy  ^i^u^.vii.  168)  in  the  oriental  soapwort  (Gwgopkila 
StrtUhium),  appears  to  be  very  widely  diffused  in  the  vegetable  kingdom.  It  has  been 
found  by  0.  Henry  and  Boutron-Charland  (J.  Pharm.  iv.  249)  in  quiiliga-bark 
{QuUlaja  amegmadennoB),  bv  Fremy  (Ann.  Ch.  PharoL  xv.  187)  in  horse-chestnuts, 
in  which,  according  to  Malapert  (J.  Pharm.  [3]  x  339),  it  exists  chiefly  in  the 
ovaries  during  flowering-time,  and  in  the  pericarp  of  the  fruit,  immediately  after  the 
petals  have  fidlen  off.  Malapert  has  also  found  it  in  the  roots  of  pinks,  in  the  corn- 
cockle (Jgrostemma  Githago),  the  white  campion  (LychnU  dtoica),  the  scarlet  lychnis 
(Z/.  chtucedoniea)  ;  also  in  Lychnis  Flos  euculi,  SUens  t^/kUa,  Silsns  nutans,  AnagaUis 
arvensiSf  and  J,  coatdea. 

Saponin  is  said  also  to  be  contained  in  Arnica  montana^  Arum  maeuiaium,  Caosdla 
Bursa  PastoriSf  the  bark  of  Gymnododeis  canadensis,  the  root  of  Polypodium  vmgars^ 
the  fruit  of  Sapindus  Saponaria,  S.  laurifolius,  and  8,  rigidus,  of  Pircunia  ttbysstnica^ 
and  in  many  plants  of  the  sapindaceous  and  mimoseous  orders.  The  irritating  extrac- 
tive matter  in  the  root  of  the  cowslip  is,  perhaps,  identical  with  saponin. 

Senegin,  or  Polygalin,  discovered  by  Gehlon  in  the  root  of  Pblygala  Senega,  which 
was  associated  with  saponin  by  Bucholz  and  Pfafi;  minutely  examined  by  Quevenne, 
who  named  it  acids  polygaliqus,  is,  according  to  Bolley,  probably  identical  with 
saponin. 

Preparation :  A.  From  the  root  of  Saponaria,  or  of  Gypsophila  Struthium. — 1.  The 
chopped  root  is  exhausted  with  boiling  alcohol  of  specific  gravity  0*824 ;  the  filtrate  is 
cooled ;  and  the  deposit  of  saponin,  which  separates  after  24  hours,  is  collected,  washed 
with  ether  and  alcohol,  and  dried  at  100^  (Rochleder  and  Schwars). — 2.  The 
ooarsely-pounded  root  is  freed  by  ether  from  resin  and  fat,  then  boiled  with  alcohol, 
and  the  flocks  which  separate  on  cooling  and  concentration  are  collected.  (Bley  and 
Bussy.) 

Saponin  prepared  from  Gypsophila  is  sometimes  contaminated  with  foreign  sub- 
stances. It  is  purified  by  dissolvmg  it  in  the  smallest  possible  quantity  of  water,  and 
adding  baryta-water,  which  precipitates  saponin-barvta,  leaving  the  foreign  substances 
in  solution.  The  white  predpitate  is  washed  with  baryta-water,  and  dissolved  in 
water ;  on  passing  carbonic  acid  through  the  solution,  and  heating  it,  carbonate  of 
barium  separates  out;  and  after  its  removal,  the  saponin  maybe  precipitated  by  ether- 
alcohol.    (Rochleder  and  De  Payr.) 
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B.  F\nm  Qmllafa-bark, — ^This,  aoeording  to  Le  Benf,  is  the  beet  material  for  pre- 
paziag  saponiii  for  technical  purposefl.  The  same  process  as  in  A  1  (Le  Benf) ;  or 
the  aqueous  extract  is  boiled  with  alcohol ;  the  liquid  is  filtered  at  the  boilinff  heat ; 
and  the  white  flocks,  which  fall  down  on  cooling  and  concentration,  are  purified  by 
Gelation  in  alcohol,  with  aid  of  animal  charcoal.    (Henry  and  Boutron,  filey.) 

C.  From  tJ^  seeds  of  the  Com-cockU  {Agrostemma  Giihago),^!,  The  coarsely  pul- 
Tensed  dry  seeds  are  freed  from  fixed  oil  by  repeated  exhaustion  with  ether,  then  by 
once  exhausting  with  cold  alcohol  of  92^  iSalles ;  the  residue  is  boiled  several  times 
vith  aloohoi  of  84^  Tr. ;  the  liquid  is  filtered  at  the  boiling  heat ;  and  the  saponin 
-vhidi  amrates  on  cooling  is  collected,  an  additional  quantity  being  obtained  by 
uoizii^  the  mother-liquor  with  absolute  alcohol.  The  whole  of  the  saponin  thus 
obtained  is  disaoWed  in  water ;  the  solution  is  filtered  to  separate  Testable  gelatin* 
then  precipitated  with  neutral  acetate  of  lead;  the  precipitate  removed;  the  filtrate 
psedpitated  with  basic  acetate  of  lead ;  the  latter  precipitate,  after  thorough  washing, 
decomposed  under  water  by  sulphydric  acid;  and  the  limpid  filtrate  evaporated  to 
diTuess,  or  precipitated  with  absolute  alcohol  (Scharling). — 2.  The  aqueous  extract 
of  the  seed  is  precipitated  with  sulphate  of  copper;  sulphydric  acid  is  passed  through 
the  filtrate ;  the  liquid  again  filtered,  then  (ugested  wiUi  carbonate  of  barium ;  the 
^  resulting  barium-salts  precipitated  by  alcohol  and  separated  bj^  filtration ;  and  the 

^  filtiate  either  strongly  concentrated  (in  which  case  the  saponin  is  to  be  precipitated 

by  absolute  alcohol),  or  evaporated  to  dryness,  and  the  residue  boiled  with  alcohol  of 
9d^  Tr.    Saponin  thus  prepared  contains  a  small  quantity  of  baryta  (Scharling). — 
3.  Crawfiud  digests  the  pulverised  seeds  with  warm  aqueous  alcohol,  evaporates  the 
ixgnid  to  a  syrup,  mixes  it  with  wood-charcoal,  and  dries  it  completely.    The  saponin 
is  extracted  from  the  residue  by  boiling  with  alcohol. 

I>.  Ftmn  Hone-chestnuts, — ^The  pulverised  seeds  are  exhausted  with  cold  alcohol, 
•ad  the  alcohol  is  distilled  from  the  tinctures.  The  yellowish  jeUy  which  remains 
eoBsists,  for  the  most  part,  of  saponin,  mixed  with  fiit^  a  bitter  crystallisable  substance, 
sjid  yeUow-eolouring  matter;  the  fat  may  be  removed  by  exhaustion  with  ether. 
(Frimy.) 

£.  /Vom  Seruga-Toct:  Senegin,  Polygalic  acid. — 1.  The  root  is  exhausted 
vith  cold  water ;  the  extract  concentrated,  and  filtered  from  the  separated  fiocks  con- 
taining senegin  and  earthy  salts ;  the  filtrate  precipitated  with  neutral  acetate  of  lead ; 
the  liquid  again  filtered,  freed  from  lead  by  sulphydric  add,  and  evaporated  to  an 
extract ;  this  extract  exhausted  with  alcohol  of  36^ ;  the  tincture  evaporated ;  the 
resadue  freed  by  ether  from  yellow-colouiing  matter  and  fat,  then  dissolved  in  water ; 
the  solution  precipitated  with  basic  acetate  of  lead ;  and  the  precipitate  washed  and 
deeomposed  by  sulphydric  add.  Part  of  the  senegin  then  remains  with  the  sulphide 
of  lead,  while  anotoer  portion  dissolves,  so  that : — a.  The  snlphide  of  lead  is  collected 
and  boiled  with  alcohol ;  6.  The  liquid  filtered  from  the  sxdphide  of  lead  is  evaporated 
to  dcyneas,  and  the  residue  is  boiled  with  aloohoi.  The  hot-filtered  tinctures  cooled 
and  left  to  evaporate,  deposit  senegin,  which  may  be  purified,  if  necessary,  by  re-solu- 
tion in  alcohol  and  treatment  with  animal  charcoal  (Quevenne).  Senega-root 
ezhanated  with  water  still  yields  senegin  when  boiled  with  alcohol,  the  tincture  depo- 
siting the  senegin  when  cooled  or  concentrated.  It  is  purified  from  fat  by  ether,  then 
with  basic  acetate  of  lead,  as  above  (Quevenne). — 2.  Bolley  predpitates  the  squeous 
solution  of  officinal  extract  of  senega  with  neutral  acetate  of  lead ;  collects  and  washes 
the  precipitate ;  decomposes  it  with  sulphydric  acid ;  evaporates  the  filtrate  to  dryness; 
boHs  the  residue  with  alcohol ;  evaporates  the  tincture ;  treats  the  residue  with  ether ; 
dissolves  the  portion  not  taken  up  by  the  ether  in  water ;  predpitates  the  solution  with 
besie  acetate  of  lead;  decomposes  the  thoroughly-washed  predpitate  under  water  with 
sulphydric  acid ;  evaporates  the  filtrate ;  and  purifies  the  senegin  which  remains  by 
repeated  solution  in  boiling  alcohol  and  cooling. 

Properties. — Saponin  is  a  white  or  nearly  white,  noncrystalline,  friable  powder, 
having  a  peenUar  aromatic  odour  (Quevenne^  inodoroas  when  dry,  bat  having  a 
disagreeable  odour  when  dissolved  in  water  (Scnarling).  The  dust  exdtes  vioknt 
sneering.  It  tastes  sweetish  at  first,  then  burning  and  biting,  and  produces  a  persis* 
tent  scratching  sensation  in  the  throat.  A  drop  of  the  aqueous  solution  introduced 
into  the  eye  nroduces  violent  burning  pain,  and  dilatation  of  the  pupil.  Saponin  is 
seDerslly  saia  to  be  neutral  to  vegetable  colours ;  but  senegin,  according  to  Quevenne, 
IS  add.    It  acts  poisonously  on  the  smaller  animals. 

The  fbllowing  are  analyses  of  saponin : — 
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Rodileder  Orarbeck. 
and  Schwars. 


Bollej.    Cnwftntl.     Rodi-       Fayr. 


leder. 


venue. 


■t  \W*.      at  100°. 


Carbon 

Hydrogen 

Oxygen 


60-0 

7-4 

42-6 


62-54 

7-26 

40-20 


46-81 

7-61 

45-68 


49-10 

6-88 

44-02 


50-72 

7-44 

41-84 


at  100°. 

52*64 

7-37 

39-99 


at  101/* 

5317 

7-67 

39-26 


64-62     63-58 

7-53       6-2S 

87*85     40-19 


100*0     100*00     100-00     100-00     10000     100*00     100-00     100*00  lOO-OO 

From  these  discordant  results,  it  is  impossible  to  deduce  a  formula  with  certainty  ; 
and  saponin  does  not  form  any  definite  compounds  by  the  composition  of  which  toe 
analyses  might  be  checked.  Rochleder  and  Schwarz  propose  for  saponin  the  formula 
C»«H»0',  which  requires  52*17  C,  7*24  H,  and  4059  0;  Rochleder  and  v.  Payr  give 
for  saponin,  dried  at  100°,  C^H'^W*,  requiring  52*97  C,  7*81  H,  and  89*72  O.  Tiie 
analyses  of  senegin  agree  more  nearly  with  C*H'K)*,  requiring  54  C,  6  H,  and  40  O  ; 
but  as  neither  this  substance  sor  saponin  from  other  sources  has  been  obtained  in  m 
perfectly  definite  state,  and  as  their  properties  and  products  of  decomposition  nre 
essentially  the  same,  it  is  most  probable  that  senegin  is  identical  with  saponin. 

Saponin  dissolves  in  water ^  forming  a  frothy  solution,  more  easily  in  dilute  than  in 
strong  alcohol y  and  is  insoluble  in  absolute  alcohol,  in  ether,  and  in  rolatile  oils :  the 
alcoholic  solution  does  not  froth.  It  is  not  altered  by  cold  dilute  aeids^  and  does  not 
unite  with  them.  It  dissolves  slightly  in  cold  ammonia  and  potashf  more  easily  in  the 
same  liquids  when  warm.  A  solution  of  saponin  in  4  pts.  of  water  forms  with  baryta-' 
watrr  a  white  precipitate,  soluble  in  excess  of  saponin  or  of  baryta-water  (Bnssy) ; 
insoluble  or  nearly  so  in  baryta-water,  but  easily  soluble  in  pure  water  (Rochleder 
and  Schwarz).  With  neutral  acetate  of  lead,  saponin  forms  a  gelatinous  precipitate; 
and  on  boiling  the  filtrate,  a  farther,  precipitate  of  pulverulent  character  is  obtained, 
which  swells  up  daring  washing.    It  likewise  precipitates  baste  acetate  of  lead. 

Decompoaiiums. — 1.  Saponin  submitted  to  dry  aistillation  swells  up,  blackens,  and 
yields  a  laige  quantity  of  add  empyienmatic  oil. — ^2.  Boiling  niirio  aeid  atticka  it, 
forming  a  yellow  resin,  mucic  acid,  and  oxalic  acid. 

Saponin  is  decomposed  by  dilute  mineral  acidSf  slowly  in  the  cold,  more  quickly 
when  heated,  into  a  carbohydrate  and  a  white  precipitate,  called  sapogenin  b^  BoUey, 
fesculic  acid  by  Fr^my,  and  regarded  by  Bodileder  and  Schwarz  as  identical  with 
quinovin  (p.  32).  The  composition  of  this  substance  has  not  been  precisely  ascer- 
tained, as  its  analyses  give  results  varying  from  56*9  to  63*2  per  cent  carbon,  and  8*6 
to  8-9  hydrogen ;  and  accordinglv  various  equations  hare  been  proposed  to  explain  its 
for  .nation  from  saponin.    Accofding  to  Rochleder  and  Schwarz,  the  reaction  is : — 

aC>«H»0'     -     C'*H>»0« 
Saponin.  Qainorin* 

according  to  Overbeck : — 


+  C"H«0»* 
C/u-bohj-drate. 


Saponin.  SaporeCia       Carbohydnte. 

according  to  BoUey : — 

2C'«H»*0"  +  5H«0     =     C'«H»»0»  +  4CTI'«0». 
Saponin.  Sapogenln.         Carbolijdrate. 

According  to  Rochleder  and  v.  Pa^r  (Wien.  Akad.  Ber.  xlv.  7)i  saponin,  when 
decomposed  by  acids,  is  capable  of  yielding  various  products  of  decomposition, 
according  as,  of  the  6  at.  carbohydrate  which  it  may  be  supposed  to  contain,  two,  more 
than  two,  or  the  whole  are  separated.  The  products  resulting  from  partial  separation 
are  obtained  by  the  action  of  aqueous  acids,  but  complete  decomposition  is  produced 
only  by  the  action  of  alcoholic  hydrochloric  acid  (Rochleder  and  v.  Payr).  Ac- 
cording to  this,  only  the  crystals  described  under  d  are  the  true  sapogenln. 

a.  The  product  obtained  from  saponin,  C^H'**0^,  by  elimination  of  2  at.  carbohydrate 
(CH'^O*),  is  perhaps  Fr^my's  sesculic  add  (i.  59),  as  it  agrees  in  amount  of  carbon 
with  the  formuk  C«H«0«  (calc.  67-26  per  cent  C  and  7*52  Jff).    (Rochleder.) 

5.  Saponin  purified  with  baryta-water  yields,  when  heated  with  aqueous  hydrochloric 
Rcid,  53-1  per  cent  sugar,  and  gelatinous  flocks,  which,  when  dried  at  100%  contain, 
on  the  average,  66  per  cent  C  and  8-64  H,  agreeing  nearly  with  the  formula  C*H*0** 
(calc  62-66  per  cent  C  and  809  H).  In  wis  case  the  decomposition  takes  place 
chiefly  in  the  manner  shown  by  the  equation : 

C«4H»«tO»  +  2H«0     -     C<»H«0»«  +  4CW0« 

(calc  49*62  jper  cent  C'«H"0"). 

e.  By  prolonged  boiling  with  aqueous  hydrochloric  acid,  62*66  per  cent  ffogar  and  a 
jelly,  C»*H«0»,  are  obtained  (calc  67*66  per  cent  C  and  8*61  H) : 
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(eale.  59*8  per  c«nt  C»H**0><). 

dL  When  the  flodc9  vhich  sepftrate  on  boilioff  saponin  "with  aqneons  hydiochlorio 
wdd^  an  diasolTed  in  anhydions  alcohol,  and  hycbocmoric  acid  gas  is  passed  for  seyeral 
hoois  thxongh  the  boiling  solution,  white  crystals,  C^H^K)^  are  deposited,  produced 
bj  ciftinplet^  resolution  of  the  saponin  (Rochlederand  ▼.  Payr): 

C«H»*H)*  +  4HK)     -     C»H«0*  +  6C«H»«0«. 

Tliese  ezystala,  after  recrystallisation  from  alcohol  and  dryingat  100^,  contain,  on 
the  avenge,  75'78  per  cent  C,  976  H,  and  lJl-46  O  (calc  for  C%«0*,  7602  per  cent. 
C,  9 '50  "R,  and  14*48  O).  They  are  insoluble  in  water,  dissolve  sparingly  in  cold, 
easDj  in  hot  alcohol,  and  are  nearly  insoluble  in  aqueous  potash.  From  the  easily- 
ptodnced  solution  in  alcoholic  potash,  aqueous  potash  throws  down  almost  the  whole 
of  the  compound  of  sapogenin  and  potash,  which  gives  up  its  potash  during  washing. 
(Roehleder  and  v.  Payr.) 

The  carbohydrate  produced  together  with  saposenin,  is  insoluble  in  alcohol  at  the 
monftent  of  separation,  and  is  converted  into  dextroglucose  only  by  the  prolonged 
action  of  hot  acids.     (Roehleder  and  v.  Payr.) 

Wben  saponin  from  horse-chestnuts  is  treated  with  potash-ley,  a  compound  of  potash 
vith  a  yellow-colouring  matter  contaioed  in  the  saponin  is  first  formed  ;  afterwards 
fiapogenin-potash  (aBSculate  of  potassium),  from  the  solution  of  which  the  sapogenin  is 
thrown  down  by  acids  (Fr^my).    Saponin  from  soapwort  treated  in  like  maimer  does 
not  yield  sapogenin  (Fr^my).    Aqueous  saponin  boiled  with  potash-ley,  then  mixed 
vith  hydrochloric  acid,  yields  a  white,  tolerably  abundant,  non-gelatinous  precipitate  of 
sapogenin  (Quevenne).    Saponin  mixed  with  ^tash-ley  and  evaporated  turns  brown, 
and  the  residue  forms,  with  water,  a  brown  solution,  from  which  acids  do  oot  precipitate 
Fray's  sBsculic  acid  (Roehleder  and  Sch  w ar z).   By  the  action  of  potash  upon  sapo- 
nin, a  finely-crystallised  acid  and  an  amorphous  substance  are  obtained,  the  latter  being 
resolved  by  hydrochloric  acid  into  two  products.  (Roehleder  and  v.  Payr,  Wien. 
Akad.  Ber.  xziv.  42.) 

Sapcmin  boiled  wiUi  an  alkaline  solution  of  eupric  oxide,  throws  down  a  small  quan- 
titj  ci  copious  oxide  (Boll  ey ).  According  to  Scharling,  it  forms,  with  cupric  sulphate 
and  potssn,  a  blue-green  precipitate,  without  reducing  Uie  cupric  oxide. 

Syn.  with  Soapstoivb. 

C'H^O'?    The    substance  produced,  according  to  Overbeck, 
together  with  sugar,  by  boiling  saponin  with  dilute  acids  (p.  194). 

LSXTB.    Syn.  with  Ktaihtb  (iiL  449). 

See  CoBTTNBUM  (ii.  86).  Deville  and  Caron  have  produced  sap- 
phires artifleially,  by  exposing  a  fluoride  of  alumioium  mixed  with  a  little  fluoride  of 
chromium  to  a  white  heat,  in  a  crucible  made  of  alumina  and  enclosing  a  small  plati- 
num dish  containing  boric  anhydride.     (Compt.  rend.  xlvi.  764 ;  Jahresb,  1858,  p.  2.) 

SAVraXBfl^irjL&TZ»  Quartz  from  GhoUing,  in  the  Salzburg  territoiy  in 
Upper  AiLBtzia,  coloured  blue  by  admixed  crocidolite. 

MAJfWWBMXMm  A  hard  blue  mineral  occurring,  with  mica  and  anthophyllite,  at 
Fiskenaes,  in  Greenland  Its  structure  is  eranular  massive ;  hardness  ^  7*8  ;  specific 
gravity  «  3*42—3*48 ;  lustre  vitreous.  It  is  translucent,  and  exhibits  colours  bv 
polarised  light:  probably  trimetric. — Analyses:  a.  by  Stromeyer  (Gilb.  Ann.  Ixiii. 
374);  d.  by  Damour  (BulL  Geolog.  de  Fr.  [2],  vi.  316):— 

aiO>.         APO*.  HgO.  FeO.  MnO.       CaO.         Lots  by 

Ignition. 

14-61         63*10         16-86        3*92        0-63        038        0*49     -     99*78 

14-86        63-26         19*28         1*99  -     99*38 

Tbeee  results  agree  approximately  with  the  formula  (2Al<0>.3SiO*) .  6(MgO.A1^0*). 

AAJnUKSBSOMS.  Saproevanogen.  8aprocyanin(from  trairpAs  putrid,  xP^/MColour, 
cWor  Idne).  A  blue  or  rra  colouring  matter,  produced  by  the  putrefaction  of  certain 
OseiUatoruB.    (Nees  v.  Esenbeck,  Ann.  Ch.  Pharm.  xvii.  76;  Handw.  vii.  244.) 


Leeythis  umigera. — A  Brazilian  tree  of  the  myrtaceous  order, 
produdng  a  bottle-shaped  fruit.  The  juice  {sapucaia^tDme),  which  flows  from  incisions 
mold  tivwe,  eontaiasin  1000  pts. :  91*2  pts.  free  acetic  acid,  27*4  uncrystallisable  sugar, 
3*9  iroD'blaeinff  taaain,  40*0  gum  and  extractive  matter,  with  traces  of  gallic  acid,  9*9 
potaasie  aad  cude  acetates.  The  shell  of  the  fruit  contains  a  tannin  (lecn^itannic 
add),  which  appears  to  be  related  to  querdtannic  add,  and  in  the  older  fruits  is  con- 
verted tntoa  farowB  substance  {bapwaia-broum),  soluble  in  hot  water  and  in  alcohoL 
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The  fatt  J  oil  of  sapacaift-nnts,  amonnting  to  about  39  per  cent,  is  non 
reflembles  oil  of  almonds.    (Peckolt,  J.  Pharm.  [4]  i.  319.) 


The  root  and  leaTes  of  Saraeenia  purpurea  (a  plant  of  fteqwieat 
occurrence  in  Canada  and  the  northern  states  of  the  American  Union,  and  recommen<lie<l 
as  a  remedy  against  smallpox)  contain,  besides  the  usual  plant-constituents,  a  Tolati]« 
acid  (acrylic  acid)  and  0*18  per  cent,  of  a  base  (not  yet  examined)  which  smells  lilce 
conine,  and  is  volatile  at  ordinary  temperatures.  (B j o r k  1  n n d  and  Dragendor Tf^ 
Buss.  Zeitschr.  Pharm.  ii.  317,  344,  369.) 

BASCnrB.    OH^K'O.     (Strecker,  Ann.  Ch.  Pharm.  cii.  294;  cyiii.  129.) 

A  veak  organic  base,  existing  in  the  juice  of  muscular  flesh.  It  is  isomeric  with  Sctie- 
rer^s  hypoxanthine,  and  Scherer  is  of  opinion  that  the  two  are  identical.  According  to 
Strecker,  howeyer,  sarcine  is  distinguished  from  hypoxanthine  by  its  eirstalline  cHa- 
racter,  its  greater  solubility  in  water  and  in  cold  hydrochloric  acid,  ana  by  not  bexxi^ 
decomposed  when  dissolved  in  nitric  add.  Probably  hypoxanthine  is  impure  saiciney 
or  a  mixture  of  that  substance  with  xanthine  {q.  v.), 

Sarcine  is  found  in  the  mother-liquor  of  the  preparation  of  creatine.  It  has  hitherto 
been  obtained  only  from  the  flesh  of  oxen  and  horses ;  100,000  pts.  of  beef  yield  22pt0. 
of  sarcine.  Human  urine  sometimes  contains  a  body  which  is  perhaps  sarcine^  and 
perhaps  also  guanine,  G*H*NH)  (  ■■  sarcine  +  NH). 

Preparation. — Sarcine  is  separated  from  the  hot  dilute  mother-liquors  obtained  in  the 
preparation  of  creatine,  by  precipitation  withcupric  acetate  (or  better  with  silver-nitrate). 
The  precipitate,  which  contains  a  compound  of  sarcine  with  the  metallic  oxide  or  salt, 
together  with  foreign  substances,  is  washed  on  a  filter  with  boiling  water  and  decom- 
posed by  sulphydric  acid ;  the  filtrate  is  evaporated;  and  the  coloured  sarcine  which 
separates  is  purified  by  solution  in  hot  water,  with  addition  of  hydrate  of  lead,  precipi- 
tation of  the  filtrate  with  sulphydric  acid,  and  evaporation. 

Properties, — Saroine  separates  from  aqueous  solution  as  a  white  indistinctly  079- 
talline  powder,  which  does  not  melt  at  150°,  but  decomposes  at  higher  temperatnreo, 
giving  ofif  hydrocyanic  acid  and  a  white  sublimate  (cyanuric  acid?)  It  dissolreBi  in 
300  pts.  of  cold  and  78  pts.  of  boiling  water,  and  in  900  pts.  of  boiUng  alcohol.  The 
solutions  do  not  redden  litmus.  In  hydrochloric  acid,  potash,  ammonia^  and  baryta- 
water,  it  dissolves  more  easily  than  in  water.  Strong  sulphuric  acid  aud  uitrio  acid 
also  dissolve  it  easily,  without  colouring  or  evolution  of  gas  ;  but  when  evaporated  with 
excess  of  nitric  acid,  and  somewhat  strongly  heated,  it  yields  a  yellow  residue,  which  is 
turned  red  by  potash :  this  reaction  is  Okewise  exhibited  by  hypoxanthine^  guanine, 
and  xanthine. 

Sarcine  forms  definite  compounds,  both  with  acids  and  with  metallic  bases.  A  solu- 
tion of  sarcine  in  boiling  hydrochloric  acid  yields  colourless,  nacreous,  tabular  ciystals 
o{  \he  hvdrochlorate,  C»fl*N*O.HCLH*0.— The  c«orop/a<«na^,  2(C»H«N*0:Ba)PtCl*, 
is  a  yellow  crystalline  precipitate. — The  nitrate  forms  transparent  crystals,  resembling 
acetate  of  sodium,  which  become  opaque  on  exposure  to  the  air,  and  are  turned  milk- 
white  and  decomposed  by  water.  The  sulphate  is  precipitated  by  alcohol  from  a  solu- 
tion of  sarcine  in  strong  sulphuric  add,  in  needle-shaped  crystals,  likewise  decomposi- 
ble  by  wa.ter.'-UraU  of  Sarcine,  C»H*N«O.C*H<N^O«,  is  predpitated  by  urate  of  potas- 
sium from  the  solution  of  the  hydrochloiate.  It  is  distinguished  from  xanthine, 
C^H*N*0^  with  which  it  is  polymeric,  by  the  behaviour  of  its  nitric  acid  solution  with 
nitrate  of  silver,  forming  therewith  a  copious  white  precipitate,  which  dissolves  but 
slowly  at  the  boiling  heat»  whereas  the  solution  of  xanthine  m  nitiie  add  is  not  predpi- 
tated by  nitrate  of  silver. 

A  solution  of  sarcine  in  hoilxag  baryta'toaier  mixed  with  a  cold- saturated  solution  of 
baryta,  deposits  the  compound,  C*H*N*O.Ba"H*0^  in  colourless  crystals.  From  solu- 
tion in  caustic  potash,  sarcine  is  for  the  most  part  predpitated  by  carbonic  add.  The 
com^unds  of  sarcine  with  eine-oxidef  euprio  oxide,  and  mercuric  oxide,  are  flooeulent 
precipitates,  insoluble  in  water.  With  nitrate  of  silver,  sarcine  forms  a  white  fioocnlent 
predpitate,  insoluble  in  cold  nitric  add,  and  crystallising  from  hot  nitric  add  in  scales 
having  the  composition  C^H^N^O.  AgNO*.  An  ammoniacal  solution  of  nitrate  or  chlo- 
ride of  silver  forms  with  solution  of  sarcine,  a  gelatinous  predpitate  consisting  of 
OH'N^O.A^O,  which  oontraots  strongly  in  dipring,  and  is  insoluble  in  ammonia.  Theee 
nlver-predpitates  may  be  used  for  the  purification  and  quantitative  estimation  of 
sardne. 


A  gum-resin  collected  in  Ethiopia  and  at  the  Gape  of  Good  Hope, 
pobably  frv>jn  Ptnacea  mueronata,  P.  SaroocoUa,  and  P.  squamosa.  It  forms  yellow 
icreg^ular  grains  of  various  size,  and  more  or  less  aggregated ;  is  inodorous ;  fass  a 
aha^  and  sweetish-bitter  taste ;  swells  up  strongly  when  heated,  without  completely 
malting ;  and  bums  with  an  odour  like  that  of  caramel.    It  consists  chiefly  of  resin, 
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^UB,  and  sareocolliii,  a  body  resonbling  glycyrrhuin,  which  may  be  separated 
\pf  exiractiiig  the  resin  with  ether  and  treating  the  residue  with  alcohol,  which 
diatolves  the  sarcocollin  and  leayes  the  gmn* 

Sareocollin  remains,  on  evaporating  the  alcoholic  solution,  as  a  brownish,  semitrans* 

parent,  amorphous  mass^  which  has  a  sweetish  and  afterwards  bitter  taste,  softens 

without  mfilting  when  heated,  and  finally  bums  away,  almost  without  residue,  emitting 

an  odour  of  burnt  sugar.    It  diasolves  in  40  pts.  of  cold  and  25  pts.  of  boiling  water. 

Its  B^utioD,  saturated  when  hot,  deposits  a  syrupy  liquid  no  longer  soluble  in  water  (a 

pEOpoty  iHiich  seems  to  indicate  that  saroocoUin  is  a  mixture).    Alcohol  dissolves  it 

in  ilmost  all  propordona,  forming  a  solution  which  is  clouded  but  not  precipitated  by 

witflf.    Sareocollin  contains,  according  to  Pelletier  (Ann.  Ch.  Fharm.vi.  32),  57*13 

per  oent  caibon,  8*34  hydrogen,  and  34*31  oxygen.    According  to  Johnston,  it  is 

a  nixtore  of  several  resins,  which  may  be  separated  by  bases.    Acetate  of  lead  throws 

down  firam  the  alcoholic  solntion,  a  l^id-salt  containing  the  compound  C**H^O' ;  and 

^  fiilzate  yields  with  ammonia  a  farther  precipitate,  which  has  not  been  analysed. 

See  the  last  article. 


A  mineral  from  Vesuyius,  occuirinp;  in  small  fiesh-coloured  or 
leddish-wfaite  quadratic  crystals,  exhibiting  the  combination  P.  JP.  3P.  oeP.  Poo . 
odPoo  .  ooP.  3P3.  P3,  the  last  occurring  hemihedrally,  as  a  pyramid  of  the  third  order. 

AflgieaP  :  P«128''45';  oP  :  Poo  »138''27'  (Rammelsberg,  Pogg.  Ann.  cix.  570). 

13ie  cxystals  are  translucent,  and  have  a  vitreous  lustre.     Hardness  »  5-5  to  6*0. 

Sbeeifie  gmvity  »  2*545  (Scacchi);  2*932  (Bammelsberg).     Melts  before  the 

htowpipe  to  a  white  enamel,  and  is  decomposed  by  acids,  with  separation  of  gelatinous 


A»eiys€M\  tu  by  Scacchi  (Hem.  min.  e  geol.,  Napoli,  1841 — 1848). — 5.  by  Bam- 
melsberg {loc,  cU,)i 

StO*  APCP  CaO  Na^  K«0 

&     4211  24*50  82*43  2*93  «       101*97 

5.     40-51  21*54  32*36  3*30  1*20       »         98*91 

Baamelsber^s  analysis  may  be  represented  by  the  formula  3[2(Ca"0  ;Na*0  ;K'0).SiC)'], 

(2AlH)».SiO«)  or  3(Ca';  Na«;  K«)«SiO*Ai*Si«0",  included  under  the  general  for- 

mnla  of  garnet,  3M«SiO«.  ll^i*0>*.  For  6  at.  SiO*  2  at  Al^*,  5*4  at  Ca'^O,  and  0*6 
at  Na*0,  the  formula  requires  40*41  per  cent.  sUica,  22*45  alumina,  33*05  lime,  and 
4*09  soda. 

The  name  sarcolite  was  also  applied  by  Vauqnelin  to  gmelinite. 

SAmcoaonk   (TH'NO'  »  Methyl-glyeocme,  C^'(CH»)NO*  »  (C*H<0)n?. 

CH«      >" 
(liiebig,  Ann.  Ch.    Fharm.  Ixii.  310. — ^Bessaignes,  Compt.  rend.  xli.   1258.—^ 
Vol  hard,  Ann.  Ch.  Pharm.  cxxiii.  261.) — ^A  weak  organic  base,  metamerio  with 
alanine,  lactamic  acid,  and  urethane  or  ethylic  carbamate.  It  is  produced :  1.  Together 
with  uzea  (carbamide),  by  the  action  of  baryta  on  creatine : 

C«H»»N»0*     -    C>H'NO»     +     CH*N«0. 
Creatioe.  Sarcotlne.  Urea. 

The  urea  may  be  detected  in  the  liquid  during  the  progress  of  the  reaction,  but  is 
almost  immediately  resolved  into  carbonic  add  and  ammonia  (Liebig). — 2.  By  the 
action  of  methylamine  on  monochloracetic  acid,  just  as  glycocine  is  formed  by  treating 
that  acid  with  ammonia  (Volhard) : 

C«H«C10«  +  CH»N     «     HCl  +  C^'NO*. 

Pnparaium, — 1.  Ten  parts  of  baryta-ciystals  (tree  from  potash,  soda,  lime,  chlorine, 
and  nitric  arid,  which  substances  are  difiScult  to  separate  fo)m  sarcosine)  are  added  to 
a  boiling  saturated  solution  of  1  pt.  of  creatine  in  water,  the  mixture  being  kept  boiling 
and  the  water  and  baryta  renewed,  as  long  as  ammonia  continues  to  escape,  and  a 
predpitate  of  baiytic  carbonate  to  form ;  the  liquid  is  filtered  from  this  precipitate ; 
the  caustic  baryta  precipitated  by  a  stream  of  carbonic  acid  gas,  and  the  filtrate  eva* 
poiated  to  a  syrup :  this  syrup,  when  set  aside,  solidifies  to  a  heap  of  transnarent  and 
colourless  crystalnne  lamiiiaR.  To  purify -the  product,  the  mass  is  dissolved  in  excess 
of  dihte  sulphuric  acid ;  the  solution  evaporated  to  a  syrup  over  the  water^bath ;  the 
ijrQp  mixed  with  alcohol  by  stirring  the  two  together  with  a  glass  rod,  till  the  mixture 
if  oooTerted  into  a  white  cyrstalline  powder  of  sulphate  of  sarcosine;  the  powder  is 
vaihed  with  cold  alcohol  (which  dissolves  out  a  substance  resembling  urethane), 
diafiolred  in  water,  and  heated  with  carbonate  of  barium  till  the  liquid  becomes  neutral, 
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and  the  filtrate  is  eraporated  over  the  water-bath  to  a  syrap,  which  ciyota11iw»  in  24 
to  36  hours. 

2.  Ethylic  chloracetate  is  heatod  in  a  sealed  tube  to  120^ — 130®,  with  excess  of  eon- 
oeniraled  aqueous  methylamine,  whereby  the  chloracetic  acid  is  completely  decomposed, 
and  hydrochlorate  of  methylamine  is  produced,  together  with  sazoosine.  The  liquid  i» 
then  boiled  with  baryta-water  till  the  whole  of  the  methylamine  is  distilled  ofi^  and 
the  remaining  solution  is  freed  from  bazyta  by  sulphuric  acid,  and  en^rated  to  a 
syrup.  Hydrochlorate  of  sarcosine  then  separates  in  a  crystalline  mass,  which  miut 
be  pressed  between  paper  and  dissolved  in  boiling  alcohol,  whence  it  separates  in 
shining  needles.  On  decomposing  this  salt  with  carbonate  of  silyer,  treating  the  filtimte 
with  animal  charcoal,  and  evaporating,  sarcosine  separates  in  crysUhLs  after  * 
few  days. 

Properties. — Sarcosine  forms  trimetric  ciystals,  ooP.  Poo ,  with  the  feces  P  and  oP, 
less  frequent  and  but  slightly  developed.  Angle  ooP :  ooP  m  77^  (Eopp).  They 
are  rather  large,  colourless,  and  perfectly  transparent,  very  soluble  in  water,  slightly 
soluble  in  alcohol,  insoluble  in  ether.  They  preserve  their  appearance  unaltered  at 
100®,  but  melt  at  a  higher  temperature  and  volatilise  without  residue. 

Siuroosine  heated  with  soda-lime  gives  off  methylamine.  The  aqueous  sohitioa  of 
the  sulphate  is  decomposed  by  peroxide  of  lead,  with  brisk  effervescence,  yielding  an 
alkaline  solution,  which  contains  methylamine.  (Dessaignes.) 

The  aqueous  solution  of  sarcosine  is  neutral  to  vegetable  colours,  and  has  an  acrid, 
sweetish,  slightly  metallic  taste.  It  does  not  precipitate  a  solution  of  silvsr-nitrate  or 
mercuric  chloride;  but  a  crystal  of  sarcosine  introduced  into  a  cold  saturated  solutioo 
of  mercuric  ehioride  dissolves  readily,  and  soon  forms  numerous  delicate  needles  of  a 
double  salt,  which  ultimately  converts  the  liquid  into  a  solid  mass.  A  solution  oi 
cufrie  acetate  is  coloured  dark-blue  by  sarcosine  in  the  same  manner  as  by  ammonia^ 
and  the  liquid  yields  by  evaporation  thin  lamin»  of  a  double  salt  having  the  same 
colour. 

ffydroehloraie  of  Sarcosine, — Sarcosine  evaporated  with  hydrochloric  add  yields  a 
white  mass,  which  crystallises  from  alcohol  in  small  transparent  needles.  The  solution 
mixed  with  excess  of  platinic  chloride,  yields,  by  spontaneous  evaporation,  large,  honey- 
yellow,  octahedral  segments  of  a  platiHum^aaltj  which,  when  freed  from  excess  of  platinie 
chloride  by  washing  with  ether  and  alcohol,  contains  2(CH'NO*.HCl).PtCK2H*0 : 
it  gives  off  its  water  at  100®. 

The  mdphaU,  2G'H'NO>.H'80^  prepared  as  above  (p.  198),  dissolves  in  10  to  12  pts. 
of  boiling  alcohol,  and  separates  on  cooling  in  transparent^  colourless,  highly  lustrous, 
four-sided  plates,  resembling  chlorate  of  potassium.  It  gives  off  its  water  (6'8  per 
cent.)  at  100®,  dissolves  readily  in  water,  forming  an  acid  solution,  very  slightly  in 
cold  alcohoL  From  the  aqueous  solution  it  crystallises  in  large  plumose  laTniny. 
(Liebig.) 

BARB.  A  deep  brownish  variety  of  chalcedony,  of  a  blood-red  colour  by  trans- 
mitted light. 

SABBACBATlUi*  The  ancient  name  of  a  variety  of  agate,  contuning  layers  of 
sand  or  cornelian. 

Onyx  consisting  of  layers  of  sand  and  white  chalcedony. 

The  root  of  the  South  American  Smilax  Saraa- 

parilla,  Bm,  syphilitica^  or  Sm.  officinalis,  and  probably  of  other  species  of  the  same 
genus.  It  contains,  besides  gum,  starch,  &a,  a  peculiar  substance,  variously  designated 
as  parallin,  pariglin,  parallic  acid,  salsaparin,  sarsaparillin,  and 
smilacin. 


r.  This  substance, first  extracted  from  sarsaparillaby  Pal  lota 

(Schw.  J.  xliv.  147),  and  farther  studied  by  Poggiale  (Ann.  Oh.  Pharm.  xiii.  84X 
Thubeuf  (iftui.  xiv.  76),  and  Petersen  (ibid.  xv.  74 ;  xvii.  166),  is  deposited  in  the 
crystalline  form  from  the  concentrated  alcoholic  extract  of  the  root,  previously 
decolorised  by  animal  charcoal,  and  may  be  purified  by  recrystaUisation.  It  forms 
colourless  inoNaorous  needles,  very  soluble  in  water  and  alcohol  at  the  boiling  heat,  less 
soluble  at  ordioary  temperatures,  soluble  also  in  etber  and  volatile  oils,  slightly  soluble 
in  fixed  oils.  The  solutions  froth  when  agitated.  The  crystals  contain  8'56  per  cent, 
water,  which  they  give  off  at  100°.  The  dried  substance  gives  by  analysis  from  62*1 
to  63*6  per  cent,  carbon,  and  8*4  to  9*8  hydrogen.  Sarsaparillin  is  decomposed  by  nitric 
acid.  Strong  sulphuric  acid  dissolves  it  with  deep  red  colour,  changing  to  violet^  and 
ultimately  to  yellow.  Water  precipitates  it  unaltered.  (See  Pabiolik,  Handw,  d, 
Chem,  vi.  94.) 

A  volatile  oil  obtained  from  the  bark  and  wood  of  the  root 
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of  Lngrui  Sant^ras,  It  has  a  funt  jellow  colour,  a  peculiar  odour  like  that  of  fennel, 
«iid  an  acrid  taste.  Specific  gravity  »  1*09.  When  distilled,  it  begins  to  give  off 
Tapour  at  115°,  but  the  boiling-point  quickly  rises  to  228°,  where  it  remains  stationary, 
and  a  slightly  brown-yellow  residue  remains  in  the  retort. 

<K1  of  asKafras  is  a  mixture  of  two  bodies.    When  exposed  to  a  freezing  mixture 

(composed  of  12  pts.  ice,  5  pt«.  common  salt,  and  5  pts.  nitrate  of  ammonium),  it 

becomes  filled  widi  bulky  crystals  of  a  camphor  or  stearoptene,  containing  73*9  per 

eat  esrbon  and  6*4  hydrogen,  agreeing  nearly  with  the  formula  C^'H'^'O'.    Yapour- 

duflity  of  the  erystals :  obo.  »  5*800 — 5*956:  oalc  -«  5*67. 

BromtMe  acts  strongly  on  oil  of  sassafras,  hydrobromic  acid  being  copiously  evolved, 
and  a  czyBtalline  mass  formed,  consisting  of  C''H"Br^O*.  The  action  of  chlorine  is  less 
definite.  According  to  Faltin  (Ann.  Ch.  Pharm.  Ixxxvii.  376),  it  eliminates  a  large 
quanti^  of  hydrochloric  acid,  and  forms  a  viscous  mass,  which,  when  neutralised  with 
milk  of  lime,  yields  a  small  quantity  of  common  camphor  (perhaps  formed  from  the 
fiqoid  which,  together  with  the  crystalline  compound  above  mentioned,  constitutes  oil 
flfjoasafias). 

Pentashhride  of  photj^ufrus  attacks  oil  of  sassafras  strongly,  and  the  product 

distilled  in  an  oil-bath  yields  at  238°  an  oily  liquid,  holding  in  solution  phosphoric 

(Bjehloride,  from  whidi  it  may  be  freed  by  washing.    When  purified  by  rectification 

over  massicot  in  a  current  of  carbonic  anhydride,  it  contains  C'*HC1'0*.    (St.  £  vre, 

Ann.  Ch.  Fhys.  [3]  xii.  107.) 

(HI  of  sassafras  is  inflamed  hj  fuming  nitric  add;  with  acid  of  ordinary  strength  it 
ibrms  a  yellow^  resin ;  with  dilute  nitric  acid  it  yields  oxalic  acid. 

Sid^ttrie  anhydridej  or  strong  tulphuric  acid,  attacks  the  oil  violently,  often  setting 
it  OD  fire.  The  product  is  a  red  resin,  often  accompanied  by  deposited  carbon 
(see  S&ssaikubrin)  ;  on  diluting  with  water,  and  saturating  with  carbonate  of  barium, 
a  resinoas  salt  is  obtained.  The  oil  subjected  to  the  prolonged  action  of  a  current  of 
sit^piuroiis  amhfdridef  turns  yellow,  and  becomes  hot,  the  colour  afterwards  changing 
to  green,  and  finally  to  orange-yellow.  Sulphur  is  then  dejposited,  and  the  liquid, 
viten  left  at  rest,  separates  into  two  layers,  the  upper  consisting  of  undecomposed 
sassafins-oil,  and  the  lower  of  a  new  oil  distilling  at  235°,  and  consisting,  according  to 
8l  Evtc,  of  C"H'«0*. 

When  oil  of  sassafitas  is  passed  through  a  red-hot  tube,  or  over  potash-lime,  naph- 
thalene is  prodnced,  together  with  phenol.  According  to  St.  Evre,  it  may  be  distilled 
without  slteration  over  phosphoric  anhydride,  chloride  of  ainc,  potassium,  or  a  mixture 
of  sulphuric  add  and  dhchromate  of  potassium. 

HABBII'FRiMI-WOOT*  The  root-bark  of  Laums  SassafraSy  a  North-American 
tree,  contains,  according  to  Reinsch  (Repert.  Pharm.  xxxix.  180),  in  100  pts., 6*6  pts. 
of  substances  extractable  by  ether  (light  and  heavy  essential  oil,  camphoroidal  and 
taHow-like  substance,  balsamic  resin  and  wax),  15*0  pts.  by  strong  alcohol  (consisting 
of  9'2  sassafrid  and  5*8  tannic  acid),  6*8  pts.  by  weaker  alcohol  (gum,  sassafrid,  and 
tannie  acid),  3*6  by  cold  water,  5*4  by  boiling  water,  28*9  by  potash-ley,  and  33*7  pts. 
vegetable  fibre.  The  wood  of  the  root  contains  similar  constituents,  but  in  much 
smaller  quantity. 

SA8AAJPBIS.  A  constituent  of  the  root-bark  of  Laurus  Sassafras,  which  may 
be  extracted  by  alcohol,  after  the  bark  has  been  freed  by  ether  from  volatile  oil, 
wax,  &c  The  sassafrid  is  separated  from  the  alcoholic  solution  by  water,  and  when 
reerjstallised  from  alcohol,  forms  yellow-brown  crystalline  grains,  which  easily  make 
msiks  like  chalk,  and  have  neither  taste  nor  smell.  When  heated  in  the  air  it 
swells  up,  emitting  a  pungent  odour ;  by  distillation  it  ^ves  off  white  vapours,  con- 
densing to  a  white  powder,  which  forms  a  blue-green  precipitate  with  ferric  salts.  Cold 
water  has  but  li14ie  action  on  sassafrid ;  hot  water  forms  a  red-brown  solution,  which 
becomes  turbid  on  cooling.  In  ether  sassafrid  dissolves  slowly,  with  wine-yellow 
eolour ;  nitric  acid  converts  it  into  oxalic  acid  and  an  oily  body.  The  concentrated 
solution  of  sassafrid  is  precipitated  by  lime-water,  baryta-water,  and  various  metallic 
salts;  dilute  sulphuric  and  nitric  acids  render  its  colour  lifter ;  tincture  of  galls  and 
ferroejanide  of  potassium  have  no  e£&ct  upon  it 

See  Sassabubbht. 


Pseudo-tragacanth,  A  gum  obtained  from  Inga  Sassa,  an 
Abyssinian  plant.  It  swells  up  in  water,  like  gum-tragacanth,  but  does  not  form  so 
thick  a  mucilaee.  It  is  also  mixed  with  a  much  greater  proportion  of  starch-granules, 
80  that  it  is  coloured  dark-blue  by  iodine. 

BASBAPIIRTliTiiL.    Syn.  with  Sabsafabzlla. 

•ASSABirasnr.    A  resin  produced,  according  to  Hare  (Sill.  Am.  J.  xxxiii. 
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285),  bj  thA  action  of  sulphuric  acid  on  sassafraa-oiL  When  equal  Yoltimes  of  oleolio^, 
sulphuric  acid,  and  sassafras-oil  are  heated  together,  a  red  tumefied  mass  is  form«cl« 
consisting  of  a  compound  of  sassambrin  and  sulphuric  acid ;  and  on  treating  this  -remn. 
-with  ammonia,  and  washing,  sassambrin  remains  as  a  tasteless  mass,  which  is  soliil>la 
in  alcohol  and  in  ether,  and  colours  sulphuric  acid  red,  even  in  small  qnnarifity- 
PreciseJy  similar  actions  are  exhibited  by  the  oils  of  doTes  and  cinnamon.  ^ 

When  the  oily  mixture  of  sulphuric  acid,  alcohol,  and  sassafras-oil  is  heated,  tlicm 
is  erolved  at  first  a  yellowish  liquid,  designated  by  Hare  as  sassafrin,  which,  'wiicn 
£reed  from  sulphurous  acid  by  ammonia,  and  from  admixed  ether  by  heat^  ia  neatxml, 
and  has  an  odour  different  from  that  of  sassafiras-oiL 

8A880XiZHf  or  BASSOXATB.  Native  boric  acid,  BH'O',  occurring  mofre  or 
less  pure  in  irregular  six-sided  laminte  belonging  to  the  tridinie  system,  or  as  a  crusty 
or  in  stalactitic  forms  composed  of  small  scales.  It  is  white,  or  yellowish  ("wlieii 
tinged  by  sulphur),  has  a  nacreous  lustre,  a  specific  grayity  of  1*48,  and  is  ea^ly 
friable.  It  occurs,  as  a  deposit  from  hot  springs  or  ponds,  in  the  lagunes  of  TuscanjTr 
abundantly  also  in  the  crater  of  Vulcano,  one  of  the  Lipari  Isles,  forming  a  layer  on 
the  sulphur ;  it  was  first  found  near  Sasso,  whence  its  name. 


SATS&SBSBOZTa.  This  name  has  been  given  to  native  arsenide  of  izoD, 
FeAs',  from  Fossum  in  Norway. 

SATUBATZOV.  A  liquid  is  said  to  be  saturated  with  a  solid  or  a  gas  when  it 
has  taken  up  the  maximum  quantity  of  that  solid  or  gas  which  it  is  capable  of  dissolvixig 
under  the  existing  circumstances.  The  quantity  of  a  salt,  or  other  solid,  which  a  giv^en 
liquid  is  capable  of  dissolving,  depends  upon  its  temperature,  and,  for  the  most 
part,  increases  with  the  temperaturo,  so  that  a  solution  saturated  at  a  given  tern- 

Serature  is  no  longer  saturated  at  a  higher  temperature,  and,  on  the  oiUier  hand, 
epcsits  a  portion  of  the  dissolved  solid  when  the  temperature  falls. 
The  quantity  of  a  gas  which  a  liquid  can  dissolve  depends  upon  both  temperature  and 
pressure,  increasing  for  the  most  part  directly  with  the  pressure,  and  diminishing  mg 
the  temperature  rises,  so  that  a  solution  saturated  at  a  given  pressure  and  temperature 
gives  off  a  portion  of  the  gas  when  the  pressure  is  diminished,  or  the  temperature  rises. 
(See  Gases,  Absobftion  of,  ii.  790.) 

With  reference  to  the  composition  of  salts,  the  word  saturation  is  equivalent  to 
neutralisation,  an  add  being  said  to  be  saturated  with  a  base,  when  it  unites  with  the 
quantity  of  that  base  required  to  form  a  neutral  or  normal  salt. 

SATim ATZOVf  CAFACZTT  OT.  A  term  employed  by  Berzelius  to  denote  the 
quantity  of  oxygen  which  must  be  contained  in  a  base  in  order  to  form  a  neutral  salt 
with  100  pts.  by  weight  of  an  anhydrous  oxygen-acid  or  anhydride.  Thus,  as  in  the 
neutral  sulphates,  the  oxygen  of  the  anhydrous  acid  is  to  that  of  the  base  as  3  :  1,  in 
the  neutral  nitrates  as  6  :  1,  in  the  neutral  carbonat/es  as  2  :  1,  in  the  acetates  as 
3  :  1,  &c ;  and  as,  moreover,  100  pts.  of  sulphuric  anhydride  contain  60  pts.  oxygen^ 
100  pts.  nitric  anhydride  74*07  oxygen,  100  pts.  carbonic  anhydride  72'72  oxygen, 
100  pts.  acetic  anhydride  47*06  oxygen,  &c.,  it  follows  that  the  saturating  capacity  of 

sulphuric  add  is  ??-20;  of  nitric  add  .li?7= 14-81;  of  carbonic  add  -Z?:Z?= 

8  47-06  fi  2 

36-36;  of  acetic  add  — « — •■  15*69. 


By  this  name  the  alchemists  originally  distinguished  lead  and 
its  compounds,  Acetum  Satumi,  Saceharum  Satumi,  Cinu  Satumif  &c,  probably 
because  lead  easily  fuses  with  other  metals,  and  devours  them,  as  it  were,  aa  Satom  la 
said  to  have  devoured  his  children. 


Syn.  with  Zoishb. 

or  Lhara  JkLnimar,  is  the  name  of  a  resin  collected  in  the 
northern  parts  of  Hindostan  from  the  saul-tree,  Shorea  robusta, 

BAVBSVBXTMi  Lemantite,  Felsite.  Jadetenace.  Feldspath  tenaee.  Albiteeom'- 
jMtcte.  BUtersteiv, — A  mineral  allied  to  labradorite,  occurring  in  crystallo-grannlar  or 
compact  masses,  sometimes  with  labradorite,  sometimes  in  place  of  it,  as  a  constituent 
of  euphotide,  hypersthenite,  diabase,  gabbro,  and  other  similar  rocks.  It  exhibits 
indistinct  deavage  in  two  directions,  parallel  to  the  faces  of  a  rhombic  prism  of  24^ 
nearly.  Hardness  —  6*6  to  60.  Specific  gravity  ■»  3-2  to  3*4.  Colour  grey,  greenish, 
reddish,  or  bluish.  Bull,  or  with  a  faint  lustre.  Subtranslucent.  Fracture  splintery 
to  uneven.  Extremely  tough.  Before  the  blowpipe  it  melts  with  great  dijficulty  to  a 
greenish-grey  glass.    It  is  not  acted  upon  by  acids. 
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uinafysa, — a.  From  the  Lake  of  Oenevs  (M.  de  Saussnre,  Joarn.  dee  Mines,  xix. 
S05)l— -^.  From  the  same  (Klaproth,  BeUrage,  iv.  271). — c.  From  Mont  Generre. 
greenish-iHiite ;  specific  grayitjr  *»  2*65  (Bonl anger,  Ann.  Min.  [3]  viii.  169).—' 

d.  From  the  Oresa  Talley,  Gonica:  easily  fosible  before  the  blowpipe  (Ionian ger). 

e.  Fvom  Switzerland:  bluish-white;  specific  gravitj  «  3*365  (Hant^  Sill.  Am.  J. 
[21  xzrii.  S3€).— /.  From  the  euphotide  of  the  Lake  of  Q«neva :  finely  granulo-crys- 
taUine;  greyish  to  bluish-white;  specific  gcayity  »  3*227  (Fikenscher,  Jahresb. 
1863,  p.  811): 
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These  analyses  may  be  represented  by  the  general  formnla  3(M^  ])f■)Si0^2M*Si*0'^ 
■imilar  to  that  of  mejonite,  which  howeyer  contains  no  alkali. 

Hie  name  Sausturtte  has  been  extended  to  other  constituents  of  the  above-mentioned 
Toeks,  of  similar  character,  bnt  containing  a  larger  proportion  of  silica  (48  to  64 
per  cent.)  (See  RammMer^B  Mineraichemie,  p.  605;  and  Jahresb.  1861,  p. 
997.) 

BA.VZn«  OTMt  OV«  SSdebautnol,  Setfetibaumol, — A  Tolatile  oil  obtained  by 
;iiBf;iHng  -with  water  the  berries  and  the  herb  of  the  savine  (Junipenu  Sahina).  Ac- 
cording to  Dumas,  it  is  polTmeric  with  oil  of  turpentine,  C**H'*.  It  is  a  nearly  colour- 
less mobile  oil,  which  partly  resinises  on  exposure  to  the  air,  becoming  yellow  and 
somewhat  Tiscid.  It  has  a  pungent  disagreeable  odour,  and  a  sharp,  aromatic,  camphor- 
like taste.  Specific  gravity^  «■  0*91  to  0*94.  Absolute  alcohol  dissolves  it  in  all 
proportions ;  with  2  pts.  of  highly  rectified  sphit  it  forms  a  clear  solution ;  with  3  pts. 
or  more,  an  opalescent  solution.  It  detonates  with  iodine,  and  is  converted  by  nitric 
add  into  a  nddish-yellow  balsam.  When  mixed  with  an  equal  quantity  of  strong 
sulphuric  add,  it  yidds,  according  to  Winckler  (Repert.  Pharm.  [2]  xlii.  330),  a 
fourth  of  its  weight  of  on  oil,  which  after  distillation  over  potash,  is  veiy  much  like  oil 
of  thyme.  Acearding  to  Zeller  (N.  Jahresb.  f.  Pharm.  xii.  1),  the  fresh  herb  of 
eavine  yidds  1 J  per  cent,  of  the  oil;  the  dry  herb  2  per  cent. ;  the  fresh  berries  10 
per  cent. 

SA.VXTS.  A  mineral  occumng  in  the  gabbro  of  Tuscany,  forming  thin  dimetric 
pnsms  [trimetric,  according  toBreithaupt,  Berg-  u.  hiittcnm.  Zeit.  1866,  p.  223]  of 
91^  41',  colourless,  transparent,  having  a  hardness  «*  3*3,  and  spedfic  gravity  « 
2*450.  Melts  with  great  difficulty  before  the  blowpipe.  According  to  Bechi  (Sill. 
Am.  J.  [2]  xiv.  64),  it  contains  49*17  per  cent,  silica,  19*66  alumina,  13-60  magnesia, 
10'52  soda,  1-23  potash,  and  6*67  water  (»  100*66),  agreeing  approximately  with  the 

formula  (3&*Na<)Si*0*JLl^iO*.2HK).  According  to  a  new  examination  of  the 
crystals  by^uintino  Sella  {N,  Oimento,  March  1858),  the  formula  agrees  exactly 
with  that  of  natrolite. 


Syn.  with  BismrrH-xnczsL  (i.  696). 

A  genus  of  dipssceous  plants,  three  spedes  of  which  have  been 
ehemically  examined  by  Sprengel  (J.  f.  techn.  Chem.  Tiii.  311,  373;  ix.  1),  with  the 
following  results : — 

In  100  puts :  SeoNoia  tmeeita,       Scahfota  anauU.  ScaNo$a  eolumhoria. 

Water 83*0  800  700 

Substances  soluble  in  water)  ^^.^  ^g.^      .  jy.g 

and  in  caustic  potash       ) 
Ash      •        •        .        •        .  1*6  11  1-5 

CompoMHon  of  the  Ash  in  100  parts. 

VO  Na<0  CaO  MgO  APCP  Tt^O* 

Scsueciaa      .    38*1  4*9  31*2  4*7  0*2  .   . 

Se.arvensis    .    40*7  10  29*4  70  1*0  0*9 

8e.  columbaria    38*7  1*3  38*1  6'6  0*6  .   . 

8GAUUI  OV  WtBBMB  AVB  AMVBZBXA.  The  chemical  compodtion 
of  the  scales  of  fishes  is  similar  to  that  of  bone,  but  they  contain  a  larger  pro- 
portion of  organic  matter.    The  organic  constituent  has,  according  to  Fremy,  the 
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same  eompoeition  as  ossein,  and  is  likewise  oonTeited  into  geUtin  br  boiling  "witb 
miter.  The  following  table  exhibits  the  composition  of  fish-s^es  as  oeterminedL  by 
CheYreul: — 

Lepi»uUa*      JPerea  UbroM*     Cketodom. 

Animal  matter .  .        .        41*16  5500  51*42 

Basic  calcic  phosphate 
Calde  carbonate 
Magnesic  phosphate 


Fat 

Sodic  carbonate 

Loss 


46-20            87-80  42*00 

10-00              3-06  8-68 

2-20              0-90  0-90 

0-40              0-40  100 

0-10              0-90  1*00 

1-94 


The  ash  of  fish-scales  has  been  analysed  by  Fr^my  with  the  following  results : — 

Ash  Basic  calcic    Magnesic       Calcic 

per  cent.        phosphate,  phosphate,    carbonatau 

Scales  of  Lepisostea         .        .        59*3  518  7-6  4-0 

„        Umber-fish        .        .        41*9  86-4  0*7  2*0 

„        Pike.        .        .        .        48-4  425  trace  13 

Carp         .        .        .        34*2  837  .     .  11 

Brummerstadt  found  in  the  scales  of  the  carp,  60*352  per  cent,  cartilaginous  substance 
(chondrinX  and  39 '468  inoiganic  matter,  consisting  of  34*074  calcic  phosphate,  3-777 
calcic  carbonate,  1-060  magnesic  carbonate,  and  0*557  magnesic  phosphate. 

The  colours  of  fish-scales  appear  to  be  due  to  interference.  The  silyery  coating  of  the 
scales  of  the  bleak  (Cyprinua  albumtu)  is  used  for  making  artificial  pearls.  It  is 
separated  by  agitating  the  fishes  with  water,  then  drenched  with  ammonia,  and  the 
liquid  is  preserved  in  a  tightly-corked  bottle.  Part  of  the  silrery  substance  dissolves 
in  the  ammonia,  while  the  rest  remains  suspended.  The  liquid  thus  obtained,  called 
Essence  <f  Orient,  is  poured  into  small  glass  beads,  and  then  poured  out  again,  leaving  the 
inner  surface  covered  with  a  thin  film,  which,  as  the  ammonia  evaporates,  forms  a 
shining  pearly  coating  on  the  glass.   The  bead  is  then  filled  up  with  white  wax. 

The  scales  of  amphibia  are  histologically  similar  to  epithelial  structures,  and  chemi- 
cally to  homy  substance.  The  shell  of  the  tortoise  and  other  chelonians  is  of  similar 
nature.  The  scales  of  serpents  were  found  by  Fr^my  to  yield  a  small  quantity  of 
alkaline  ash,  and  to  consist  of  a  substance  resembling  epidermis.  {Handto.  d.  Ciem, 
vii  381.) 

SCAMMOmo  ACXB.    See  Jjo^apic  aged  (iii.  436). 

See  JiXAFiN  (iii.  438). 

ACZB.    See  Jallpimolic  acid  (iii.  440). 

Scammonium. — A  purgative  gum-resin,  produced,  according  to 
Guibourt,  by  two  species  of  Convolvtdus,  viz.  C.  Scammonia  (li.)  and  C.  hirsutus  (Stev.), 
growing  in  Syria  and  Asia  Minor.  There  are  two  sorts  of  it,  known  in  commerce  as 
Aleppo  and  Smyrnascammony.  According  to  other  authorities  {Handw.  d,  Chem, 
vii.  275),  Aleppo  scammony  is  obtained  from  Convolvulus  Scaminonia,  and  perhaps 
from  other  species  of  the  same  genus,  and  Smyrna  scammony  frem  Periploca  Secamone, 
a  plant  belonging  to  the  apocyanaceous  order.* 

Aleppo  scammony  is  the  most  esteemed.  When  of  superior  quality  it  forms  flat 
masses,  rather  light,  and  somewhat  hollow  within,  dull  and  blackish-grey  on  the  ^c- 
tured  surfaces ;  Qiin  fragments  appear  transparent  when  examined  by  a  magiiilying 
glass.  It  is  friable,  has  a  powerfm  odour,  and  is  often  covered  with  a  grey  powder  re- 
sulting from  the  friction  of  the  lumps.  Infmor  sorts  have  the  form  of  flat  orbicular 
lumps,  compact,  heavy,  and  without  internal  cavities.  The  fracture  is  then  black  and 
vitreous,  and  thin  fragments  are  very  transparent  This  kind  of  scammony  is  also 
friable,  and  has  an  odour  like  that  of  the  better  sort,  but  fainter. 

Smyrna  scammony  is  dull-brown,  heavy,  not  friable,  and  has  a  dull  vitreous  fracture. 
Its  odour  is  faint  but  disagreeable. 

The  composition  of  commercial  scammony  is  subject  tQ  considerable  variations.  In 
three  specimens  of  genuine  Aleppo  scammony,  Marquart  (Arch.  Pharm.  viL  236; 
X.  124)  found  81*25,  78*5,  and  77  per  cent  resin  soluble  in  alcohol  (which  is  the  active 
principle),  the  remainder  being  made  up  of  wax,  extractive  matters,  g^um,  starch,  albu- 
min, fibnn,  and  inorganic  salts.  In  one  specimen,  evidently  adulterated,  the  proportion 
of  resin  was  as  low  as  8*5  per  cent,  the  remainder  being  chiefly  made  up  of  starch, 
gum,  gluten,  and  salts.    Another  specimen,  in  which  the  proportion  of  resin  was  32-5 

*  There  b  alio  •  fol«e  or  fpuriouf  icammoo]',  known  as  French  or  Montpeller  scaxnmoDjr, 
irhtch  it  prepared  in  the  South  of  France  from  tbe  expressed  Jnice  of  an  aiclcpladaceoua  fdant, 
Cffntuuhmn  mMupeUaeum,  and  mixed  with  tarlout  retina  and  other  purgati? e  drugs  ;  but  it  Is  a 
dangerous  purgative,  and  should  neirer  be  used. 
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ptf  eenty  was  focmd  to  oofntain  52  per  cent,  of  gypsum.  In  four  specimens  of  Smyrna 
fcammony,  Maiqnart  found  25.  6,  6,  and  7  per  cent,  resin  soluble  in  alcohol  (about  | 
of  it  being  also  soluble  in  ether),  the  rest  being  made  up  of  extractive  matter,  gum, 
starch,  ipood^  fibre,  and  inorganic  salts. 

The  chemical  constitution  of  scammony  has  been  further  inyeetigated  by  Keller 
and  Inr  Spiigatis,  who  agree  veiy  nearly  in  their  analytical  results,  but  differ  in  the 
formiuBe  by  vhich  they  represent  them.  Spiigatis  regards  the  resin  of  scammony  as 
identical  with  that  of  spurious  or  fusiform  jalap,  whidi  is  also  derived  from  the  root 
of  a  oonvolvulaoeous  plant,  CSonvolvitlua  orizatinsu.  Keller  regards  the  two  resins  as 
voy  closely  allied,  but  not  as  absolutely  identicaL  (See  Jaiafic  acid,  Jalapin,  &c., 
iiL  436—442.) 

BOAVO&ITfl.  WemeriU :  including  Paranthine,  Ekthergite,  NuttalUe,  TetraclagiU, 
GlaueoUte,  JtheriastiU^  TerenUff  Porcelain-spar,  Stroganowite. — A  silicate  of  aluminium 
and  ealdum  (the  calcium  being,  however,  more  or  less  replaced  by  sodium,  potassium, 
and  magnesium),  oocuiring  in  mmetric  ciystals  of  the  same  form  as  mejonite  (iii.  965). 
Observ^  laces,  oP,  ooPoo ,  ooP,  P,  Poo ,  ooP2,  ooP3.  Length  of  principal  axis  »  0*4398. 
Angle  oP :  Pw  »  156^  144'.  Cleavage  parallel  to  odPoo  and  ooP  rather  distinct  but 
iniemxpted.  The  minerals  occur  also  massive,  granular,  or  with  a  faint  fibrous 
appearance,  sometimes  columnar,  but  most  frequently  in  distinct  crystals,  occasionally 
<tf  large  size. 

Badness  «>  5  to  5*5 ;  in  a  subtranslucent  variety  from  Gouvemeur,  New  York,  it 
isneariy  6.  Specific  gravity  »  2'612  to  2*749.  Lustre  vitreous  to  pearly,  externally 
inclining  to  resinous;  on  the  cleavage  and  cross-fracture,  vitreous.  Colour  white, 
grey,  blue,  green,  and  red,  usually  light ;  streak  unooloured.  Transparent  to  faintly 
snbtranslacent.  Fracture  subconcho'idal.  Brittle.  Before  the  blowpipe  it  turns 
white,  and  melts  with  tumefaction  to  a  blistered  glass.  It  colours  the  flame  yellow, 
and  when  heated  in  an  open  tube  gives  a  faint  reaction  of  fluorine.  It  is  completely 
decomposed  by  hydrochloric  acid  without  gelatinising. 

The  numerous  analyses  which  have  been  made  of  scapolite  exhibit  considerable 
dirersities  of  composition.  The  silica  raries  from  42  to  above  60  per  cent. ;  the  greater 
number  of  the  analyses,  however,  give  45,  50,  or  60  per  cent.  The  lime  varies  from  20 
to  about  3  per  cent.,  those  scapolites  which  are  poorest  in  silica  being  richest  in  lime. 
These  latter  contain  either  no  other  strong  base,  or  only  small  quantities  of  alkali, 
chiefly  soda;  but  as  the  amount  of  lime  diminishes,  that  of  soda  (also  of  potash) 
incxeases  for  the  most  part ;  in  that  case  also  magnesia  is  almost  always  present,  though. 
in  small  quantity.  Lastly,  nearly  all  scapolites  contain  water,  generally  less  than  1 
per  cent.,  but  sometimes  more  than  2  per  cent.  (For  the  individual  analyses,  see 
nammeUher^a  Mtneralckemie,  pp.  717 — 720).  The  oxygen-ratio  of  the  protoxides* 
seequioxides,  and  silica  in  scapolite,  varies : 

RO  R«03  SiO-  RO  R20»  SIO* 

from    1     :      1*68     :     316     to     1  4*47     :     8*83 

Host  scapolites  exhibit  signs  of  decomposition,  indicated  by  differences  of  specifle 
gravity,  transparency,  and  hardness,  and  by  the  presence  of  water.  The  least  idtered 
are  those  which  contain  the  largest  proportion  of  lime.     Such  are  those  having  nearly 

the  composition  of  mejonite,  3(2Ca''O.Si02).2(2APO'.3SiO'),  which  in  fact  is  regarded 
by  RammelsbeTg,  Bisdiof,  and  G.  Rose  as  the  origin  al  scapol  i  te.  Among  the  least 
altered  scapolites  are  nuttalite  from  Bolton,  Massachusetts,  a  specimen  of  which, 
analysed  hy  ▼.  Bath,  gave  44*40  per  cent.  SiO«,  26-52  A1*0",  3*79  Fe»0»,  20*18  CaO, 
.  I'Ol  MgO,  2*99  Na*0,  0*51  K^O,  and  1*24  water  (« 98*74),  and  certain  scapolites  from 
Axend^in  Korway,  and  from  Malsjo  in  Wermland,  Sweden. 

The  name  9cap<dite  (or  iDemerite)  includes  the  conuuon  greyish  and  whit^lrarieties  of 
the  mineral.  Nuttaliie  is  bluish,  greyish,  and  dark-greenish.  Parantkine  includes 
eeitain  compact  varieties  and  crystals  of  white  and  pale-blue  colour.  Ekehergiie  (con- 
taining 51*02  percent,  silica,  26*87  alumina,  2*73  ferric  oxide,  13*29  lime,  and  4*64 
Boda,  besides  small  quantities  of  manganous  oxide,  magnesia,  and  potash)  is  massive 
and  suhfibrous.  The  distinctions  between  these  varieties  are,  however,  not  very  well 
defined.  Porcdain'tpart  from  Passau,  is  sometimes  referred  to  labradorite :  but  its 
analyBes  give  essentially  the  same  oxygen-ratio  as  scapolite  (49*20 — 50*29  SiO*,  27*30 
—27*90  Al'O*,  13*53— 15*48  CaO,  4*53—5*92  Na*0,  with  small  quantities  of  potash 
and  water).  Glaucoiiief  which  has  a  lavender-blue  or  greenish  colour,  and  specific 
gnvity  »  2*72 — 2*9,  and  has  nearly  the  composition  of  labradorite  (iii.  450),  is 
referred  to  sciqwlite  by  Q.  Bose,  as  its  cleavages  are  those  of  the  latter  and  not  of 
labradorite,  and  its  oxygen-ratio  is  included  within  the  limits  of  scapolite. 

The  alterationsof  scapolite  appear  to  be  chiefly  due  to  the  action  of  carbonated  waters, 
the  carbonic  acid  taking  up  the  lime.     Stroganowiie^  from  near  the  Sludikaka  river,  iu 
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Daoriay  afbtds  an  example  of  Uus  altention,  containing  40*58  per  cent  SiO*,  2S'67 
Al'O*,  1105  CaO,  3-50  NaK),  0*89  FeO,  and  MnO,  and  14*55  CaCfO*.  Sometunes  tlia 
action  of  the  carbonic  acid  goes  so  far  as  to  cany  off  nearly  all  the  stronger  bases,  and 
reduce  the  mineral  to  a  kaolin.  Acid  carbonate  of  ma^esimn  in  solution  conrerts 
Bcapolite  into  soapstone.  By  alkaline  carbonates  in  solution,  alkalis  may  be  introduced 
and  lime  removed,  thus  forming  mica,  algerite  (i.  113),  and  perhaps  also  Eeolites«  Sy 
means  of  ferrous  carbonate  dissolved  in  carbonic  add,  an  oxide  of  iron  may  be  intio- 
duced;  and  the  iron  being  oxidised  to  ferric  oxide  during  the  process,  epidote  in  the 
form  of  scapolite  is  produced.  AtheriastUey  a  hig^y  hy<inited  scapolite  from  Arsndal 
(i.  430),  is,  according  to  Hausmann,  the  original  wemerite  of  Hauy. 

Scapolite  is  usually  found  in  crystalline  rocks  and  in  granular  limestones,  most 
commonly  near  its  junction  with  granite,  also  in  beds  of  magnetic  iron  aocompanyin^ 
this  rock.  In  the  latter  situation  it  occurs  at  Arendal  in  Norway  and  WermJiand  in 
Sweden ;  also  in  fine  crystallisations  in  Pargas  in  Finland,  &c.  Jraranthine  occurs  in 
the  limestone  quarries  at  Marli^jo  in  Wermland ;  porcelain-spar  in  granular  limestone 
at  Obemzell,  in  Bavaria ;  ^laucolite  near  Lake  Baikal  in  Siberia,  in  veins  in  granite. 
(Dana,  ii.  202).    The  localities  of  other  varieties  have  already  been  mentioned. 

SCASBSOXra.  An  aigillaceous  mineral  from  Scarborough,  containing,  accord- 
ing to  Vernon  (Berz.  Jahresb.  x.  169),  105 per  cent,  silica,  42*5  alumina,  0'25feiric 
oxide,  and  46*75  water. 

SCBABASXTa.    Syn.  with  Chabazfib  (i.  843). 

8CBAFBACBXTB.     Syn.  with  Bismuth-silvsb  (i.  597). 

Arsenite  of  copper  (i.  376). 

Native  tungstate  of  lead.  (See  Tumostatbs.) 

Native  tungstate  of  calcium.    (See  Tumostatbb.) 

8CBBB&SBXTB.  This  name  has  been  applied  to  two  fossil  resins  occurring 
at  Uznach,  near  St  Gallon,  in  Switzerland :  1.  A  crystalline  resin  polymeric  with 
marsh-gas,  of  specific  gravity  0*65,  and  melting  at  44^. — 2.  A  hydrocarbon,  poly- 
meric with  benzene,  alrttidy  described  as  retene  (p.  97). 

8CBBFFBBXTB*  A  mineral  formerly  regarded  as  a  garnet,  oocurrinff  in  the 
iron  mine  of  Langbuishyttan  in  Sweden.  It  has  a  red-brown  colour ;  haidness  = 
5'6 ;  specific  gravity  »  3*39 ;  is  slightly  attacked  by  hydrochloric  add,  widi  evolution 
of  chlorine.  Contains,  according  to  Michael  son  (Jahresb.  1863,  p.  804),  52*31  per 
cent,  silica,  19*09  lime,  10*86  magnesia,  10*46  manganous  oxide,  1*63  ferrous  oxide^ 
and  3*97  ferric  oxide  (loss  by  ignition  0*60).  The  oxygen-ratio  of  the  protoxides  and 
silica  is  1 :  2  ;  hence  Michaelson  regards  the  mineral  as  an  augite. 

SOBUKBTZVZTB.  A  fossil  resin  from  the  coal-mines  of  Wigan,  in  Lancashire. 
It  forms  black  drops  and  granules,  sometimes  as  bie  as  nuts,  brittle,  and  of  oonchoTdal 
fiacture.  Specific  gravity  ■■  1*136.  CombusUble.  By  dry  distillation  it  yields 
water  and  a  large  quantity  of  empyreumatic  oil,  and  leaves  a  residue  of  charcoal.  It 
is  insoluble  in  water,  alcohol,  ether,  and  alkalis,  and  is  slowly  decomposed  by 
strong  nitric  acid.  When  it  is  reduced  to  fine  powder  and  boiled  with  water,  alcohol, 
and  ether  in  succession,  traces  of  oil  aro  dissolved,  after  which  it  contains  at  120°,  on 
the  average,  3*68  per  cent,  of  ash,  76*95  per  cent  C,  8*95  H,  and  10*42  O,  ooixeepond- 
ing  to  the  formida  C»H"0>  (Mallet,  PhiL  Mag.  [4]  iv.  261).~This  body  was 
erroneously  regaided  by  Dana  and  Mallet  as  identical  with  Bochleder^s  pyroretin. 
(Kenngott.) 

SCKWaZBBBITH.  A  zeolite  &om  the  gabbro  of  Tuscany,  having  a  confusedly 
lamino-radiate  structure ;  hardness  »  3 ;  white  and  opaque.  Contains,  according  to 
Bechi  (SilL  Am.  J.  [2]  xiv.  64),  47*79  per  cent,  silica,  19*38  alumina,  16*76  lime, 
11*04  magnesia,  1*62  alkali,  and  8*41  water.  Breithaupt  regards  it  as  a  decomposed 
laumontite. 


ECHOyiiA  M ITJO,  or  SOVOB&OBKZTB*  A  calcio-ferric  silioo-titanate  oocurrins 
on  the  Ozark  Mountains,  Magnet  Cove,  Arkansas,  together  with  elseolite,  brookite,  ana 
mmet ;  also  embedded  in  phenolite  at  Oberschaffhausen,  on  the  Kaiserstuhl. 
Hardness  «  7*75.  Specific  gravity  »  3*783 — 3*862.  It  is  massive  without  cleavage, 
black  and  opaque,  wi&  semivitreous  lustre.  Before  the  blowpipe  it  melts  with  diffi- 
culty on  the  edges  to  a  black  vitreous  mass,  and  exhibits  with  borax  and  phosphorus- 
salt  the  reactions  of  titanium.  Acids  decompose  it  imperfectly,  with  separation  of 
gelatinous  silica.  (Shepherd,  SiU.  Am.  J.  [2]  ii.  251. — ^Whitney,  Joom.  Bost. 
Nat.  Hist  Soc  1849,  vi.  46.) 

Analyses, — a.  From  Arkansas  (Bammelsberg,  Mineraickemie,  p.  886).—^.  From 
the  Kaisenthul :  specific  gravity  «  3*745  (A.  Clans,  Ann.  Ch.  Phum.  cxxix.  213) : 
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a.  26-24 
5.  29-55 


TIO« 

21-34 
2118 


2011 
18-08 


FoO 

1*57 


CaO 

29-38 
25-13 


MgO    KsONtfO 


1-36 
1-22 


4*22     - 


100 
99*38 


lUmmdsbag  deduces  firom  his  analysis,  which  agrees  very  nearly  with  those  of 
Vhitoey  and  CroBsIey,  the  fommla  3(2Ca''O.SiO«).(2Fe*0».3SiO«).(2Ca''0.3TiO»). 

Syn.  with  Topaz. 

Sy^.  with  SCHOBLAIOTB. 


A  phosphide  of  iron  uid  nickel,  occurring  in  meteoric  iron, 
tnd  forming  the  principal  part  of  the  residue  left  on  dissolving  the  iron  in  hydrochloric 
add  (HsntOBiTas,  iii.  978).  Under  the  microscope  it  often  appears  in  sharply-defined 
OTstsls.  Its  colour  is  sometimes  steel-grey,  sometimes  yellowish  or  browmsh.  It  is 
etzottgly  magnetic,  dissolves  with  difficulty  in  adds,  and  is  often  mixed  with  graphite 
sad  siliea.  Hardness  »  abont  6*5.  Specific  gravity  <s  7- 01 — 722.  It  varies  greatly 
in  composition,  as  the  following  analyses  will  show  (RammeUberdB  Mineralehemie, 
p.  947) :- 


Jhosphoms      .    . 
Iron  .    •    •     •     . 
KidudL    .    .    . 

BOTBOlitU. 

.     1417          14-76 
.     68-11         69-45 
.     17-72*       15-79 

Bnamau.  8eeViigem,  Sekwett. 

Fischer. 

12-72        7-37      36*00 
60*13      62-63      22-34 
27*15      29-18      36-66 

Jrva* 
Pitera.     Berge* 
mann. 

7*26         6-14 

87-20      78-36 

4-24      15-47 

100.00       100.00 

100.00    CaO-82        500 
100-00     100-00 

98-70 

99*97 

Knum^fank. 
B«nelliis. 

Bcrgsmann.  H.  Mailer 

^r^^^9W99^^f9^                ^^S  S^^aKwflw# 

Bergemann. 

Creek. 

XmanfUf. 
Smith. 

Flw^homs  18-47 
Iran .    .    .  48-67 
Nickel  .    .  18-33 

24             10-23 
7A             7502 
7®             14-52 

3-54         11-61 
86-32        58-36 
1014         29-95 

3-31 

87*77 
8-92 

14-39 
56-60 
26-76 

Magnssiiim    9-66 

100            99-77 

100-00         99.92 

10000 

Co  0-34 

9513 


98-09 


Faye  (Compt.  rend.  Ivii.  801),  by  exposing  a  mixture  of  8  grms.  feme  oxide, 
3*7  grmsL  nickel-oxide,  10*1  sodic  phosphate,  6  grms.  silica^  and  2  grms.  charcoal,  to  a 
white  heat  in  a  graphite  crucible,  obtained  a  black  slag,  a  metallic  re^ulus  of  nickel 
and  iron,  and  b^ween  the  two  a  erost  of  yellowish  metallic  shining  lamins,  exhibiting 
the  characters  of  schreibersite. 


An  amorphous  mineral,  resembling  allophane,  finom  the 
DoUinger  mountain,  near  Frankenstein  in  Styria,  where  it  occurs  in  nests  between 
elay-fdaie  and  granular  limestone.  Hardness  ^  3 — 3-5 ;  specific  gravity  »  1-05—2*05. 
Colour  greenic£,  yellowish,  or  sometimes  spotted  with  brown.  Contains,  according 
to  Schrotter  (J. pr.  Chem.  xi.  380),  11-94  percent  silica,  4629  alumina,  280  ferric 
Qxid^,  1-16  lime,  0*25  cuprio  oxide,  0*63  sulphuric  acid,  and  35*85  water,  which  may 
be  repr^ented  by  the  formula  5Al'O'.2SiO^20H'O.  It  is  probably  a  mixture  contain- 
ing hydrate  of  aluminium. 

MJBV&Xira.    Syn.  with  Cgblbstik  (i.  1069). 

BCnULA  BKAJUTZaCA.  Squill.  A  liliaceous  plant,  growing  wild  on  the  shores 
of  the  Mediterranean.  The  fleshy  bulbs,  which  are  used  in  medicine,  have  been  investi- 
gated by  several  chemists,  but  with  somewhat  discordant  results.  They  contain  a 
volatile  oil,  an  acrid  substance,  a  bitter  principle,  gum,  sugar,  and,  according  to 
Landeror,  starch  and  fat,  together  with  phosphate,  citrate,  and  perhaps  also  tartrate  of 
calcium. 

The  volatile  oil,  obtained  by  distilling  the  bulbs  with  water,  is  mobile,  slightly 
coloured,  has  a  pungent  disagreeable  odour  (like  that  of  garlic  or  mustard  oil),  and 
blisters  the  skin ;  so  likewise  does  its  alcoholic  solution. 

The  investigations  on  scillitin,  the  active  ingredient  of  the  bulbs,  have  not 
determined  whether  it  is  to  be  classed  with  the  resins,  the  alkalcuds,  or  the  bitter 
principles.  Mandet  (Compt.  rend.  11.  87)  distinguishes  two  peculiar  bodies,  tlie 
poisonous  and  irritating  scule'in,  and  the  non-poisonous  scillitin, but  adds  nothing 
farther  concerning  them.  Schroff  (K.  Repert  xiv.  241)  also  distinguishes  a  narcotic 
principle  (scillUin)  and  an  acrid  non-volatile  principle.  Bighini  (Kepert  bdii.  87) 
goras  scillitin  as  impure  veratrin. 

a.  According  to  Tilloy  (J.  Pharro.  xii.  635;  ibid.  [8]  xxiii.  406),  squill  contains 

*  With  Maguetlam* 


206  SCILLITIN— SCIRPU8. 

no  volatile  acrid  principle,  but  cryst&lB  of  *  calcic  citrate  (oxalate  (Schroff)] 
irritate  and  inflame  the  skin  when  rubbed  upon  it.   The  active  constitaents  am  an. 
Tesin  and  a  bitter  substance. 

Dried  squill-powder  gives  up  to  ether  an  agreeably-smelling  jellow  fat  (or    fatty 
acid  ?)  which  may  be  freed  from  adhering  bitter  substance  by  mesns  of  hot  ^irctter. 
When  the  powder  which  has  been  exhausted  with  ether  is  digested  with  alcohol,  a  very 
acrid  and  bitter  tincture  is  obtained,  leaving  on  evaporation  an  acrid  resin,  wfaidx   ia 
freed  from  adhering  fat  by  ether,  and  from  sugar  by  water.    This  resin  is    'very 
poisonous;   it  softens  in  hot  water,  dissolves   in  alkaJis   and  alcohol,   and  is    zio6 
altered  by  acids. — The  bitter  substance  is  extracted  by  hot  water  from  squiU  previously 
treated  with  ether  and  alcohol  ^  it  is  precipitated  from  the  liquid  by  charcoal,  which  giwes 
it  up  again  to  boiling  alcohol  (Tilloy). 

b,  Yogel  (Schw.  J.  vi.  101)  and  Lebourdais  (Ann.  Ch.  Fhya  [8]  xdv.    62) 
prepare  the  bitter  substance  as  follows :— > 

1.  Vogel  exhausts  the  concentrated  juice  with  alcohol,  evaporates  the  tincture^   dis- 
solves the  residue  in  water,  precipitates  tannic  acid  by  neutral  acetate  of  lead,  removes 
excess  of  lead  by  means  of  sulphydric  acid,  again  filters,  and  evaporates.    There  then 
remains  scillitin,  together  with  sugar  and  salts,  in  the  form  of  a  colourless  friable 
mass,  which  has  a  very  bitter,  afterwards  sweetish  taste,  and  causes  vomiting  and 
purging.     This  mass  softens  quickly  in  the  air,  and  dissolves  easily  in  water  and 
absolute  alcohol,  and  in  vinegar. — 2.  Lebourdais  precipitates  the  highly  coloured  and 
very  viscid  decoction  of  squiU  with  neutral  acetate  of  lead,  and  agitates  the  cold  filtrate 
witn  purified  animal  charcoal  till  it  loses  its  colour  and  bitterness.    The  charcoal  is 
then  washed  and  dried,  and  boiled  with  alcohol,  which  takes  up  the  scillitin,  and  leaves 
it  behind  on  evaporation. — Scillitin  thus  obtained  is  an  amorphous,  neutral,  non-hygro- 
scopic mass,  which  decomposes  easily  when  heated,  dissolves  with  purple  colour  in  oil 
of  vitriol,  afterwards  blackening,  and  is  decomposed  by  nitric  acid. — ^A  portion  placed 
upon  the  tongue  produces  the  sensation  of  a  caustic. — ^Bley  (N.  Br.  Arch.  Ixi.  141} 
operated  in  the  same  way  as  Lebourdais,  avoiding  too  great  heat,  and  obtained  by 
spontaneous  evaporation,  long,  colourless,  fiexible  needles,  having  a  veiy  bitter  taste^ 
becoming  amorphous  when  gently  warmed,  and  not  afterwards  susceptible  of  crystal- 
lisation.— According  to  Witt  stein  (Eepert.  [3],  iv.  200),  the  bitter  of  squill  is  not  pre- 
cipitated by  basic  acetate  of  lead,  nor  by  hydrated  oxide  of  lead,  which  latter,  ho wever, 
precipitates  the  acrid  constituent. 

c.  Marais  (J.  Pharm.  [31  xxx.  130)  and  Landerer  (Kepert.  xlvii.  442)  believed 
they  had  obtained  an  alkaloid,  which  Tilloy  was  not  able  to  isolate. 

1.  Marais  exhausts  either  the  dried  squill  with  alcohol  of  56  per  cent.,  or  the  fresh 
bulbs  with  alcohol  of  90  per  cent.,  mixes  the  tincture  with  milk  of  lime,  agitates  with 
ether,  separates  the  supernatant  layer  of  liquid,  and  evaporates,  whereupon  scillitin 
and  fat  remain,  the  latter  of  which  is  removed  by  again  dissolving  the  residue  in 
alcohol. — The  product  is  an  amorphous,  hj'groscopic,  pale-yellow  mass,  having  a  pun- 
gent bitter  taste  and  an  alkaline  reaction. — It  dissolves  in  oil  of  vitriol,  forming  a 
violet  solution,  from  which  water  precipitates  green  flocks,  and  in  nitric  acid  with  red 
colour,  which  quickly  disappears ;  it  is  insoluble  in  hydrochloric  acid,  but  soluble  in 
ammonia  and  caustic  alkalis,  becoming  decomposed  and  losing  its  bitter  taste.  When 
heated  with  hydrate  of  potassium,  it  evolves  ammonia.  It  does  not  dissolve  in  water ; 
produces  with  ferric  chloride  an  orange-yellow,  and  with  platinic  chloride  a  yellow 
precipitate,  and  combines  with  acetic  acid.  It  dissolves  in  alcohol  and  ether.  Taken 
internally,  it  acts  as  an  emetic  and  violent  purgative,  and  afterwards  as  a  narcotic 
(Marais.) 

2.  Landerer  digests  the  crushed  inner  portions  of  squill  with  veiy  dilute  sulphuric 
acid,  boils  down  the  filtrate  to  one-half,  saturates  it  with  lime,  and  sets  it  aside  for 
three  days ;  then  collects  and  dries  the  residue.  When  this  residue  is  boiled  with 
alcohol,  the  filtrate  deposits  on  evaporation  a  very  small  quantity  of  extremely  bitter 
needles,  which  are  insoluble  in  water,  and  sparingly  soluble  in  alcohoL  The  needles 
have  an  alkaline  reaction  and  neutralise  acids,  forming  tiierewith  crystallisable  salts, 
which  melt  when  heated  (evolving  vapours  which  excite  coughing)  and  carbonise,  but  do 
not  leave  a  trace  of  lime.    This  body  does  not  appear  to  be  obtained  from  dried  squilL 

See  the  last  article. 


SCZXFVBa  The  ash  of  the  bulrush  {Seirpta  lacustris)  has  been  analysed  by 
Fleitmann  (Ann.  Ch.  Pharm.  Iviii.  391)  andbvSchulz-Fleeth  (Pogg.  Ann.  Ixxxiv. 
80),  with  the  following  results  (deducting  the  charcoal) : 

NhCI    KCl 

27*3    3-9  «  99-37  (Fleitmann). 

101     .  .  -  99-04  (Schuk-Fleeth). 


KSO 

Na'O    CaO  MrO  F«*0S    S0'> 

SiO« 

C0»     T^O^ 

16-3 

.   .     7-3    2-6     117     4-8 

281 

,  .     9-6 

9-7 

60    7-0   2-3     0-24     6-6 

46-6 

7-9     4-8 
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A  term  applied  to  the  incrasting  matter  deposited  within  the 
fells  of  woodj  fibre,  also  called  iiffnin.  This  sabstaace  is  said  by  Payen  to  be  dis- 
tinguished fiom  cellnloee  by  assuming  an  onnffe  colonr  when  treated  with  potash  and 
w&Mb,  whereas  pure  cellulose  turns  blue  under  the  same  circumstances.  Schleiden, 
on  the  other  hand,  denies  its  existence  as  a  distinct  compound*  (See  QmdiiCa  Hand' 
hook,  XT.  124.) 

SCOiaczn.  lAme  MesotypCf  Needlestone,  FoonMiU,  Fibroua  Zeoiite:  including 
MetoUU  or  lAme  and  Soda  Mesotype. — ^A  hydrated  calcio-aluminie  silicate,  in  which  the 
calcium  is  sometimes  partly  replaced  by  sodium*  It  forms  monodinic  ci^stals,  in 
which  the  ratio  of  the  axes  a:o:e^  1*0282  :  1  :  0*6791.  Angle  of  inclmed  axes 
hfC  ^  89^6*.  The  crystals  are  prismatic  or  acicular,  consisting  of  a  prism  of  91^35', 
araminated  by  four  faces  of  a  monodinic  pyramid  composed  of  the  hemipyiamid  P  of 
144°  40*  and  the  hemipyiamid  — P  of  144^20' ;  they  bear  a  strong  general  resemblance 
to  the  crystals  of  natrolite,  which  consists  of  the  orthorfaombic  prism  ooP  »  91^,  acu- 
minated by  four  faces  of  the  pyramid  P  inclined  to  the  lateral  edges  at  angles  of 
143^0^  ami  142^40*.  Twins  also  occur  parallel  to  the  orthodiagonal.  Clearage  nearly 
perfpci,  parallel  to  odP.  The  mineral  likewise  occurs  fibrous,  massive,  and  radiated. 
HaidnesB  «  6 — 5*6.  Specific  grarity  ■■  2*2—2*7.  Lustre  ritreous,  or  sill:^  when 
fibrous.  Transparent  to  subtranslucent.  Pyrolectric  Before  the  blowpipe  it  curls 
up  like  a  worm  Qhence  the  name,  from  (nca^A^,  a  worm),  and  finally  melts  to  a  bulky 
fining  slag,  which  in  the  inner  flame  becomes  a  vesicular  slightly  shining  bead. 

A.  Scoleeite  or  Lime  Mesotype. — Analyses:  a.  From  the  Berufiord,  Iceland 
(Oibbs,  Fogg.  Ann.  Ixxi.  565). — b.  Faroe  Islands  (Stephan,  Sammdsber^s  Mineral' 
chemie,  p.  795). — c.  Staffa:  fibrous  (Fuchs  and  Gehlen,  Schw.  J.  viii.  353; 
xnii.  1). — d.  Isle  of  Mull :  radiate,  accompanied  by  epidote  (Scott,  Edin.  N.  Phil.  J. 
Oct.  1952). — e.  AuTergne  (Guillemin,  Ann.  Min.  xii.  8). — -/.  Niederkirchen,  in  Rhenish 
Bararia  (Biegel,  Juirb.  pr.  Pharm.  xiii.  1).—^.  East  Indies:  spherical  aggregates 
baring  a  radiate  structure  (Taylor,  J.  pr.  Cbem.  Ixiii.  467). — h.  Cachapual  Valley,  in 
CAu^;  in  porphyry  (Domeyko,  Aim.  Min.  [4],  ix.  3):— 


o. 

b. 

e. 

A 

«. 

/. 

f* 

A. 

ffiliea    .     . 

.     .    46-72 

46-82 

46-76 

46-21 

490 

48-08 

46*87 

46-3 

Alumina 

.     .    .     26*90 

26-28 

24*82 

2700 

26-6 

28*93 

26*32 

26*9 

lime     .     , 

.     •    .     18*71 

13-59 

14-20 

13-46 

16*3 

14*22 

13-80. 

13-4 

Soda     • 

110 

•    • 

0-39 

9               • 

•  9 

•  m 

•    • 

0*82 

•     • 

0-46 
018 

Potash.     . 

»        *        •            •        • 

Water  . 

.    .    .    13-67 

13*60 

13-64 

13-78 

90 

13-66 

18*46 

140 

100-00  100*39     99*80  100-44     99*8  100*10  10008  100*6 

These  analyses  lead  to  the  formuhi  ((>i''O.SiO*).(AlK)'.2SiO*).3HH). 

B.  ^  Mesolite  or  Lime  and  Soda  Mesotype. — a,  Portnish,  Ireland  (also  called 
BarriHgtonite\  Thomson  {Outlines  of  Mineraiogy,  i.  428). — b.  Kilmore  in  the  He- 
brides (Heddle,  PhiL  Mag.  [3]  xi.  273).— c.  Berufiord,  Iceland:  spherical  radiate 
(Waltershausen,  Vulk.  Gesteine, -p.  267).^d,  Irel&nd :  Antrimolite  (Heddle,^. 
cff.).— ^.  Faroe  Islands  (Berzelius,  Jahresbericht,  iii.  147).—/.  IVrol:  massive  and 
fibrous  (Fnchs  and  Gehlen,  Schw.  J.  viii.  353  ;  xviii.  1). — g.  Iceland:  excentrically 
fibrcKis  (Breidenstein,  Sammelsherg*s  Mineralehemie,  p.  798). — A.  TiJisker  in  Bkye 
(Heddle): — 


a. 

6. 

c. 

A 

e. 

/. 

K- 

*. 

SiHca    .    . 

44*84 

46*26 

46-41 

47-07 

46*80 

46-04 

45*78 

46-71 

Alumina    . 

2848 

26*48 

26*24 

26-23 

26*50 

27-00 

27*63 

26*62 

Lune     .    . 

10*68 

1000 

9-68 

9-88 

9*87 

9*61 

9*00 

9*08 

Soda      .    . 

6-56 

4-98 

4-87 

4*88 

5-40 

5-20 

6-34 

6*39 

Water   .    . 

10*28 

1304 

13*75 

12*24 

12-30 

12*36 

12-38 

12*83 

99-84 

100-76 

100-95 

100*30 

100*87 

100*21 

10003 

100*63 

BammeTsbetg  represents  the  analyses  h^e^dhj  the  formula: 

8[(Na«O.SiO«).(Al-0».2SiO«).2H«0]  +   7[(Ca"O.SiO«).(Al«0».2SiO«).8H*0] 

ud  the  rest  by  the  formula : 

[(Na«OJ9iO«).(Al«0«.2SiO*).2n»0]   +  2[(Ca"O.SiO«).(Al»0«,8SiO'').3H»0]. 

These  two  formulae,  however,  give  very  nearly  the  same  percentage  composition,  the 
«m  requiring  46*92  SiO«,  26*06  A1K)»,  9*96  CaO,  4*76  NaK),  and  12-33  H»0 ;  the 
iecond.  46-96  SiO«  2609  A1«0",  948  CaO,  6-28  Na«0,  and  1219  H«0. 

Scoleeite  occurs  also  in  Greenland,  at  Pargas  in  Finland,  in  Auvergne,  and  in  veins 
in  the  Kilpatrick  Hills. 
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JP&atiaiiite,  a  yariety  firom  Poonah  in  HiDdostan,  has  the  angle  ooP :  odP  b  91^49* 
(Keungott).  Gmelin  (Pogg.  Ann.  zlix.  428)  found  it  to  contain  45*12  per  eemt^ 
silica,  30*44  alumina^  10*20  lime,  066  soda  (witii  a  trace  of  potash),  and  18*89  vnlesr 
(-  99*81). 

Antrimolite  occurs  in  white  fibrous  stalactites  at  Antrim,  four  miles  east  of  tli« 
Giant's  Causeway.  Angle  of  prism  ^  92°  13';  outer  edges  bevelled  by  a  prism  of 
150"^  30'.    Hardness  »  8*75.    Specific  gravity  •  2096. 

BCOXA3BBR08B.  A  mineral  from  Pargas  in  Finland,  regarded  by  Nordenakiold 
as  a  variety  of  labradorite  (iii.  461);  by  others  as  a  scapolite. 

SCOPAUr.  C<iB^O<«.  (Stenhouse,  PhiL  Trans.  1851,  p.  422;  Ann.  Ch. 
Pharm.  Ixxviii.  15.) — A  substance  contained  in  Spartium  Scoparium,  and  apparentlj* 
constituting  the  diuretic  principle  of  that  plant. 

Preparation, — The  decoction  obtained  by  boiling  the  plant  for  six  or  eight  hours 
with  water,  when  evaporated  to  one-tenth  of  its  bulk,  and  left  at  rest  for  24  hours,  solidi* 
fies  to  a  jelly,  containing  sooparin  together  with  chlorophyll  and  a  small  quantity  of  spar- 
teine. l%e  jelly  is  washed  with  a  little  cold  water,  dissolved  in  boiling  water  containing 
a  few  drops  of  hydrochloric  acid,  filtered,  and  set  aside  till  it  solidifies :  and  the  jelly  again 
formed  is  purified  by  washing,  pressing,  drying  over  the  water-bath,  and  dissolving 
in  boiling  water,  which  now  leaves  most  of  tlie  chlorophyll  undissolved.  The  chloro- 
phyll may  also  be  precipitated  fipom  the  aqueous  solution  by  long-continued  boiling;  it 
IS  deposited  from  a  moderately  concentrated  solution  before  the  scoparin,  and  may  be 
separated  by  filtration  at  the  proper  point. 

Scoparin  thus  obtained  forms,  after  drying  in  a  vacuum,  a  pale-yellow,  brittle, 
amorphous  mass,  tasteless,  inodorous,  and  neutraL  By  precipitating  its  cold  ammo- 
niacal  solution  with  hydrochloric  acid,  dissolving  the  somewhat  more  solid  jelly  in 
boiling  water,  and  cooling  slowly,  a  small  quantity  of  pale-yellow  crystalline  stars  is 
obtained,  together  with  gelatinous  scoparin.  The  solution  in  hot  €dcohol  likewise 
yields  a  jelly  on  partial  evaporation,  and  crystals  in  the  cold.  When  an  attempt  is 
made  to  rearstallise  the  latter  from  hot  alcohol,  there  remains  a  residue  which  dis- 
solves with  difficulty  in  water  and  alcohol,  and  is  obtained  as  a  jeUy  having  the  origi- 
nal degree  of  solubility  only  by  dissolving  it  in  ammonia-water,,  and  precipitating 
with  hydrochloric  acid.  The  crystals  and  the  jelly  have  the  same  composition  when 
dry. 

Scoparin  puffs  up  when  heated^  carbonises  without  subliming,  and  bums  with  bright 
flame.  A  solution  in  potash  or  in  adds  is  decomposed  by  boiling,  with  formation  of  a 
greenish-brown  resin.— Scoparin  assumes  a  blue-green  colour  with  bromine,  tandi^  daric- 
green  with  solution  of  chloride  of  lime. — With  nitric  acid  it  forms  picric  acid. 

Scoparin  is  sparingly  soluble  in  cold,  more  freely  soluble  in  hot  water,  forming  pale- 
yellow  solutions.  It  dissolves  also  in  cold  alcohol,  more  freely  in  boiling  alcohol.  It 
dissolves  slightly  in  strong  acids  ;  very  easily,  with  deep  yellowish-green  colour,  in 
caustic  amnumia,  the  fxed  alkalis,  and  a/kaline  carbonates,  less  easily  in  lune-  and  baiyta- 
water.  The  ammoniacal  solution  leaves,  on  spontaneous  evaporation,  a  green  jelly, 
nearly  fr«e  from  ammonia. 

Scoparin  throws  down  greenish-yellow  fiocks  from  neutral  and  basic  acetate  of  lead. 
It  does  not  precipitate  merctirie  chloride  or  nitrate  of  silver. 


A  yellow  aromatic  substance  obtained  from  Teucrium  Scordium, 
(W  i  n  c  k  1  e r,  Repert  Pharm.  zxviii.  352. ) 

BCOHZXiZTB.  A  mineral  from  Juan  del  Kio  Cara  del  Calvazio,  in  Mexico,  con- 
taining, according  to  K.  Thomson  (J.  pr.  Chem.  viii.  506),  58*0  per  cent,  silica,  16*8 
alumina,  13'3  ferrous  oxide,  8*6  lime,  and  2*0  water.  It  occurs  in  brown  slag-like 
masses,  with  numerous  cavities.  Streak  white.  Hardness  «  2*0.  Specific  gravity 
—  1*70.  Before  the  blowpipe  it  becomes  lighter  in  colour,  but  does  not  fuse.  With 
fluxes  it  gives  the  iron  reaction. 

BCOKODira.  Neoctese,  Cupreous  Arsenate  of  Iron. — A  hydrated  ferric  arsenate 
occurring  in  trimetric  crystals,  which  exhibits  the  combination  ool'ao  .  ooJ^oo  .  P . 
00^2,  sometimes  with  ooP  and  ^P.  Axes  a:b:c>ml:  1*1511  :  1*0977.  .  Angle 
ooP :  ooP  a  98^  2'.  Cleavage  parallel  to  ooP2  imperfect,  parallel  to  ooPoo  and 
00^00  in  traces.  The  crystals  are  sometimes  single,  sometimes  implanted  in 
groups  or  grown  together  in  granular  aggregates.  The  mineral  also  occurs  in  botiyoT- 
dal,  kidney-shaped,  tubular,  and  other  forms,  also  as  an  incrustation  (arsenical  sinter). 
Hardness  »  3*5 — 4.  Specific  gravity  »  3*1 — 3*3.  Lustre  vitreous,  subadamantine, 
and  subresinous.  Colour  pale  leek-green  or  liver-brown.  Streak  white.  *  Subtrans- 
parent  to  translucent  Fracture  uneven.  Before  the  blowpipe  on  charcoal  it  emits  an 
alliaceous  odour  (hence  the  name,  from  o'K^poSoK,  garlic),  ana  fuses  to  a  reddish-brown  or 
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l»lack  Moria,  magnetic  after  all  the  anenic  is  expelled.    The  mixieral  is  not  acted  upon 
bj  nitne  add,  but  dissdlyea  easily  in  hjdrochlonc  acid. 

Ana^ta:—a,  Gianl,   near  Schiraraenberg  in  Saxony  (Dam our,  Ann.  Ch.  Phys. 

[%\  X.  412).— 6,  Vanbry,  Dept.  Haute-Vienne :  crystallifled ;  specific  gravity  «   3-11 

(Damour).— <?.  Corn-wall  (I) amour). — d.  Antonio  Pereira  in  Brazil :  specific  gravity 

=  3-18  (Bcrzelius,  Jahresbericht*  v.    205). — e.   From  the  same  (Damour). — 

f,  LoaysB,  near  Mannato,  New  Granaida  (Boussingault) : 

«•               b.               e.  d.               e,              /. 

Arsmic  anhydride        •        .2*16  60-96  51*06  60*78  60*96  49*6 

Phosphoric    „              ....  .     .  .     .  0*67 

Fenic  oxide         .        .        .     33*00  81*89  32*74  34*85  33*20  34*3 

Water 15-58  15*64  15*68  15*55  15*70  16*9 

100*74         98*48        99*48       101*85         99*86       100*8 

These  analyseslead  to  the  formnlaPe*0'jls*O*.4H'O,  or  ^  1 0^2HH)»  requiring  49*84 

As*0*,  34-60  Fe«0«,  and  15*66  water. 

An  iron  sinter  from.  Nertschinsk  in  Siberia^  containing,  according  to  Hermann  (J. 
pr.  Cbem.  xxxiii.  95),  48*06  As'O^,  36*41  Pe'O*,  and  15*54  water,  is  an  amoiphoiui 
acarodite. 

Sooiodite  oocata  altered  to  limonite. 

SOOSZA.    A  variety  of  epidote. 

8COSZOVSKA*  The  roots  of  Scorronera  hiapanicat  aplant  belonging  to  the 
dcboiaceoiis  tribe  of  Composiia,  contain  starch.  According  to  Witting  (Arch.  Pharm. 
[2]  cv.  286),  tiie  expressed  juice  of  the  plant  contains  mannite. 

ECMOWBJTLAMKAm  Two  species  of  this  genus  of  plants  have  been  examined 
chemically  by  Wals  (Jahrb.  pr.  Phann.  xxvi.  296 ;  xxvii.  12).  8.  nodosa  contains  a 
hitter  snbstauoce  called  by  Walz  a-scrophu  larin,  which  dissolves  very  slowly  in 
water,  and  is  precipitated  in  white  flocks  by  tannin ;  also  a  resin  insoluble  in  water, 
soluble  in  alconol  and  ether. 

8e.  cquaUca  contains  a  bitter  substance,  j8-scrophularin,  differiag  in  taste  and 
solubility  fiom  arscrophularin ;  an  irritating  resinous  substance,  scrophulacrin, 
soluble  in  alcohol  and  ether;  and  a  resinous  substance,  scrophularesin,  soluble  in 
alcohol,  insoluble  in  water  and  in  ether. 

100  pts.  of  iSSer.  aqttatica  yielded  7*8  pts.,  and  100  pts.  of  8c.  nodosa  7*5  pts.  of  ash, 
composed  as  fioUowB:— 

Charcoal 
K30    V^O    CaO      UgO   FeSO^   NaCl   SQs     P>0>      C0>    S10>  and  sand 

ft.  o^iMtwa  2*3    .     .     15*2      5*8     1*3    24*3    4*1     25*3      8*0    7*0    7*0  »  100*3 

Be^nodcaa    4*4     13*1    25*6     131     1*0      6*2    3*1     13*0     15*2    4*5    0*8  «     99*9 


(8.    See  CocHLEAUiA  (i.  1062). 

A  bitter  substance  contained    in  Scuidlaria  laterifolia, 
(Ciidet  de  Gassicourt,  J.  Pharm.  v.  432.) 

BCT&ltfTB.  A  neutral  substance  occurring  in  cartilaginous  fishes,  chiefiy  in  the 
kidneys  of  the  sharks  and  rays,  in  the  milt  and  liver  of  the  former,  and  in  the  liver 
and  gills  of  the  latter.  It  does  not  contain  either  nitrogen  or  sulphur,  and  is  pro- 
bably isomeric  with  inosite ;  but  its  composition  has  not  been  exactly  determined. 

To  prepare  it,  the  organs  just  mentioned  are  triturated  with  pounded  glass,  then 
stirred  up  reputedly  with  alcohol,  and  pressed ;  the  filtered  extracts  are  evaporated ; 
the  residue  is  exhausted  with  water;  and  the  filtrate  is  again  evaporated.  The  syrupy 
residue  is  then  treated  with  absolute  alcohol ;  the  portion  insoluble  therein  is  dis- 
solved in  water ;  and  the  solution  is  left  to  evaporate,  whereupon  it  deposits  crystals 
of  taorine  and  scyllite  These  crystals  are  separated  from  the  mother-bquor  by  filtra- 
tion, then  dissolved ;  and  the  somewhat  concentrated  solution  is  treated  with  basic 
acetate  of  lead,  whereby  a  lead-compotmd  of  scyllite  is  precipitated,  from  which  the 
lead  may  be  separated  by  sulphydric  acid. 

Scyllite  crystallises  in  anhydrous  monoclinic  prisms  having  a  vitreous  lustre,  less 
lolnble  in  water  than  inosite,  insoluble  in  absolute  alcohol.  It  has  a  faint  sweetish 
tasta^  and  is  precipitated  by'basic  acetate  of  lead,  from  its  perfectly  neutral  aqueous 
fdntion,  in  a  pasty  form,  like  inosite.  It  does  not,  however,  exhibit  the  reactions  of 
inosite  with  nitric  add,  ammonia,  or  chloride  of  calcium.  Nitric  acid,  of  specific 
giarity  1*3,  dissolves  it  only  at  the  boiling  heat,  and  even  then  but  slowly,  and  without 
erolution  of  gas.  The  solution  coiitains  unaltered  scyllite,  which  may  be  separated  by 
alcohol.    Scyllite  is  dissolved  by  strong  sulphuric  acid  also,  only,  at  high  temperatures ; 
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SEA-SALf— SEAWEEDS. 


it  is  not  eolonxed  by  boiling  irith  strong  soda-ley,  tnd  does  not  redoes  aa  aOalixia 
caprie  solution.    (Frerichs  and  Stadeler,  J.  pr.  Chem.  Izziii.  48.) 

MMAi'BA.Wm    Chloride  of  sodium  more  or  less  mixed  vith  other  salts,  obtained 
by  evaporation  of  sea-water.    (See  SonnTM,  Chlobidb  of.) 

See  WjLTEB. 

These  plants,  which  occur  abmidantly  in  the  open  sea,  and  are 
often  heaped  up  in  vast  quantities  on  the  shore,  are  used  for  yarious  purposes — ^riz.,  ma 
food  and  medicine,  in  certain  manufactures,  but  more  extensively  as  mannre,  and  for 
the  sake  of  their  ash  (called  kelp  or  vare  c),  which  is  valuable  as  a  source  of  potas- 
sium-salts, and  as  the  principal  source  of  iodine. 

1.  Seaweed  as  Food  and  Medicine. — ^Manv  seaweeds  contain  buf^e  pipportions  of 
gelatinous  or  mucilaginous  matter,  and  afford  demulcent  and  nutritive  jellies ;  the  p«>- 
portion  of  nitroffen  in  them  is  also  very  considerable.  The  following  table  eidiibits  the 
proportions  of  dry  matter  and  nitrogen  contained  in  some  of  the  species  most  used, 
as  food  for  men  or  as  fodder  for  cattle,  in  the  British  Islanda  and  the  North  of  Europe, 
according  to  the  determinations  of  J.  Davy  and  Apjohn : — 

Percentage  of  Dry  matter  and  JfUrogen  tn  Seaweed. 


Plantf. 


Chondnu  criepue  (Carragheen  or  Irish  moss),  bleached 
„  „  „      unbleached 

Gigartina  TnammiUoea     , 
Laminaria  digitatOt  or  dulse  tangle  . 
„  black  tangle  . 

BhodoTnenia  palmata,  or  dylisk 
Porphyra  laciniata,  or  laver 

Iridaa  edulis 

Alaria  eeculenta,  or  murlins 


Water. 

Dr, 

matter. 

Nttraftn 

per  CMit. 

iodry 

matter. 

17-92 

89-08 

1-534 

21-47 

78-53 

2-142 

ai-fts 

78-46 

2198 

21*38 

78-62 

1-588 

31-05 

68-95 

1-396 

16-56 

83-44 

3-465 

17-41 

82-69 

4-650 

19-61 

80-39 

3-088 

17-91 

82-09 

2-424 

The  proportion  of  nitrogen  in  these  plants  appears,  from  these  analyses,  to  be  larger 
than  in  most  other  vegetable  esculents :  the  best  wheat-flour  (dried  at  100^)  containing, 
according  to  Apjohn,  1*817  per  cent  nitrogen,  potatoes  0'541,  beetroot  1'848,  mangolds 
1*781,  and  Swedish  turnips  1  -843.  This  lai^e  proportion  of  nit rogen  has  been  supposed 
to  account  for  the  high  nutritive  value  attributed  to  many  kinds  of  seaweed ;  but  the 
mere  percentage  of  nitrogen  existing  in  a  substance  cannot  be  taken  as  a  certain 
Indication  of  its  nutritive  value,  as  the  form  in  which  the  nitrogen  exists  is  likewise 
of  great  importance  in  determining  whether  the  nitrogenous  constituent  of  the  plant 
is  capable  of  ready  assimilation  in  the  body  of  an  animal :  moreover,  the  nutritive 
power  of  a  substance  cannot  be  determined  without  taking  account  also  of  its  non'^nitro- 
genous  constituents. 

The  use  of  seaweed  as  food  is  most  extensive  in  China  and  Japan.  Laminaria  aae- 
eharina,  sweet  tangle  or  sea-tape,  highly  esteemed  in  these  countries,  has  been  found 
by  Stenhouse  to  contain  large  quantities  of  mannite. 

Plocaria  Candida  (called  Agar- Agar  by  the  Malays,  and  Btdung  in  Java)  is  imported 
into  this  country  as  commercial  Ceylon  Moss.  It  is  a  small  delicate  white  fucus,  con- 
taining about  70  per  cent,  of  starch  and  vegetable  jelly.  The  edible  bird^-nests, 
esteemed  as  a  delicacy  in  China,  are  probably  constructed  from  this  plant  by  a  species 
of  swallow,  the  Hirunda  esculenta. — Gelidium  comeum  is  the  al^fue  de  Java,  which  is 
made  into  an  iced  jeUy,  and  sold  in  Ningpo  under  the  name  of  ^in-mau  (ox-hair  vege- 
table). Payen  has  extracted  from  it  27  per  cent,  of  a  peculiar  vegetable  substance^ 
called  gelose,  which  he  finds  to  possess  ten  times  the  gelatinising  power  of  the  best 
isinglass.  The  same  substance  is  obtained  from  Plocaria  lichenoides,  a  seaweed  from 
the  Mauritius,  and  in  small  quantity  from  several  European  seaweeds ;  it  is  said  also 
to  be  obtained  from  certain  lichens  growinpp  on  trees  in  the  South  of  China,  and  in 
the  southern  islands  of  the  Philippine  Archipelago  (ii.  829).  —Fucus  saccharinus,  the 
Kambon  of  the  Japanese  and  the  Sea-cahbage  of  the  Russians,  which  is  found  in  great 
abundance  on  the  islands  and  shores  of  Eastern  Asia,  is  used  as  an  ingredient  of  soap, 
and  eaten  with  fish,  or  boiled  and  eaten  merely  with  salt.  Laminaria  potatorum 
famishes  the  natives  of  Australia  with  food,  and  serves  also  as  a  material  for  their 
tools  and  vessels ;  other  species  of  the  same  genus  constitute  an  important  resource  to 
the  poor  on  the  west  coast  of  South  America,  to  the  Fu^gians,  and  the  inhabitants  of 
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tlie  oonmtfT  near  Uie  Stndte  of  Magellan.  Under  the  name  of  huU-Jcdp,  it  is  laigelj 
eatoi  in  ifew  Zealand  and  Tasmania. — DurviUia  uHlis  is  nsed  as  food  in  Valparaiso, 
and  17  the  poorer  inhabitants  of  the  west  coast  of  Sonth  America. — Euckeuma  speeiasum 
axMl  Gifforiina  tpeeioaa  are  eaten  in  AuBtralia. 

The  use  of  seaweed  as  medicine  depends  partly  on  the  gekttinous  matter,  partly 
on  the  iodine  contained  in  it  Carragheen  moss  has  been  found  nsefnl  in  pnlmonaiy 
complaints. — Fuetu  fK$ieulows,  bladder-wraik  or  lady-wrack,  is  used  extemaUy  as  a 
friction  in  glandular  enlaigements,  and  the  juice  has  been  given  internally  with 
advantage  for  the  same  purpose. — Sargastum  bacciferum  is  the  celebrated  gulf-weed 
of  the  Atlantic,  the  stems  of  which  are  said  to  constitute  the  goitresticka  oiewed  in 
Sooth  America,  where  that  disease  is  prevalent,  but  they  more  probably  come  from  the 
stems  of  the  Laminaria  digUata. — Piocaria  helminthocortos  (also  called  GracUaria 
Kehenoidea  or  8ph<Brococetis,  CHgartina  lichemndes,  and  Corsican  moss)  has  long  been 
Qflcd  ^  the  Corsicans  as  an  anthelmintic. 

2.  uM  in  Manufactures, — A  process  has  been  recommended  by  Br.  Stenhouse  for  the 
jnanu&cture  of  acetic  acid  from  seaweeds  by  fermentation.  His  experiments  were 
conducted  with  some  of  the  fud  ;  these  were  mixed  with  lime,  and  kept  moist  at  a 
temperature  of  90^  F.  He  obtained  by  distillation  with  sulphuric  acid,  an  average  of 
1'6  per  cent,  of  anhvdroos  acetic  acid,  contaminated  with  butyric  acid.  This  might, 
however,  be  separated  and  turned  to  account  in  the  manufacture  of  butyric  ether  or 
eaaenee  of  pine-apple.  The  best  method  would  be  to  ferment  the  plants  in  pits  with 
fime  or  chalk,  at  the  ordinary  temperature  in  the  summer,  leaving  each  portion  in  for 
two  or  three  months,  and  supplying  its  place  by  a  fresh  load  until  the  lime  was 
saturated ;  the  liquid  would  then  be  pumped  out,  evaporated  to  dryness,  the  residue 
aold  as  crude  acetate  of  calcium,  and  the  weed  carried  to  the  manure-heap.  Tho 
whole  process  might  be  roughly  and  economically  carried  on  by  an  agriculturist  near 
the  sea. 

Seaweeds  are  used  as  substitutes  for  horn,  shell,  whalebone,  indurated 
leather,  &c.,  in  the  manufacture  of  various  orticlea  One  process  consists  in  im- 
mersing the  weed,  from  which  all  extraneous  matters  have  previously  been  removed,  in 
a  Ije  of  caustic  lime  for  three  hours,  then  steeping  it  ih  very  dilute  sulphuric  acid, 
azKi  afterwards  in  a  solution  of  common  salt,  after  which  it  ma^  be  moulded  into  any 
desired  form.  Or  the  dry  material  is  ground  to  powder  and  mixed  with  glue,  to  which 
Mome  alum  and  powdered  resin  are  added,  or  with  coal-tar  or  bitumen,  and  baked,  then 
rolled  out,  or  pressed  in  moulds.  The  stems  of  Laminaria  digitata  (tangle  or  sea-girdle) 
make  excellent  handles  for  knives,  files,  &c.  If  the  blade  is  inserted  when  the  stem 
is  fresh  cat,  and  Uie  weed  then  allowed  to  dry,  it  contracts,  holding  the  blade  finnly, 
and  presenting  a  brown  wrinkled  appearance,  somewhat  like  buck-horn. 

A  kind  of  soap  may  be  made  by  treating  some  of  the  common  seaweeds  with 
alkalis. 

Attempts  have  been  made  to  use  seaweeds  in  the  manufacture  of  paper,  and  for 
the  production  of  textile  &brics ;  but  the  true  algae  are  not  adapted  for  tnis  purpose, 
as  they  are  destitute  of  fibrous  structure.  The  seawrack,  ZosUra  marina^  which  is  not 
an  alga,  but  contains  fibre  resembling  that  of  the  grasses,  promises  better  results 
when  used  for  such  purposes. 

Many  seaweeds  exhibit  very  brilliant  colours,  but  it  does  not  appear  that  any 
attempts  have  hitherto  been  made  to  utilise  them.  Several  varieties  of  Griffitksin 
yield  to  pure  water  a  brilliant  crimson  colour,  which  is  precipitated  by  soluble  chlorides, 
and  appears  to  combine  with  alumina  and  other  metallic  oxides. 

S.  Seatoeed  as  Manure. — The  value  of  seaweed  as  manure  is  most  appreciated  in 
the  Channel  Islands ;  the  "  varec "  or  "  Traic,**  as  the  weed  is  there  called,  is  oon- 
ndered  so  valuable  that  special  laws  are  enforced  for  its  regular  collection  and  fair 
(&trihotion  amoncst  the  agriculturists,  many  of  whom  use  no  other  manure.  "  Point 
de  TTHie,  point  de  nangard  has  passed  into  a  local  proverb.  The  weed  is  either 
dncklj  spread  on  the  land,  and  ploughed  in  fresh  with  a  deep  plough,  or  dried  on  the 
beach,  and  burnt  on  the  cottagers' hearths  as  fuel ;  the  chaired  ash  thus  produced 
selk  at  M.  per  bushel  for  manure.  "  Driftweed"  is  also  largely  used  in  Ireland,  as 
the  only  manure  for  the  potato  crop ;  this  is  interesting,  because  the  potato  requires  a 
oonnderable  supply  of  potash.  This  alkali  can  hardly,  however,  be  required  in  the 
Channel  Islands,  as  the  granitic  subsoil  would,  in  disintegration,  furnish  it  in  abun** 
diDoe;  it  is  probablv  the  earthy  phosphates  that  render  the  weed  so  fertilising  there, 
Tina  is  borne  out  by  the  fact  that  the  lixiviated  seaweed  ash,  from  which  the 
alksL'a  hare  been  removed,  meets  with  a  ready  sale  in  Guernsey,  and  is  esteemed  indeed 
liehfr,  no  doubt  on  account  of  the  increased  percentage  of  phosphates.  The  residual 
leaweed  ash  from  the  iodine  factories  in  France  is  highly  valued  as  a  manure,  and 
carried  for  that  purpose  a  distance  of  thirty  miles  from  the  factory. 
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Seaweed  is  also  much  used  as  manure  in  the  Hebrides,  the  Isle  of  Thanet,  Cornwall, 
and  the  Isle  of  Man. 

100  pts.  of  decomposed  and  dried  seaweed  contain,  according  to  Way,  65*62  per  oenti. 
organic  matter,  13*65  soda,  16*00  soluble  salts,  and  3*23  nitrogen  (»  4  of  ammonia). 

4.  For  the  production  of  Kelp  or  Varec,  as  sources  of  Iodine  and  Potasstumsalts. — 
This  part  of  me  subject  has  alreadj  been  treated  under  the  head  of  "  PoTASsniK-fiA.LTa^ 
HANUFA.CTUSE  OF '*  (iv.  714).  We  here  give  a  table  of  the  composition  of  the  ash  of 
eeyeral  kinds  of  seaweed,  as  determined  by  Schwitzer,  Forchhammer,  and  Godechens : — 

Ash  of  Seaweed. 


CoDfllitaMitt  of  Hi*  Aah. 


Potash 

Soda   .... 
Iftine  .        •       •       • 
Mugnesia    . 
Chloride  of  sodlam   . 

„  potatsium 

Iodide  of  sodium       • 
Pbofpbate  of  calcium 
M  iron      . 

Oxide  of  iron     . 

„        manganeto . 
Sulphuric  acia  . 
Silica  . 
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18-92 


20*61 


'23*42 
16*06 
10*23 

1*66 
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3-34 

0^ 
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The  high  temperature  to  which  the  seaweed  is  exposeid  in  the  ordinary  process  of 
incineration  gives  rise  to  the  loss  by  volatilisation  of  at  least  half  of  the  iodine,  and  of 
a  certain  portion  of  the  potassium-salts,  and  likewise  enables  the  carbon  to  reduce  the 
sulphates  to  sulphites,  hyposulphites,  and  sulphite's,  which  accumulate  in  the  mother- 
liquors,  and  necessitate  the  consumption  of  a  lar^e  quantity  of  sulphuric  acid  to  re- 
convert them  into  sulphates. 

To  obviate  these  and  other  disadvantages  attending  the  ordinary  process,  and 
further  to  economise  the  products,  Mr.  E.  C.  Stanford  proposes  to  subject  the  sea- 
weed, previously  dried,  to  destructive  distiUation  in  iron  retorts,  whereby  they  yield 
the  usiuil  products  of  the  diy  distillation  of  organic  bodies — such  as  hydrocarbons, 
naphtha,  ammonia,  acetic  acid,  and  illuminating  gas.  The  residual  charcoal  then 
yields,  on  lixiviation,  a  colourless  solution,  which  is  nearly  free  from  sulphides,  and 
leaves  on  evaporation  a  crop  of  pure  salts  and  a  nearly  colourless  motholiquor,  con- 
taining all  the  iodine  and  bromine  of  the  seaweed.  (For  details,  see  a  paper  read 
before  the  Society  of  Arts,  Februaiy  14,  1862  ;  also  Pharm.  J.  Trans.  [2]  iii.  495 ;  abo 
Bichardson  and  Watts's  Chemical  Technology,  i.  [3]  529.) 


C'«H'»0* 


H« 


>0'.      Fyroleic    add,    Sebae^lsaure, 


Fetts'dure.  (Th^nard,  Ann.  Chim.  xxxix.  193. — ^Dumas  and  P^ligot,  Ann.  Cb. 
Phys.  Ivii.  332. — Kedtenbacher,  Ann.  Ch.  Pharm.  xxxv.  188. — ^Bouis,  ibid.  Ixxx. 
303;  xovii.  34.— W.  Mayer,  ibid.  Ixxxiii.  143;  xcv.  160. — Rowney,  tdfW.  Ixsui. 
103. — Carlet,  J.  I^harm.  [3]  xxiv.  176. — Arppe,  Ann.  Ch.  Pharm.  cxxiv.  98; 
Jahresb.  1862,  p.  283;  1864,  p.377.--Gm.  xiv.  494.)— This  acid,  the  highest  known  term 
of  the  oxalic  series,  C^H'"— *0*  (i.  52),  is  produced : — 1.  B^  the  dry  distillation  of  oleic 
acid,  and  of  hog's-lard  and  other  fats  containing  oleic  acid  or  olein  (Th^nard,  Ber- 
zelius,  Kedtenbacher). — 2.  Together  with  other  acids  of  the  oxalic  series,  by  the 
oxidising  action  of  nitric  add  on  fats.  Spermaceti  thus  treated  yields  sebacic  and 
azelaic  acids. — 3.  Together  with  heptylie  or  octylic  alcohol,  and  other  products,  by 
distilling  castor-oil  or  ricinoleic  acid  with  excess  of  caustic  alkali.  (Bonis  and  others, 
1  98;  iii.  144;  v.  110.) 
Preparation. — Sebacic  acid  is  best  prepared  from   castor-oil  by  distillation  with 
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fised  potash.  DelfB  (Jahresb.  1862,  p.  320)  allows  2  pts.  of  castor-oil  to  flow  into 
1  pi.  of  caustic  potash,  fused  and  mizea  with  a  small  quantity  of  water,  continuing  the 
heat  till  the  mass  assumes  a  feint  yellowish  colour.  On  dissolying  the  residue  in 
boiling  water,  and  mixing  it  at  the  boiling  heat  with  hydrochloric  acid,  the  filtrate,  as 
it  cooIb^  yields  sebacic  acid  in  balky  needles. 

The  residue  left  in  die  retort  in  the  preparation  of  heptylie  or  octylic  alcohol  from 
castor-oil,  may  also  be  made  available  for  the  preparation  of  sebacic  acid.  This 
residue  is  deccnnposed  by  hydrochloric  acid,  and  the  sebacic  acid  is  extracted  by  boiling 
waia from  the  mixture  of  insoluble  acids  thereby  separated  (Bonis).  Petersen 
(Ann.  CL  Fhazm.  ciii.  184)  boils  the  residue  with  water ;  strains  the  liquid ;  precipitates 
the  other  &tty  acids  by  adding  a  small  quantity  of  hydrochloric  acid ;  then,  after 
separatiiig  these  hy  filtration,  precipitates  the  setwcic  acid  by  excess  of  hydrochloric 
add,  and  purifies  it  by  lecrystallisation  from  hot  water,  with  aid  of  animal  charcoal. 

The  quantity  of  selncic  add  obtained  from  fats  by  dry  distillation  or  by  oxidation  of 
nitric  add  is  very  small,  and  it  is  difficult  to  separate  the  sebacic  acid  from  the  other 
solid  adds  produced  at  the  same  time.  According  to  Arppe,  spermacetic  and  stearic 
adds  yield  sebadc  add  in  larger  quanta^  than  other  fats. 

JVtygrfi'ga. — Sebadc  acid  crystallises  in  white,  nacreous,  very  light  needles  or  lamines 
membling  benzoic  add.  It  has  an  acid  taste,  reddens  litmus  strongly,  does  not 
lose  weight  at  100^,  melts  at  127^,  solidifies  to  a  crystalline  mass  on  cooling,  and 
sublimes  at  a  higher  temperature.  The  melted  add  has  a  specific  gravity  of  1*317. 
Its  vapour  irritates  the  palate,  and  has  the  odour  common  to  aU  fatty  booies.  It  is 
slightly  soluble  in  cold,  very  soluble  in  hot  water^  dissolves  very  easily  also  in  alcohol, 
tiier,  nndfai  oUs. 

Jkeon^imHons. — 1.  Sebacic  acid  heated  with  strong  niiric  add  dissolves  slowly, 
and  is  converted  intopyrotartadc  add  (Schli  eper,  Ann.  Ch.  Pharm.  Ixz.  121);  succinic 
add  (Carlet) ;  sncdnic,  pimelic,  and  perhaps  also  adipic  add  (Wirz,  Ann.  Ch.  Pharm. 
dv.  280) ;  SQOcinic  and  oxypyroltc  adds  (Arppe,  Ann.  Ch.  Pharm.  xcv.  242) ;  accord- 
ing to  later  experiments,  also  adipic  add  (Janresb.  1862,  p.  377). — 2.  Sebadc  acid  is 
attacked  by  pentachloride  of  phoaphortu^  with  formation  of  hydrochloric  add  gas, 
phosphoric  oxycbloride,  and  sebadc  anhydride  (G-erhardt  and  Chiosza,  Compt. 
rend.  xxx.  1050). — 3.  Chlorine  acts  on  sebadc  add  only  in  sunshine,  forming  two 
yellow  Bttbstitution-products,  C'E'^CIO*  and  C»»H"C1«0*,  which  are  pasty  at  mean 
temperature  (Carlet). — 4.  The  caleium'Balt  of  sebacic  acid,  subjected  to  dry  diatilla' 
tiofij  gives  off  hydrogen  gas,  and  yields  an  oil  boiling  between  80^  and  200^. — On 
rectifying  this  oil,  a  liquid  passes  over  between  85^  and  90°,  which  has  a  pleasant 
ethereal  odour,  and  appears  to  be  propionic  aldehyde, — ^then,  between  156°  and  200°, 
cenanthol  (xii  446)  distils  ov6r(Calvi).    When  sebate  of  calcium  is  distilled  with 
escew  of  lime,  sebacin  (p.  214)  is  obtained,  together  with  an  oil  boiling  between  80° 
and  280°.    The  latter,  when  rectified,  ihrst  yields  a  product  which,  when  treated  with 
nitric  add,  forms  nitrobenzene,  and  Is  therefore  probably  benzene — then,  between  90^ 
and  100°,  propionic  aldehyde — and  at  160°(Bnanthol,  inasmuch  as  the  portions  which 
distil  at  these  temperatures  form,  with  nitric  add,  propionic  and  cenanthylic  adds 
(Petersen,  Ann.  Ch.  Pharm.  dii.  184).    By  distillation  with  excess  of  baryta, 
aebadc  acid  yields  carbonate  of  banum  and  a  hydrocarbon,  C'^H'*,  boiling  between 
125""  and  130°,  chiefly  at  127°  (A.  Biche,  £6p.  Chim.  pure,  ii  127).— 5.  When  alco- 
holic sebadc  add  is  treated  with  hydrochloric  acid  fas,  an  oil  is  produced,  which  when 
treated  with  ammonia  forms  sebamide  and  sebacic  add,  and  is  therefore  probably 
a  mixture  of  neutral  and  add  ethyl-sebadc  ether.    (Bowney.) 

Sebatea — Sebadc  add  is  dibasic,  forming  add  and  neutral  salts.  The  sebates  of 
the  alkali-metals  and  alkaline  earth-metals  are  soluble  in  water;  the  rest  are  obtained 
by  double  decompodtion.  All  the  add  sebates,  excepting  the  ammonium-salt^  decom- 
pose with  great  &dlity. 

The  neutral  ammonium'Salt  is  very  soluble  in  water,  crvstaUises  confusedly,  and  gives 
offammonia  in  drying.  By  dry  distillation  it  yields  sebamic  add  (Kraut)  — The  acid  salt 
forms  plumose  crystals,  slightly  soluble  in  alcohol. — The  potassium~s(dt,  C"I["K'0*, 
crystal&ses  from  concentrated  solution  in  small  nodules,  very  soluble  in  water,  non- 
deKqnescent,  slightly  soluble  in  absolute  alcohol — ^The  sodium-^t  is  similar,  but  less 
wluble  in  water.— The  calcium^,  C"H'«Ca*0<  (at  100°)  is  but  slightly  soluble  in 
vater,  and  is  obtained  by  predpitation.  From  a  dilute  solution  it  crystallises  by  spon- 
taneous evaporation,  in  white,  shining,  very  thin  scales. — The  copper-salt  is  agreenish- 
bhe  predpitate.  The  mother-liquor,  when  left  to  evaporate,  yields,  on  the  surface  a 
green  crust  of  crystalline  grains.'  The  salt^  when  heated,  melts  before  decomposing. — 
Iht  ferric  salt  is  a  flesh-coloured  predpitate,  which  is  decomposed  by  carbonate  of 
ammodom,  part  dissolving  with  red  colour,  while  the  rest  is  changed  into  an  insoluble 
banc  salt  The  neutral  salt  melts  when  heated,  and  then  decomposes  with  intumes- 
ceiice.^Th6  lead-salt  is  a  white  predpitate,  converted  by  ammonia  into  a  basic  salt. — 
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The  mercuroua  salt  is  obtained,  as  a  precipitate,  by  treating  meicnzoiui  nitrate  eitbar  wxt Hi 
eebacic  acid  or  an  alkaline  sebate. — The  ailversaltt  C''H'*Ag*0*,  is  a  white,  cxopAjt, 
nearly  insoluble  precipitate,  obtained  with  nitrate  of  silver  and  an  alkaline  sebate.  Wb.eii> 
heated  in  a  tube  it  yields  metallic  silver  and  a  white  ciystalline  sublimate. 

ZpomaDie  aetd.    An  acid,  isomeric  with  sebacic  acid,  produced  by  the  action    o^ 
moderately  strong  nitric  acid  on  convolvulic  acid,  oonvolvulinolic  acid,  jalapin,  jalapio 
acid,  or  jalapinolic  acid.    It  resembles  sebacic  acid  in  most  of  its  properties  aa»<l 
reactions,  but  melts  at  a  lower  temperature,  viz.  at  104^.     The  add  and  its  salt^s 
become  electric  by  friction.     The  precipitate   formed  by  ipomaeate  of  ammonium 
with  chloride  of  calcium  is  amorphous  at  firsts  and  becomes  crystalline  only  after 
standing  for  some  time,  whereas  the  corresponding  precipitate  formed  by  seUite  o£ 
ammonium,  is  crystalline  when  first  formed.   (W.  Mayer,  Ann.  Ch.Phann.  Izzziii.  143  ; 
xcr.  160.) 

BBBACZC  BTBBaS.  Methylic  Sebate^  or  Methyl-sehacio  Ether, 
Qii^tiQ*  =  C»•H'\CH»)«0^  is  obtained  by  gradually  adding  methylic  alcohol  to  a. 
solution  of  sebacic  acid  in  strong  sulphuric  acid,  agitating  the  liquid,  and  cooling  ^e 
vessel  with  cold  water.  The  ether  is  then  precipifat^  by  i^dition  of  water,  washed  first 
with  alkaline,  then  with  pare  water,  and  crystallised  horn  alcohol.  It  melts  at  25'5^p 
and  ciystalliees  in  fine  needles  on  cooling.  It  is  heavier  than  water  when  solid,  but 
lighter  in  the  melted  state.  It  has  a  very&int  odour;  boils  without  alteration  at 
286  ^;  is  decomposed  by  potash  into  potassic  sebate  and  methylic  alcohol ;  and  is  con- 
Verted  by  ammonia  into  sebamide.    (Carlet,  Compt.  rend,  xxxvii.  130.) 

Ethylic  Sebate,  or  Ethyl-eebaeic  ether,  C"ff^«  -  C'«H'«(C«H»)«0«,  is  easily 
prepared  by  dissolvine  sebacic  acid  in  a  small  quantity  of  alcohol,  and  satorating  tlie 
solution  with  hydrocmoric  add  gas.  The  chloride  of  ethyl  formed  at  the  same  time  is 
expelled  by  a  moderate  heat ;  and  the  product  is  washed  with  water  containing  sodic  car- 
bonate, then  dried  over  chloride  of  calcium,  and  rectified.  It  is  liquid  above  — 9^,  lighter 
than  water,  has  an  agreeable  odour,  and  boils  at  308^.  It  is  insoluble  in  cold  water, 
but  dissolves  easily  in  alcohol.  Ammonia  converts  it  into  sebamide.  (Bedtenbacher, 
Ann.  Ch.  Fharm.xxxv.  193.) 

The  acid  sebates  of  ethyl  and  methyl  have  not  been  prepared ;  but  they  are  doubtless 
formed,  together  with  the  neutral  ethers,  by  the  action  of  hvdiochloric  add  gas  on  the 
alcoholic  solutions  of  sebacic  add,  inasmuch  as  these  solutions,  when  treated  with 
ammonia,  yield  sebamic  add  as  well  as  sebamide. 

C»H»)«    ) 

DiglycerylioBebaU  or  5«ft«#i,  C"H*0«  -  (C>«H>«0«)'70«.  —  Produced     in 

H*       ) 
small  quantity  as  a  crystallisable  solid,  by  heating  sebadc  acid  with  glycerin  to  200^ : 

C'«H'»0«  +  2C*H«0»  «  C'«H*»0»  +  2H«0 ; 
more  abundantly,  together  with  chlorhydrin,  by  the  action  of  hydrochloric  add  gas  « a 
a  mixture  of  sebacic  add  and  glycerin  heated  to  100°.  As  thus  obtained,  it  is  liquid 
at  first,  but  after  drying  at  120^,  solidifies  partially  after  a  few  days,  and  completely 
at  — 40^.  It  gives  off  acrolein  when  heated.  Oxide  of  lead  converts  it  into  sebadc  add 
and  glycerin.  With  alcoholic  hydrochloric  acid,  it  yields  ethylic  sebate  and  glycerin. 
(Bert helot,  Ann.Ch.  Phys.  [3]  xli.  293.) 

B'EMpXiTKm  CH". — A  hydrocarbon  obtained,  together  with  propionic  aldehyde^ 
ocnanthol,  and  a  small  quantity  of  benzene,  by  the  dry  distillation  of  calcic  sebate 
mixed  with  excess  of  Ume.  It  partly  condenses,  as  a  solid  fatty  mass,  on  the  sides  of 
the  receiver  and  the  neck  of  the  retort,  and  partly  separates  from  the  liquid  product 
when  left  at  rest.  When  purified  by  solution  in  oil  of  vitriol,  precipitation  with  water, 
and  recrystallisation  from  alcohol,  it  forms  nearly  colourless  laminae,  which  easily  cake 
together.  It  is  tasteless  and  inodorous,  lighter  than  water,  melts  at  55°,  and  volatilises 
at  a  temperature  above  300°.  It  is  insoluble  in  water,  easily  soluble  in  alcohol  and 
ether,  dissolves  with  red  colour  in  oil  of  vitriol,  and  is  precipitated  in  its  original  state 
by  wat er.  It  is  scarcely  altered  by  nitric  acid  or  caustic  potash.  (Petersen,  Ann.  Ch. 
Pharm.  ciii.  187.) 

8B8AMZC  ACZB.  C'«H»*NO»  »  (C»«H»«OYVq.     (Bowney,  Chem.  Soc  Qu. 

iv.  334. — Kraut^  GmdijC a  Handbook,  xiv.  601.)— Produced:  1.  By  the  action  of 
ammonia  on  ethyl-sebadc  acid  (Bowney). — 2.  By  the  dry  distillation  of  neutral 
sebate  of  ammonium.    (Kraut.) 

Preparation. — 1.  The  oilv  mixture  of  neutral  sebacic  ether  and  ethyl-sebacic  add, 
obtained  by  the  action  of  hydrochloric  acid  gas  on  ^coholic  sebacic  add,  is  digested 
with  strong  aqueous  ammonia  for  several  weelu  in  a  dosed  vessel,  or  till  the  oil  is 
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cOBTcrt«d  into  a  gpiftniilar  masB,  the  sebamide  vhich  separates  from  the  liquid  ooDtain- 
ing  sebamic  acid  being  removed  hj  filtration,  and  washed  to  free  it  from  mother- 
liqoor.  The  seTeial  portions  of  liquid  are  then  united  and  concentrated  over  the  water- 
bath  ;  the  sebamic  acid  is  precipitated  by  hydrochloric  acid,  washed  with  cold  water, 
and  diseolved  in  dilate  aqneons  ammonia,  which  still  leaves  a  small  quantity  of  seba- 
mide  nndiasoltd ;  the  solution  filtered  therefrom  is  again  precipitated  by  hydrochloric 
add ;  and  the  resulting  precipitate,  after  being  washed,  is  purified  by  recrystaUisation 
fram  vater  (Ro  wney). — 2.  Neutml  sebate  of  ammonium  yields  by  simple  distillation, 
iiEt  a  odourless,  then  a  yellowish  empyremnatic  distillate,  which  is  to  be  dissolved  in 
ammonia,  filtered  from  a  small  quantity  of  oil  which  separates,  and  precipitated  with 
faydroeUorie  acid.  The  precipitate  is  washed  with  cold  water,  and  reczystallised  from 
boihog  water.     (K  ran  t.) 

Pnperties. — Sebamic  acid  forms  rounded  grannies  (Bowney);  a  white,  cmtallin^ 
pdvenilent  mass  (Kraut).  Has  an  acid  reaction  (Bowney).  It  is  sparinglv soluble 
in  cold,  easily  in  -warm  water,  alcohol,  and  ammonia*  When  boiled  with  cucic  carbo- 
nate, it  givea  off  carbonic  acid,  and  forms,  a  calcium-salt,  sUghtlv  soluble  in  water 
(K  raut^  The  solution  of  sebamic  add  in  ammonia  does  not  precipitate  the  alkaline 
euths ;  it  precipitates  acetate  of  lead,  and  forms,  with  nitrate  of  siltfer,  a  precipitate 
sofaible  in  ammonia  and  in  nitiic  acid.    (Bo  wn  ey.) 

Sebamic  add  gives  off  ammonia  when  boiled  with  potash  (Bowney). — ^The 
sodium-salt  brougnt  in  contact  with  chloride  of  hcTuoyl,  yields  chloride  of  sodium  and 
an  oil,  which  may  be  dissolved  out  by  ether,  is  left  behind  when  the  ether  evaporates, 
gives  off  ammonia  when  fiised  with  hydrate  of  potassium,  is  insoluble  in  water  and 
ammonia,  and  when  washed  with  ammonia,  gives  up  to  it  only  a  small  quantity  of  free 
add.   (Kraut.) 

SaBAama.     C»H»N«0«    -     (^"^/^*^|n^.   (Bowney,  foc.«<.—Carlet, 

Compt.  rend,  zzxvii.  128.) — ^Produced  as  just  described  from  ethylic  sebate,  or  in  like 
maimer  trouk  methylic  sebate,  and  purified  by  wo  recrystallisations  from  alcohol.  It 
is  neuti:)!,  and  forms  hard  rounded  granules  composed  of  microscopic  needles,  insoluble 
in  cold,  moderately  soluble  in  boiling  water ;  insoluble  in  ammonia,  slightly  soluble  in 
oold  alcohol,  very  soluble  in  boiling  alcohol.  By  water  it  is^^dually  converted  into 
sebate  of  ammonium.  It  is  not  attacked  by  potash  in  the  cold,  but  gives  off  ammonia 
Then  boiled  therewith. 


DiglycezyUc  Sebate.    (See  Sbbacic  Ethbbs,  p.  214.) 

Bye.    See  Cbbbals  (i.  823). 

J^yo^.—These  names  are  applied  to  several  togi 
growing  on  the  ears  of  grasses.  They  differ  in  structuro  and  m  chemical  composition 
aooording  to  the  plant  on  which  they  grow.  Bamdohr  (Arch.  Fharm.  czzxi.  179)  has 
examined  the  ergots  from  rye,  from  barley,  and  from  Bromtis  eeealinus;  and  finds  that 
they  differ  in  the  proportions  of  organic  substance,  water,  and  ash  contained  in  them — 
also  in  the  composition  of  the  organic  substance  and  of  the  ash,  but  the  differences 
are  not  important.  (See  Hdndw.  d.  Chem.  vii.  732).  Bespecting  l^e  detection  of 
eigot  in  lye^  see  Byb  (p.  141). 


BrT  A&OOBO&S.  This  term,  with  its  correlatives,  primary  and  ter- 
tiuy  alcohols,  has  been  employed  by  Kolb  e  to  express  certain  differences  in  the  man- 
iter  in  which  the  carbon  is  linked  together  in  the  alcohols.  These  three  terms  aro 
boRowed  from  the  nomenclature  of  the  compound  ammonias  (Ann.  Ch.  Pharm.  [1864] 
Id  102).    Thus  we  have :— 
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Just  as  in  ammonia  there  are  three  atoms  of  hydrogen  capable  of  replacement  by 
ndides,  so  in  methylic  alcohol  thero  are  three  atoms  of  hydrogen  capable  of  replace- 
ment by  radicles.  This  parallel  must  not,  however,  be  followed  too  far,  inasmuch  as 
vbereas  NH'  takes  up  HQ  (equal  to  H*),  CH*  can  only  take  up  01  or  OH  (equal  to  H). 
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The  aloohoU  obtained  by  fermentation,  the  8o-ca31ed  normal  alcohols,  are  balieT'ed  to 
be  of  the  primazy  class.  The  alcohols  obtained  by  the  addition  of  hydrogen  to  the  Icetones 
are  secondary.  A  tertiary  alcohol  appears  to  have  been  obtained  by  Bnttlerow  and  by 
Wanklyn. 

The  following  fozmnlas  exhibit  the  stmctnzal  differences  in  the  three  cLaosea  of 
alcohols  :•— 
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Tertiary  Alcohols. 
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On  inspecting  these  formnlse,  it  appears  that  there  cannot  be  a  secondaiy  etbylie  alco- 
hol, and  that  neither  ethylic  nor  propylic  alcohol  is  possible  in  the  tertiary  series. 

The  experimental  evidence  of  the  existence  of  these  different  kinds  of  stractoxe  in 
different  alcohols  may  be  set  forth  as  follows : 

Genms  of  the  Alcohols  of  the  Frimary  Type. 

Starting  with  CH*Na  and  CO'  we  get— 

fC(NaO)0' 

Ih 

"wherein  the  sodium  which  satorates  one  quarter  of  the  one  atom  of  carbon  is  replaced 
by  an  equivalent  of  the  other  carbon,  whust  the  sodium  goes  to  saturate  half  of  one 
of  the  atoms  of  oxygen  which  existed  in  combination  in  the  carbonic  anhydride.  On 
distilling  together  CH*C(NaO)0"  and  formate  of  sodium,  tluoe  is  produced  aldehyde 
and  carbonate  of  sodium : 
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This  reaction  consists  in  interchange  between  (NaO)  and  H.    Arrived  at  CH'OHO 
(aldehyde),  we  add  nascent  hydrogen,  and  get : 

CHO" 

H 

H 

VH 
Aldehyde. 


+    H« 


rCHH(OH) 
H 
H 

IH 
Alcohol. 


From  alcohol  we  get  iodide  of  ethyl ;  from  iodide  of  ethyl  we  get  sino-ethvl,  and  then 
Bodium-ethyl,  CH*CH'Na.  Acting  upon  sodium-ethyl  with  carbonic  anhydride  we 
get:— 
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Whenee^  as  before,  by  means  of  formiate : — 

rCEPCHCr 

H 

H 
IH 

Ilien  oo  tddition  of  hjdzogen  :— 

(CBHmor  rCHKJHH(OH) 

H  Ih 

The  eomponnd  last  formulated  is  the  primair  propylic  aloohd.  Nov,  if  the 
machaoism  of  these  reactions  be  studied,  it  will  be  apparent  that  the  last  atom  of 
cazboa  vhich  is  joined  on  to  the  group  is  that  which  is  ultimatdiy  combined  with  the 

penoide  of  hydrogeiL    We  add  CO*,  which  goes  through  the  stages,  c6(0Na) -* 

C&h9.  and  CH(OH)H?. 

If  the  fannnlse  of  the  primaiy  alcohols  be  eicamined,  it  will  appear  that  one  of  the 
diief  characteristic  structural  features  of  these  alcohols  is  that  the  atom  of  carbon 
which  18  in  combination  with  the  peroxide  of  hydrogen  is  in  combination  with  only  one 
atom  of  carbon.  This  condition  is  satisfied  by  the  alcohol  resulting  from  the  series  of 
reaetioiuaboTe  given.  It  is  supposed,  but  has  not  been  proved,  that  the  alcohols  result- 
ing from  the  iennentation  of  sugar  are  identical  with  those  given  by  the  synthetical 
m^liod. 

Qtne»i8  of  the  MeoAols  of  the  Secondary  I^fpe, 

The  formula  of  a  secondary  alcohol  requires  that  the  same  atom  of  carbon  which  is 
in  combinatiott  with  peroxide  of  hydrogen  should  be  in  union  with  two  atoms  of  carbon. 
This  condition  is  satisfied  by  forming  an  alcohol  by  the  addition  of  hydrogen  to  a 

(R 
ketone.  The  constitution  of  a  ketone  is  this— C'(It,  as  is  shown  by  the  general  history 

of  the  ketones,  but  most  decisively  by  their  formation  from  carbonic  oxide  and  the 
compounds  of  the  alkali-metals  with  the  alcohol-radides : 

CO  +  2NaR    -    Na«  +  CORK. 

If  then  we  take  a  ketone  and  operate  upon  its  oxygen  with  nascent  h}[drogen,  the 
Rsnlting  alcohol  must  contain  an  atom  of  carbon  whidi  is  in  direct  union  with  peroxide 
of  hydzojgen,  and  with  two  atoms  of  carbon :  e.^.— 
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The  known  examples  of  seoondaiy  alcohols  are  a  pseudo-  or  abnormal  propylie 
tleohol,  obtained  from  acetone  and  nascent  hydrogen,  and  by  attacking  glycerin  with 
hjdriodic  add,  and  then  decomposing  the  resulting  abnormal  iodide  of  isopropvl  widi 
gmccfgnaie  reagents — a  pseudo-butyric  alcohol,  a  pseudo-amylic,  and  a  pseudo-hexylic 
umhoL  the  last-named  being  obtained  from  glycerin. 

Genesis  of  the  Alcohols  of  the  Tertiary  Type, 

Inspection  of  the  formula  of  a  tertiary  alcohol  will  reveal  the  &ct  that  a  tertiary 
aloohfu  must  contain  an  atom  of  carbon  which  is  in  union  with  one  atom  of  peroxide  of 
Indrogim,  and  three  of  carbon.  This  structural  peculiarity  has  been  realised  by 
Antdezow,  who  made  chloride  of  acetyl  act  on  zinc-ethyl  as  follows : — 

fO" 
cld      +      2C^C«hO     = 
lCfH!»  ^2  ^ 

Chlorlds 
of  leetyL 


(o|) 
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The  actaon  of  water  upon  the  latter  eompoimd  gives  hydrate  of  aiiie  and  the  teztlacy 
alcohol : — 

Z^-  r(OK) 

CH*  ^ 

In  the  reaction  between  carbonic  oxide  and  sodium-ethyl  there  appears  to  result 
certain  quantity  of  a  tertiary  alcohol,  as  follows: — 

(0* 
CO  +  2NaC«H*     -    Na«  +  CicmK 

tC«H» 

(0'  f(^^*) 

CJCW  +  NaC«H«    .      c]  ^1 


C*H« 
C»H» 


C 


f(ONa) 
C*H 


gg;    +    HK)     -     C   gg;     +     NaHO. 


C«H 


s 


(OH) 


C»H» 


The  characters  of  the  tertiary  alcohols  are  almost  unknown.  The  seeondaiy  aledhola 
boil  at  lower  temperatures  than  the  ooiresponding  primary  alcoholsi  and  oxidise  into 
ketones  instead  of  into  aldehydes.    They  axe  apt  to  evolve  their  olefine. 

J.  AW. 


BBCOITBAn  AMTPMB  and  AMXWas.  Compounds  derived  ficom  a  eangfe 
or  multiple  molecule  of  ammonia,  by  the  replacement  of  two-thirds  of  the  typic  hydro- 
gen by  acid  and  basylous  radicles  respectively  (i.  170, 174). 

Sodio-potassic  tartrate.    (See  Tabtajbio  Acid.) 

Syn.  with  Gbsbk  Earth  (ii.  944). 

An  ash-grey  or  black  silver  ore  from  Wolikch  in  Baden  and  the 
Mexican  mines,  where  it  is  called  Plata  AjbuI,  It  is  said  to  consist  mainly  of  silver- 
carbonate,  but  is  probably  only  a  mixture. 

WXLXMASbDTKM.  0*H*'NSe*.  (Wohler  and  Liebig,  Ann.  Ch.  Fharm.  Ixi. 
14.) — A  base  aoalogous  tothialdine,  produced  by  the  action  of  selenhydric  acid  on  alde- 
hydate  of  ammonium.  To  prepare  it,  the  gas  is  passed  into  a  rather  concentrated 
aqueous  solution  of  the  aldehydate,  in  an  apparatus  from  which  the  air  has  been  expelled 
by  a  current  of  hydrogen ;  and  when  the  liquid  has  deposited  crystals  of  selenaldine,  the 
excess  of  selenhydric  acid  gas  is  likewise  expelled  by  a  current  of  hydrogen.  The  super- 
natant liquid  containing  sdenhydrate  of  ammonium  is  then  displaced  by  a  stream  of 
cold  de-aerated  water,  and  the  crystals  are  collected  on  a  filter,  pressed,  and  dried  over 
oil  of  vitriol. 

Selenaldine  forms  small  colourless  crystals,  probably  isomorphous  with  thialdine^ 
having  a  faint  disagreeable  odour,  and  slightly  soluble  in  water,  easily  soluble  in  alco- 
hol and  ether,  bat  not  crystallisable  by  evaporation  in  a  vacuum.  It  is  essily  decom- 
posed by  heat,  giving  off  a  fetid  gas ;  when  boiled  with  water  it  also  gives  off  a  veiy 
fetid  substance,  and  deposits  a  yefiow  powder.  Its  solution  in  water,  ^cohol,  or  ether 
yields  aldehydate  of  ammonium  on  exposure  to  the  air,  and  deposits  an  orange- 
coloured  amorphous  powder,  which  is  insoluble  in  alcohol  and  ether,  melts  to  a  yellow« 
red  mass  in  boiling  water,  and  yields  by  distillation  a  veiy  fetid  oil  containing  selenium. 
Selenaldine  dissolves  in  dilute  hydrochloric  acid,  forming  a  liquid  which  is  precipitated 
by  ammonia  and  decomposes  quickly,  depositing  a  yefiow  powder,  and  emitting  an 
offensive  odour. 

Syn.  with  SiLEKiDa  of  Caoodti.  (i.  408). 

(C*H*)*Se.    Already  described  as  Sblkridb   of  Sthtl  (ii 
644). 

li»TiBW H  M  I>»10  ACZD.  H^.  Described  as  SsLBinDB  or  Htdboobk  (uL 
202).  It  may  also  be  prepared  by  heating  selenium  in  a  slow  stream  of  pure  dry  l^dro- 
gen  gas,  forming  easily  as  soon  as  the  selenium  assumes  the  form  of  vapour.  It  de- 
composes at  higher  temperatures ;  remains  gaseous  .at  — 16^.  (Uelsmann,  Ann.  Ch* 
Fharm.  cxvi  122.) 

SB&BVIC  ACXB.    See  Smonux,  OxTOBN-Acms  of. 
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and  ftllTtB W  H  U  MMtUklPMMt  Seleniom  unites  with  metaLs  and 
with  alcohol-radicles,  forming  compounds  analogous  in  composition,  properties,  and 
skode  of  formation  to  the  sulphides. 

Hetallie  Selenides  are  obtained  in  the  dry  state: — 1.  Bj  directly  fusing  the  metal 
with  selenimn,  the  combination  being  often  attended  with  development  of  light  and 
b««t,  not  so  Tirid,  howerer,  as  in  the  combination  of  sulphur  with  the  same  metals ; 
tdao  by  heating  the  metal  in  vapour  of  selenium. — 2.  Bj  precipitating  most  of  the  heavy 
metallic  oxides  dissolved  in  acids,  by  means  of  selenhydric  acid,  or  of  a  disssolved 
eelenide  of  an  alkali-metal,  or  by  heating  a  hydrated  metallic  selenide. — 3.  By  heating 
■eleninm  with  metallic  oxides  or  their  carbonates,  whereby  part  of  the  selenium  is 
eonveited  into  sdenious  oxide:  thus,  the  alkalis  fused  with  selenium  produce  an 
alkaline  selenite  and  a  metallic  selenide  (Berzelius). — 4.  By  igniting  selenites  or 
seienates  with  hydrogen  or  charcoal 

Theseleoides  of  the  alkali -metals  have  a  red  or,  if  they  contain  excess  of  selenium, 
a  dark  n^-brown  colour,  and  the  hepatic  taste  and  smell  of  the  corresponding  sulphides. 
Their  aqueous  solutions,  which  may  be  obtained  by  passing  selenhydric  acid  gas  into 
fiolntions  of  the  caustic  alkalis,  are  colourless  when  pure,  but  are  gradually  coloured 
red  by  firee  selenium  held  in  solution.  On  exposure  to  the  air,  th^y  decompose,  with 
deposition  of  ciybtalline  selenium.  When  selenhydric  acid  gas  is  passed  to  saturation 
into  a  solution  of  caustic  alkali,  a  selenhydrate  of  the  alkali-metal,  e.y.  KHSe,  la 
produced. 

The  selenides  of  the  alkaline  earth-metals  are  flesh-coloured,  insoluble  in  pure  water, 
bat  soluble  in  aqueous  selenhydric  acid ;  in  their  other  characters  they  resemble  the 
selenides  of  the  alkali-metals.    The  selenides  of  the  earth-metals  and  of  manganese 
and  sine  are  also  flesh-coloured  and  insoluble  in  water.    The  other  metallic  selenides 
are  mostly  dark-coloured,  and  exhibit  the  metallic  lustre  :  they  are  generally  more 
fosible  than  the  metals  which  they  contain.    When  they  are  heated  to  redness  in  the 
air,  the  seleninm  bums  slowly  with  a  reddish-blue  flame,  and  an  odour  of  horseradish. 
Selenium  is,  however,  more  difficult  to  drive  off  by  roosting  than  sulphui*.    The  sele- 
nides are  less  easily  soluble  in  nitric  acid  than  the  pure  metals ;  selenide  of  mercury, 
almost  insoluble.     Chlorine,  with  the  aid  of  heat,  converts  them  into  chloride  of  sele- 
nium and  metallic  chloride.     Heated  in  hydrochloric  acid  gas,  they  yield  metallic 
chloride  and  selenhydric  acid. 

Some  metallic  selenides  occur  in  nature  as  rare  minerals,  or  as  impurities  in  sul- 
phides. Selenide  of  copper  occurs  as  berzelianite  at  Skrikerum  in  Sweden,  and  near 
Lehrbach  in  the  Hartz ;  selenide  of  lead,  and  selenide  of  lead  and  copper,  as  daustha- 
lite,  at  Clausthal,  Tilkerode,  Lehrbach,  and  other  localities  in  the  Hartz ;  selenide  of 
lead  and  mercury  aA  lehrbachite  at  Lehrbach;  selenide  of  silver  as  naumannite  at 
Tilkerode ;  selenide  of  silver  and  copper,  as  eucairite,  at  Skrikerum. 

The  selenides  and  selenhydrates  (selenium-mercaptans)  of  the  alcohol -radicles 
are  volatile  fetid  liquids  resembling  the  corresponding  sulphur-compounds.  The  ethyl- 
and  methyl-compounds  are  the  only  ones  yet  obtained  (ii.  544 ;  iii.  990). 

BSbSVIOCTAVATas.  CNMSe  »  CyMSe  and  C^*M"Se<  =  Cy^M'Se*.— 
These  compounds,  the  analogues  of  the  sulphocyanates,were  discovered  in  1820  by  B  e  r- 
zelius  (Schw.  J.  xxxi.  60),  and  have  been  more  fully  examined  by  Grooke8(ChenL 
Soc.  Qu.  J.  iv.  12).  The  potassium-salt  is  obtained  by  fusing  ferrocyanide  of  potas- 
sium with  selenium*  The  solution  of  this  salt  mixed  with  acetate  of  lead  yields  a  pre- 
cipitate of  seleniocyanate  of  lead,  which  when  decomposed  by  sulphydric  acid,  yields 
a  solution  of  hydric  seleniocyanate,  or  seleniocyanic  acid ;  and  the  other  seleniecyanates 
are  obtuned  by  neutralising  the  acid  with  bases,  or  by  precipitation,  according  as  they 
are  soluble  or  insoluble. 

Seleniocyanate  of  Ammonium  is  a  soluble  very  deliquescent  salt,  crystallising  in 
minute  needles  like  the  potassium-salt 

The  bariumrsalt  is  obtained,  but  not  in  definite  crystalline  form,  by  dissolving  car- 
bonate of  barium  in  the  aqueous  acid,  and  evaporating  in  a  vacuum. — The  ealcium^salt 
oystallises  in  groups  of  stellate  nee(Ues ;  the  atrontium-salt  in  fine  prisms. 

Cuprie  Seleniocyanate. — Selenioc^^anate  of  potassium  added  to  cupric  sulphate  throws 
down  a  brownish  precipitate,  which  is  probably  cupric  seleniocyanate.  It  is  rapidly 
deeomposed,  even  at  ordinary  temperatures,  yielding  black  selenide  of  copper,  with 
separation  of  selenhydric  add.    (Grookes.) 

Hvdric  Sdenioeyanate,  or  Sdeniocyanie  Acid,  CNHSe  «-  CyHSe,  is  prepared  by 
passing  a  rapid  stream  of  sulphydric  acid  gas  through  a  warm  aqueous  solution  of 
wlenioeyanate  of  lead  in  which  the  same  salt  is  suspended  in  a  state  of  fine  division  ; 
hnting  the  filtrate  nearly  to  boUing  to  expel  the  excess  of  sulphydric  add ;  and  again 
filteiing,  to  separate  a  small  quantity  of  precipitated  seleniuuL  The  solution  thus 
oblaioed  is  strongly  add,  and  ^tsily  decomposed  by  boiling  or  by  exposure  to  the  air. 
It  cannot  be  concentrated  without  decomposition  even  in  a  vacuum  over  oil  of  vitriol. 
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The  addition  of  nlmoet  any  acid  causes  an  immediate  precipitation  of  seleninm,  hydr^o* 
cyanic  acid  remaining  in  solution.  It  dissolves  zinc  and  iron,  with  evolution  of  hydz«>- 
gen,  and  decomposes  carbonates. 

Ferric  Sdenioeyanaie. — The  rapid  decomposition  which  seleniocyanic  add  undergoes 
in  contact  with  stronger  acids,  prevents  the  formation  of  any  red  colour  with  ferric 
salts  by  double  decomposition.  Neither,  according  to  Crookes,  is  a  ferric  Belenio- 
cyanate  obtained  by  treating  ferric  oxide  with  seleniocyanic  acid,  selenium  bein^ 
immediately  precipitated.  On  one  occasion,  however,  in  preparing  seleniocyanate  of 
potassium  by  the  process  described  below,  the  fused  mass  having  been  treated  witJi. 
absolute  alcohol  in  a  well-closed  flask,  a  deep  blood-red  filtrate  was  obtained,  tl&e 
colour  of  which  soon  disappeared  on  exposure  to  the  air,  with  deposition  of 
selenium.  On  other  occasions  no  colour  was  obtained,  the  iron  always  remaining  ta  & 
black  powder,  chiefly  consistine  of  carbide  of  iron. 

Sdenioeyanaie  qf  Lead,  C*N»Pb"S*  =  Cy*Pb''S«.— Seleniocyanate  of  potassium  forms, 
with  acetflrte  of  lead,  a  lemon-yellow  precipitate,  which  dissolves,  with  slight  decompo- 
sition, in  boiling  water.  The  Altered  solution,  which  is  nentjral  to  test-paper,  deposits, 
on  cooling,  beautiful  lemon-coloured  needles,  which  are  insoluble  in  alcohol.  The  salt 
may  be  heated  to  100°  without  decomposition,  but  assumes,  when  moist,  a  slight  pink 
tint.    The  crystals  are  extremely  light.    (Crookes.) 

Seleniocyanate  of  Magnesium  is  soluble,  and  dries  up  to  a  g^mmy  mass  apparently- 
destitute  of  crystalline  structure. 

Mercuric  Seleniocyanate  with  Mercuric  Chloride,  C«N»Hg''S*.Hg''Cl«— Obtained  bj 
adding  an  excess  of  mercuric  chloride  to  seleniocyanate  of  potassium.  When  ststmg 
solutions  are  used,  the  whole  immediately  solidifies  into  a  felt-like  mass  of  yellowish 
crystals;  these,  after  washing  with  water,  are  purified  by  reciystallisation  from 
alcohoL  The  crystals  are  but  sparingly  soluble  in  cold  water,  but  dissolve  more 
readily  in  hot  water,  still  more  in  alcohol  and  in  dilute  hydrochloric  acid ;  the  latter, 
however,  separates  selenium  after  a  while.  Nitric  acid  and  aqua-rena  dissolve  the 
double  salt  entirely,  the  liberated  selenium  being  immediately  oxidised.  The  crystals 
are  anhydrous,  and  maybe  heated  to  100^  without  decomposition;  above  that  tempera- 
ture they  are  decomposed,  intumescing  in  a  remarkable  manner  (Grookes).  All 
attempts  to  produce  the  simple  seleniocyanate  of  mercury  &iled,  the  double  rait  just 
described  being  always  produced. 

Seleniocyanate  of  Potasmim,  CNKSe  =  CyKSe. — ^Prepared  by  fusing  1  pt.-of  seLeninm 
with  3  pts.  of  dry  ferrocyanide  of  potassium  in  a  small  retort ;  digesting  the  resolting 
greenish-black  mass  with  absolute  alcohol ;  and  passing  carbonic  anhydride  through  the 
solution  to  decompose  cyanide  and  cyanate  of  potassium,  and  precipitate  the  potassium 
in  the  form  of  acid  carbonate  (a  salt  which  is  quite  insoluble  in  absolute  alcohol).  The 
alcohol  is  then  distilled  off,  tog^ether  with  the  hydrocyanic  and  cyanic  adds ;  and 
the  watery  extract  of  the  residue  is  left  to  crystallise  in  vacuo  over  oil  of  vitrioL  The 
formation  of  the  salt  is  expressed  by  the  following  equation : 

C'N^K^Fe''  +  Se*     -     4CNKSe  +   FeO*  +   N«. 

The  residue  in  the  retort  consists  chiefly  of  carbide  of  iron,  together  with  undecomposed 
yellow  prussiate,  and  traces  of  selenium  (Crookes).  The  salt  may  also  be  prepared 
by  dissolving  selenium  in  aqueous  cyanide  of  potassium.    ^Wiggers.  Wohler.) 

Seleniocyanate  of  potassium  crystallises  in  needles,  havmg  the  same  form  and  taste 
as  the  sulphocyanate.  It  is  very  deliquescent,  and  even  more  soluble  than  the  sulpho- 
cyanate.  Its  solution  is  decomposed  even  by  weak  acids,  depositing  selenium  and 
giving  off  hydrocyanic  acid.  The  crystals  are  strongly  alkaline  to  test-paper,  and 
produce  great  reduction  of  temperature  when  dissolved  in  water.  They  may  h^  heated 
without  decomposition  in  dose  vessels ;  but  if  the  air  has  access  to  them,  they  alter 
when  heated  a  little  above  100°. 

The  sodium'Salt,  obtained  by  neutralisation,  is  very  soluble,  and  when  evaporated  in 
a  vacuum,  crystallises  in  small  foliated  crystals. 

SeleniocyaTiate  of  Silver,  CNAgSe. — ^The  potassium-salt  forms  with  nitrate  of  silver 
a  curdy  precipitate  resembHng  chloride  of  silver ;  but  if  the  silver-solution  be  pre- 
viously mixed  with  ammonia,  the  seleniocyanate  of  silver  is  precipitated  in  beautiful, 
minute,  satiny  crystals.  This  salt  blackens  readily  on  exposure  to  light ;  is  insoluble  in 
water,  and  very  sparingly  soluble  in  cold  dilute  adds.  It  is  instantly  decomposed  bv 
boiling  with  strong  acids ;  and  unless  oxidising  acids  are  used,  selenium  is  precipitated. 
(Crookes.) 

Seleniocyanate  of  Zinc,  obtained  by  dissolving  either  the  metal  or  its  oxide  in  sele- 
niocyanic acid,  forms  groups  of  prismatic  needles,  which  are  not  deliquescent. 

Syn.  with  Hydbic  SsLsinocTANATB  (p.  219). 


C^'Se    -    gjSe.-P«.ducedb,the 
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aetioii  of  iodide  of  cyanogen  on  selenioejanate  of  silver.  It  is  a  Tolatile  ctystalline 
body,  cLaeety  analogouB  in  all  its  properties  and  reactions  to  snlphocyanic  anhydride 
(f.r.).    (Xjinnemann,  Ann.  Ch.  Pfaarm.  m.  36.) 

1IT»yAOOirAirXO  VTSMRM,  The  only  one  kncvn  is  the  allylic  ether, 
Cy(CH*)Se,  analagons  to  Tolatile  oil  of  mustard,  which  is  obtained,  though  not  quite 
pore,  by  cohobating  1  at.  seleniocyanate  of  potassium  in  aloohoh'c  solution  with  1  at. 
allylic  iodide  for  tweWe  hours,  then  distilling,  and  mixing  the  distillate  with  water. 
Alijiic  selemocyanate  then  separates  as  a  heavy  yellow  oil,  which  may  be  obtained 
eolotorleas  by  treatment  with  chloride  of  calciam  and  rectification,  but  does  not  exhibit 
a  eonsttant  boiling-point  (15(P — 184°).  The  portion  boUing  at  150°  cave  by  analysis 
38*5  per  cent.  carlx)n  and  42  per  cent  selemum,  whereas  the  formula  requires  3'2'6 
and  64*4.  The  compound  has  an  extremely  offensive  alliaceous  odour,  and  when  exposed 
to  the  air,  g;radna]jy-  turns  red  from  separation  of  selenium.  It  differs  from  the  smpho- 
cjanate  in  not  inflaming  the  skin,  and  not  forming  a  crystalline  compound  with 
sjnmonia.     (^Wobler,  £an,  Ch.  Fharm.  cix.  125). 

ACm.    See  SELKMnnc,  Oxtobn-acids  of  (p.  226). 

Crystallised  native  sulphate  of  calcium.    (See  Gtpsvx,  ii  962.) 

.    See  Sklsnittm,  Oxtoek-acxds  of  (p.  226). 

Atomic  weigkt,  79*5.  Symbol,  Se. — ^An  elementary  substance  belong- 
ing to  the  ozygen^group,  and  occupying  the  intermediate  place  between  sulphur  and 
teUurium.     It  is  closely  allied  in  its  properties  to  sulphur,  and  often  associated  with 
thai  element  in  the  mineral  kingdom.    It  was  discovered  by  Berzelius  in  181 7f  in  the 
refose  of  a  etdphuric  add  manufactory  at  Grripeholm  near  Fahlun,  in  Sweden.     Though 
not  an  abondsuit  element,  it  enters  into  the  composition  of  many  minerals.    It  occurs 
in  the  free  state  at  Culebraa  in  Mexico,  in  crystals^  which,  according  to  Mitscherlich, 
ate  monoclinic,  and  in  greyish  or  brownish-black  incrustations  having  a  submetallic 
lustre.*     Selenites  of  ca^nium,  copper,  iron,  cobalt,  nickel,  lead,  silver,  and  mercury, 
an  alao  fbumd  native  (p.  219).    Selenium  frequently  occurs  as  an  impurity  in  native 
galphnr,  as  at  Vulcano,  one  of  the  Lipari  Islands,  and  in  metallic  sulphides.  It  occurs 
to  a  greater  or  less  extent  in  the  iron  pyrites  of  certain  localities,  particularly  at 
'Fahlun  in  Sweden,  and  at  KrasUtz  and  Luckawitz  in  Bohemia ;  also  in  some  forms  of 
copper  pyrites,  those  from  Rammelsberg  and  Anglesea,  for  instance ;  and  occasionally 
in  small  qnantities  associated  with  the  sulphides  of  lead  and  molybdenum ;  also  in 
teUunum-ares,  and    in  pitchbende  from  Johangeorgenstadt  and  Schneebe;^.     The 
principal  tonrees  of  selenium  are  the  double  selenide  of  lead  and  copper  found  at 
daosuial  and  other  places  in  the  Hartz,  and  the  deposit  which  occurs  in  the  leaden 
chambers  of  certain  vitriol  works,  where  seleniferoas  sulphur  orpyrites  is  burned. 

Preparation. — 1.  From  the  euproplumbic  selenides  of  the  Biirtz.  The  pulverised 
ore  is  treated  with  hydrochloric  acid,  to  dissolve  the  earthy  carbonates,  and  the  washed 
and  dried  residue  is  ignited  for  some  time  with  an  equal  quantity  of  black  flux.  The 
seleninm  is  thereby  converted  into  selenide  of  potassium,  which  by  treatment  with 
boiling  water  is  dissolved  awa^  from  the  oxides  formed  at  the  same  time.  This  solu- 
tion, when  exposed  to  the  air,  absorbs  oxygen,  and  yields  the  selenium  as  a  grey 
deposit,  which  is  washed,  dried,  and  distilled. 

2.  The  seleniferous  deposit  from  certain  vitriol  works,  as  those  near  Fahlun,  is 
mixed  with  nitrate  and  carbonate  of  potassium,  and  deflagrated  in  a  red-hot  crucible. 
The  residue,  containing  selenate  of  potassium,  is  treated  with  hydrochloric  acid,  and  the 
vhole  is  eva^rated  down  to  a  small  bulk,  whereby  a  reducing  action  is  set  up,  and 
selenious  actd  is  liberated ;  and  on  saturating  the  liquid  with  sulphurous  acid,  and 
heating  it  to  the  boiling-point  selenium  is  deposited  in  red  amorpho^is  flakes.  For 
farther  details  respecting  both  these  processes,  see  GmelirCs  Handbook,  ii.  232. 

Another  method  of  obtaining  selenium  from  the  deposit  of  the  sulphuric  acid 
chambers,  recommended  by  Lie  be  (Arch.  Fharm.  ci.  25),  is  to  treat  the  deposit  with 
nitromuriatic  acid  ;  expel  the  excess  of  this  acid  by  heat,  after  addition  of  sulphuric 
add ;  wash  the  residue  when  cold  with  water ;  neutralise  the  solution  with  sodic  carbonate ; 
evaporate  to  diyness ;  roast  the  residue  at  a  gentle  heat  with  an  equal  weight  of 
sal-ammoniac,  tul  it  becomes  red-brown  (nitrogen  and  sal-ammoniac  being  then  given 
off*,  but  no  appreciable  quantity  of  selenium);  and  treat  the  red-brown  mass  with  water, 
wMch  leaves  the  selenium  undissolved. 

3.  Bottger  has  shown  that  the  flue-dust  of  the  roasting  furnaces  in  the  desilverising 
vorks  at  Mansfeld,  in  Saxony,  contains  uncombined  selenium  in  quantity  sufficient 
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for  profitable  extzaction  (9  per  cent,  according  to  Kemper,  Arch.  Pharm.  [2]  ci.  25). 

*  This  oatiTe  Mientam  If  •omftlmef  called  RMite^  from  Del  Rio,  who  discovered  It ;  but  that  name  is 
alio  applied  to  Klenlde  of  lUver,  found  bjr  the  same  mioeraloglit  at  Tasco  in  Mexico  (p.  11 1)*. 
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To  separate  the  seleninm,  Bottger  levigates  the  flae-deposit;  washes  out  the 
parts  with  water  oontainiiig  hydrochloric  acid,  and  with  pure  water ;  then  fbses  it;  'with 
cmde  sodic  or  potassic  carbonate ;  pulTerisee  the  fused  mass,  lixiviates  it,  and  leaves  th» 
brown-red  liqnid  exposed  to  the  air ;  then  separates  the  deposited  selenium  bj  filtratioii, 
and  distils  it     (J.  pr.  Chem.  Ixxi.  612.) 

Froperiies. — Selenium,  like  sulphur,  occurs  in  different  allotropic  states,  both  Mnnyr" 
phous  and  crystalline.    These  modifications  have  been  especially  studied  byHittorf 
(Fogg.  Ann.  Ixxxiv.  214 ;  Jahresb.  1851,  p.  318),  Mitscherlich  (J.  pr.  Chem.  Ix:^!. 
301 ;  Jahresb.  1865,  p.  314),  and  Regnault  (Ann.  Ch.  Phys.  [3]  xlvi  257;  Jahresb. 
1856,  p.  44.) 

1.  AmorphouB. — Selenium,  precipitated  from  a  solution  of  selenhydric  acid  by  exposure 
to  the  air,  or  by  electrolysis  (electronegative  selenium),  is  amorphous,  and  soluble  in 
sulphide  of  carbon ;  that  which  is  deposited  from  aqueous  selenious  add,  either  by 
electrolysis  or  by  the  reducing  action  of  sulphurous  acid  (electropositive  selenium),  is 
likewise  amorphous,  but  insoluble  in  sulphide  of  carbon. 

Amorphous  selenium  softens  when  heated,  becomes  semifluid  at  100^,  and  perfectly 
fluid  at  a  somewhat  higher  temperature  (Berzelius,  Traitl  de  Chinde  [1846],  ii.  190). 
On  cooling,  the  selenium  remains  soft  for  a  long  time,  and  may  be  drawn  oat^  like 
sealing-wax,  into  long  thin  flexible  threads,  which  when  flattened  are  transparent,  and 
of  a  deep  rubr  colour  by  transmitted  light.  When  quickly  cooled  from  fusion,  it  forms 
a  brittle  solid,  having  a  glassy  fracture,  almost  metsilic  lustre,  and  deep  brown  colour. 
This  tdtreous  selenium  has  a  spedflc  gravity  of  4*3,  is  nearly  insoluble  in  sulphide  of 
carbon,  does  not  conduct  electricity,  but  becomes  slightly  electrical  by  friction  in  a  dry 
atmosphere. 

2.  Crystalline. — a.  Selenium,  when  Tery  slowly  cooled  from  the  fhsed  state,  forma  a 
lead-grey  mass  having  an  irregular  granular  surface  and  fine-grained  fracture  (Ber- 
selius).  Vitreous  selenium  remains  unaltered  at  ordinary  temperatures,  but  ^ 
at  temperatures  between  80^  and  217^,  most  quickly  between  125°  and  180^,  it 
becomes  crystalline,  the  change  being  attended  with  considerable  rise  of  temperature 
(Hittorf).  According  to  Kegnai^t^  vitreous  selenium  remains  unaltered,  even 
when  heated  to  90°  for  several  hours ;  but  at  96°  or  97°  it  passes  quickly,  and  with 
great  evolution  of  heat,  into  the  crystalline  state,  acquiring  a  bluish-grey  colour, 
metallic  lustre,  and  granular  fracture.  According  to  Mitscherlich,  the  change  from  the 
vitreous  to  the  crystalline  state  is  most  easily  effected  by  meltiug  the  selenium  in  a 
flask,  heatiug  it  above  217°,  then  quickly  cooling  it  to  180° — 190°,  and  keeping  it  for 
some  time  at  this  temperature,  lliis  ciystallo-granular  selenium  is  quite  insoluble  in 
sulphide  of  carbon.  According  to  Hittorf,  it  melts  at  217°  without  previous  softening; 
but  according  to  Begnault,  it  gradually  softens  when  heated,  and  does  not  become 
completely  fluid  till  heated  above  250°. 

fi.  Selenium  deposited  from  a  solution  of  selenide  of  ammonium,  potassium,  or 
sodium,  on  exposure  to  the  air,  is  likewise  crystalline,  and  has  a  specific  gravity  of  4*808 
at  15°  (Hittorf);  4'76a~4-788  at  15°  (Mitscherlich).  It  is  likewise  insoluble  in 
sulphide  of  carbon^  and,  according  to  Mitscherlich,  is  identical  in  every  respect  with  the 
ervstallo-ffrajiular  variety  obtained  by  the  transformation  of  vitreous  selenium.  Giys- 
talline  se&nium  conducts  electricity  better  than  the  vitreous  modification,  and  the  mora 
easily  as  its  temperature  is  higher. 

y.  Selenium  is  deposited  from  solution  in  sulphide  of  carbon  in  small  but  distinct 
crystals,  which,  according  to  Mitscherlich,  are  monodinic,  exhibiting  the  dominant  faces, 
oP,  0  +  F,  —  P,  together  with  numerous  secondaiy  faces.  Axes  a:  b:c  m^  0*6170 : 
1  :  -9622.  Angle  5  :  c  «  75°  84' ;  oP  :  +P  -  112°  Z& ;  oP  :  -P  -  124°  48* : 
ooPoo:  +P  -  111°  48';  ooPoo:  -  P  «  123°  63'.  These  crystals  dissolve  easily, 
though  sparmgly,  in  sulphide  of  carbon,  100  pts.  of  that  liquid  dissolving  1  pt  of 
selenium  at  the  boiling  heat,  and  0*016  pt  at  iP,  They  retain  their  solubility  after 
being  heated  to  100°,  but  if  heated  to  150°,  becomes  nearly  black  and  quite  insoluble 
in  s^phide  of  carbon ;  the  selenium  thus  modified  regains  its  solubility  by  melting 
and  rapid  cooling.  The  ciystals  before  being  heated  have  a  specificgravityof  4'46to 
4*509  at  15° ;  after  heating,  it  increases  to  4*7 °»  being  then  nearly  equal  to  that  of  the 
variety  deposited  from  solutions  of  alkaline  selenidcs.  CrystaUine  selenium  appears 
indeed  to  be  dimorphous,  the  two  varieties  being  probably  related  to  one  another  in 
the  same  manner  in  monoclinic  and  rhombic  sulphur  (iL  332).  Native  selenium 
(p.  221)  appears  to  be  monoclinic  (Mitscherlich);  its  specific  gravity  is  4*8 — 4*2, 
and  hardne-ss  2*0. 

Amorphous  and  crvstalline  selenium  exhibit,  according  to  Kegnsult,  a  considerable 
difference  of  specific  heat  at  comparatively  high  temperatures.  He  found  the  specific 
hctit  of  ciystallino  selenium  between  98°  and  20°  to  be  «  0*0762  ;  that  of  amorphous 
selenium  considerably  greater — viz.,  0*1036  between  87°  and  19°,  and  0*1026  between 
77°  and  18°.    At  lower  temperatures,  however,  as  between  — 20°  and  7°,  the  specific 
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hstU  of  the  two  modxfteationfl  are  Brasibly  eqnaL  The  diaoge  from  the  amorphous 
to  the  efystaUine  state  is  attended  with  the  eTolntion  of  a  quaiititj  of  heat  sufficient, 
Meoiding  to  Regnault,  to  raise  the  temperatore  of  the  selenium  200  degrees. 
Mitseheriich,  however,  found  the  lise  of  temperatnre  bo  be  much  smaller,  viz.  20^; 
aid  aeoording  to  Hittor^  it  is  only  b°  (the  thermometer  rising  from  210°  to  215°). 

Selenium  heated  in  close  vessels  boils  below  a  red  heat,  and  is  conyerted  into  a  deep 
jeUow  Tapoor,  which  condenses  in  scarlet  flowers  or  black  lustrous  drops,  according  to 
the  siae  of  the  condenser.  At  temperatures  not  much  above  its  boiling-point,  the 
density  of  its  raponr,  like  that  of  sulphur  under  similar  circumstances,  is  anomalous; 
bvt  at  higher  temperatures  it  diminishes,  and  ultimately  the  yapour  occupies  a  bulk 
naarir  equal  to  that  of  an  equivalent  quantity  of  ozyoen.  According  to  Beville 
aadT roost  (Ann.  Gh.  Pharm.  exxvii.  274X  the  vapouMensit^  of  selemum  is  7*67  at 
8dO^,  6-37  at  1040^,  and  5*68  at  1420<>,  the  calculated  density  for  a  two-volume  oon- 
densadoo  being  5*54. 

Selenium  is  qnite  insoluble  in  water,  whether  oold  or  hot.  It  dissolves  to  a  slight 
anount  in  oil  of  vitriol,  but  is  precipitated  on  dilution.  Its  relations  to  sulpl^de  of 
carbon  have  already  been  mentioned.  Monoclinic  selenium  and  the  amorphous  variety 
deponted  firom  selenhvdric  acid  are  soluble  in  that  liquid ;  the  vitreous  modification 
is  veiy  slightly  solnbfe ;  and  the  crystallo-granular  variety,  the  crystalline  selenium 
deposited  from  alkaline  selenides,  ana  the  amorphous  variety  deposited  from  selenious 
•ad,  ire  quite  insoluble. 

Selenium  does  not  take  fire  very  readily,  but  when  thoroughly  heated  in  contact  with 
air,  it  bums  with  a  blue  flame,  forming  selenious  anhydride,  giving  off  yellowish-red 
vapours  of*unoxidised  selenium,  and  emitting  an  odour  like  that  of  decayed  horseradish, 
nobably  due  to  a  protoxide  of  selenium  formed  at  the  same  time.  When 
heated  in  a  current  of  oxygen  gas,  it  is  wholly  converted  into  selenious  anhydride.  It 
vmtea  ddreetly  with  bromine  and  chlorine,  and,  when  heated,  also  with  iodine,  sulphur, 
phosphorus,  and  metals.  It  is  oxidised  and  dissolved  by  nitric  and  nitromuriatic  acid, 
fielding  selenious  add. 

liWtlWlUJa,  8ROMIBB  OV.  When  pulverised  selenium  is  dropped  by  small 
quantities  into  bromine,  combination  takes  place,  attended  with  loud  hissing  and  con* 
siderable  evolution  of  heat ;  and  the  compound  instantly  solidifies  to  a  brown-red  or 
oiange-red  mass,  which  fumes  in  the  air  and  smells  like  chloride  of  sulphur. 
It  TPlatnisftw  when  heated,  part  being  resolved  into  selenium  and  bromine,  while 
the  rest  sublimes  as  a  yellow  mass.  Water  dissolves  and  decomposes  it,  forming 
hydrobromie  and  selenious  acids.     (Serullas.) 

IWf  luai^  CHXiOXZllBS  OV.  There  are  two  chlorides  of  selenium,  both 
formed  b^  direct  combination.  The  dichloride,  Se^Cl',  or  perselenide  of  chlo^ 
rintf  analogous  to  persulphide  of  chlorine,  S'Cl',  and  persulphide  of  hydrogen,  H'S', 
vas  diseovered  by  Berselius,  who  obtained  it  by  Keating  the  tetrachloride  with 
lelenium.  Aeoordmg  to  Sacc  (Ann.  Ch.  Phys.  [3]  xxiii.  124^  it  may  be  obtained  by 
passing  a  dow  stream  of  dry  chlorine  through  an  inclined  glass  tube  filled  with 
nagments  of  fbsed  selenium.  The  heat  evolved  by  the  reaction  volatilises  the 
diloride  of  selenium,  which  condenses  in  the  colder  i»rt8  of  the  tube,  and  fiows  in 
thick  drops  through  the  open  end  into  a  perfectly  dry  receiver. 

Bichloride  of  selenium  is  a  dark-yellow  oily  liquid  having  a  pungent  odour,  not  very 
volatile  according  to  Berzelius,  extremely  volatile  according  to  Sacc.  It  is  slowly 
decomposed  by  cold,  quickly  by  hot  water,  into  hydrochloric  acid,  selenious  acid,  and 
frw  selenium ;  but  the  decomposition  is  seldom  complete,  because  a  portion  of  the  dichlo- 
ride  generally  becomes  mechanically  enclosed  in  the  solid  selenium. 

Tetrachloride  of  Selenium,  SeCl\  is  produced  bypassing  chlorine  gas  over 
fitted  selenium,  contained  in  a  bulb-tube.  The  liquid  dichloride  is  at  first  produced, 
•nd  is  afterwuds  converted  into  a  white  solid  mass  of  the  tetrachloride,  which  when 
huther  heated,  volatilises  as  a  yellow  vapour,  and  suhlimeB  on  the  colder  parts  of  the 
apparatus  in  small  thin  crystals.  By  prolonged  heating,  the  crystals  aggregate  into 
&  vhite  semi-fhsed  mass,  which  becomes  fissured  on  cooling.  Tetrachloride  of  sele- 
oiorn  dissolves  in  water  with  rise  of  temperature  and  slight  effervescence,  forming  a 
solution  of  hydrochloric  and  selenious  adds:  SeCl^  +  3H'0  -  4HC1  -i-  H*SeO* 
(Berzelius,  Ann.  Ch.  Phys.  [2]  ix.  225^.  When  decomposed  by  a  small  quantity 
of  water,  or  by  exposure  to  moist  air,  it  yields  oxychloride  of  selenium,  SeCl'O  or 
Sea<.SeO*  (p.  224). 

When  a  selenate  is  heated  with  common  salt  and  sulphuric  acid,  tetrachloride  of 
M'leniDm  mixed  with  free  chlorine  passes  over  first,  and  then  green  vapours,  which  con- 
dense to  an  oily  mixture  of  selenious  and  sulphuric  aoids.  (H.  Hose,  Pogg.  Ann. 
»Tii.676.) 

Tetrachloride  of  selenium  gradually  absorbs  vapour  of  sulphuric  anhydride,  especially 
vbei  the  two  substances  are  enclosed  in  a  closely-corked  vessel  and  placed  in  a  warm 
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room;  they  then  unite, 'without  disengagement  either  of  Bnlphnxons  anhydride  Cfr  of 
chlorine,  and  form  a  yeiy  dense  greenish-yellow  syrup,  the  excess  of  sulphuric  anliy'' 
dnde  remaining  in  the  crystalline  form.    On  distilling  the  syrup  at  a  gentle  heat,  the 
excess  of  sulphuric  anhydride  passes  over  firsts  and  the  residue  in  the  retort  solidifies 
on  cooling  to  a  white  crystalline  mass.    This,  when  more  strongly  heated,  melts  to  a 
light-brown  liquid,  and  eyolves  (with  disengagement  of  chlorine,  but  not  of  snlphnroos 
anhydride)  a  oddish-yellow  vapour  resembling  nitric  peroxide,  which  oondenBes  to  a 
colourless  syrup,  and  finally  to  a  white  mass  resembling  wax.    The  latter  substance  ia 
freed  from  adhering  chlorine  by  a  second  distillation.    After  this  treatment,  it   boils 
constantly  at  187^  and  may  be  redistilled  without  leaving  any  residue  or  undez^goinff 
ftirther  decomposition.    It  contains,  on  the  average,  12*895  per  cent  of  selenium  and 
36*885  of  chlorine ;  and,  according  to  H.  Rose,  may  be  regarded  as  2(SeCl*.6SO*)  ■¥■ 
5(SeCKSeO').    Berzelius,  on  the  other  hand,  regiuds  it  as  consisting  mainly  of  the 
compound  SeGl^SO',  analogous  to  the  compounds  of  sulphuric  anhy<mde  with,  oihiet 
chlorides.    It  deliquesces  rapidly  in  the  air,  exhaling  the  odour  of  hydrochloric  acid  ; 
and  dj^olves  readily  in  water,  without  first  sinking  to  the  bottom  in  oily  drops  ;  the 
solution,  which  is  generally  coloured  red,  from  the  presence  of  a  small  quantitf  o£  fre» 
selenium,  contains  hydrochloric,   sulphuric,  and  selenious  adds  (no  selenie    acid). 
(H.  Rose,  Pogg.  Ann.  xliv.  315.) 

SBXdUilUMff  CTAarzsaS  of.  Syn.  with  Selemioctaxic  Aithydridb  (p.  220). 

eaaawlUM,  BSTBCTXOW  AV»  BBTIBCATZOV  or.      l.  Blowpipe- 
reactions, — ^Metallic  selenides  heated  in  the  outer  fiame,  and  selenites  or  selenates 
heated  in  the  inner  flame,  on  charcoal,  give  off  a  characteristic  odour,  like  that  of  decayed 
horseradish.    When  a  metallic  selenide  is  heated  in  the  outer  flame  on  charcoal,  the 
charcoal  generally  becomes  covered,  at  some  distance  firom  the  bead,  with  a  steel-givy, 
slightly  metallic  deposit  of  selenium,  which  may  be  easily  driven  by  the  oxidisin|r 
flame  from  one  part  to  another.    Selenium-compounds  heated  on  charcoal  with  carbo- 
nate of  sodium  yield  a  residue  of  selenide  of  sodium,  which  when  placed  on  a  clean 
silver  surface  and  moistened  with  a  drop  of  water,  produces  a  black  stain.    When  a 
metallic  selenide  is  heated  in  an  inclined  class  tube  open  at  both  ends,  part  of  tbo 
selenium  is  volatilised  in  the  free  state,  and  forms  a  rea  sublimate  on  the  upper  part  of 
the  tube,  the  metal  being  at  the  same  time  oxidised.     Sometimes  also  selenious  oxide 
is  formed,  and  deposited  on  the  colder  part  of  the  tube  in  a  network  of  crystals. 

2.  Eeactions  in  Solution. — Selenhydric  acid  and  solutions  of  alkaline  selenides 
deposit  selenium  on  exposure  to  the  air,  the  former  yielding  it  in  red  amorphous  flak e£^ 
the  latter  as  a  grey  crystalline  film  (p.  222).  Selenides  heated  with  acids,  give  off 
selenhydric  acid  gas,  which  is  infiammable,  has  a  peculiar  fetid  odour,  and  forms  dark- 
coloured  precipitates  with  most  metallic  solutions  (iii.  202). 

Soluble  selenites  give  with  sulphurovs  acid  and  other  reducing  agents,  arad  pro- 
cipitate  of  free  selenium,  and  with  sulphydric  acid,  a  lemon-vellow  precipitate  of  sul- 
phide of  selenium.  Soluble  selenates  give  with  chloride  of  barium^  a  precipitate  ot 
barytic  selenate,  which  is  insoluble  in  cold  dilute  acids;  but  when  heated  with  hydro- 
chloric acid,  gives  off  chlorine  and  is  reduced  to  selenite  of  barium,  which  dissolves. 

3.  Estimation  and  Separation, — ^Tbe  methods  adopted  for  the  quantitative 
estimation  of  selenium  vary  according  to  the  nature  of  the  compound  to  be  analysed. 
When  the  selenium  is  contained  in  a  solution  in  the  form  of  selenious  acid  or  a 
selenite,  the  solution  is  acidulated  with  hydrochloric  acid,  and  mixed  with  an  alkaline 
sulphite.  The  selenium  is  thereby  reduced  and  precipitated  as  a  red  powder,  which,  on 
heating  the  liquid,  cakes  together  and  turns  black.  The  treatment  with  alkaline  sul- 
phite most  be  repeated  till  no  more  red  coloration  is  produced.  The  precipitate  is 
then  to  be  collected  on  a  weighed  filter,  washed,  dried  at  a  gentle  heat,  and  weighed. 
If  the  solution  likewise  contains  nitric  acid,  this  acid  must  be  decomposed  by  boiling 
with  hydrochloric  acid  before  adding  the  alkaline  sulphite. 

When  selenium  is  present  in  solution  as  selenie  acid,  the  liquid  must  be  boiled 
with  hydrochloric  acid  to  convert  the  selenie  into  selenious  acid,  from  which  the  sele- 
nium may  then  be  precipitated  by  an  alkaline  sulphite  as  above.  The  precipitation  of 
selenie  add  as  a  banum-salt  does  not  give  very  exact  results,  because  selenate  of  barium 
is  not  quite  insoluble  in  dilute  acids,  and,  moreover,  has  even  a  greater  tendency  than 
the  sulphate  to  carry  down  other  salts,  which  cannot  be  separate  from  it  by  washing 
with  hot  water.  Insoluble  selenates,  like  selenate  of  barium,  which  are  but  slowly 
reduced  to  selenites  by  boiling  with  hydrochloric  add,  must  first  be  decomposed  by 
digestion  with  a  solution  of  alkaline  carbonate.  If,  however,  the  selenate  of  barium  be 
mixed  with  sulphate,  the  decomposition  of  the  former  by  aqueous  alkaline  carbonates 
is  never  complete ;  hence  sulphate  and  selenate  of  barium  cannot  be  separated  by  this 
method  (H.  Rose,  Pogg.  Ann.  cxiii.  472,  621 ;  Jahresb.  1861,  p.  828).  'Hie  quantities 
of  these  two  salts  in  a  mixture  may,  however,  be  ascertained  by  an  indirect  method. 
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A  we^ed  quantity  of  the  mixed  lAnnm-saltB  is  frused  with  a  mixture  of  potassic  and 
aodic  carbonates  in  equiralent  proportions;  the  soluble  salts  are  washed  oat;  and  the 
rwridnal  barinm-carbonate  is  weighed.  If  now  the  weight  of  barium-sulphate  equiva- 
lent  to  this  weight  of  carbonate  be  subtracted  from  the  weight  of  the  mixture  of  sul- 
phate and  selenate,  and  the  difference  be  multiplied  by   ^, —       ,  «•  ■  (since 

BaSO*  a  140'5  and  BaSO*  »  116*5),  the  product  will  give  the  quantity  of  barium- 
■denate  in  the  mixture.    (Wohlwill,  Hanaw.  d.  Chem.  vii.  800.) 

Selenites  and  selenates  may  also  be  analysed  by  fusing  them  with  7  or  8  pts.  of 
poiastntm^ifanide  in  an  atmosphere  of  hydrc^en.  The  whole  of  the  selenium  is 
thereby  converted  into  seleniocyanate  of  potassium,  the  aqueous  solution  of  which 
vlien  boiled  for  some  sime  (to  concert  any  selenide  of  potassium  that  may  be  present 
into  seleniocyanate),  and  supersaturated  when  cold  with  hydrochloric  acid,  deposits  the 
whole  of  the  selenium  in  the  course  of  12  to  24  hours.  The  selenium  may  then  be 
dried  at  100^  and  weighed.  Pree  selenious  or  selenic  acid  in  solution  may  be  neutra- 
hsed  with  an  alkaline  carbonate,  the  solution  eyaporated  to  dryness,  and  the  residue 
treated  as  just  described.     (Oppenheim,  J.  pr.  Chem.  Ixx.  266;   H.   Rose,  loc. 

Selenium  may  also  be  separated  from  sulphur  and  tellurium  by  fusing  the  mix- 
tare,  in  which  the  selenium  and  tellurium  may  both  exist  as  oxygen-acids,  with  10  pts. 
of  cyanide  of  potassium  in  a  long-necked  flask  through  which  aistream  of  hydrogen  is 
passed.  The  selenium  and  sulphur  are  thereby  converted  into  seleniocyanate  and  sul- 
pboeyanate,  and  the  teUurium  into  telluride  of  potassium  ;  and  on  passing  a  stream 
of  air  through  the  aqueous  solution  of  the  product,  the  whole  ,  of  the  tellurium  is  pre- 
cqiitated'in  the  free  state,  and  the  filtrate,  treated  with  hydroch  loric  acid  as  above, 
deposits  the  selenium,  while  the  sulphur  remains  in  solution.  From  a  finely-pulverised 
mixture  of  sulphur  and  selenium,  the  whole  of  the  selenium  may  be  dissolved  out  by 
digestion  with  a  warm  solution  of  potassium-cyanide,  which  also  takes  up  part  of  the 
snlphur.  The  undissolved  sulphur  is  then  collected  and  weighed,  the  selenium  precipi- 
tated from  the  filtrate  W  hydrochloric  acid,  the  dissolved  sulphur  oxidised  by  chlorine  to 
solphuzic  acid,  and  precipitated  by  abarium-salt  (H.  K  o  s  e).  Small  quantities  of  selenium 
may  be  detected  in  sulphur  by  boiling  with  aqueous  potassium-cyanide,  the  solution,  if 
selenium  is  present^  cshibiting  a  reddish  turbidity  when  treated  with  hydrochloric 
acid. 

Metallic  Selenides  are  best  analysed  by  heating  them  in  a  stream  of  chlorine^ 
the  selenium  then  volatilising  as  di-  and  tetrachloride,  while  the  metallic  chloride  in 
most  cases  remains  behind.  The  chlorides  of  selenium  are  collected  in  water,  whereby 
a  solution  of  selenious  and  selenic  acids  is  formed.  This  is  heated  with  hydrochloric 
acid,  to  reduce  the  selenic  to  selenious  acid,  and  the  selenium  is  precipitated  therefrom 
l^  an  alkaline  sulphite  as  above.  In  applying  this  method  to  the  selenides  of  lead  and 
xme,  care  must  be  taken  not  to  apply  too  strong  a  heat,  as  the  chlorides  of  these  metals 
are  somewhat  volatile.  The  chlorides  of  mercury,  arsenic,  and  antimony  pass  over 
into  the  receiver,  and  are  dissolved  together  with  the  chlorides  of  selenium.  The 
presence  of  arsenieor  antimony  does  not  interfere  with  the  precipitation  of  the  selenium 
by  snlphuions  add ;  but  mercury  would  be  precipitated  at  the  same  time,  in  the  form 
of  cahnneL  In  this  case,  therefore,  the  whole  of  the  selenious  acid  must  be  converted 
into  selenic  acid  by  saturating  the  liquid  with  chlorine ;  the  selenic  acid  precipitated 
by  a  barium-salt,  Uie  excess  of  barium  removed  by  sulphuric  acid,  and  the  mercury 
precipitated  aa  calomel  by  an  alkaline  formate. 

4.  Atomic  Weight  of  Selenium. — Numerous  attempts  have  been  made  to  de- 
termine the  atomic  weight  of  selenium  by  the  analysis  of  selenites  and  selenates,  but 
the  results  are  by  no  means  accordant  (Handw.  d.  Chem.  2**  Auflage,  ii.  [2]  600). 
Berzelius  found  that  100  parts  of  selenium  heated  in  a  current  of  chlorine  yielded 

279  pts.  of  tetrachloride,  SeCl«:  whence  Se  -     ^^^  ^  ^^?  =  79-32.   Dumas  (Ann 

Ch.  Fharm.  cxiiL  31),  by  a  similar  method,  taking  care  to  oondense  the  chloride  of 
lelenium  completely  by  passing  the  exeess  of  chlorine  through  a  tube  cooled  to  ^2^°, 
and  then  through  another  filled  with  asbestos,  obtained,  as  a  mean  of  seven  experiments^ 
8e  -  79-46. 


VXitrO&XBB  OF.  Obtained,  accordin^r  to  Knox,  by  heating 
fluoride  of  lead  in  selenium-vapour,  selenide  of  lead  then  remaining,  while  the  fluoride 
of  selenium  sublimes  in  crystals.  It  volatilises  undecomposed  at  higher  temperatures, 
disMlvfs  in  strong  hydrofluoric  add,  but  is  immediately  decomposed  by  water  into 
hydrofluoric  and  selenious  acid.1. 

BlTiaiHUIMy  ZOBZHas  or.   Not  known  with  certainty.   Equivalent  quantities 

VoL.r.  Q  /  -H  H 
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of  iodine  and  selenium  melt  together  when  heated,  to  a  blackish-grey  mass,  fipom'vr] 
the  whole  of  the  iodin:;  is  extracted  by  absolute  alcohoL     (Trommsdorff.) 

SBXiSVIVBI,  OJLZBaS  AJTB  OXTOJDT^ACXBS  OV.  The  only  oxide  of 
selenium  whose  composition  is  exactly  known  is  the  dioxide  or  selenious  anby 
dride,  SeO*,  the  hydrate  of  which  is  selenious  acid,  H*SeO*.    A  lower  oxide    i» 

Eroduced  by  the  imperfect  combustion  of  selenium  in  air  or  oxygen,  but  its  compositioii 
as  not  been  ascertained.  It  is  a  colourless  gaa,  which  is  the  source  of  the  peculiar  hoi 
radish  odour  evolyed  in  the  combustion  of  selenium ;  it  is  sparingly  soluble  in 
but  has  no  acid  reaction.     The  trioxide,  or  anhydride  of  selenic  acid,  H^O-SeO*, 
not  been  isolated. 

Bloxlde  of  Beleniam,  Selenioiui  Ojdde  or  Anbydrldav  SeO*. — This  compoand, 
the  analogue  of  sulphurous  oxide,  SO^  is  produced  by  burning  selenium  in  a  stream  of 
oxygen ;  or  by  evaporating  the  solution  of  selenious  acid  to  dryness.  In  the  latter 
case  it  is  obtained  as  a  white  mass  which  does  not  melt,  but,  at  a  heat  somewhat  below^ 
redness,  volatilises  in  the  form  of  a  yellow  vapour,  which  condenses  in  ^diite  foar-dded 
needles.    It  absorbs  water  rapidly,  producing  selenious  acid. 

Belenlons  Aotd«  H^SeO'  »  ^^^  l  OV^This  add  is  produced  by  the  bydzation 

of  selenious  oxide,  or  by  the  action  of  nitric  or  nitromuriatic  acid  on  selenium.  From 
its  hot  aqueous  solution,  it  is  deposited,  on  slow  cooling,  in  prismatic  crystals  like  those 
of  saltpetre,  which  readily  absorb  water,  but  effloresce  in  dry  air.  When  heated  it 
splits  up  into  water  and  the  anhydride,  which  sublimes  at  a  higher  temperature.  Its 
solution  has  an  acid  taste,  and  is  reduced,  especially  at  the  boiling  heat,  by  sulphurous 
acid  or  a  sulphite^  with  deposition  of  red  amorphous  selenium ;  also  by  stannous 
eiloride,  and  by  all  metals^  except  gold,  palladium,  and  platinum,  but  not  by  ferrous 
sulphate.  Sulphydric  acid  throws  down  from  its  solution  a  yellow  precipitate,  UBually 
regarded  as  disulphide  of  selenium,  but  consisting,  according  to  H.  Bose  (Pogg.  Ann. 
cvii.  186),  mexely  of  a  mixture  of  selenium  and  sulphur: 

fl«SeO»  +  2BPS     -     3H«0   +   Se  +  S» 

Selenious  acid  is  not  decomposed  by  boiling  with  hydrochloric  acid.  It  is  oxidised  to 
selenic  acid  by  chlorine  in  presence  of  water,  by  potassic  chromaUf  peroxide  of  manga- 
nese,  axid  peroxide  qflead,  and  by  fusion  with  saltpetre, 

Selenious  acid  is  a  very  powerful  acid,  approximating  to  sulphuric  add  in  the  enem* 
of  its  reactions.  It  reddens  litmus,  neutralises  alkalis  completely,  effervesces  witn 
carbonates,  and  being  non-volatile,  decomposes  chlorides  and  nitrates  with  aid  of  heat 
Its  aqueous  solution  precipitates  tiie  neutral  salts  of  lead  and  silver. 

Selenites, 

Selenious  acid  is  dibasic,  forming  neutral  salts,  M'SeC  and  lk^SeO^  and  acid  salts, 
HMSeO*  and  HT^fSe^O*.  The  acid  selenites  of  the  alkali-metals  also  form  double 
or  hyperadd  salts,  with  an  additional  quantity  of  selenious  add :  e,ff.  HKSeO'.H*SeO'. 
The  neutral  selenites  have  a  purely  saline  taste.  They  are  decomposed  by  heating 
with  charcoalf  yielding  selenides,  or  metallic  oxide  and  selenium.  When  heated 
with  carbonate  of  sodium  in  the  inner  blowpipe-flame,  they  emit  the  characteristic 
horseradish  odour.  The  fdsed  mass  moistoned  with  water  produces  a  brown  stain 
on  silver.  Heated  with  chloride  of  ammonium^  out  of  contact  with  the  air,  they  yield 
a  sublimate  of  metallic  selenium.  The  selenites  of  the  alkali-metals  are  solable  in 
water,  and  their  solutions,  acidulated  with  hydrochloric  acid,  behave  like  the  firee 
acid  with  sulphurous  acid,  sulphydric  add,  &c  The  other  selenites  are  insoluble  in 
water,  but  soluble  in  nitric  acid ;  the  lead-  and  silver-salts,  however,  dissolve  but 
slowly.  The  selenites  have  been  examined  chiefly  by  Berzelius  and  by  Muspratt. 
(Chem.  Soc.  Qu.  J.  ii.  52.) 

Sblbnitbs  op  Aluminixtm. — The  neutral  salt,  Al*0*.3SeO*    =    (AJ^'V  (  ^*' 

obtained  by  precipitating  an  aluminium-salt  with  neutral  selenite  of  potassium,  is  a 
white  powder  insoluble  in  water,  and  decomposing  when  strongly  heated,  giving  off 
flrst  water  and  then  the  whole  of  its  add  (Berzelius). — An  acid  salt  is  formed 
by  dissolving  the  neutral  salt  or  aluminium-hydrate  in  selenious  add,  and  is  obtained 
by  evaporation  as  a  colourless,  gummy,  transparent  mass,  having  a  harsh  taste  and 
easily  soluble  in  water.    (Berzelius.) 

Sblenites  of  Ammonium. — The  neutral  salt,  (NH*)'SeO',  is  obtained  in  shin- 
ing deliquescent  crystals,  by  saturating  alcoholic  selenious  add  with  ammonia-gas 
(Muspratt);  also  by  leaving  a  solution  of  the  acid  in  excess  of  aqueous  ammonia  to 
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«vapant0  in  a  vum  place.  When  heated  it  giyes  off  water  and  ainmoiua»  and  affcer- 
'wmrda  -waXet  and  nitiogen,  together  irith  a  email  qnantity  of  the  hyperacid  salt,  and 
laaTes  a  residue  of  Insed  eeleniiun : 

3(NH«)^0»     =     9H«0   +   2im»  +   2N«  +  Se». 

Hie  add  ttdi,  produced,  with  eyolution  of  ammonia,  by  leaving  an  aqueous  solution  of 
the  neutral  salt  to  eraporate,  forms  needles  permanent  in  the  air  (Berzelius). — The 
hyperacid  salt,  obtained  by  evaporating  a  solution  of  the  preceding,  with  aid  of  heat,  or 
vith  addition  of  sclenious  acid,  is  dehquescent  and  uncrystallisable.     (Berzelius.) 

S11.BKITBS  OF  Babium. — The  neutral  salt,  Ba"SeO',  separates  from  a  mixture  of 
bannm-cbloride  and  neutral  potu.'isium-selenite^  as  a  white  precipitate,  insoluble  in 
water,  easily  soluble  in  acids.  It  does  not  fuse  even  at  the  melting-point  of  glass 
(Berzelius).  According  to  Musprat^  it  separates  from  a  mixture  of  barium-nitrate 
and  potassiom-selenite,  in  delicate,  shining,  feathery  crystals. — The  acid  soli  is  obtained 
bj  dissolving  barium-carbonate  in  selenious  acid,  and  leaving  the  solution  to  evaporate, 
in  oystalline  granules,  sparingly  soluble  in  water.  Ammonia  added  to  the  solution 
throws  dovn  me  neutial  salt  (Berzelius).  When  strongly  heated  it  gives  off  white 
fames  of  selenious  oxide.    (Muspratt.) 

Sblbnitb  of  Cadmium,  Cd^'SeO',  is  a  white  precipitate,  which  becomes  orange- 
yellow  on  exposure  to  the  air,  and  yields  a  yellowish  sublimate  when  heated  in  a  glass 
tube.    It  is  anhydrous,  and  soluble  in  selenious  acid.     (Muspratt.) 

Sblbkitbs  of  Calc  I  UM.--The«tfM<rdf«a/<,Ca''SeO*,  separates  as  a  soft  crystalline 
powder  from  a  solution  of  calcium-carbonate  in  selenious  acid«  It  is  sparingly  soluble 
in  water,  and  melts  at  a  bright  red  heat  (Berzelius). — An  acid  salt  crystallises  from 
a  solution  of  the  neutral  salt  in  excess  of  selenious  acid,  in  very  small  prisms,  which 
are  permanent  in  the  air  at  ordinary  temperatiires,  but  give  off  half  their  add  when 
heated,  or  in  contact  with  ammonia.    (Berzelius.) 

Sblbkitbs  of  Cbbium. — The  neutral  cerotis  salt  is  a  white  powder,  insoluble  in 
water,  soluble  in  selenious  acid. — The  neutral  eerie  salt  is  a  lemon-yellow  powder, 
which  when  heated  gives  off  its  acid  and  leaves  eerie  [?  ceroso-ceric]  oxide.  It 
dissolves  in  selenious  add,  forming  an  acid  salt,  which  dries  up  on  evaporation  to  a 
yellow  varnish,  and  when  heated  gives  off  water,  becoming  opaque  and  crystalline. 
(Berzelius.) 

Cbbomic  SBI.B9ITB,  Cr'O'.SSeO'  »    (Cifv   l^*^  obtained  by predpitating 

chromic  chloride  with  selenite  of  ammonium,  as  a  green  amorphous  powder,  the  solu- 
tion of  which  in  selenious  add  leaves  a  green  varnish  on  evaporation.    (Muspratt.) 
Sblbkitb  of  Cobalt. — The  neutral  salt,  Co"SeO',  is  a  pale-red  powder,  in- 
Bolable  in  water. — The  acid  salt  is  soluble,  and  remains  on  evaporation  as  a  purple-red 
varnish.    (Berzelius.) 

Sbi,bbitbs  of  Coppbb. — The  neutral  cwprie  salt,  Cu"SeO',  is  precipitated  on 
adding  the  add  ammonium-salt  to  a  warm  solution  of  cupric  sulphate,  in  bu&y,  curdy, 
yellowish  flocks,  quickly  converted  by  heat  into  small,  silky,  greenish-blue  crystals, 
whidi  at  a  higher  temperature  give  off  water  and  turn  liver-brown,  then  melt,  and 
ultimately  give  off  all  their  add.  The  salt  is  insoluble  in  water  and  in  selenious 
add  (Be  reel  ins).  According  to  Muspratt,  it  turns  blue  over  oil  of  vitriol,  and  has 
the  eompoeition  3Cu"SeO'.H*0. — ^A  basio  cuprie  selenite  is  predpitated  on  mixing 
eaprie  sulphate  with  ammonium-selenite  containing  excess  of  ammonia,  as  a  pis- 
tachio-bn>wn  powder,  insoluble  in  water  but  soluble  in  ammonia.  When  heated  it 
first  loses  water,  then  froths  up,  and  gives  off  aU  its  acid.    (Berzelius.) 

Cuprous  Selenite  is  a  white  insoluble  powder,  obtained  by  digesting  cuprous 
hydmte  with  selenious  add.    (Berzelius.) 

Sblbnitb 8  of  G-lucinum. — The  neutral  salt  is  a  white  insoluble  powder, 
which  leaves  gludna  when  ignited.  The  acid  salt  is  gummy  and  soluble  in  water. 
(Berzelina) 

Selbnitbs  of  Ibon.— The  neutral  ferric  salt,  Fe«0».3SeO«  -  ^nPe^?!^*'    ^^' 

tained  by  double  decomposition,  is  a  white  insoluble  powder,  which  becomes  somewhat 
yellowish  on  drying,  gives  oSt  water  at  a  higher  temperature,  then  turns  red,  and  gives 
off  all  its  add  (Berzelius). — ^An  acid  jerHc  selenite  ciystallises  on  cooling  from  a 
ioktion  of  iron  in  an  excess  of  mixed  selenious  and  nitric  acids,  in  pistachio-green 
kmins.  When  heated  it  gives  off  water,  gradually  blackens  and  gives  off  its  aci<^  and 
ultimately  leaves  a  residue  of  ferric  oxide.  It  is  insoluble  in  water,  but  dissolves  with 
onnge-ydlaw  colour  in  hydrochloric  acid  (Berzelius). — A  basio  ferric  selenite,  in- 
Klublo  in  water,  is  obtained  by  treating  either  of  the  preceding  salts  with  ammonia. 
(Berzelius.) 

q2 
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Heutrd  ferrous  Sdenite,  Fe"SeO',  is  a  white  preciptate,  gradually  tnniing  grej, 
nltimately  yellow,  on  ezposore  to  the  air.    Its  solution  in  selenions  acid  yields  an 
salti  Fe"SeO'.SeO',  slightly  soluble  in  water ;  the  solution,  when  heated,  yields  a  hro 
precipitate,  consisting  of  selenium  and  ferric  selenite.     (Berzelius.) 

SBI.ENITBS  OP  Lead. — The  neutral  salt,  Pb"SeO*,  obtained  by  precipitaliiicr 
aqueous  chloride  of  lead  with  excess  of  ammonium-selenite,  is  a  white  heayy  powder, 
nearly  insoluble  in  water,  pUghtly  soluble  in  nitric  acid,  and  melting,  almost  as  easily  sts 
chloride  of  lead,  to  a  yellowish  transparent  liquid,  which  solidifies  to  a  white  opaque 
mass  having  a  crystalline  fracture.  By  exposure  to  a  strong  red  heat,  or  by  tnatmexit 
with  ammonia,  it  is  converted  into  a  basic  salt,  which  forms  a*  translucent,  frialtle, 
fusible  mass,  also  having  a  crystalline  fracture. — According  to  Kersten  (Fogg.  Ann. 
xlvi.  277),  neutral  selenite  of  lead  occurs  natire;  but^  according  to  H.  Rose,  th« 
mineral  thus  characterised  is  a  selenate  (p.  232). 

Selenites  op  Maonesiuil — The  neutral  salt,  Mg^SeO".3H*0  (Muspratt), 
remains,  on  treating  carbonate  of  magnesium  with  selenious  acid,  as  a  granular  powder, 
insoluble  in  cold,  slightly  soluble  in  hot  water,  and  separating  therefrom,  on  evaporation 
and  cooling,  in  small  four-sided  prisms  or  tables.  At  a  higher  temperature  it  gives  off 
its  water,  and  acquires  a  fused  appearance,  but  without  actually  melting  or  gijing  o^ 
acid,  and  attacks  the  glass  strongly  (Berzelius). — The  add  salt  is  precipitated  by 
alcohol  from  a  solution  of  the  neutral  salt  in  selenious  add,  as  a  crystallisable,  pasty, 
deliquescent  mass.     (Berzelius.) 

Selenites  op  Manoakbsb. — The  neutral  salt  is,  according  to  Berzelius,  a  soft, 
white,  easily  fusible  powder,  which  melts  and  decomposes  when  heated,  and,  in  the 
fused  state,  attacks  gloss  strongly.  It  is  insoluble  in  water.  Muspratt,  by  dissolving 
carbonate  of  manganese  in  selenious  acid,  obtained  a  white  sandy  powder  having  the 
composition  Mn"SeO'.2H'0,  which  formed  a  colourless  solution  with  cold,  and  a  pale- 
red  solution  with  hydrochloric  acid. — The  acid  salt  is  crystallisable,  veiy  soluble  in 
water,  and  gives  off  half  its  acid  when  heated  out  of  contact  with  the  air. 

Selenites  op  Me  ecu  by. — The  neutral  mercuric  salt,  Hg^SeO',  obtained  hj 
double  decomposition,  or  by  bringing  mercuric  oxide  in  contact  with  aqueous  selenious 
acid,  is  a  white  powder,  insoluble  or  very  slightly  soluble  in  water. — ^The  acid  mercu- 
ric salty  fbrmed  by  adding  mercuric  oxide  to  aqueous  selenious  acid  till  the  neutral 
salt  begins  to  separate  out,  then  filtering  and  evaporating,  crystallises  in  large  prisms, 
longitudinally  striated,  having  the  taste  of  corrosive  sublimate,  and  containing  a  largo 
quantity  of  water.  The  crystallised  salt  melts  in  its  water  of  ciystallisation  when 
heated,  then  solidifies,  and  finally  sublimes  unaltered.  It  dissolves  easily  in  water, 
very  shghtly  in  alcohol ;  the  aqueous  solution  is  not  precipitated  by  ammonia,  and  very 
slowly  by  alkaline  carbonates ;  potash  also  throws  down  only  part  of  the  oxide.  Sul- 
phurous acid  precipitates  white  mercurous  selenite,  which  soon  acquires  a  scarlet  colour, 
from  the  presence  of  reduced  selenium  (Berzelius). — A  basic  salt,  3Hg''0.4Hg"SeO*, 
is  obtained,  according  to  Kohler,  by  boiling  precipitated  mercuric  oxide  with  selenious 
acid.    It  is  pale-yellow  and  insoluble  in  water. 

Neutral  mercurous  Selenite,  Hg*SeO",  obtained  by  precipitating  mercurous  nitrate 
with  selenite  of  sodium,  is  a  white  powder,  melting  when  heated  to  a  dark-brown  sub- 
stance, which  becomes  lemon-yellow  on  cooling ;  at  a  stronger  heat,  it  boils,  and  passes 
over  in  brown  drops,  which  become  amber-yellow  and  mostly  transparent  on  cooline. 
Hydrochloric  acid  converts  it  into  mercuric  chloride,  the  selenious  acid  being  parthr 
reduced  to  the  state  of  free  selenium,  and  partly  remaining  dissolved  in  the  fiquid. 
The  salt  gives  up  all  its  acid  to  caustic  potash.  It  is  not  soluble  either  in  water  or  in 
aqueous  selenious  acid  (Berzelius). — ^A  mercurous  ankydro-salt,  SHgfSeO'.SeO*,  is 
obtained,  according  to  Kohler,  as  a  dark,  brick-red,  opaque,  crystalline  mass,  by  melting 
the  neutral  salt  at  180^,  and  raising  the  temperature  a  little  higher. 

Sblbnite  of  Nickel. — The  neutral  salt,  obtained  by  precipitation,  is  insoluble 
in  water,  white  when  moist,  but  becomes  apple-green  on  drying  (Berzeli  us).  Accord- 
ing  to  Muspratt,  on  the  contrary,  it  is  precipitated,  on  adding  selenite  of  potassium  to 
sulphate  of  nickel,  as  a  greenish  powder,  containing  Ni^'SeO'.H'O,  whidi  becomes 
white  when  dry. — The  acid  salt  is  a  green  gummy  mass,  soluble  in  water.  (Ber- 
zelius.) 

Sblenitbs  of  Fotassiuh. — Selenious  acid  and  potash  form  three  different 
salts,  which  are  obtained  by  mixing  the  acid  with  potash  or  potassium-carbonate  in  the 
required  proportions. — ^The  neutral  salt,  K'SeO*,  obtained  by  saturating  carbonate  of 
potassium  with  selenious  acid,  separates  on  evaporation,  but  not  on  coobng,  in  crystal- 
line grains.  It  melts,  when  heated,  to  a  yellow  mass,  which  again  becomes  white  on 
cooling;  it  attracts  moisture  from  the  air,  and  dissolves  in  nearly  all  proportions  in  water, 
but  is  insoluble  in  alcohol.  It  has  a  disagreeable  taste,  and  strong  alkaline  action 
to  test-paper. — The  acid  salt,  KHSeO',  crystallises  with  difficulty  on  cooling  from  a 
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solntioa  eraponted  to  the  oonaistence  of  symp,  or  from  a  slightly  acid  solution  by  evapo- 
ratkn  oyer  oil  of  vitriol,  in  feathery  cxystals  (having  a  satiny  lustre  according  tolUlus- 
pcat£),  which  unite  at  last  to  a  compact  mass.  It  slowly  parts  with  the  half  of  its  acid 
when  ignited.  It  is  deliquescent,  slightly  soluble  in  alcohoL — The  hyperacid  aalf^ 
KHSe(^.fi^SeO*,  is  uncrystallisable  and  highly  deliquescent.     (Berzelius.) 

SxLBNiTB  OF  S11.VEB,  Ag'SeO'. — Selenious  acid  added  to  nitrate  of  silver,  throws 
duvn  Uiis  salt  in  the  form  of  a  white  powder.  The  same  salt  crystallises  in  needles, 
bom  a  nitric  acid  solution  diluted  with  hot  water.  It  is  not  blackened  by  light. 
Hd.t8  almost  as  easily  as  horn-silver,  forming  a  clear  liquid,  which,  on  cooling,  solidifies 
ia  a  white  opaque  mass,  friable,  and  having  a  czystaliine  fracture.  When  more 
BlxoB^y  i^ited,  it  gives  off  selenious  oxide  and  oxygen  gas,  and  becomes  covered  with 
iQetallic  sdver.  Dissolves  very  sparingly  in  cold  water,  somewhat  more  freely  in  hot 
water,  and  easily  in  nitric  add,  from  which  it  may  be  precipitated  by  cold  water 
(Berzelius.) 

SsLXNiTBS  OF  SoDiux. — ^The  neuiral  salt,  Na'SeO*,  does  not  crystal^se  on 
cooliog;  but  only  by  6V^)orat2on  of  an  aqueous  solntion  in  vacuo ;  it  then  forms  small 
grains,  which  are  permanent  in  the  air,  taste  like  borax,  and  dissolve  very  easily  in 
water,  but  not  in  alcohoL  According  to  Muspmtt,  it  forms  radiated  crystals,  which 
fuse  without  decomposition. — The  acid  gait,  NaHSeO*.2H*0  (Muspratt),  crystallises 
daring  the  slow  cooling  of  a  syrupy  solution,  in  needles  united  together  in  tufts,  which 
do  not  effloresce  in  the  air,  but  melt  when  heated,  with  loss  of  their  water  of  ciystalli- 
sation,  to  a  liquid  which  is  yellow  while  hot,  and  solidifies,  on  cooling,  to  a  white  mass 
of  a  fibrous  t^ature.  At  a  red  heat,  the  salt  loses  half  its  acid. — The  hyperacid  salt, 
2XaH«Se*0*.H«0  or  Na«SeO".3H»SeO».H«0  (Muspratt),  first  obtainwi  by  Berae- 
Hna,  is  prepared  by  dissolving  the  add  salt  in  selenious  acid,  and  crystallises  by 
spontaneous  evaporation  in  needless,  which  are  permanent  in  the  air.  It  melts  easily 
to  a  yellowish-red  liquid,  which  gives  off  selenious  oxide,  leaving  a  residue  of  neutral 
Bodium-selenito  with  traces  of  selenate.    (Muspratt.) 

SsLBifiTBS  OF  Stbontiux. — The n€t<^ra^ «a^^,  Sr^SeO', is a  whito  powdor,  infusi- 
ble, and  not  soluble  in  water. — The  add  salt,  obtained  like  the  corresponding  barium- 
salt,  separates  as  a  milk-white  amorphous  crust,  on  evaporating  the  aqueous  solution. 
It  melts  in  the  fire ;  swells  up  and  evolves  water  at  first,  and  then  one  haUf  of  its  add, 
80  that  the  neutral  selenite  remains  in  a  spongy  form.  It  is  nearly  insoluble  in  cold 
water,  and  dissolves  but  slowly  even  in  bouing  water.    (Berzelius.) 

Sblbkitbs  of  Thalliuh. — The  nett^ro/ so/^,  Tl'SeO^  is  produced  by  oxidising 
seloiide  of  thallium  with  nitric  acid,  or  more  easily  by  treating  selenious  add  with 
excess  of  thallium-carbonate.  It  has  an  alkaline  reaction,  is  easily  soluble  in  water, 
insoluble  in  alcohol  and  ether,  and  crystallises  in  very  thin  micaceous  laminie  (Kuhl- 
mann,  BulL  Soc.  Chim.  [2]  i.  330).— The  acid  salt,  TlHSeO<,  is  more  soluble  in  water 
than  the  nentzal  salt,  and  ciystaUises  most  readily  from  a  solution  mixed  with  alcbhol. 
(Kuhlmann.) 

Sblbbitbs  of  Tin. — Stannic  selenite  is  a  white  powder,  insoluble  in  water,  solu- 
ble in  hydrochloric  acid,  and  predpitated  therefirom  by  water.  When  strongly  heated, 
it  Bist  gives  off  water,  and  then  the  whole  of  its  acid. 

SiLBxiTBS  OF  Ubaniuk. — Neutrol  uranic  selenite  is  a  lemon-yellow  powder, 
whidi  is  decomposed  at  high  temperatures,  giving  off  oxygen  and  selenious  oxide,  and 
leaving  uranoso*uranic  oxide.  It  dissolves  in  excess  of  selenious  acid,  forming  an 
add  salt,  which  dries  up  to  a  white,  opaque,  crystalline  mass,  soluble  in  water  (B  erze- 
lins).  According  to  Muspratt,  the  crystalline  salt  thus  obtained  is  neutral  uranic 
selenite,  V*0*.dSeO*, 

Sblbkitb  of  Yttbium  is  predpitated  in  curdy  white  flocks,  which  dry  up  to  a 
white  powder.  It  is  insoluble  in  water  and  in  selenious  add,  and  when  strongly  heated, 
first  gives  off  water,  and  then  the  whole  of  its  add.    (Berzelius.) 

SBI.BNITES  OF  ZiNC— The  neutral  salt,  Zn"SeO".HK>  (Muspratt),  is  a  white 
powder,  insoluble  in  water.  When  heated,  it  gives  off  water,  and  melts  to  a  yellow 
transparent  liquid,  which  on  cooling  forms  a  white  mass,  having  a  ciystalline  fracture. 
At  an  incipient  white  heat,  it  enters  into  ebullition,  and  is  converted,  with  sublimation 
of  selenious  oxide,  into  an  infusible  basic  salt,  no  longer  decomposible  by  heat. — The 
add  salt,  obtained  by  dissolving  the  neutral  salt  in  selenious  add,  is  a  transparent, 
fissured,  gummy  mass,  easily  soluble  in  water.    (Berzelius.) 

JByperacidSalt,  Zn''H"Se*0'*«Zn''SeO«.3H«8eO».— When  dcanzinc-tumings  or  plates 
of  zinc  are  immersed  in  a  somewhat  concentrated  aqueous  solution  of  selenious  acid 
the  metal  soon  becomes  covered  with  a  thin  red  layer  of  reduced  selenium,  and  a  solu- 
tion is  formed  containing  hyperadd  zine-selenite,  which,  when  the  solution  is  evaporated 
to  a  syrupy  consistence  in  vacuo  over  oil  of  vitriol,  and  then  left  at  rest  for  about  a 
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week,  separates  in  large  yellow  oystals,  very  much  like  those  of  neutral  potaasimn- 
chromate.  They  are  oblique  rhombic  prisms,  having  their  terminal  edges,  and.  frequently 
also  the  obtuse  lateral  edges,  replaced  by  planes :  generally  associated  ia  twina.  The 
salt  is  permanent  in  the  air,  soluble  in  water.  The  solution  is  colourless ;  has  a  strong 
sour  taste ;  is  not  decomposed  by  acids ;  becomes  turbid  when  heated,  the  salt  being 
resolved  into  selenious  oxide  and  neutral  zinc-selenite.  A  ciystal  heated,  to  30^  or 
40^  undergoes  the  same  change,  becoming  white  and  opaque ;  on  increasing  the  heat, 
the  crystal  melts,  and  is  resolved  into  water  which  distils  over,  selenious  ox.ide  which 
sublimes,  and  a  neutral  or  basic  salt  which  remains  behind.  (Wohlery  Ann.  Ch. 
Pharm.  lix.  279.) 

Sblbnitb  of  Zihconiux  is  a  white  powder,  insoluble  in  water,    soluble  in 
selenious  acid,  decomposed  by  heat,  leaving  a  residue  of  zirconia.     (Berzelius.) 

Selenle  Acld,H*SeO*  «H*O.SeO»  -  (®®£«^  (^*'— ^^«  ^^*  *^®  analogue  at 

sulphuric  acid,  was  discovered  in  1827  by  Mitscherlich  (Pogg.  Ann.  ix.  623), 
and  has  been  further  examined  by  Wohlwill  (Ann.  Ch.  Pharm.  cxIt.  162)  and 
V.  Hauer  (Wien.  Akad.  Ber.  xzxix.  299 ;  Jahresb.  1860,  p.  85). 

Selenic  acid  (or  a  metallic  selenate)  is  formed:  1.  By  fusmg  selenium,  selenioas 
oxide,  or  a  selenite  with  nitrate  of  potassium  or  sodium. — 2.  By  the  action  of  chiorine 
and  water,  or  of  hypochlorous  acid,  on  selenium,  selenious  acid,  or  selenites. — 3.  Bj 
heating  selenious  acid  with  peroxide  of  lead,  peroxide  of  manganese,  or  chzomate  of 
potassium.     (Wohlwill.) 

Preparation.— Aqueous  selenic  acid  is  usually  prepared  by  fasing  an  alkaline  selenite 
with  nitrate  of  potassium  or  sodium,  precipitating  the  solution  of  the  resulting  alkaline 
selenate  with  a  lead-salt,  and  decomposing  the  precipitated  selenate  of  lead  -with  sal- 
phydric  acid.    According  to  Wohlwill,  however,  this  process  is  not  advantageous, 
D«icause  a  portion  of  the  selenate  of  lead  obstinately  resists  decomposition.       The 
following  is  more  convenient  and  productive.     Selenious  acid  is  firbt  prepared  by 
dissolving  selenium  in  nitric  acid ;  and  the  solution,  after  moderate  concentration,  is 
finally  evaporated  down  in  a  retort  provided  with  a  receiver,  whereupon,  after  the 
excess  of  nitric  acid  and  the  water  have  been  driven  off,  the  liquid  suddenly  becomes 
briskly  agitated,  and  a  considerable  quantity  of  the  selenious  acid  volatilises  and  con- 
denses in  the  receiver  to  a  snowy  mass.    The  solution  of  this  sublimed  selenious  acid, 
or  cupric  selenite  (prepared  therefrom  with  cupric  carbonate  suspended  in  water),  is 
treat^  with  chlorine  gas ;  the  excess  of  chlorine  is  allowed  to  evaporate  from  the 
liquid  by  exposure  to  the  air  at  the  ordinary  temperature ;  the  liquid  is  saturat-ed  with 
pure  cupric  carbonate ;  and  the  cupric  selenate  contained  in  the  liquid  (filtered  from 
unaltered  cupric  selenite)  is  separated  from  cupric  chloride  by  precipitation  with 
alcohol  (which  leaves  the  chloride  in  solution),  or  by  repeated  crystallisation.      The 
cuprio  selenate  is  then  suspended  in  a  small  quantity  of  water,  and  decomposed  by 
suiphydric  acid ;  and  the  filtered  aqueous  add  is  concentrated  by  evaporation  over  the 
water-bath.    The  formation  of  selenic  acid  by  oxidising  selenious  add  with  chlorine 
may  be  used  for  the  preparation  of  selenates,  but  not  for  the  direct  preparation  of  the 
aqueous  add,  because  the  hydrochloric  add  formed  at  the  same  time  reconverts  the 
selenic  add,  unless  neutralised,  into  selenious  add,  slowly  in  the  cold,  quickly  when 
heated.    (Wohlwill.) 

Von  Hauer  predpitates  a  solution  of  potassium-selenite  with  caldum-nitrate ; 
purifies  the  resulting  caldum-selenate  by  solution  in  water  ajid  predpitation  by  heat 
(it  is  less  soluble  in  hot  than  in  cold  water) ;  then  decomposes  it  by  boiling  with  excess 
of  cadmium-oxalate  and  water,  till  the  liquid  is  free  from  calciiun ;  predpitates  the 
cadmium  from  the  filtered  liquid  with  suiphydric  acid ;  expels  the  excess  of  that  acid 
from  the  filtrate  by  heat^  and  concentrates  by  evaporation. 

Properties. — Selenic  acid  is  a  transparent  colourless  liquid,  which  in  the  most  con- 
centrated state  boils  at  280^,  and  has  a  specific  gravity  of  2*6.  The  liquid  in  this 
state  is  not  quite  pure  selenic  add,  H^SeO^  but  contains  a  little  water  in  addition, 
which  cannot  be  driven  off  without  further  decomposition  of  the  acid  into  selenious 
oxide,  water,  and  oxygen.  The  concentrated  acid  resembles  sulphuric  acid  in  many  of 
its  properties.  It  is  very  hygroscopic,  and  its  admixture  with  water  is  attended  with 
considerable  rise  of  temperature.  The  strong  or  dilute  add  boiled  with  hydrochloric 
add  eliminates  chlorine,  and  is  reduced  to  selenious  acid : 

H^SeO*  +   2HC1     «     CP  +  H«0   +  H»SeO*. 

On  the  other  hand,  it  resists  the  action  of  many  reducing  agents  which  decompose 
selenious  acid.  Thus,  it  is  not  decomposed  by  sulphurous  or  suiphydric  acid,  and  its 
solution  dissolves  zinc  and  iron,  with  simple  substitution  of  the  metal  for  hydrogen, 
not  with  predpitation  of  selenium,  as  is  the  case  with  selenious  add  (p.  226).  The 
free  add  predpitates  barium-aalUi  even  in  presence  of  other  mineral  adds.    By  this 
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property,  taken  in  connection  with  its  reduction  to  selenions  acid,  with  evolution  of 
chorine  hj  boiling  with  hydrochloric  acid,  selenic  acid  may  be  distinguished  from  all 
other  addfl. 

Selenates. 

Selenic  add  is  dibasic  like  sulphuric  acid,  and  capable  of  forming  acid  as  well  as 
neutral  salts.  Only  one  acid  selenate  has,  however,  yet  been  prepiu^d,  viz.  that  of 
potassium,  KHSeO*.  The  neutral  selenates  have  the  composition,  M'SeO*  or  M"SeO^. 
many  double  selenates  are  also  known,  represented  by  the  general  formula,  M^X^Se'O* 
and  M'''XSe*0',  the  last  bein^  analogous  to  the  alums. 

The  selenates  of  the  alkali-metals  are  prepared  by  igniting  selenium,  selenides,  or 
Eclemtes  with  nitrate  of  potassium  or  sodium ;  other  selenates  by  dissolring  metallic 
oxides,  hjdrates,  or  carbonates  in  selenic  acid ;  the  selenates  of  barium,  strontium,  and 
lead,  which  are  insoluble  in  water,  and  eren  in  nitric  acid,  by  precipitation.  The 
adenales  correspond  rearj  closely  in  their  .properties  to  the  sulphates,  with  which  they 
are  isomoiphous.  Most  of  them  sustain  a  red  heat  without  decomposition.  Heated 
in  a  eoiront  of  hydrogen^  they  are  readily  converted  into  selenides.  Heated  with 
charcoal  or  with  carbonate  of  wdium  in  the  reducing  flame,  they  are  also  reduced  to 
seleoidjca,  emitting  the  characteristic  horseradish  odour.  When  boiled  with  hydro^ 
cUoric  acidy  they  evolve  chlorine,  and  leave  selenious  acid,  from  which  selenium  may  be 
precipitated  by  sulphurous  acid. 

SBi.£3rATB  OF  ALUMINIUM  resembles  the  sulphate,  and  yields  corresponding 
basic  salts   under   similar   circumstances  (see    Sulphates). — Selenium^alu/ns,  viz. 

Al"KSeH)'.12HH)   »  (^!^toM2H'0,  and    the  corresponding   ammonium-  and 

Bi3dium-salts,  are  obtained,  by  dissolving  aluminium-hydrate  in  excess  of  selenic  acid 
and  neutralising  with  an  alkaline  carbonate,  in  monometric  ciystals  (O  with  ooOoo 
and  00  OX  which  effloresce  slightly  in  the  air.  They  are  aU  easily  soluble  in  cold 
water;  the  sodium-salt  crystallises  only  from  very  concentrated  solutions,  and  even  in 
pfvsence  of  a  considerable  excess  of  aluminium-selenate,  only  in  small  crystals  mixed 
with  selenate  of  sodium  (W  o  h  1  w  i  1 1).  The  crystals  of  the  potassium-salt  have  a  specific 
grmnty  of  1*971.    (Weber,  Pogg.  Ann.  cviii.  616.) 

Sblbnate  of  Barium,  Ba"SeO^,  obtained  by  predpitation,  is  a  white  powder 
insoluble  in  water  and  in  nitric  acid,  but  converted  into  selenite  and  dissolved  by 
boiling  with  hydrochloric  add,  being  thereby  distinguished  from  the  sulphate.  Specific 
gravity  »  4*67  at  22°.     (Schafarik,  Jahresb.  1863,  p.  15.) 

Selenate  of  Cadmium,  Cd''Se0^2H*0,  prepared  as  above  (p.  230),  crystallises 
by  cooling  or  spontaneous  evaporation  in  small  transparent  tables,  which  are  permanent 
in  the  air,  very  soluble  in  water,  give  off  half  their  water  at  100°,  and  the  rest  con- 
siderably below  a  red  h^t.    (v.  Bauer.) 

Sblknatb  of  Calcium,  Ca"Se0^2H'0,  prepared  by  predpitation  (p.  230), 
separates  on  warming  its  aqueous  solution,  in  transparent  crystals,  which  resemble 
those  of  gypsmn,  and  may  be  obtained'of  considerable  size  by  slow  evaporation.  The 
dehydrated  salt  hardens  with  water,  like  burnt  gypsum,    (v.  Hauer.) 

Sblbnatb  of  Chbomium  and  Potassium,  or  SeUnio  Chrome-alum^  crystal- 
lises after  some  time  from  the  liquid  obtained  by  treating  a  concentrated  solution 
of  add  potaaeium-chromate  with  selenic  add  and  alcohol  at  a  moderate  heat. 
(WohlwilL) 

Sblbnate  of  Cobalt,  Co''Se0^7H*0,  resembles  the  sulphate  (Mitscherlich). 
—Potassio-^fobaltous  gdenate,  Co"K*Se*0*,  resembles  the  corresponding  nickel-salt, 
(r.  Hauer.) 

Sblbnatb  of  Copfbb,  Cu^SeO^.SH'O,  prepared  by  dissolving  copper  or  cupric 
ox^e  in  selenic  add,  or  by  oxidation  of  the  selenite  (p.  230),  is  isomorphous  with  the 
nilphate  (Mitscherlich).  A  mixture  of  cupric  and  ferrous  selenates  yields,  ac- 
cording to  Wohlwill,  in  a  number  of  succesdve  crystallisations,  nothing  but  different 
combinations  of  the  form  of  cupric  sulphate  (triclinic,  ii.  158) ;  crystals  having  the 
furm  cf  ferrous  sulphate  (monodinic)  are  obtained  only  when  the  latter  is  in  consider- 
able excess,  as  observed  by  Wohlwill  in  a  mixed  salt  containing  3  at.  Fe  to  1  at  Cu. 
A  solution  of  magnesium-selenate  mixed  with  comparatively  veiy  small  quantities  of 
eapiic  selenate  yields  crystals  having  the  form  of  feirous  sulphate,  and  containing 

(VJI^^*0".28H'0.    Selenate  of  zinc  yields  with  cupric  selenate  a  similar  salt, 

containing  Cu"Zn»Se*0'«.28H»0. 

Febbous  Sblbnatb,  Fe"SeO«.7H«0  (or  6H«0).— This  salt,  obtained  by  dissolving 
ixoD  wire  in  selenic  add,  and  evaporating  in  an  atmosphere  of  hydrogen  or  carboniq 
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anhydride,  crystallises  with  7  at.  water  and  the  form  of  fenons  snlphatOi  only  at  tern- 
penitures  a  little  above  0°.  The  monodiuic  crystals  thus  obtained  become  opaqney 
and  give  ofif  part  of  their  water  even  on  slight  rise  of  temperature ;  and  at  tempexatores 
not  much  above  5^,  the  salt  crystallises  with  only  5  at.  water,  and  in  the  form  of 
cupric  sulphate.    (Wo  hi  will.) 

Selbna-TE  of  Lead,  Fb''SeO\  is  obtained  by  precipitating  selenate  of  godiom 
with  nitrate  of  lead,  as  a  white  powder  insoluble  in  nitric  acid.  Spedfie  graWty  »■ 
6*37  at  22°  (Schafa  rik).  This  salt  occurs  native,  with  selenide  of  lead  and  aii.tiiii.on^, 
malachite,  &c.,  at  the  Eriederichsgliick  mine,  near  Hildbuighausen,  and  at  ELsfeld,  in 
small,  brittle,  sulphur-yellow  spheres  and  botiyo'idal  masses,  cleaving  distinctly  io  caa» 
direction.  This  mineral  was  regarded  by  Kersten  (Fogg.  Ann.  xlvL  277)  an  a  selenito 
of  lead ;  but  according  to  H.  Rose's  analysis,  it  is  a  selenate  of  lead  contiwniiig  a 
little  copper.    (Dana,  ii.  375.) 

Sblbnatb  of  Magnesium,  Mg''SeO\7H^O,  exactly  resembles  the  snlpliate  in 
form  and  solubility. 

Sblbnatb  of  Nickel,  Ki^SeO'.GH'O,  obtained  by  dissolving  the  carbonnte  in 
selenic  acid,  forms  quadratic  crystals,  isomorphous  with  the  sulphate  oontoinimE  tlie  same 
quantity  of  water  (Mitscherlich).  According  to  v.  Hauer,  it  cryst^isee  fpoan 
neutral  solutions  by  spontaneous  evaporation  in  quadratic  pyramids,  which  give  off  4  at. 
water  at  100°,  but  cannot  be  completely  dehydrated  without  further  decomposition. 
A  mixture  of  this  salt  and  cupric  selenate  in  nearly  equivalent  quantities,  yields  crystals 
having  the  form  of  ferrous  sulphate.    (W ohlwill.) 

Nickel-potassium  Selenate^  Ni''K'Se'0'.6H'0,  forms  monodinic  cirstals,  isomorphous 
with  the  corresponding  double  sulphate.  It  cannot  be  dehydratea  without  deoompo* 
sition,  but  gives  off  nearly  4  at.  water  at  100°,  whereas  the  sulphate  remains  unaltered 
at  that  temperature.  [Respectiog  the  crystalline  form,  see  also  G.  v.  Bath  (P<>m. 
Ann.  cxv.  487  ;  Jahresb.  1862,  p.  215)].  The  corresponding  double  salts  formed  ^r 
combination  of  the  selenates  of  cobalt,  magnesium,  and  copper  with  the  selenates  <^ 
potassium  and  ammonium,  ciystallises  in  the  same  fonn,  are  permanent  in  the  air, 
more  soluble  than  the  corresponding  double  sulphates,  and  cannot  be  completely  de- 
hydrated without  decomposition,    (v.  H  a  u  e  r . ) 

Selbiyatbs  of  Potassium. — ^The  neutral  salty  K'SeO\  is  prepared  by  fusing 
selenium  or  selenite  of  potassium,  or  native  selenide  of  lead,  with  saltpetre,  dissolving  tli^ 
ftised  mass  in  hot  water,  and  leaving  the  concentrated  solution  to  crystallise.  The  excess 
of  nitrate  then  crystallises  out  first,  and  afterwards  the  selenate,  in  ciTstals  exactly 
resembling  the  neutral  sulphate.  It  deflagrates  on  glowing  coals  like  saltpetre,  and  ib 
equally  soluble  in  hot  and  in  cold  water  (Hitscherlich). — The  add  s<ut,  KHSeO^, 
exactly  resembles  the  acid  sulphate.    (M itscherlich.) 

Sblbnatb  of  Silvbb,  Ag'SeO*,  prepared  by  dissolving  silver  in  selenic  acid, 
agrees  with  the  sulphate  in  form  and  properties. 

Selbnatb  of  Sodiuv,  Ka*SeO\  is  prepared  like  the  potassinm-salt,  and  ays- 
tallises  from  aqueous  solution  above  40°  in  anhydrous  crystals ;  at  lower  temperatures, 
or  by  spontaneous  evaporation,  in  crystals  containing  Na*8eO^.10H*O,  exactly  re- 
sembling those  of  Glauber's  salt,  and  exhibiting,  like  the  latter,  a  maximnm  solubility 
at  about  83°.    (Mitscherlich.) 

Sblbnatb  of  Thalliuk,  Tl^SeOS  prepared  by  dissolving  the  metal  or  its 
carbonate  in  selenic  acid,  crystallises  in  Ions,  white,  prismatic  needles,  isomorphous 
with  sulphate  of  potassium,  sparingly  soluble  in  cold  water,  insoluble  in  alcohol  and  in 
ether.  (Kuhlmann,  BnlL  Soc  Chim.  1864,  i.  880.— Oettinger,  Zeitschr.  Ch.  Fharm. 
1864,  p.  440.) 

Selenate  of  Zinc,  Zn*SeO\7H*0,  is  isomorphous  with  the  sulphate.  Aooord- 
ing  to  Mitscherlich,  it  crystallises  also  with  2  at.  and  6  at.  water,  the  dehydrated  salt 
separating  at  temperatures  above  30°,  the  hex-hydrate  between  20°  and  15^.  The  solu- 
tion mixed  with  ferrous  sulphate  deposits,  according  to  Wohlwill,  crystals  having  the 
form  of  cupric  sulphate.  When  a  solution  of  zinc-selenate  is  mixed  with  cupric 
selenate,  the  former  being  in  considerable  excess,  the  crystals  which  first  separate 
have  the  form  of  cupric  sulphate  ;  and  it  is  only  the  last  that  exhibit  the  quadratic 
form  of  zinc-selenate  (Wohlwill),— Selenate  of  zinc  and  thallium^  Zn'^l»Se«0».6H«0, 
crystallises  in  monoclinic  prisms,  isomorphous  with  magnesio-potassic  sulphate. 
(G.  Werther,  Bull.  Soc.  Chim.  1866,  i.  60.) 

SBUnnVBK,  OZTCB&omZBB  or.  Sea*0  »  Sea^SeO*.  Selenacichlorid, 
(R.  Weber,  Fogg.  Ann.  cviii.  615.) — ^Froduced  by  distilling  tetrachloride  of  selenium 
over  selenious  oxide  gently  heated  in  a  sealed  tube :  also  in  the  decomposition  of  the 
tetrachloride  by  a  sm^  quantity  of  water,  and  is  therefore  always  present  in  the  liquid 
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RsnltiD^  from  the  deliqueflcence  of  the  tetrachloride,  in  damp  air.  It  is  a  alightlj 
jeUovifih  liqxiid,  having  a  specific  gravity  of  2*44,  boUing  at  about  220^,  faming  in 
damp  air,  luid  easily  decomposed  by  vater  into  hydrochloric  and  selenious  adds. 

MTIb  my  AU  JM,  SU&PBZBBS  of.  Two  of  these  compounds  are  known,  ana- 
Jogous  in  oompofiition  to  selenious  oxide  and  the  unknown  selenic  oxide.  The 
disalpbide  or  selenious  sulphide,  SeS*,  is  produced  by  fusing  1  at.  selenium 
with  2  at.  snlplmr ;  also  by  the  action  of  sul^hydric  acid  on  a  solution  of  selenious 
acid.*  The  latter  method  yields  it  as  a  bnght  yellow  precipitate,  becoming  darker 
when  dry.  It  softens  at  100^,  melts  at  a  somewhat  higher  temperature,  and  when 
more  strongly  heated,  boils,  distils  over,  and  solidifies  on  cooling  to  an  orange-yellow 
mass  resembling  orpiment.  Alkalis  dissolve  the  sulphur  from  it  easily  and  com- 
pletely, together  with  a  small  quantity  of  selenium.  Alkaline  sulphydrates  dissolve  it 
completely.      (Berzelius.) 

The  trisnlphide  or  selenic  sulphide,  SeS',  is  produced  by  fusing  1  at.  selenium 
with  3  at.  Bulpfato.  It  is  a  brick-red,  fusible,  volatile  solid,  soluble  without  residue  in 
alkaline  hydrates  and  sulphydrates.    (B er z e li u s.) 

BMEKMCAMVUB,  The  almonds  of  Sejtiecarpus  Jnacardtum,  L.  (Anacardium 
mietitai€\  an  liiast  Indian  plant,  contain  a  small  quantitv  of  sweet  oil;  the  pericarp 
containa  32  per  cent  of  a  a  vesicating  oil  of  specific  gravity  0*991,  easily  soluble  in 
ether,  hlackening  on  exposure  to  the  air.    (J.  Lepire,  J.  Pharm.  [3]  xl.  16.) 

Syn.  with  Wobmsbed. 

Mezereum-seeds  (iii.  1010). 

This  name  was  given  by  Zinin  to  a  compound  produced  by 
the  action  of  sulphide  of  ammonium  on  dinitrobenzene ;  probably  impure  o-phenylene- 
diamine  (ir.  48o). 

article. 

VSBnarAPBTBTXJklKnnB.   C'H'N' «  Ajodonafhtetlakink,  C>«H«(NH')N 

orNjkpHTKTxxzfx-siAjnMB  ^     -Q-/  >N';  also  called  Seminafhthdidine,  SenUnaphtha'- 

Udam,  ^nA  Jzonaphtkylamine,  (Zinin,  Ann.  Ch.  Pharm.  Iii.  362;  Ixxxv.  329.) — ^A 
baae  produced  by  the  action  of  sulphydrate  of  ammonium  on  dinitronaphthalene  (iv.  16). 
To  prepare  it)  dinitronaphthalene  is  dissolved  in*  alcohol  saturated  with  ammonia,  and 
the  crimson  solution  is  saturated  with  sulphydric  acid,  then  boiled,  whereupon  it  de- 
posits a  Luge  quantity  of  sulphur ;  afterwards,  mixed  with  water,  boiled  again,  and 
filtered  quickly  at  the  boiling  heat.  On  cooling  it  deposits  a  large  quantity  of  naphthy- 
leue-^amine  in  thin,  shining,  copper-coloured  needles,  which  may  be  rendered  colourless 
by  alternate  crystallisation  from  alcohol  and  water.f 

Naphthylene-diamine  crystallises  from  alcohol  in  long  shining  needles,  slightly 
aolnble  in  water,  veiy  soluble  in  alcohol  and  ether ;  forming  brownie-yellow  solutions, 
which  quickly  become  darker-coloured  and  turbid  on  exposure  to  the  air.  In  the  dry 
state  it  may  easily  be  kept  unaltered.  It  melts  at  160*^,  and  when  heated  above  200^, 
boila  and  distils,  with  piutial  decomposition  and  carbonisation.  It  dissolves  in  strong 
sulphuric  add,  forming  a  dark-violet  solution,  which  remains  unchanged  for  months  if 
left  to  itself;  bu^  on  addition  of  water,  is  immediately  transformed  into  a  reddish- 
white  crystaUine  mass.  The  alcoholic  solution  of  the  base  is  decolorised  by  aqueous 
addfi,  forming  crystalline  magmas,  whence  it  is  precipitated  by  ammonia  without 
alteration. 

Salts  of  Na'phthylene-diamine. — ^This  base  is  diadd,  uniting  with  2  at.  of  a 
monatomic  and  1  at.  of  a  diatomic  acid.  The  hydroehlorate,  C'*H*®N^2HC1,  is  pre- 
pared by  dropping  rather  strong  hydrochloric  add  into  a  cold  concentrated  solution  of 
naphthylene-diamine  in  a  vesscd  externally  cooled.  A  magma  of  shining  scales  is  thus 
obtainra,  which  must  be  washed  with  alcohoL  The  salt  cannot  be  sublimed.  Its 
aqueous  solution  becomes  coloured  on  exposure  to  the  air.  The  cMoromereurate 
crystallises  in  broad  very  soluble  laminae.— The  chloroplatinate,  C'»H"N*.2HCl.Pt*'Cl* 
is  a  yellow-brown  sparingly  soluble  powder. 

The  gulphate,  C*H**K'.H*SO«,  is  obtained  bj  treating  an  alcoholic  solution  of  the 
base  with  dilute  sulphuric  acid,  as  a  white  powder,  slightly  soluble  in  water 
and  in  alcohol,  whence  it  crystallises  in  colourless  scales. — The  phosphate  forms  shining 

*  Aeoordtng  to  H.  Bom,  however,  the  precipitate  thus  formed  If  only  a  mixture  of  selenium  and 
nlpbur. 

t  The  red  coloor  of  the  flrtt  crop  of  crystals  arises  from  a  foreign  snlMtance  much  more  soluble  in 
dcob<»l  than  napbibylcne-diamine  itself.  This  coloured  body  crystallises  from  water  In  very  slender 
losUeless  neediest  which,  when  heated  in  a  tube,  meU  to  a  red  liquid,  and  then  distil  with  partial 
deciMPpoaitton. 
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■ealas,  more  stable  than  the  snlphate,  slightly  soluble  in  water  and  in  alcohol, 
czystalliBing  therefrom  without  alteration. 

The  oxdUiie  is  a  white  ciystalline  powder,  slightly  soluble  in  water,  still  less  soluble 
in  alcohol  and  in  ether.  A  solution  prepared  at  the  boiling  heat  deposits  it  on  cooliiKg. 
in  shininff  scales. — Tho  tartrate  crystallises  in  radiate  groups  of  slender  needles,  mode- 
rately soluble  in  water  and  in  alcohol,  less  soluble  in  ether.  It  deoonxposes  in 
solution,  but  is  more  permanent  in  the  dry  state. 

A  variety  of  opal,  translucent  at  the  edges  only  (iy.  204). 

L  The  monometric  variety  of  antimonious  oxide,  SbK>*  (i.  323 ), 
occurring  at  Sensa,  in  the  provinee  of  Constantine,  Algeria,  and  at  Peme<^  near 
Malackza  in  Hungary,  in  regular  unmodified  octahedrons,  and  in  masses  with  gjr&nQlar 
structure.  Hardness  «  2  to  2*5.  Specific  g^vity  »  5*22  to  5*3.  It  has  a  greyish  or 
yellowish  colour,  and  resinous  lustre  indUning  to  snbadamantine ;  transparent  to 
translucent. 

SBVBCA  OXXi.    American  petroleum,  so  called  because  it  was  collected  and  sold 
by  the  Seneca  Indians. 

saVBOAlb  OVM.    See  Qum  (ii.  954). 

LOnr  or  BWanUkJnX.     See  S^pokw  (p.  193). 

A  purgative  drug  consisting  of  the  leaves  of  Cassia  aeuttfdlia,  a  shrab 
indigenous  in  Egypt,  Nubia,  Arabia,  smd  India,  and  Cassia  obovata,  indi^enons  in 
Egypt,  Tripoli,  and  Syria.    It  has  been  examined  by  several  chemists,  chiefly  writh 
the  view  of  extracting  the  active  principle,  but  the  results  are  by  no  means  accordant^ 
Lassaigne  and  Feneulle  (J.  Fharm.  x.  68)  attribute  the  purgative  action  to  a  bitter 
uncrystaUisable  substance,  soluble  in  water  and  alcohol,  insoluble  in  ether,  which  they 
denominate  cathartin  (i.  817).    Bley  and  Diesel  (Arch.  Pharm.  [2]  Iv.  267),  ol^* 
tained  from  senna-leaves  a  similar  substance,  together  with  a  yellow  resin,  cb ry  so- 
re tin  (i.  960),  soluble  in  ether,  and  resembling  chrysophanic  acid,  probably  a  mixtore 
of  tliat  acid  with  other  substances.    According  to  Martins  (MoTtograpkie  der  Sennes- 
blatter f  Leipzig,  1857),  senna  contains  chryRophanic  acid  (i.  258)  together  with  two 
brown  substances,  sinular  to  or  identical  with  Uie  aporetin  and  phaeoretin  of  rhubarb ; 
also  maigarin ;  he  regards  the  chiysophanic  acid  as  the  active  principle.    Sawicki, 
on  the  other  hand  {Dissertatio  inauguraliSy  Dorpati,  1857),  doubts  the  correctness  of 
this  view,  inasmuch  as  the  purgative  principle  of  senna  is  extracted  by  water  much 
more  easily  than  by  alcohol,  whereas  chrysophanic  acid  is  nearly  insoluble  in  water,  but 
dissolves  in  alcohol,  by  which  indeed  i  t  is  extracted  from  rhubarb.  W  i  g  g  e  r  s  endeavours 
to  explain  this  contradiction  by  supposing  that  the  chiysophanic  acid  in  senna  is  for 
the  most  part  combined  with  bases,  and  in  that  state  insoluble  in  alcohol,  whereas  in 
rhubarb  it  exists  chicfiy  in  the  free  state. 

Martins  found  in  senna-leaves  from  Cassia  aeut\folia  from  9  to  12  per  cent,  of  ash. 
The  composition  of  the  ash  in  100  pts.  is,  according  to  Martins  (a  and  b)  and 

Schreiber  (c),  as  follows : — 

Sand  and 
K*0  NftSO  MgO    CaO  Fe'^PO^  pzO»    SiO>    CI       SO^    CO'    churcoal. 

Alexandrian  (a)    16*58  108  7*46  35-92  032     .  .     200  0*35  295  2475   697 
East       5(5)    11-20  8-50  610  3628  5*70    .  .     4*06  0*70  3*52  21*10   3*69 
Indian      \{c)    13*47  1*24  0*85  35*36  1*50  3*82  14*49  3*81  1*45  23*57 

or  BBPZWOrX.    Syn.  with  Sipkbrcmb. 

A  dark-brown  pigment  prepared  from  a  black  juice,  which  is  secreted  by 
certain  glands  of  the  cuttle-fish  {Sepia  officinalis.  Sepia  Lotigo,  &c.),  and  ejected  by  the 
animal  to  darken  the  water  when  it  is  pursued.  One  part  of  the  juice  is  capable  of 
making  1000  parts  of  water  nearly  opaque.  The  juice,  when  dried,  yields  a  black 
mass,  which,  according  to  Front,  consists  of  78  per  cent,  black  pigment  or 
melanin,  10*40  calcium-carbonate,  7*00  magnesium-carbonate,  2*16  alkaline  sulphates 
and  chlorides,  and  0*84  mucus.  The  black  pigment  may  be  isolated  by  boiling  the 
black  mass  successively  with  water,  hydrochloric  acid,  and  dilute  solution  of  am- 
monium-carbonate. It  is  a  black,  inodorous,  and  tasteless  substance,  quite  insoluble 
in  water,  alcohol,  and  ether,  but<,  remaining  suspended  in  water  for  a  very  long  time, 
its  deposition  may,  however,  be  accelerated  by  addition  of  acids  or  sal-ammoniac 
It  dissolves  in  warm  caustic  potash  solution,  forming  a  dark-brown  solution,  from 
which  it  is  precipitated  by  sulphuric  and  hydrocliloric  acid,  but  not  by  nitric  acid. 
It  dissolves  also  in  ammonia,  but  not  in  alkaline  carbonates. 

The  pigment  is  prepared  by  saturating  the  dried  native  sepia  with  a  little  caustic 
lye,  then  adding  more  lye,  boiling  the  liquid  for  half  an  hour,  filtering,  precipitating 
with  an  acid,  washing  the  precipitate,  and  drying  it  at  a  gentle  heat.  It  is  of  a  dazk- 
brown  colour  and  fine  grain. 
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Os  tepi^^  Mur^cMamnt,  or  White  Ftsk-bone,  is  the  calcareoiu  shield  or  shell  on  the 
beck  o£  the  enttlf^fiah.  It  consists  of  two  lajers :  the  upper  thin,  but  very  compact,  while 
the  lower  is  thicker  but  porous.  The  upper  layer  contains,  according  to  John,  80  per 
teaL  calciiim-carboiiate  with  traces  of  phosphate,  9  gelatinous  substance,  insoluble  in 
water  and  in  cold  lime-water,  4  water,  and  traces  of  magnesia.  The  lower  layer 
contains  85  calcium-carbonate,  with  traces  of  potash,  4  gelatinous  matter,  and  4  water, 
with  tncee  of  ma^^esia.  Forchhammer  found  in  Os  sepia  O'lO  per  cent,  magnesium- 
carbonate. 

Os  sepia  is  nsed  as  tooth-powder,  for  polishing,  and  for  modelling  for  fine  gold 
articles ;  it  vas  formerly  used  as  an  internal  rem^y  in  cases  of  goitre.  (Handw.  d. 
Chem.  TiL  839.) 

Syn.  with  Msbbschaxtx  (iii.  864). 

Syn.  with  Sepbkbiks. 

'XAHTAi.     Calcareous  concretions  intersected  by  veins  of  calcspar,  which,  when 
caldned  and  ground,  form  an  excellent  hydraulic  cement. 

Syn.  with  JUxloschht. 

CCXC  ACZS.    Syn.  with  Mtjustic  acid. 

(from  Scrica,  silk).  A  name  proposed  by  Schlossberger  (Arm,  Ch. 
Pharm.  ex.  245)  for  the  fibroin  of  silk  and  of  gossamer-threads  (ii.  644),  which,  ac- 
cording to  bixn,  are  identical,  but  different  firom  the  organic  matter  of  sponges,  for  which 
he  retains  tlie  name  fibroin. 

The  name  sericin  was  formerly  also  applied  to  myristin,  the  glyoeride  of  myristic 
add  (iii.  107  2)i  on  account  of  its  silky  aspects 

SMBXC^TMm    A  mineral  occurring  in  a  schist  of  the  Taunus  range  in  Western 
Germany.     It  has  a  greenish  or  yellowifih-white  colour,  silky  lustre ;  hardness  »  I ; 
specific  grawity  »  2*897.     Foliated  in  one  direction,  the  plates  being  undulated. 
Exfoliates  strongly  before  the  blowpipe,  and  melts  on  the  edees  with  a  bright  light, 
iorming   a  greyuh  enamel.     Decomposed  slowly  by  hydrochloric  acid.      Contains, 
according  to  List  (Ann.  Ch.  Pharm.  Ixzxi.  193),  1*22  per  cent,  fluorine,  0*31  phos- 
phoric anhydride,  1*59  titanic  anhydride,  60*00  silica,  23*65  alumina,  8*07  ferrous 
oxide,  0*93  magnesia,  0*63  lime,  9*11  potash,  1*75  soda,  and  3*11  water.    It  is  dis- 
tinguished from  potash-mica  by  its  small  amount  of  alumina.    List  regards  it  as 
identical  with  Damourite  (ii.  303). 


Satin  spar.  AUasspath.  A  mineral  from  Alston  Moor,  in 
Cumberland,  formerly  regarded  as  a  fibrous  arragonite,  but  belonging,  according  to 
6.  Roee*s  latest  inyestigations,  not  to  airagonite,  but  to  calcspar.  .  (Handw.  d.  Chem. 
Tii.  841.) 

BBSO&ur.  This  name  was  given  by  Boudet  (J.  Pharm.  six.  291),  to  a  fat 
which  he  obtained  by  treating  dried  blood-serum  with  ether  or  boiling  absolute  alcohol, 
and  eraporating  the  solution.  According  to  Boudet,  it  is  quite  destitute  of  crystalline 
structure;  according  toVerdeil  and  Marc et  (J.  Pharm.  [3],  xx.  89),  it  crystallises 
from  boihoff  alcohol  in  nacreous  1amin«\  When  once  separated  from  blood-serum,  it 
no  longer  dissolves  in  that  liquid.  According  to  Gob  ley  ( ibid.  jjo.  241),  the  so-called 
serolin  is  not  a  pure  substance,  but  a  mixture  of  sevenu  fats  of  different  melting 
points. 

BBXOUB  V&VXB.  The  serous  cavities  of  the  body  (viz.,  peritoneal,  pleural, 
pericardial,  &c.)  contain  a  small  quantity  of  fluid,  called  serous  fluid,  from  its  geoeral 
resemblance  to  the  serum  of  blood.  A  similar  fluid,  found  in  blisters,  in  cuticular 
vesicles,  and  in  the  interstices  of  connective  tissue,  is  more  generally  called  '  lymph.' 
Under  certain  morbid  conditions,  the  quantity  of  serous  fluid  in  various  parts  becomes 
veiy  much  increased,  giving  rise  to  the  various  forms  of  dropsy. 

There  is  reason  to  believe  that  in  health,  and  during  life,  serous  flnid,  whether  from 
peritoneum,  pericardium,  pleura,  or  vagina  testis,  possesses,  like  blood,  the  property 
of  eoagulating  at  the  ordinary  temperature  when  removed  from  the  body ;  in  other 
words,  that  it  contains  both  the  elements  necessaiy  for  the  formation  of  fibrin.  When, 
however,  serous  fluid  is  not  removed  from  the  body  until  several  hours  after  death,  the 
power  of  spontaneous  coagulation  has  either  become  very  much  lessened  or  entirely 
disappeared.  When  the  quantity  has  been  abnormally  increased,  as  in  dropsies,  the 
spontaneous  coagulation  is  often  absent.  In  most  of  these  cases,  if  not  in  all,  coagula- 
tion (formation  of  fibrin)  can  be  brought  about  by  the  addition  of  blood,  or  of  a 
solution  of  globulin  (fibrinoplastin),  showing  that  ou'e  element  of  fibrin  (fibrinogen) 
still  remains.  These  fibrinary  elements  may  be  separated  by  saturating  the  flnid  with 
sulphate  of  magnesia  and  filtering,  in  which  process  they  are  retained  ou  the  filter,  and 
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may  be  readily  dissolyed  in  water ;  or  by  diluting  the  fluid  with  5  or  10  times  ita  bulk 
of  water,  and  either  passing  carbonic  anhydride  through  it,  or  cautiously  adding  a  few- 
drops  of  dilute  acetic  acid,  collecting  the  precipitate,  and  dissolving  it  in  a  dilate  solution 
of  a  neutral  alkaline  salt,  or  by  the  aid  of  a  few  drops  of  an  extremely  dilute  solution 
of  caustic  alkali.    Serous  fluid,  when  freed  by  filtration  from  fibrin  (if  it  has  been 
folmed),  epithelial  scales,  &c.,  is  clear,  slightly  fluorescent,  of  a  yellow  or  goldea 
colimr,  and  distinctly  alkaline,  with  a  specific  grarity  rarying  from  1'005  to  1*030.     It 
contains,  besides  the  fibrinary  elements,  albumin,  &t5,  cholosterin  (protagon  ?)  sugar 
(or  an  unfermentable  substance  reducing  cupric  salts),  urea,  uric  acid,  and  frequentiy 
xanthine.     According  to  Naunyn  (Arch.  Anat.  Phys.  1865,  p.  166),  creatine,  crea- 
tinine, and  hippuric  acid  are  never  found  in  it.     The  inorganic  salts  are  nearly  the  same 
as  those  of  blood-serum.    In  serous  fluid  which  had  become  purulent,  Naunyn  £oxuid 
leucine,  tyrosine  (guanine),  and  xanthine,  but  no  urea  or  uric  add.      In  1000  cc.  of 
peritoneal  fluid  (ascites).  Planer  found  95*2  cc.  &ee,  and  48'8  cc  combined,  carbonic 
anhydride,  21*0  cc.  nitrogen,  and  0*14  cc.  oxygen  (measured  at  0^  and  76  mm.).      The 
following  table  shows  the  composition  of  serous  fluid  from  various  sources: — 
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Hoppe  (Schmidt^  A.  Archi.  Anat.  Phys.  1861,  p.  713)  estimated,  by  means  of  the 
polarization  apparatus,  the  percent-age  of  albumin  in  38  cases  to  be  as  follows : — ^Hydro- 
cele: mean  of  17  cases  5*6;  pericardium:  mean  of  11  cases  2*0,  case  of  general 
dropsy  0*7,  case  of  typhus  4*0;  peritoneum:  mean  of  5  cases  1*3,  case  of  general 
dropsy  0*2;  pleura:  hydrothorax  1*6,  pleurisy  i'2.—Jqueou8  humour,  which  may  be 
considered  as  a  serous  fluid,  contains  globulin  (fibrinoplastin)  and  urea.  The  tears 
contain  mucus  in  addition  to  albumin,  and  are  remarkable  for  their  large  amount  of 
chloride  of  sodium.  H.  F. 


r,  or  Jristoloehin,  The  bitter  principle  of  the  root  of  Aristdoc^a 
serpentaria, 

SSRVBVmrX.  Ophite,  Ophiolite:  including  PicroUte,  Marmolite,  Metaxite, 
Willianmte,  Bowenite,  ChrysotU^  Sparkling  Asbestos,  Baltimorite,  Antigorite, — ^A 
mineral,  consisting  essentia&y  of  hydrated  magnesium-silicate,  the  magnesium  being 
replaced,  to  a  variable  but  never  very  considerable  amount,  by  iron  (ferrosum). 

Serpentine  usually  occurs  massive,  sometimes  forming  entire  mountain  masses,  al^o 
granulous,  impalpable,  fibrous,  or  foliated;  sometimes  in  crystals,  apparently  tri- 
metric ;  but  these  are  not  true  crystals  of  serpentine^  but  pseudomorphs  after  chry- 
solite.   From  variations  in  the  proportions  of  its  constituents,  and  its  mode  of 
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oeeamnee,  and  from  admixture  with  other  minerals,  it  exhibits  namerona  Tarieties, 
some  of  which  hare  been  regarded  as  distinct  species :  e.ff.  Ficrolite,  'VTilliamsite, 
Bovemte,  Antigorite,  Baltimorite,  &c. 

Sezpentine  has  usually  a  leek-green  or  blackish-green  colour,  sometimes  nearly 
white,  becoming  yellowish-grej  on  exposure ;  it  is  often  spotted  or  reined,  as  in  Teid 
antiqae  marble,  which  consists  of  serpentine  yeined  with  calcic  carbonate.  Chrome- 
inmis  also  frequently  disseminated  through  serpentine,  giving  it  a  mottled  appearance 

like  the  skin  of  a  snake,  whence  its  name.    Streak  white,  slightly  shining.     Lustre  re- 

RBOoi  or  greasy,  but  of  low  intensity :  the  fibrous  variety,  chiysoUl,  has  a  silky  lustre. 

TnuDsIueent  to  opaque.    Hardness  »  3   —   4.    Specific  gravity  »    2*507   —  2*59]. 

Frsctore  conchoidal  or  splintery.     Sectile.    Thin  fibres  flexible. 

Serpentine  heated  in  a  glass  tnbe  gives  off  water  and  often  blackens.    Before  the 

bbvpipe  it  mostly  bums  white,  and  melts  with  difficulty  on  the  sharpest  edges. 

When  pulverised  it  dissolves  in  hydrochloric,  and  more  readily  in  sulphuric  acid. 
Some  serpentines  contain   alumina,  others  are  free  from  it.     In  the  following 

■sdyses  the  two  cbisses  are  distinguished,  and  in  each  class  the  analyses  are  arranged 

aeooidbg  to  increasing  amount  of  iron: — 

L  Serpentines  not  containing  Alumina:—^  Serpentine  from  Gulsio  in 
Wennland,  Sweden  (Mosander)*. — b.  Bowenite,  from  Smithfield,  Bhode  Island: 
gnen;  fine-grained;    specific  gravity  «   2*594  —  2*787  (Smith  and  Brush). — 
c.  Seipentine    frt)m  Sala,    in    Sweden    (Lychnell). — d,    WiUiamsitet  from  West- 
chester, Chester  County,  Pennsylvania :  green,  laminated ;  specific  gravity  »  2*29  — 
2*64  ;  accompanied  by  common  serpentine  and  chrome-iron  (Smith  and  Brush). — 
e.   Ckrysotilf  from  Newhaven,   Connecticut:   specific  gravity  =    2*49   (Brush). — 
/.  PiervUtey  from*Reichenstein,  in  Silesia:  greenish-grey  (List). — ^.  Marmolite,  from 
Blandford,  Massachusetts  (Shepard). — h.  Serpentine,  fromWindish  Mattrey,  Kaiser- 
tha],  in  the  T^rol:  conchoidal;   specific  gravity  a   2*59:  (Gilm). — ».  Serpentine, 
from  Kynance  Bay,  in  Cornwall  (Houghton) : 

a,  b,  c.  (L  e,  /.  g.  A.  i, 

Cntoole  anhydride       0-89  103 

SiKea    .        .        .         42-34        42-S9       43-16  42-ia  44-05  44*61  40-08  48*07       88*S9 

Bfifaesla     .                  44*2(0        4330       4i-36  41*60  39*94  39*75  41-40  38*05       84*94 

Perrooa  oxide                 .    .          1-91         9-03  2*43  2*53  9*63  2*70  5-71   ^  13-fiO 

Vidtri  oxide 0  45 

Water         .         .         12*38       12-96       12-33  12*70  13*49  12-57  15  67  1291  ^  12-09 

99*81        96*76       99*81        99*18       99*31        99*56        9985       99*74       96*12 

XL  Serpentines  containing  Alumina: — a,  C%ry«o^t?  in  compact  serpentine, 
from  Abbotsville,  New  Jersey:  yellowish- white  (Keakirt). — b.  Marmolite  from  New 
Jeaej  (Q-arrett). — e,  Williamsite  from  Westchester  (Hermann). — d,  Chrysotil 
(sparkling  asbestos)  from  Reichenstein  in  Silesia  (v.  Kob ell). — e.  Noble  serpentine 
from  Fahlun  (Lychnell).—/.  Serpentine  from  the  Serpentine  Peak,  Ate  Chonire, 
between  Breona  and  Chombairain  theValais :  massive;  blackish-green  (Schweizer). 
— -g.  AntigoriU  from  the  Antigoria  Valley  near  Domo  d'Osola  (Brush). — h.  Radiated 
Picrclite  bom  the  Taberg,  Sweden  (Lychnell). — i.  So-called  asbestos  from  the  com- 

r^ serpentine  of  Zoblitz  in  Saxony:  specific  gravity  »  2*60—  2*65  (C.  Schmidt). — 
BaltimoriU  frY)m  Bare  Hills,  Maryland  (Thomson): 

a.  b.  c.  d.  e.  /.  g,  h,  f.  k, 

Carinolc  anhydride 3*42  .    .  1*73 

Silica         .        .        .        .49  63      42*32      44  50      43*50  41*95  44-22  41*58  40*98  43'70      4095 

Ahimlna   .        ...      0*38       066       0-75       0-40  037  1*36  2*60  0*73  976        1-50 

Magmcla   ....    42-67      42-23      88-71      40*00  4064  36*41  8680  83-44  29*96      84-75 

FemHMOKlde  .        .       .0*27       1-28        1-39       2-08  2  23  4*90  7*22  8*94  10*08      1005 

MickeUoxfde 090 

SikU          1*98 

Water        ....    14*95      13*80      12-75      13-80  11-68  18*11  12*67  12  »6  1227      12*60 

100-J9     100*:^    100-00      99-78    100*28   loO'OO    10087      9868    100  70      99*85 

All  these  analyses  maybe  approximately  represented  by  the  formula  3Mg''0.2Si0^2H*0, 

or  Mg*ffiO*.ftg*SiO*.2H*0,  the  magnesium  being  more  or  less  replaced  by  iron,  and 
the  sSica  in  the  serpentines  of  the  second  class  partly  replaced  by  alumina.  The 
calculated  composition  of  a  non-aluminiferous  serpentine  is,  according  to  this  for- 
mda,  44*14  per  cent,  silica,  42*97  magnesia,  and  12*89  water. 

Serpentine  is  frequently  a  result  of  pseudomorphic  changes.  Hornblende,  augite, 
cbiysolite,  garnet,  spinel,  mica,  and  many  other  minerals  occur  thus  altered.  Kose 
has  found  uat  some  of  the  supposed  crystals  of  serpentine  are  partly  chrysolite,  the 
change  not  haying  been  complete. 

Fmnousor  noble  seipentines  come  from  Fahlun  and  Gulsjo  in  Sweden,  the  Isle  of  Man^ 
theneighboiirhood  of  rortsey  in  Aberdeenshire,  Corsica,  l^ony,  and  Siberia,  and  many 

*  For  references,  tee  Ranimel$brrg*i  Minerakhemie,  p.  531. 
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localities  in  the  United  States  of  Amerioa.    Serpentine  ooems  in  ctTstals  aA 
Anschkal,  in  Miask,  BoinoYka,  &e.    Gonunon  serpentine  ocean  at  Iozbx^b  Poinft  in 
Cornwall,  and  many  other  places. 

Serpentine  admits  of  a  high  polish,  may  be  turned  in  a  lathe,  and  is  nsed  for  m&kiBtg; 
▼ases,  boxes,  and  yarions  ornamental  articles;  it  may  also  be  made  available  as  a 
source  of  magnesia.    (Dana,  ii.  284.) 

BXBPSarTZn-ASBBBTOB.     ChrysotU.    (See  the  last  article.) 

S^SPBarTXXV-BO&OBOTB.  Mixtures  of  serpentine  and  dolomite.  "Ffjir 
these  and  similar  mixtures  of  serpentine  with  calcspar,  magnesite,  &c,  T.  S.  S  a  n  t 
(J.  pr.  Chem.  Ixxiy.  150)  proposes  the  name  ophiolite,  distinguishing  them  as  eal* 
citic,  dolomitic,  magnetitic,  ophiolitic,  &c. 

SSRPBirmrZTB,  from  Keichenstein  in  Silesia,  appears  to  be  a  sofl^  some viiat 
steatitic  alteration  of  serpentine. 


Satowort.  A  composite  plant  of  common  occur- 
rence,  formerly  cultivated  for  its  yeUow  dye,  which,  however,  is  now  seldom  used,  sis  it 
is  inferior  to  weld. 


SSRUM  or  B&OOB.    See  Blood  (i.  608). 


8BBITM  Ol"  IgTliK.     Whey,    The  opalescent  liquid  containing  milk-sugar  and 
various  salts,  which  separates  when  millc  is  curdled  by  tiie  action  of  acids,  rennet,  &c 
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CaO 
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A  fatty  oil  obtained  from  the  seeds  of  Scsamum  orientate^  a 
plant  indigenous  in  India,  and  cultivated  in  other  warm  countries.  According  to  Lefort. 
it  has  the  composition  C'*H^'0',  and  forms  with  bromine  and  chlorine  the  substitu- 
tion-products C»«H"BrO»  and  C'»H"C10«.  It  is  a  non-drying  oil,  of  yellowish  colour, 
inodorous,  and  having  a  slight  taste  of  hemp.  Specific  gravity  =  0*9230  at  15*^, 
diminishing,  with  rise  of  temperature,  by  0*00076  for  each  degree  centigrade.  At  —  5^ 
it  solidifies  to  the  consistence  of  palm-oU.  It  is  used  for  burning  in  lamps,  for  soap- 
making,  and  for  adulterating  olive-oil ;  in  India  as  an  article  of  fo<^ 

8BSXABXA  OflBBinbaA.  Blue  Moor  Grass. — This  grass,  growing  on  the  moun- 
tains of  England  and  Scotland,  contains,  according  to  0.  Sprengel  (J.  £.  techn. 
Chem.  X.  51)  in  100  pts.:  55  pts.  water,  10*1  matter  soluble  in  water,  19*0  soluble  in 
dilute  potash,  0*8  wax  and  resin,  14*9  (?)  iron.  100  pts.  of  the  dried  plant  yield  5*67 
pts.  ash  (Sprengel),  4*6  pts.  (Hruschauer,  Ann.  Gh.  Pharm.  lix.  204).  The  ash 
contains  in  100  pts.,  after  deduction  of  carbonic  anhydride : 

8'0«       NaCl 

44*8    trace  (Sprengel) 

27*3      3*8  (Hruschauer.) 

Prefix,  denoting  one  and  a  half:  e.y.  Fe'O*  or  VeO^^,  sesquioxide  of 
iron. 

SBVBBITB.  An  argillaceous  mineral  from  Saint-Sevfire  in  France,  where  it 
occurs  in  masses  below  tertiary  gypsum.  It  contains,  according  to  Pelletier,  50  per 
cent,  silica,  22  alumina,  and  26  water,  and  appears  to  be  related  to  halloysite  and 
lenzin.  But  it  is  veiy  difficult  to  determine  whether  a  mineral  of  this  character  is  a 
distinct  species  or  a  mixture.  Another  mineral  from  Saint-Severe,  exactly  resembling 
severite  in  physical  characters,  was  found  by  v.  Hauer  to  contain  44*42  per  cent,  silica 
3600  alumma,  18*4  water,  and  0*65  lime.     (Handw.  d.  Chem.  vii.  844.) 

BMKJXMQVltXTMm  Breithaupt's  name  for  sulphide  of  lead,  occurring  at  Bemcastel 
in  hexagonal  forms,  as  a  pseudomorph  after  pyromorphite.  (Jahresb.  1862,  p.  709; 
1863,  p.  796.) 

Syn.  with  CLnrroNiTE  (i..l026). 

A  vegetable  fat  obtained  in  West  Africa  from  the  nuts  of 
Bassia  Parkii.  The  nuts  are  shelled,  and  the  kernels,  which  consist  almost  wholly  of  fat, 
are  boiled  with  water  and  pressed.  Shea-butter  is  greenish-white,  solid  at  common 
temperatures,  softens  at  35^,  melts  at  43^ ;  dissolves  for  the  most  part  in  boiling 
alcohol,  and  ciystallises  on  cooling ;  also  in  ether,  and  crystallises  therefrom.  By 
saponification  and  decomposition  of  the  soap,  it  yields  an  acid  which  separates  in 
pearlv  scales,  melts  at  61*1°,  and  forms  a  silver-salt  containing 54*71  percent,  carbon, 
8*98  hydrogen,  27*83  silver,  and  8*48  oxygen  (Thomson  and  Wood,  Phil.  Mag.  [3], 
xxxiv.  350).  According  to  Oudemanns  (J.  pr.  Chem.  Ixxxix.  205),  it  yields  29*7 
per  cent,  oleic  acid,  70*3  stearic  acid  (melting  at  69°),  but  no  palmitic  acid  or  any 
other  acid  of  the  series  C^H^'O*,  of  lower  atomic  weight  Similar  results  have  been 
obtained  by  Buff.    {CrmclirCs  Handbook,  xvi.  334.) 
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or  waaoULf^JkiCm  Lbc  purified  by  melting  aad  rtnininff  (iii  451). 
Seed-ke  or  grain-lac  contains,  according  to  John,  two  zeBins  soluble  in  alcohol^  and  an 
iBa)lnble  resin  (laceiii),  besides  colouring  matter,  a  bitter  principle,  and  impurities. 
£beUae  contains  two  resins  and  a  wax,  but  no  laedn.  It  is  of  yellowish-brown,  brown, 
or  bhek  colour,  translucent,  hard,  with  a  shining  conchoidal  fructnre,  and  has,  according 
to  Brisaan,  a  spceifio  gravity  of*  1*139.  It  dissolTos  easily  in  hydrochloric  acid, 
acetic  acid,  potasn,  soda,  and  borax,  but  not  in  ammonia  (Hatchett);  with  moderate 
£adlity  in  wood-spirit,  and  is  precipitated  therefrom  by  water.  It  is  perfectly  soluble 
IB  amjlic  alcohol  and  Talenanic  aldehyde,  moderately  soluble  in  valerianic  acid, 
eiig^tly  in  amjlie  Tslerate  (Trautwein).  It  dissolTes  partially  in  cold  creosote 
(ReichenbachX  bfnt  slightly  in  boiling  rock-oil  (Suns sure)  and  in  benzene, 
tbon^  benzene  mixes  with  its  solution  in  methylic  or  ethylic  alcohol  (Mansfield)  ; 
in  1^  pts.  of  acetone,  forming  a  thick  oily  varnish.    (Wiederhold.) 

Thtft  bleaching  of  shellac  on  the  large  scale  is  effected  by  chlorine  or  its  compounds, 
but  the  best  material  for  the  purpose  is  bone-charcoal  (Eisner),  especially  bone- 
black,  purified  by  means  of  hydrocUoric  acid,  and  not  subsequently  dried  (Kraut).  A 
|«rfe<etly  white  shellac  having  a  silky  lustre,  and  completely  soluble  in  alcohol,  is 
cbtained  by  the  following  process:  25  pts.  of  shellac  are  dissolved  in  600  pts.  of 
vater  containing  10  pts.  of  soda ;  and  the  solution  is  mixed  with  dilute  hypochlo- 
rite of  sodium  (prepared  firam  30  pts.  chloride  of  lime),  and  then  with  hydrochloric 
acid,  SB  long  as  the  precipitate  redissolves.  It  is  then  ex^sed  to  the  sun  for  a  day  or 
tvo,  fiHereC  mixed  with  sulphite  of  sodium,  and  precipitated  by  hydrochloric  acid. 
(Gmdnes  Handbook,  xvii.  420.) 


This  name  is  given  by  W.  Hddinger  to  the  small  brown 
striated  prisms,  consisting  essentially  of  a  sulphide  of  chromium,  occurring  in  the 
meteorite  of  Bishopsville  in  South  Carolina  (iii.  981).  Shepard,  who  examined  this 
minezal,  called  it  JSchreibersite ;  but  this  name  belongs  to  the  phosphide  of  iron  and 
nickel  occurring  in  meteoric  iron. 

Syn.  with  BubeUite  or  Bed  Tourmalin.    (See  Toitbmaxik.) 


Varnishes  added  to  oil-paints  to  make  them  dry  quickly.  They 
mpiepared  by  boUing  linseed-oil  with  metallic  oxides,  or  salts.  Formerly  litharge, 
minimn,  umber,  and  gypsum  were  employed  for  the  purpose,  but  more  recently  the 
oxides  and  salts  of  manganese  have  come  into  use  ;  they  produce  rapidly  drying  sic- 
catives, and  when  added  to  zinc-white,  do  not  introduce  any  substance  that  can  be 
blackened  by  sulphuretted  hydrogen.  A  mixture  of  equal  parts  of  manganous 
sulphate  and  acetate  with  an  equal  quantity  of  zinc-sulphate  and  97  pts.  zinc-white- 
added  in  the  proportion  of  one-half  to  one  per  cent,  to  the  zinc-oxide  with  whicji  the 
oil-colour  is  to  be  prepared,  is  said  to  effect  the  drying  of  the  paint  in^  12  hours.  A 
similar  mixture  is  toe  siccative  jntmatique  de  Barrudj  which,  according  to  Boll ey 
(DingL  pol  J.  cxli.  398),  is  made  by  mixing  from  5  to  6  pts.  of  borons  man^;anate 
with  95  ptB.  of  zinc-white,  and  adding  to  zinc-white  colours  in  the  proportion  of 
^  per  cent   (Handw.  d.  Chem.  vii.  846.) 

WX^K  GAB1PXamPO&ZA«     The  leaves   and  flowers  of  this  plant  are  psed 
medionally  in  Brazil  for  the  same  purposes  as  mallow. 


A  name  applied  to  native  ferrous  carbonate  or  spathic  iron-ore, 
to  pharmacosiderite  or  cube-ore  (ferric  arsenate,  ii.  171),  and  to  a  blue  variety  of 
quartz  from  GoUing,  near  Salzburg. 


Syn.  with  Abichite,  one  of  the  forms  of  native  cupric 
anenate. 


A  variety  of  calcspar,  coloured  yellow  or  brown  by  ferric 
hjdrate. 


Breithaupt's  name  for  a  calcareous  iron-spar  firom  Badstadt  in 
Salzburg :  spedfic  gravity  «  3*4 1. 


This  name  is  given  by  Bah r  (J.  pr.  Chem.  liv.  194)  to 
i^v«  iron  found  in  a  petrified  tree  on  a  floating  island  in  the  Balanger  Lake  in 
Smaknd,  Sweden.  The  tree  is  converted  into  ferrous  hydrate  (bog  iron-ore),  and  the 
iron  forms  small  grains,  probably  resulting  from  the  reduction  of  an  iron-salt.  The 
iron  is  poioos^  and  has  a  spedfic  gravity  of  6*248  to  6'497i  increased  by  hammering  to 
6628. 


.^  1 ,     ^  native  iron  from  North  America,  containing  a  some- 

▼batconadeiable  quantity  of  carbon.    (Torrey,  Glocker^s  Grundias  d,  Min.j  p.  342.) 
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SUM&OMMLAXa.    A  mineral  from  the  palagonite-toik  of  loeilsiid,  xe0ein1>Izii^ 

obeidiftn  in  colonr,  lustre,  and  fracture :  spedftc  gnmty  »  2*531.  Itdjffen  fictmitzne 
palagonite  (ir.  324)  in  not  being  deoompoieible  bj  hydrochloric  add.  Contains  45- lO 
per  cent,  silica,  13*73  alnmina,  18*52  ferric  oxide,  8*10  lime,  8*21  magnesia,  2*33  sodA, 
0*95  potafl^  0*35  water,  and  6*52  residue  (—  98*81).  The  ozrgen-ratio  in  tlie  pro- 
toxides, sesqnioxides,  and  silica  is  1  :  3  :  6, the  same  as  in  lafaradorite.  (Sartor ins 
T.  Walters  bans  en,  Vvlkanviohe  Gesteine,  p.  179.) 


BZBBBOPKA&BCACOUraB.     Sjn.  with  Abichtte. 

BIBBBOF&aSITa.  Breithanpt's  name  for  a  variety  of  meeitin-spar  (Mg  ;  'P^V 
CO*,  found  at  Pohl  in  the  Saxon  Voigtland,  containing  2  at.  Fe"CO>  to  1  at  iMgrCO*. 
Angle,  B  :  B  »  107^  6' ;  specific  grayity  -  3*616  to  3*660  (Breithanpt,  Sill.  ^m.  J. 
[2]  xxyi.  348).  It  is  also  found  at  Traversalla,  in  Piedmont,  and  at  Bohmsdoz€,  near 
Schleiz.  An  allied  mineral  from  Mitterberg  in  the  Tyrol  was  found  by  Kohn  to  eon- 
tain  4  at.  Fe"CO»  to  1  at.  Mg^CO*.    ( Jahresb.  1858,  p.  733.) 

SZ3>XftOSBO&B«  A  name  applied  by  Breithanpt  to  a  variety  of  bole,  haring 
a  higher  specific  gravity  ( »  3*24)  than  ordinary  bole,  which  he  attributes  to  the 
presence  of  a  larger  proportion  of  iron. 

BZBBBOBCBZSOXiZTB.  A  ferroso-ferrous  silicate,  occurring  at  Conghofiiaa  do 
Campo  in  Brazil,  in  hexagonal  crvstals,  closely  resembling  czonstedtite  in  colour  and 
other  physical  characters,  and  in  its  behaviour  before  the  blowpipe.  The  analjsia  of  a 
very  small  specimen  by  Wernekink  (Fogg.  Ann.  i.  387),  gave  16*3  per  oeuL  Bilie&» 
75*5  ferroso-ferric  oxide,  4*1  alumina,  and  7*3  water  (  s  103*2). 

BTDMMOBMm    A  name  of  native  ferrous  carbonate. 

BIBBftOBI&ZCXTB.  A  mineral  forming,  together  with  trinacrite,  a  brown  mass 
on  the  tufa  of  Tonnara,  at  Cape  Passaro,  the  southernmost  point  of  Sicily.  It  has 
not  been  isolated,  but,  by  calculation  from  the  composition  of  the  mixture,  it  appears  to 
contain  34*04  per  cent,  silica,  7*48  alumina,  48*54  ferric  oxide,  and  10*13 
(Waltershausen,  FtUk.  Gesteine,  p.  234.) 

See  TjLNTixrra. 


A  method  of  producing  sun-pictures  by  means  of  ammonio- 
ferric  citrate.  Paper  impregnated  with  this  salt  is  exposed  to  light  in  Uie  camera,  and 
the  picture  is  developed  with  a  neutral  solution  of  gold  or,  better,  of  silver.  (H  er  s  c  h  e  1, 
Phil.  Mag.  [3]  xxi.  225.) 

Bed  tourmalin. 


Syn.  with  NicKEL-liKNJBrnc  (iv.  44). 

Syn.  with  Syekitb. 

The  old  name  of  Silica. 

SiO*.  Oxide  of  SUicium,  Silicic  Oxide,  Silicic  Anhydride^  Anhydrous 
Silicic  Acid  {Silice,  Acide  silicique,  Kiesderde,  Kieselsdure). — This  compound  oecnn 
abundantly,  and  pure  or  nearly  pure,  in  quartz,  flint,  chalcedony,  homstone^  jasper, 
opal,  &c. ;  crystalline  in  quartz  and  its  varieties ;  amorphous  in  opal  (iv.  204 ;  v.  1).  It 
is  the  chief  constituent  of  all  sandstones,  and  enters  largely  into  the  composition  of 
felspar  and  a  great  number  of  other  minerals. 
Silica  is  produced  artificially : 

1.  By  burning  silicium  in  the  air  or  in  oxrcen  gas. 

2.  By  the  action  of  water  on  gaseous  fluonde  of  silicium  : 

SiF*  +  2H«0  -  SiO«  +  4HF. 

The  silica  is  thereby  precipitated  as  a  gelatinous  hydrate,  which,  when  dried  and  ignited, 
leaves  pure  anhydrous  silica  in  the  form  of  an  extremely  fine  white  powder. 

3.  By  the  decomposition  of  alkaline  silicates. — Pure  pulverulent  silica  may  be  pre- 
pared by  fusing  ground  flint  with  about  three  times  its  weight  of  an  alkaline  carbonate, 
and  decomposing  the  resulting  compound  with  hydrochloric  acid.  A  good  mode  of 
operating  is  to  fuse  a  mixture  of  the  carbonates  of  potassium  and  sodium  in  equivalent 
proportions  at  a  red  heat,  and  add  ground  flint  or  quartz  to  the  melted  mass  by  small 
quantities  at  a  time,  each  addition  causing  a  brisk  efifervescence,  due  to  the  escape  of 
carbonic  anhydride.  The  mixture  is  then  heated  strongly  for  some  minutes,  and,  after 
cooling,  treated  with  dilute  hydrochloric  acid,  which  decomposes  it  completely.  On 
evaporating  the  li(}uid,  the  silica  is  separated  as  a  gelatinous  hydrate,  which,  on  con> 
tinning  the  heat,  is  ultimately  converted  into  a  white  earthv  powder,  consisting  of 
anhy£ou8  silica.    It  must  then  be  digested  with  oil  of  vitriol,  to  remove  any  traces  of 


■ 
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titane  oside  that  may  be  present,  freed  irom  the  itrong  acid  hy  decftntaiicn»  and  lastly 
washed,  dried,  and  ignitea:  it  is  then  qnite  pure. 

SiEca  maj  likewise  be  obtained  nearly  pure  by  heatine  quarts  or  flint  to  redness 
and  qneoehing  it  in  mter ;  it  is  thos  rendered  finable,  and  may  easily  be  reduced  to  a 
ins  powder. 

Propertkt. — ^The  physical  chamcters  of  natural  silica,  both  crystalline  and  amorphous, 
bare  been  desmbed  under  Opai.  and  QTrABis.  The  crystalline  yariety  has  the  higher 
specific  grayity,  ranging  from  2*6  to  2*8,  that  of  amozphous  silica  being  between  1*9  and 
2-S.  (^artz  is  also  very  hard,  being  capable  of  scratching  glass ;  the  hardness  of 
opal  is  somewhat  less. 

SlicB,  whether  natural  or  artificial,  crystallised  or  amorphous,  requires  a  reiy  high 
tesipenktureto  fuse  it.  In  the  flame  of  the  oogrhydrogen  blowpipe,  or  of  a  spirit-lamp 
fed  with  oxygen  gas,  it  melts  to  a  transparent  glass,  which  may  be  drawn  out  into  long 
threads.  It  is  not  volatile  when  heated  alone,  but  it  is  said  "to  Tolatilise  when  reiy 
strongly  heated  in  a  current  of  steam  (Omelin's  Handbook^  iii.  856),  and  has 
hem  found  in  the  throats  of  iron-smelting  furnaces,  in  concretionary  nodules  having 
a  radio-fibrous  structure  (Scheerer;H.  Hose,  Jahresb.  1859,  p.  147).  Before  the 
bbwpipe  silica  decomposes  carbonate  of  radium  with  effervescence^,  and  melts  to  a 
^ais  whidi  is  perfectly  transparent^  provided  the  silica  is  pure.  In  microcosmic  salt 
it  is  almost  insoluble. 

Silica  is  decomposed  by  potassium  at  a  red  heat,  yielding  silicide  and  silicate  of  po- 
tassiam;  by  carbon,  in  presence  of  iron,  copper,  or  silver,  at  a  white  heat,  into  carbonic 
oodde  and  siUcide  of  iron,  copper,  or  silyer ;  by  hydrofluoric  acid  into  water  and  fluoride 

of  sillCOQ.  * 

Katire  silica,  whether  crystalline  or  amorphous,  is  insoluble  in  water  and  in  all  acids 
cxcppt  hydrofluoric  add ;  so  likewise  is  flnety  dirided  artificial  silica  after  ignition  ; 
and  even  in  the  gelatinous  state,  as  separated  by  acids  from  alkaline  silicates,  it  is 
afanost  iosoluble  in  water  and  in  acids.    The  gelatinous  hydrate  obtained  in  tiie  de* 
composition  of  silicic  fluoride  by  water,  dissolves,  however,  in  a  considerable  quantity 
of  water  (Berzelius).    In  alkalis  silica  dissolves  with  greater  facility.    Freshly 
pncipitatcd  unignited  silica  dissolves  in  atjueous  caustic  potash  or  soda  at  ordi- 
nary temperatures,  and  even  after  strong  ignition  it  dissolves  slowly  but  completely  in 
a  cold,  and  rapidly  in  a  boiling  solution  of  caustic  alkali.     The  different  kinds   of 
opal  which,  like  precipitated  silica,  are  amorphous,  behave  in  the  same  manner  with 
ft1V*K«.    Hyalite  dissolves  more  slowly  than  the  other  varieties  in  cold  aoueous  alkalis. 
Quartz;  even  in  a  state  of  minute  division,  is  perfecUy  insoluble  in  a  cold  solution,  and 
dissolves  but  slowly  in  a  boiling  solution,  of  caustic  alkali ;  but  under  pressure  it  dis- 
solves more  easily,  fi^rming  a  solution  of  an  alkaline  silicate. 

Finely  divided  amorphous  silica  and  gelatinous  silica  dissolve  also  to  a  slight  extent 
in  alkaline  carbonates,  which  are  only  partially  decomposed  thereby,  and  deposit  the 
silica  again  on  cooling  in  the  form  of  an  opalescent  jelly,  containing  a  small  quantity  of 
the  alloH.  It  appears  to  be  owing  to  the  solubility  of  silica  in  alkaline  carbonates, 
that  almost  all  spring  and  river  waters  contain  minute  quantities  of  silica  in  solution. 
When  the  action  of  the  alkaline  liquid  is  aided  b^  a  hieh  temperature,  as  in  tiie 
Geysers  of  Iceland, verr  large  quantities  of  silica  are  dissolved ;  and  as  the  liquid  cools, 
the  silica  is  depomted  on  the  sides  of  the  basin,  or  as  petrifications  on  bodies 
contained  therein. 

BydnUta  of  Silica. — Silica  is  precipitated  from  solutions  of  alkaline  silicates  by 
adds,  in  the  form  of  a  gelatinous  hydrate,  which,  as  already  observed,  is  nearly  in- 
soluble in  water  and  in  acids.  If,  however,  a  dilute  solution  of  an  alkaline  silicate  be 
poured  into  a  considerable  excess  of  hydrochloric  acid,  the  whole  of  the  silica  is 
retamed  in  solution,  but  may  be  precipitated  by  gradually  neutralising  the  acid  with 
an  alkali. 

From  the  solntion  of  alkaline  silicate  in  excess  of  hydrochloric  acid,  Graham  (Phil. 
Trans.  1861,  p.  204)  obtains  a  pure  solution  of  hycurate  of  silica  by  subjecting  the 
liqoid  to  dialysis  in  a  hoop-dialyser  of  parchment-paper  (iii.  716).  If  a  stratum  of 
hqnid  ^  of  an  inch  in  depth  be  subjected  for  four  or  five  days  to  dialysis,  changing  the 
water  m  the  outer  vessel  at  intervals  of  24  hours,  the  hydrochloric  acid  and  the 
idlable  chlorides  diflbse  so  completely  into  the  water,  that  the  liquid  in  the  dialyser  no 
longer  ffives  a  precipitate  with  nitrate  of  silver. 

A  eoTntion  ma^  be  thus  obtained,  containing  5  per  cent,  of  silica,  and  by  boiling  it 
down  in  a  flask,  it  may  be  concentrated  till  the  quantity  of  silica  reaches  14  per  cent. ; 
m  open  yessels  it  is  apt  to  gelatinise  on  the  edge,  and  the  whole  then  solidifies.  The 
Bohtion  is  tasteless,  limpid,  and  colourless,  with  a  feeble  acid  reaction,  rather  greater 
thin  that  of  carbonic  acid;  100  pts.  of  silica  require  1*85  pts.  of  potash  (KH))  to 
neatnlise  their  acid  reaction  upon  litmus.  The  solution  is  not  easily  preserved  for 
maaydays,  as  it  becomes  converted  into  a  solid  transparent  jelly,  which  shrinks  and 
Vol.  V.  R 
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gives  vp  wftter  eten  in  cloeed  TMseb.    The  coagulation  is  rstazded  hj  hydiocMorje 
acid,  and  by  small  qnantities  of  canstac  potash  or  soda.    Snlphnric,  nitric,  and  ae«tie 
acids  are  without  action  on  the  solution,  but  it  is  slowly  coagulated  by  a  few  lml>bl«a 
of  carbonic  acid.    Its  coagulation  is  also  effected  in  a  few  minutes  by  the  additioii  of 
T  i^  P^'^  ^^  ^^7  alkaline  or  earthy  carbonate  in  solution,  but  not  by  caustic  anunoniat 
or  by  Its  salts,  either  neutral  or  add.    Alcohol,  sugar,  gum,  and  caramel  are  'witlioot 
action  on  it,  but  solutions  of  gelatin,  soluble  alumina,  and  soluble  ferric  oxide  (iii«  717) 
immediately  cause  a  gelatinous  precipitate :  when  solution  of  silica  is  gradually  ad<ied 
to  solution  of  gelatin  in  excess,  the  precipitate  fonned  consists  of  100  pta.  silica  and 
92 jpts.  gelatin. 

The  soluuon,  evaporated  at  15*6°  in  a  Taenum,  leaves  the  silica  in  the  form  of  a 
transparent  glassy,  very  lustrous  hydrate^  containing,  after  two  days'  expoanre  oviv 
oil  of  vitriol,  21*99  per  cent  water,  which  agrees  nearly  with  the  formula  H'OJSIO'  or 
H*SiO*.      (See  also  Additions,  p.  1088.) 

Other  hydrates  of  silica  have  also  been  obtained,  but  it  is  difficult  to  fix  their  oooa- 
position  exactly,  as  silica  easily  loses  a  portion  of  its  water,  even  at  low  temperatures* 
and  is  moreover  very  hygroscopic    Ebelmen  (Ann.Ch.  Fhys.  [3]  xvi.  129),  b^  tiie 
action  of  moist  air  upon  suido  ether,  obtained  a  tnnsparent  glassy  hydrate,  contauaiiis 
3H*0.2SiO'.    Doveri  (ibid.  zxi.  40),  by  drying  ordinary  gelatinous  silica  in  wciio 
over  oil  of  vitriol  at  ordinary  temperatures,  obtained  a  hydrate,  which  had  the  compo- 
sition 2H<0.3diO%  and  save  off  half  its  water  at  lOO*'.    Fuehs  (Ann.  Ch.  Pbarm. 
Ixxxii.  119),  by  drying  g^tinous  silica  (prepared  bv  passing  gaseous  fluoride  of  siliciiUB 
into  water)  over  oU  of  vitriol  for  30  days,  obtained  the  hydnte  HK).3SiO%  containing 
9*1  to  9*6  per  cent,  water ;  and  by  drying  it  at*100^  for  18  days  he  obtained  another 
hydrate  containing  6*6  to  6*7  per  cent,  water,  agreeing  with  the  formula  H*0.4SiO*. 

A  very  white  and  light  hydrate  of  silica  occurs  abundantly  in  certain  beds  situatMl 
at  the  base  of  the  chalk-formation,  between  the  upper  greensand  and  the  gault.  Th«» 
proportion  of  hydrated  silica  in  these  deposits  vanes  greatly,  ranging  from  6  to  aa  mach 
as  72  per  cent.,  &nd  being  most  abundant  in  the  upper  portion  of  the  deposit. 

8I&IOATB8,  A&COBO&ZO.    See  SoLiac  Ethers. 

SIXiZOATBS,  KBTAXJUO.  These  salts  occur  abundantly  as  natural  minerals, 
constituting  in  fact  the  greater  part  of  the  earth's  crust.  Many  silicates  may  also  be 
producod  artificially,  by  fusing  silica  with  metallic  oxides,  or  with  carbonates,  sul- 
phates, and  other  salts  contaimng  volatile  acids.  Some  of  the  products  thus  obtained 
are  exactly  similar,  in  ciystalline  form  and  other  characters,  to  natural  minerals  of  the 
same  composition.  Some  silicates,  as  those  of  potassium  sjmI  sodium,  are  exclusively 
artificial  products.  (On  the  artificial  formation  of  silicates,  see  Le fort,  J.  Pharm. 
[3],  xxxix.  110;  Jahresb.  1861, p.  205.  H.  Deville,  Compt.  rend.  liv.  82i;  Jahresb. 
1862,  p.  138.    B.  V.  Ammon,  Jahresb.  1862,  p.  138). 

The  silicates  exhibit  great  diversity  of  composition.  Those  which  occur  as  natural 
minerals  contain  proportions  of  metallic  oxide  and  silica,  induded  between  the  follow- 
ing limits : 

«.  ForsilicatMContainingonlymon.)     4M«0>^  ?i!St|2SiO«. 

atomic  and  diatomic  metals  ( or  4M  0  (  or  MO  \ 

fi.  For  silicates  containing  triatomic  metals:  2R^O*.SiO',  and  R<0>.6SiO*. 

Some  of  the  artificial  silicates  contain  larger  proportions  of  acid ;  thus  by  fusing 
silica  with  the  carbonates  of  potassium  and  sodium  in  the  proper  proportions,  tetra- 
silicates,  K*0.4SiO*  and  NaK).4SiO*,  are  produced ;  potash  is  also  said  to  form  an 
octosilieate,  BX).8SiO«. 

The  following  table  exhibits  the  composition  of  the  several  groups  of  natural  sili* 
cates,  together  with  the  ratios  of  the  quantities  of  oxysen  oontoined  in  the  base  and 
add  (SiO')  in  eadi  case.  The  symbol  M  in  the  table  Quotes  n  monatomic  metal :  the 
substitution  of  equivalent  quantities  of  diatomic  and  triatomic  metals  is  easily  made^ 
the  formula  in  the  latter  case  sometimes  requiring  to  be  multiplied  by  three  :^- 
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KoM  of  Gnxip.* 


TBtnbaii£:te-> 
tutonlififtteej 

{-ciHcatefl 

JTib«sie:trito-> 
flUieates        ) 


Oxygen. 

ratio 

iPO: 

SiQS 


Formula.f 


Bumplct. 


1 : 1     6MK)^0» 
1:}     4M«0^0« 

1:J 


f^silieates 

Dibasic:  hemi-l 
flOieatefl^or     > 

QrthowlicatflgJ 


1:} 
1:| 


Is 


{-flflicKkes 


lOBPO.SSiO* 
3M«OJ5iO« 


8M*0.3SiO* 
5]IP0.2SiO« 


1:1    2]!(POJ3iO«     -  M^SiO* 


1:1J 

1 


1:1* 


f-sOicates 

Monosilieatefl,  \ 
or  Heta-  ( 
silieateB        ) 

{-silicates 

|-ciUcate8 
f-flilieates 


DiBificateBi  or 
BisilieateB 


i 


I 


l:li 


1:1} 
1:2 


1:2^ 
1:2} 

1:3 


1:4 


16M*0.9SiO* 
6aiP0.8SiO 


-  M«Si»Ow 

-  M"Si«0» 


8MK).5SiO*    =^WSiK)^* 


3M»0.2SiO«    -M«Si«0' 


4MH>.3SiO« 
lP0«.SiO« 


-M«BiO« 


-  M>»SiO«    CoUyrite  2Al*0».SiO«  «  Al*SiO« 
.-Mwsns     ]StaTirolite(StGothazd) 
-JJraO-     j    (jAl-'.JFO'Si'O- 

(Margarite 
Ca^•Mg^K«;NaVa•./^n 
(Al'*;  Fe'O*         {Bi»0"  +  aq. 

M*8i«0w  ThTffingite  (li«il«)Si«Ow 

-  M^O*    I  Cyanite ;  Andaluaite  ll^iO* 

Chondrodite  Mg%i*0>« 

Eudase  (GM«)Si«0*  +  aq. 

/FayaUte  f%*8iO« 

J  OliTine  (Mg'T6'')SiO* 

Uamet  (Ca>AT»)Si«0» 

Nepheline  (Na«Al«)8i»0" 

Pwhnite  (da*Xl«)Si»0» 

Baraowite  (C!a«Al*)Si»0" 

BichroXte  /^'^^e"")*  [  ^*^" 

Sexpentine  ll^iH)'  +  2  aq. 

,DegOTOitefe^i«0' 

Sooledto  (Ca''Al»)Si«0» 

JWoUastonite  Ca"SiO« 
JDiopflide(Ca;  Mg)''SiO» 

(Oligodaae 
(Ca'';Mgr;K«;  Na»)«} 

Talc  Mg«Si»0"  +  J  aq. 

Pectolite  (Na«  Ca«)Si«0" 
f  OrthodaBe  (KAl")Si»0« 

|Stilbite*(Ca"AK«)Si«0"  +  6  aq. 
Okenite  Ca'Si'D*  +  2  aq. 
Beamnontite 

(Ca''Al«)Si«0»  +  6  aq. 

Petalite  [(li ;  Na)«iI»]Si«'0'» 


8M*0.9SiO*  -M»«Si*0" 


4M«0.6SiO« 
6]!lP0.6SiO« 

2M«0.8SiO« 


M»Si»0'« 
M»»Si«0" 


M*0.2SiO«    «M»8iK)» 


•  SOiatet  ve  toiDetiincf  dictlnguished  by  names  which  expreit  directly  the  ozToen-ratio  In  the 
bMt  and  acid,  the  ntlo  1 : 1  glTing  Sfnguiosibcaie,.  1  :  2  Disilicates,  1 :  3  rf^JSi^j^lI  4  Q«Srfro! 
tOfcttOf  Ac. 

t  To  convert  fth«  fiamiite  in  this  Ubie  into  the  older  formalaB  ic  which  lilica  is  regarded  as  a  trloxlde 
6io>,  Mltiply  the  entire  formula  by  8,  correct  the  silica  urm  by  the  equaUon  ISiO>  a  1 0io3,  and 
nteee  the  whole  to  iU  lowest  terms:  e«.~2M«0..S10s  a  aSt^O.^los ;  M'O.SiO*  »  3MZ0.8@t03 } 
UPOjaO*  ■•  ll«O.€5i0«,    ConTenely,  to  change  formulae  containing  ®io»  into  those  contalniog 
SO*,  diride  by  3,  and  correct  for  l^icp  s  |  SiO*. 

b2 
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The  dibasic  eilicateB  in  which  the  ozygpn-ratio  is  1 :  1,  are  regarded  as  nomial 
orthosilicates,  and  from  these  the  mono-  or  metasilicates  maj  be  derived  by  ahstracKion 
of  1  at  M'O.    These  two  groups,  together  with  the  sesqnisilicates  (2  :  Z\  indndo 
most  numerous  and  important  of  the  natural  silicates.    Many  of  the  ordinary 
of  glass  may  be  approximately  represented  by  mixtures  of  silicates  of 
sodtum,  calcium,  &c.  belonging  to  the  group  of  disilicates. 

Hydrated  silicates  may  be  referred  to  one  or  other  of  the  preceding  groups,  aoooird* 
ing  as  more  or  less  of  their  water  is  r^arded  as  basic:  thus  dioptase  may  l>e 
formulated  either  as  a  hemisilieate,  Gu'ti'SiO^  or  as  a  hydrated  monosQieate. 
Cu"SiO'.H'0.  In  like  manner  okenite,  represented  in  the  above  table  as  a  hydrated 
disilicate,  Ca''Si^O'.H*0,  may  also  be  formulated  as  a  monosilicate,  (Ca'T[*)di*0'. 

Most  silicates  are  fusible,  and  their  fusibility  is  increased  by  mixture  "wiilt 
each  ether :  those  which  contain  readily  fusible  oxides  melt  at  the  lowest  temperatazea» 
and  in  general  the  most  easily  fusible  silicates  are  those  which  contain  the  largest 
proportion  of  base. 

All  silicates  are  insoluble  in  water,  excepting  the  silicates  of  the  alkali-metals,  wbidh 
dissolve  with  greater  facility  in  proportion  as  they  contain  a  larger  quantity  of  base. 

Some  silicates  are  entirely  decomposed  when  pulverised  and  treated  widi  hydro- 
chloric or  nitric  acid,  the  bases  being  dissolved  and  the  silica  being   sometimes 
separated  in  a  pulverulent  or  gelatinous  form,  sometimes  dissolved  either  wholly  or  in 
part^  the  solution  then  yielding  a  jeDy  on  evaporation.     Sulphuric  acid  diluted  with 
a  small  quantity  of  water,  likewise  decomposes  the  greater  number  of  silicates  when 
reduced  to  powder.    Some  silicates,  on  the  contrary,  resist  the  action  of  all  adds 
except  the  hydrofluoric    In  general  silicates  are  more  easily  decomposed  by  adds ; 
the  stronger  the  bases  contained  in  them,  the  less  the  silica  predominates,  and  the 
larger  the  proportion  of  water  present:  on  this   account  many  silicates  containing 
water — zeolites  for  example— lose  their  solubility  in  hydrochloric  acid  after  i^ition. 
All  silicates  without  exception  become  soluble  in  dilute  hydrochloric  or  nitne  add: 
after  fusion  with  from  3  to  6  times  their  weight  of  hydrate  or  carbonate  of  potassium 
or  sodium,  or  with  carbonate  of  barium,  strontium,  or  caldum,  or  with  oxide  of  lead; 
the^  become  completely  disintegrated,  and  the  solution  yields  on  evaporation,  first  a  jelly 
and  then  a  drv  residue,  of  which  the  part  which  is  insoluble  in  hot  hydrochloric  acid 
exhibits  the  characters  of  silica.    Andalusite,  cyanite,  staurolite,  and  zircon,  require  a 
f^U  white  heat  to  disintf^rate  them  perfectly  with  an  alkaline  carbonate,  and  are 
more  readily  acted  on  by  hydrate  of  potassium.    From  the  native  silicates,  whether 
simple  or  double,  which  contain  potash,  soda,  or  lithia,  the  alkali  may  be  separated 
by  igniting  them  with  lime,  and  treating  the  ignited  mass  with  water.    Witb  many, 
however,  as  in  the  case  of  nepheline,  leucite,  natrolite,  analdme,  and  chabadte,  it  is 
sufficient  even  to  ignite  them  by  themselves,  and  afterwards  boil  them  in  a  finely 
divided  state,  with  milk  of  lime,  or  to  digest  them  with  it  for  a  longer  time  in  the 
cold.     Clays  treated  in  this  manner  likewise  give  up  to  water  the  smaS  proportion  of 
potash  or  soda  which  they  contain ;  and  if  they  happen  to  be  rich  in  carbonate  of 
calcium,  they  merely  require  to  be  digested  in  water  after  ignition.    Volcanic  rocks, 
such  as  phonolitic  lava»  give  up  the  potash  or  soda  they  contain  by  digestion  with 
milk  of  lime,  even  witbout  previous  ignition. 

Silicates  heated  with  fluar'g^r  and  ail  of  vitriol  in  a  platinum  vessel,  evolve 
gaseous  fluoride  of  silicon,  which,  when  the  vessel  is  covered  with  moistened  felt> 
deposits  upon  it  white  flakes  of  hydrate  of  silica. — The  same  gas  is  evolved,  with 
effervescence,  when  a  silicate  in  the  state  of  powder  is  immersed  in  a  strong  solution 
of  hydrofluoric  add.  Microcosmio  salt  in  the  blowpipe-flame  withdraws  the  base  from 
the  silicates,  and  sets  the  silidc  add  free.  The  product  is  a  translucent,  blistered 
mass.  When  a  small  quantity  only  of  the  microcosmic  salt  is  used,  the  mass  difiuses 
itself  through  the  silicious  crust ;  when  the  quantity  of  flux  is  larger,  the  silica  floats 
in  the  fused  bead.  When  only  a  small  quantity  of  silica  is  present,  liie  glass  is  dear 
while  fused,  but  becomes  turbid  on  cooling ;  with  still  less  silica  however  it  zemaius 
transparent  (Berzelius). — Silicates  heated  with  carbonate  of  godium  before  tbe 
blowpipe,  expel  the  carbonic  acid  with  efiervescence.  The  silicates  of  the  alkali-metals 
and  of  meet  of  the  heavy  metals  yield  a  transparent  glass ;  those  of  the  earth*metals 
yield  sometimes  a  dear  and  sometimes  a  turbid  glass,  according  to  the  proportions  of 
silica  and  of  base.  If  the  silica  contains  at  least  twice  as  much  oxygen  as  the  earthy 
base,  the  latter  is  dissolved  in  the  glass  by  the  agency  of  the  silica,  and  the  glass 
remains  dear.  If  the  compound  contains  less  silica,  it  yields  a  dear  glan  with  a 
comparatively  small  proportion  of  sodic  carbonate ;  but  with  a  larger  proportion,  it 
forms  a  turbid  glass,  and  with  a  still  larger  quantity  an  infusible  slag;  for  tne  greater 
the  amount  of  soda,  the  greater  also  is  the  quantity  of  the  earthy  base  whidi  is  separated 
by  its  action.    (Berzelius.) 
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QuaniUative  JbuUytU  qf  SiUeaies,    EttiTnation  of  SUica, 

For  tliA  analysis  of  silicates  which  are  completely  deoomposed  hy  acids^  it  is  suiBcient 
to  Wil  the  finely  pnlvejised  mineral  with  strong  hydrocnloric  add  as  long  as  any- 
thing continues  to  dissolve,  then  evaporate  to  diyness,  and  boil  the  leBidue  with 
vatcr  containing  hydrochloric  acid:  this  will  dissolve  eveiTtfaing  exceptine  the 
siliea,  which  may  then  be  washed,  dried,  ignited,  and  weighed.  The  liquid  filtered 
fpom  the  siliea  contains  the  bases  of  the  mineral,  which  may  be  separated  by  the  usual 


To  ensure  the  complete  separation  of  the  silica,  it  must  be  perfectly  dried  before 
boiling  it  with  the  addulated  water.  Now  to  ensure  this  complete  dryness,  it  is 
seeeasaiy  to  heat  the  silica  somewhat  above  the  temperature  of  the  water^bath,  the 
desieeation  being  completed  over  a  sand-bath  or  a  lamp.  In  doing  this  it  sometimes 
happens  that  too  much  heat  is  applied,  and  in  that  case  a  portion  of  Uie  bases,  especially 
alumina  and  ferric  oxide,  may  also  be  rendered  insoluble  in  the  dilute  acid.  To 
(Aviate  this  source  of  error,  the  dried  residue  must  be  moistened  all  over  with  strong 
hydrochlorie  acid,  then  left  to  stand  for  half  an  hour,  and  afterwardsboiled  with  water. 
Kvoything  will  tiien  dissolve  excepting  the  silica. 

SiHcates  which,  lihe  felspar,  resist  the  action  of  hydrochloric  acid,  are  decomposed 
bj  fniioo  with  an  aikaBne  earbonate.  The  mineral,  very  finely  powdered,  is  mixed  in 
a  jdntinum  crucible  with  three  or  four  times  its  weight  of  dry  carbonate  of  sodium ; 
or  better  with  a  mixture  of  the  carbonates  of  potassium  and  sodium  in  equivalent 
proportions,  which  fiises  more  readily;  the  platinum  crucible  is  heated  to  bright 
redness  for  about  twenty  minutes  in  a  gas  Aimace  (ii.  784,  789),  or  placed  within  an 
earthen  crucible  half  filled  with  carbonate  of  magnesium,  and  heated  in  an  ordinary 
coke  furnace;  the  fused  mass,  when  cold,  is  removed  firom  the  crucible  by  digestion  in 
dilute  hydrochloric  acid  with  the  aid  of  heat ;  the  whole  is  evaporated  to  diyness ; 
ikt  silica  separated ;  and  the  bases  are  determined  as  above. 

Some  native  silicates,  as  zircon,  cyanite,  (^mophane,  &c,  are  deoomposed  with  difficulty 
by  fusion  with  alkaline  carbonates,  requiring  a  very  strong  heat  continued  for  a  long 
time.  In  these  cases  the  decomposition  may  be  facilitated  by  the  addition  of  a 
fragment  of  potassic  or  sodic  hydrate,  which  however,  to  avoid  injuring  the  crucible, 
must  be  introduced  into  a  cavity  made  in  the  middle  of  the  mixture  of  silicate  and 
carbonate,  after  it  has  been  heated  for  a  short  time,  not  sufficiently  to  melt  it>  and 
solidly  pressed  down  into  the  crucible. 

By  these  processes,  not  only  the  silica,  but  all  the  bases  of  a  silicate  may  be  deter- 
mined, excepting  the  alkalis.    To  determine  these,  the  mineral,  reduced  to  an  almost 
impalpable  powder,  is  very  intimately  mixed  with  five  times  its  weight  of  pure 
earbonate  of  calcium,  and  the  mixture  exposed  in  a  platinum  crucible,  protected  as 
above,  to  the  strongest  heat  of  an  air-Aimace  or  a  blast  gas-furnace  (ii.  785)  for  about 
half  an  hour.     The  mass,  which  is  not  fused,  but  sintered  together,  is  then  digested 
in  dilute  hydrochloric  acid ;  the  silica  separated  as  before ;  the  greater  part  of  the 
Bme  and  likewise  the  bases  of  the  silicate  precipitated  by  carbonate  of  ammonium  and 
free  ammonia ;  the  filtrate  evaporated  to  dryness,  and  the  ammoniaeal  salts  expelled  by 
ignition;  the  residue  redissolved  in  water;  the  remainder  of  the  lime  precipitated 
hy  oxalate  of  ammonium ;  and  the  ammoniaeal  salts  again  expelled  by  evaporation 
and  ignition.     The  residue  then  contains  nothing  but  the  chlorides  of  the  alkah-metals 
and  magnesium,  if  that  substance  was  contained  in  the  mineral.    Carbonate  of  barium 
may  alro  be  used  instead  of  carbonate  of  calcium,  and  the  excess  of  barium  removed 
by  sulphuric  add. 

Another  method  of  obtaining  the  alkalis  in  a  silicate,  is  to  decompose  it  with 
hfdrofiuorie  acid  aided  by  a  gentle  heat.  The  add  must  be  added  by  small  portions 
to  the  finely  pulverised  mineral  contained  in  a  platinum  dish,  till  the  action  ceases 
and  the  whole  is  reduced  to  a  pasty  mass.  This  mass  is  then  heated  with  strong 
sulphuric  add,  which  expels  fluoride  of  silicon  and  hydrofluoric  add ;  the  residue  is 
hoUed  to  low  redness  to  expel  the  excess  of  sulphuric  add ;  the  dry  mass,  when  cold, 
is  moistened  with  strong  hydrochloric  add,  and,  after  standing  for  about  half  an  hour, 
digested  with  water,  ^e  whole  then  dissolves,  provided  the  decompodtion  by  the 
hjdrafluoric  add  has  been  complete.  The  solution  contains  the  alkalis  and  the  other 
Inses  in  the  state  of  sulphates. 

tlwride  of  ammonium  may  also  be  used  instead  of  hydrofluoric  add:  it  acts  more 
energetically,  and  decomposes  certain  silicates  which  offer  considerable  resistance  to 
the  action  of  hydrofluoric  acid.  The  flnely  pulverised  mineral  is  mixed  in  a  platinum 
diih  vith  seven  times  its  weight  of  the  ammonium-fluoride,  and  made  up  into  a  paste 
▼ith  a  small  quantity  of  water.  The  mixturo  is  gently  heated  for  some  time  in  order 
to  diy  it  completelv,  then  to  dull  redness  till  it  no  longer  gives  off  any  vapour.  The 
diy  mass  is  treated  with  sulphuric  add,  the  excess  of  that  add  expelled  by  evaporation, 
ud  the  residue  digested  with  water.    The  whole  then  dissolves  if  the  decomposition 
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has  been  complete ;  in  the  contrary  case  a  residne  is  left,  which  must  be  again  treatedl 
with  fluoride  of  ammonium.  !N early  all  silicates  yield  to  this  treatment;  zuncoD. 
however,  is  not  completely  decomposed  hj  it,  and  must  be  treated  with  carbonate  and. 
hydrate  of  sodium  as  above  described.  (H.  Bose,  TraiU  de  Chimie  analytique,iLS^7.) 

Estimation  of  Water  and  other  volatile  eubstancea  in  Silieaie^ — The  water  in  nKWfe 
hydrated  silicates  is  easily  estimated  by  heating  the  pulverised  mineral  to  redneas  in  a 
platinum  crucible,  the  whole  of  the  water  being  then  driven  off  without  any  farther 
alteration  of  the  silicate.  Some  sihcates,  however,  eadase  and  idocrase  for  example^ 
retain  their  water  with  great  force,  parting  with  it  only  at  very  high  temperatnresL  Xa 
such  cases  it  is  best  to  expose  the  mineral  to  au  intense  heat  in  a  enrrant  of  pore  and 
dry  air.  Idocrase  gives  up  its  water  only  when  heated  nearly  to  its  melting-pointy  and 
at  the  same  time  evolves  a  small  quantity  of  carbonic  acid,  suifident  to  prodnce  acoan- 
derable  cloud  in  baryta-water,  but  not  large  enough  for  quantitative  estimation.  Some 
silicates  contain  small  quantities  of  organic  matter  as  well  as  water,  and  when  atrooglj 
heated  in  a  current  of  hydrogen,  give  off  water  containing  empyreumatie  prodncta  and 
ammonia ;  this  is  especially  the  ease  with  pitchstone.  The  quantity  of  carbon  may  be 
determined  by  ignition  with  oxide  of  copper,  as  in  organic  analysis,  and  the  amoont  of 
hydrogen  at  the  same  time,  if  the  mineral  does  not  also  contain  water  ready  formed; 
but  if  water  is  also  present^  and  is  given  off  only  at  the  same  temperature  as  the 
organic  matter,  the  determination  becomes  very  difficult.  The  emerald  contains  watar 
and  likewise  a  small  quantity  of  organic  matter,  to  which  its  colour  is  du«. 

In  some  silicates  there  are  other  constituents  to  be  estimated  besides  water,  sOiea^ 
and  metallic  bases.  Thus  datholite  and  botryolite  contain  boric  acid;  tonimalina 
contains  boric  acid  and  fluorine ;  sodalite  and  ittnerite  contain  chlorine ;  oancrinite 
contains  carbonic  acid ;  haiiyne  and  ultramarine  contain  chlorine  and  sulphur ;  many 
silicates  contain  fluorine  and  phosphoric  acid;  titanic  acid  also  is  of  frequent  ooeov- 
rence  in  silicates. 

1.  Boric  acid, — The  methods  of  analysing  borosilicates  have  been  already  given  nndev 
BoBON  (i.  631). 

2.  Chlorine. — Most  silicates  containing  chlorine  are  easily  decomposed  by  adds.  To 
snalyse  them  they  are  treated  with  cold  nitric  acid  of  specific  gravity  1  '2,  which  either 
dissolves  them  completely  or  separates  a  portion  of  the  silica  in  the  geUtinons  form ; 
in  the  latter  case  more  water  must  be  added,  and  the  liquid  left  at  rest  till  the  separated 
silica  has  settled  down.  The  clear  solution  is  then  treated  with  nitrate  of  silver,  the 
precipitated  chloride  of  silver  is  left  to  settle  down  in  a  cool  place,  then  collected  on  a 
Alter,  and  treated  in  the  usual  way  (i.  904).  The  excess  of  silver  is  precipitated 
by  hydrochloric  acid,  the  filtrate  evaporated  to  dr^ess  to  separate  the  sihca,  and  the 
analysis  completed  in  the  same  way  as  for  other  sihcates.  Pyrosmalite,  which  contains 
chlorine,  is  not  easily  decomposed  by  acids :  its  decomposition  may  however  be  effected 
by  digesting  it  for  several  days  widi  dilute  nitric  acid,  at  a  moderate  heat,  the  flaak 
being  corked  to  prevent  escape  of  chlorine;  or,  better  perhaps^  by  fusion  with  an 
alkahne  carbonate.    (H.  B  o  s  e. ) 

3.  Fluorine. — ^A  great  number  of  silicates  contain  fluorine,  thongh  often  only  in 
small  quantity.    Such  silicates  which,  for  the  most  part,  are  not  decomposed,  or  onl^ 
incompletely  decomposed  by  acids,  are  analysed  by  fusing  them  with  four  times  their 
weight  of  alkaline  carbonate,  and  boiling  &e  fused  mass  with  water.    The  whole  of 
the  fluorine  then  dissolves  in  the  form  of  alkaline  fluoride,  together  with  a  certain 
portion  of  the  silica  and  alumina  in  the  mineral.    The  insoluble  matter  is  collected  on 
a  fllter  and  washed,  first  with  pure  water,  then  with  water  containing  carbonate  of 
ammonium.  To  separate  the  silica  dissolved  in  the  alkaline  filtrate,  the  liquid  is  mixed 
with  an  alkaline  solution  of  zinc-carbonate,  which  is  added  as  long  as  a  precipitate 
continues  to  form ;  then  evaporated  to  dryness,  and  the  dried  mass  treated  with  water, 
which  leaves  the  whole  of  tlie  silica  undissolved,  together  with  oxide  of  zinc.    Tha 
insoluble  residue  is  then  to  be  treated  with  nitric  acid,  the  silica  separated  by  evapo- 
ration to  dryness,  &c.,  and  weighed.     The  liquid  filtered  from  the  silicate  of  zmc 
contains  the  whole  of  the  fiuorine,  as  fiuoride  of  sodium.    The  fluorine  is  precipitated 
from  it  by  chloride  of  calcium,  and  estimated  as  fluoride  of  calcium  (iL  674). — The 
insoluble  residue  left  on  treating  the  original  fused  mass  with  water,  contains  the 
greater  part  of  the  silica,  together  with  me  bases.    It  is  treated  with  hydrochlorio 
acid,  the  silica  separated,  and  the  bases  determined  in  the  usual  way,  the  silica  thus 
obtained  being  of  course  added  to  the  quantity  precipitated  by  the  zmc-solution.    (H. 
Bose,  7V(7t^  de  ChinUe  anali/ii^,  ii  890.) 

4.  Phosphoric  acid. — ^When  silicates  containinff  phosphates  are  decomposed  either 
bv  acids,  or  fusion  with  alkaline  carbonates  and  subsequent  treatment  with  hydjo- 
cnloric  acid,  the  whole  of  the  phosphoric  acid  is  found  in  the  acid  liquor,  and  may  be 
separated  from  the  bases  and  estimated  by  the  methods  already  given  (iv.  546). 

When  phosphoric  acid  and  fluorine  occur  together  in  a  silicate  which  is  easily 
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dMompocdble  bjr  adds,  and  contains  no  bases  except  the  alli[ali8,  the  mineral  is  decom- 
posed  by  nitric  acid,  the  liquid  is  saturated  with  ammonia,  without  preyious  separation 
of  the  silica,  an  ammoniacal  solution  of  sinc-oarbonate  is  added,  and  the  whole  is 
ewajponted  to  dryness  over  the  water-bath.  The  dried  mass  is  then  treated  with  water, 
which  dtasolTes  the  alkaline  flnoride  and  nitrate,  leaving  a  residue  of  phosphate  and 
silioUe  of  zinc,  together  with  excess  of  zinc-oxide.  The  fluorine,  silica^  and  phosphoric 
•ad  are  then  determined  as  aboTe  described. 

If^  un  the  other  hand,  the  silicate  contains  alkaline  earths,  and  especially  lime, 
then,  whether  it  is  dccomposible  by  acids  or  not,  it  must  first  be  fused  with  four  times 
ita  weight  o£  a  mixture  of  potassic  and  sodic  carbonates.  The  fused  mass  is  treated 
with  water,  and  after  complete  disintegration,  the  liquor  is  filtered.  The  filtrate  con- 
tains the  whole  of  the  fluorine  and  part  of  the  phosphoric  add  and  silica  in  the  form 
of  alkaline  aalta,  while  the  residue  is  composed  of  alkaline  silicate,  together  with  calcic 
aUieate  and  phosphate,  calcic  phosphate  never  being  completely  decomposed  by  fusion 
with  alkaline  carbonate.  The  filtrate  is  treated  with  an  ammoniacal  solution  of  zine- 
catbcHiate,  and  evaporated  to  dryness,  and  the  residue  is  treated  with  water,  which 
dieaolves  all  the  alkaline  fluoride,  leaving  the  silica  and  phosphoric  acid  as  zinc-salts. 
The  remainder  of  the  analysis  is  the  same  as  above. 

6.  Sulphur  and  Svlpkwrie  add. — ^icates  containing  sulphates  are  decomposed  by 
hydxoebloric  acid,  or  by  fusion  with  alkaline  carbonate ;  and  from  the  acid  solution 
obtained,  in  the  former  case  directly,  in  the  latter  by  treating  the  fused  mass  with 
hydrochloric  acid,  the  sulphuBc  acid  is  precipitated  by  chloride  of  barium. 

When  salphur  is  present  in  a  silicate  m  combination  with  a  metal,  it  may  be 

oxidiiifd  to  suiphuric  add  by  the  action  of  fuming  nitric  add,  or  of  hydrochloric  add  and 

dilorate  of  potassium,  or  by  fusion  with  a  mixture  of  alkaline  carbonate  and  nitrate. 

When    the  sulphor  is  present,  partly  as  sulphate,  partly  as  sulphide,  the  quantity 

eziscinK  in  the  latter  form  may  sometimes  be  determined  by  heating  the  pulverised  mine- 

lal  with  hydrochloric  add,  passing  the  sulphydric  add  thereby  evolved  into  a  solution 

of  coppeA  collecting  the  precipitated  sulphide  of  copper,  and  treating  it  as  described 

aader  Copfkr  (ii.  57).    The  liquid  remaining  in  the  flask  is  then  filtered  to  separate 

the  silica,  and  the  sulphur  originally  existing  in  the  mineral  as  sulphuric  add  is  deter- 

tained  by  precipitation  with  a  barium-salt. 

6.  TatttaUe  and  Niobie  acids, — In  silicates  containing  these  adds  (which,  however, 
are  of  very  rare  occurrence),  the  quantity  of  silicon  may  be  estimated  by  treating  the 
eompoond  with  hydrofiuorio  acid,  then  adding  sulphuric  add,  and  heating  till  the 
whole  excess  of  the  latter  is  expelled.  The  quantity  of  silica  may  then  be  estimated 
by  loss.  This  method  however  is  not  very  exact,  because  small  quantities  of  tantalum 
Mjod  niobium  are  liable  to  be  also  driven  off  as  fiuorides.  A  better  method  is  to  fuse 
the  mineral  in  a  silver  crudble  with  three  times  its  weight  of  sodium-hydrate,  and 
treat  the  fused  mass  with  water,  which  dissolves  all  the  silicon  as  sodic  silicate, 
leaving  tantalate  or  niobate  of  sodium  undissolved.     (H.  Rose.) 

7.  TUoMie  add. — The  best  method  of  treating  silico-titanates  is  to  heat  them  with 
fluoride  of  ammonium,  and  afterwards  with  sulphuric  add,  in  the  manner  already 
described  (p.  24o).  The  whole  of  the  silicon  is  then  expelled  as  gaseous  fluoride,  and  a 
residne  is  obtained  completely  soluble  in  water,  containing  the  bases  as  sulphates, 
together  with  the  titanic  acid,  which  must  be  separated  and  estimated  by  processes  to 
be  described  hereafter  (H.  Eose).    See  Tttamium. 

Siiicates  containing  only  Monatomie  and  DiaionUe  Metah  :  8Uieat$i  of  Brotoxidea. 

Btllratfi  of  tiM  AUtali-metals. — Silicate  of  Ammonium  is  not  known  in  the 
solid  state.  Aqueous  anunonia  dissolves  a  large  quantity  of  freshly  precipitated  silica. 
Carbonate  of  anunonia  dissolves  it  but  sparingly. 

The  silicates  of  potassium  and  sodium  resemble  each  other  so  closely  that  it 
will  be  convenient  to.  describe  them  together.  They  contain  various  proportions  of 
acid  and  base,  and  are  all  more  or  less  soluble  in  water,  those  which  contain  the  largest 
proportions  of  alkali  dissolving  the  most  easily. 

The  alkaline  silicates  are  prepared  either  by  fusing  silica  with  the  hvdrates,  carbo- 
nates, nitrates,  or  other  salts  of  the  alkali-metals  containing  volatile  acids,  or  by 
boiling  flint,  sand,  &c,  with  strong  solutions  of  the  caustic  alkalis  under  pressure. 
When  1  -peat  of  sib'ca  is  fused  with  2^  pts.  carbonate  of  potassium,  or  wita  If  pt. 
anhydrous  carbonate  of  sodium,  a  transparent  glass  is  produced  consisting  of  an  alka- 
line monoailicate,  K*O.SiO',  or  Na'O.SiO'.  These  salts  deliquesce  in  the  air  and 
disoolve  readily  in  water,  forming  an  alkaline  solution  called  liquor  silicum.  When  a 
strong  solution  of  this  monosilicate  is  treated  with  hydrochloric  or  nitric  add,  the 
greater  part  of  the  silica  is  predpitated  in  gelatinous  flocks,  a  certain  quantity  however 
always  remaining  dissolved:  but  if  the  solution  of  the  silicate  be  laigely  diluted,  and 
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a  quantity  of  hydrochloric  add  added  sufficient  to  give  it  a  strong  acid  reaetiim, 
precipitate  is  formed,  but  the  whole  of  the  silica  remains  dissolvf^. 

Alkaline  silicates  containing  a  larger  proportion  of  silica,  but  still  with  a  sufficieaft 
quantity  of  alkali  to  make  them  completely  soluble  in  water,  are  denominated  '*  wat«r^ 
glass."  These  salts  are  prepared  on  the  manufacturing  scale,  and  applied  to  aermJi 
purposes  in  the  arts. 

Fuch  s  of  Munich,  who  first  proposed  them  for  economical  use,  adopts  the  fdOawva^ 
processes : — 

1.  To  prepare  potash  water-class,  a  mixture  of  15  pts.  pulverised  quaitv  or 
sand,  10  pts.  of  well  purified  pearlBsh,  and  1  pt.  of  powdered  charcoal,  is  ignited  for 
five  or  six  hours  at  a  temperature  equal  to  that  required  to  melt  common  glass.  The  pro- 
portions of  silica  and  alkali  used  are  about  sufficient  to  form  atetiasilicate,  KK).4SiO', 
allowing  for  impurities  in  the  pearlash.  The  use  of  the  charcoal  is  to  ^cilitate  thb 
decomposition  of  the  alkaline  carbonate,  and  decompose  any  sulphuric  add  that  mmj 
be  present  The  fused  mass  is  then  left  to  cool,  pmVerised,  and  boiled  with  6  times 
its  weight  of  water  in  an  iron  pot  for  three  or  four  hours,  the  water  being  renewed  as 
it  eyaporates.  After  the  whole  is  dissolved,  the  boiling  is  continued,  so  as  to  oonoea- 
trate  the  solution  to  a  specific  gravity  of  1*24  to  1*26.  In  this  state  it  is  soffidentlj 
liquid  to  be  used  in  many  operations,  but  in  some  cases  it  requires  to  be  diluted,  and 
in  others  to  be  evaporated  to  a  syrupy  consistence.  If  it  contains  any  sulphide  of 
potassium  (arising  from  decomposition  of  the  sulphate  by  the  charcoal),  a  small  quan- 
tity of  oxide  of  copper  or  litharge  must  be  added  to  covrerc  it  into  hydrate,  a  oertain 
excess  of  which  renders  the  water-glass  better  adapted  for  manypurposen.  If,  however, 
a  perfectly  saturated  silicate  is  required,  the  saturation  may  be  ensured  by  boiling  the 
liquid  with  recently  predpitated  silica.  The  solution,  purified  as  just  describco,  is 
left  to  cool  and  darifv,  the  vessel  bdng  well  dosed  to  prevent  access  of  air.  The 
clear  liquid  is  then  decanted  from  the  deposit  (which  makes  a  good  manure),  and 
stored  in  carboys ;  or  it  may  be  evaporated  to  a  jelly  and  packed  in  tinned  iion 
vessels. 

Water-glass  may  be  obtained  in  the  solid  state  by  mixing  the  concentrated  solution 
with  about  one-fourth  of  its  volume  of  rectified  spirit;  a  gelatinous  predpitate  is 
thereby  formed,  which  contracts  strongly  in  a  few  days,  and  is  deposited  in  a  solid 
mass ;  and  if  the  supernatant  liquid  (containing  alluiline  carbonates,  chlorides,  and 
sulphides)  be  decanted,  and  the  deposit  slightly  washed  and  squeezed,  the  water-glass 
is  obtained  in  the  solid  state,  and  consisting,  according  to  Fucns,  of  potassie  tetrasili- 
cate,  K*0.4SiO^  perfectly  soluble  in  water.  According  to  Forchhammer,  however, 
the  alcohol,  even  in  the  act  of  precipitation^  and  still  more  during  the  subsequent 
washing,  withdraws  a  portion  of  the  alkali,  until  the  residue  consists  of  octosilicate^ 
K'O.SSiO',  which  is  not  completely  soluble  in  water.  AccordingtoFr^my  (Jahresb. 
1856,  p.  353),  the  salt  predpitated  from  a  solution  of  potassie  silicate  by  alcohol,  has 
the  composition  2E^0.9SiO'.aq. ;  and  the  sodic  silicate  obtained  in  like  manner  is 
2Na*O.9SiO'.20aq.;  according  to  Lefort  (ibid.  1861,  p.  206),  both  the  salts  thus  pre- 
cipitated have  the  composition  2M'0.9SiO*.aq. 

2.  Soda  water-glass  is  prepared  in  a  similar  manner,  the  proportions  being 
4dlbs.  of  quartz,  23lbs.  anhydrous  carbonate  of  sodium,  and  Slbs.  of  diarooal :  this 
gives  a  product  having  nearly  the  composition  2Na*0.5SiO*:  it  fuses  more  readily 
than  the  potash-glass.  According  to  Bachner,  soda  water-glass  may  be  prepared  mors 
economically  by  means  of  sodic  sulphate,  in  the  proportion  of  100  pts.  quartz,  60  pts. 
anhydrous  sodic  sulphate,  and  15  to  20  pts.  charcoal-dust. 

By  dissolving  the  product  obtained  by  either  of  these  processes  in  boiling  water,  and 
saturating  it  with  recently  precipitated  silica,  it  maybe  converted  into  the  tetrasilicate 
Na*0.4SiO*.  Rectified  spirit  does  not  predpitate  this  compound  so  completely  as  the 
potash-glass,  but  merely  converts  it  into  a  gelatinous  mass:  in  solutions  not  com- 
pletely saturated  with  siUca,  or  slightly  diluted,  it  forms  a  precipitate. 

3.  Doublewater-glas  s. — ^Potash  and  soda  water-elass  ar^miscible  in  all  propor- 
tions. Normal  double  water-glass,  containing  equivafent  quantities  of  potash  and 
soda,  may  be  obtained  by  fusing  together  100  pts.  of  quartz  and  121  pts.  of  sodio- 
potassio  tartrate  (Rochelle  salt) ;  or  more  cheaply  by  Aislng  a  mixture  of  potassie 
and  sodic  nitrates  in  equivalent  proportions  with  the  corresponding  quantity  of  quartz, 
or  100  pts.  quartz,  28  pearlash,  22  anhydrous  carbonate  of  sodium,  and  6  powdered 
charcoal.  This  mixturo  fuses  more  readily  than  any  of  the  preceding.  A  solution  ol 
double  water-glass  suitable  for  all  practi(»l  applications,  may  likewise  be  propared  by 
mixing  3  measures  of  concentrated  potash  water-glass  with  2  measures  of  oonoentiated 
soda  water-^lass. 

Soluble  sdicates  may  also  be  obtained  by  boiling  silica  with  solutions  of  caustie 
alkalis  under  pressure.  The  following  process,  patented  in  1844  by  Mr.  Bansome  of 
Ipswich,  is  essentially  the  same  as  that  adopted  by  Euhlmann  of  lille  :^100  lbs.  of 
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OTstaUiaed  aodic  carbonate,  or  50  Iba.  of  pearlash,  are  dissolved  in  about  50  gallons  of 
vmier,  and  the  solntion,  after  being  rendered  caustic  by  means  of  lime,  is  i^aduced  to 
tlM  bulk  of  20  or  25  gallons  bj  beat.  This  caustic  ley  is  then  introduced  together 
vifii  100  lbs.  of  finely  broken  flints  or  other  conyenient  silicious  substance,  into  an 
inm  boiler  or  digester,  and  the  mixture  is  heated  ^th  frequent  agitation  fbr  ten  or 
trelre  Hours  up  to  a  pressure  of  about  60  lbs.  to  the  square  inch.  When  the  mixture 
is  soflSciently  incorporated,  it  may  be  passed  through  a  sieve  to  separate  any  undis- 
aolved  mattex'. 

Thc«  soluble  silicates  prepared  by  different  manufacturers  differ  considerably  in  com- 
poaition,  seldom  exhibiting  that  of  a  tetrasilicate.  Of  the  following  samples— a  is 
soda  water-glass  from  the  manufactoy  of  Seibel  at  Liesing ;  6,  soda  water-glass  from 
Hanidi ;  e,  potash  water-glaas  fh>m  Eluhlmann's  &ctory  at  Lille : — 

Water                  .    65*829  88*66  0*689 

Silica.        .        .    22*258  44*64  63000 

Soda  .        .        .    11*178  16*25 

Potash .     .  34*400 

a  has,  appro:ximately,  the  composition  of  a  disilicate ;  5  that  of  a  f-sllicate ;  e  that  of 
a  trisilicate. 

Solid  or  fused  water-glass,  when  pure,  has  the  appearance  of  ordinarv  glass,  and 

dissc^Tes  slowly,  but  completely,  in  boiling  water ;  it  becomes  insoluble  only  when  the 

jooportioii   of  silica  is  considerably  increased.    A  concentrated  solution,  containing 

28  per  cent,  of  the  alkaline  silicate,  is  syrupy,  somewhat  turbid,  and  has  a  density  of 

about  1'25.     After  evaporation  at  a  high  temperature,  it  becomes  very  tenacious,  and 

may  be  drawn  out  into  threads  like  melted  glass.    The  solution  is  decomposed  by 

Bctds,  eren  by  earbonie  and,  the  silica  being  separated  in  the  gelatinous  form.     On 

exposure  to  the  air,  it  becomes  covered  with  a  tough  skin,  which  disappears  when 

thrust  beneath  the  liquid.    Durinff  evaporating  to  dryness,  it  roust  be  kept  constantly 

boiling  to  prevent  access  of  carbonic  acid.  Alkalin$  earbonate9  and  chlorides,  especially 

sal-ammoniac,  precipitate  silica  from  the  solution.   Baryta,  strontia,  lime,  alumina,  «iA 

oxide  of  lead  decompose  it,  removing  the  whole  of  the  silica  and  a  portion  of  the  alkali 

in  the  form  of  a  double  silicate.    Nearly  all  the  soluble  salts  of  the  earth-metals  and 

beavy  metals  likewise  produce  precipitates  consisting  of  double  silicates.  Phoimhate  of 

ahtminiumj  and  carbonate,  phosphate,  and  sulphate  of  lead  triturated  with  a  solution  of 

water-glass,  yield  a  tenacious  mass,  which  acquires  a  stony  hardness  on  exposure  to 

the  air.    Phosphate  of  calcium  is  not  decomposed  by  it. 

Uses  of  Alkaline  BUieates. — 1.  Am  cements,  and  for  hardening  and  preserving  stone, — 
The  soluble  silicates  maj  be  applied  in  various  ways  for  imparting  solidity  to  loose 
structures.  This  effect  is  due  sometimes  to  a  chemical  action  between  the  soluble 
silicate  and  the  porous  material,  resultinfi;  in  the  formation  of  an  insoluble  silicate  or 
double  silicate — sometimes  to  the  gradnsJ  decomposition  of  the  alkaline  silicate,  result- 
ing in  great  measure  from  the  action  of  atmospheric  carbonic  acid,  and  the  consequent 
deposition,  between  the  particles  of  the  porous  material,  of  a  mass  of  solid  silica  which 
binds  them  firmly  together.  Ransome,  in  1845,  patented  a  process  for  the  application 
of  a  soluble  silicate  for  combining  small  coal  into  blocks,  ana  for  preserving  wood  from 
fire  and  decay. 

The  action  of  soluble  silicates  on  calcium-compounds  is  of  particular  importance. 
Water-glass  sets  rapidly  when  mixed  with  slakea  lime,  and  slowly  dries  up  to  a  hard 
mass,  consisting  of  a  double  silicate  of  calcium  and  the  alkali-metal,  on  which  water 
has  no  action.  A  piece  of  chalk  immersed  in  a  solution  of  alkaline  silicate,  absorbs  it, 
and  on  drying  becomes  nearly  as  hard  as  marble.  Pulverised  chalk  or  marble  is 
also  converted  by  water-glass  into  a  hard  compact  mass ;  magnesian  limestone  is 
rendered  still  haraer.  This  effect  is  due  either  to  a  combination  of  the  alkaline  sili- 
cate with  the  calcic  carbonate,  resulting  in  the  formation  of  a  compound  similar  to  can- 
erinite  (i.  734),  or  to  a  double  decomposition  resulting  in  the  formation  of  calcic  silicate, 
which  then  unit(«  with  the  undecomposed  portion  of  the  carbonate;  perhaps  both  these 
actions  take  place  together.  The  silification  of  limestones  is  greatly  facilitated  by 
heating  them  with  the  silicious  solution  under  pressure.  Sulphate  of  ^cium  is.acted 
upon  by  soluble  silicates  in  the  same  manner  as  carbonate,  but  the  resulting  mass  is 
less  compact,  in  consequence,  chiefly,  of  the  greater  rapidity  of  the  action ;  a  more 
dilute  solution  must  therefore  be  used,  so  as  to  render  the  action  slower. 

These  reactions  of  the  soluble  silicates  have  been  successfully  applied  by  Hansome, 
Kuhlmann,  and  others,  to  the  production  of  artificial  stone  for  building  and  orna- 
mental purposes,  and  to  the  preservation  of  the  stone  of  buildings  actually  constructed. 
To  prepare  artificial  stone,  a  concentrated  solution  of  water-glass  is  mixed  with  sand, 
broken  flints,  pieces  of  marble,  &c.,  sometimes  with  addition  of  cream  of  lime ;  the 


250  SILICATES. 

whole  being  talgeeted  to  pieesure  in  monlde,  and  aftenrmrdB  dried  in  an  oren.  By  thiv 
means  stone  of  great  hardness  is  obtainedi  and  in  some  cases  is  capable  of  reoeiTing  & 
finepoUsh. 

For  hardening  building  stones,  and  protecting  them  from  the  action  of  acid  Taponn, 
Kuhlmann  employs  a  eolation  of  silicate  of  potassium.  Silicate  of  sodium  pxodnces 
the  same  effect^  but  is  said  to  give  rise,  after  a  while,  to  unsightly  eflBoreseences.  The 
solution  is  applied  with  a  bmso,  or  sprinkled  on  the  walls  of  the  building  by  means  of 
large  syringes  with  rose  nozzles.  The  alkaline  silicate  being  gradually  decomposed 
by  the  action  of  the  carbonic  acid  in  the  air,  a  coating  of  silica  is  deposited  on  the 
stone, which  protects  it  from  further  atmospheric  action.  This  process  is  said  to  have 
been  successfully  applied  at  the  Louvre  and  the  cathedral  of  Notse  Bame  in  Paris,  and 
to  several  buildings  in  other  towns  of  France.  In  the  moist  climate  of  F^ngiiin^^ 
however,  the  application  of  alkaline  silicates  in  this  manner  is  attended  with  very 
uncertain  results,  the  liquid  coating  being  liable  to  be  removed  from  the  surface 
by  rain,  or  even  by  the  ordinary  humidity  of  the  air,  before  it  has  time  to  absorb  suf- 
ficient carbonic  acid  to  precipitate  the  silica  in  an  insoluble  form.  This  inconvenience 
may  be  obviated,  and  a  much  more  compact  silicious  coating  obtained,  by  washing  the 
surface  of  the  building  first  with  a  soluticm  of  alkaline  sUicate,  and  then  with  a  solution 
of  chloride  of  calcium,  whereby  an  insoluble  silicate  of  calcium  is  formed,  possessing 
strongly  cohesive  properties  and  perfectly  indestructible  by  atmospheric  influences. 
This  process  was  patented  by  Mr.  Ransome  in  1856,  and  is  said  to  l^ve  been  applied 
with  good  effect  to  many  public  buildings. 

2.  Another  very  important  application  of  the  alkaline  silicates  is  to  the  art  of  Mural 
Tainting,  In  ordinary  fresco-painting,  as  is  well  known,  the  picture  must  be 
executed  as  soon  as  the  coat  of  stucco  is  laid  upon  the  walls,  and  finished  before  the 
stucco  is  dry ;  moreover,  it  cannot  be  afterwards  retouched.  Now  by  working  on  a 
surface  of  plaster  prepared  with  a  solution  of  water-glass,  it  is  found  that  this  incon- 
venience is  completely  obviated — that  the  painter  can  work  at  his  leisure,  and  retouch 
the  work  as  often  as  is  found  desirable.  The  first  experiments  on  this  subject  were  made 
by  Fuchs,  who  designates  this  kind  of  mural  painting  by  the  name  stereochromy. 

Two  methods  of  silicious  painting  have  been  proposed:  one  by  Fuchs,  in  which 
the  colours,  ground  up  with  water,  are  laid  upon  a  prepared  surface  and  afterwards 
fixed  with  a  silicious  solution ;  the  other  by  Kuhlmann,  in  which  the  colours  are 
ground  up  with  the  alkaline  silicate.  In  Fuchs*  method  the  wall  is  first  coated  with 
a  layer  of  ordinary  lime-mortar  containing  a  rather  large  proportion  of  sand  of  medium 
fineness ;  and  on  this,  when  dry,  is  laid  a  second  coating  of  ume-mortar  prepared  with 
rain  or  distilled  water,  and  well-washed  sand  of  greater  fineness  than  that  used  for  the 
first  coating.  This  when  dry  is  impregnated  with  a  solution  of  double  water-glass 
clarified  with  liquor  silicum  (p.  247),  and  diluted  with  an  equal  bulk  of  water.  This 
solution  is  applied  twice,  allowing  time  for  the  first  washing  to  dry. 

In  his  latest  essay  on  the  subject,  however,  Fuchs  recommends  the  preparation  of 
the  upper  layer  with  water-glass  cement — that  is  to  say,  water-glass  intimately  mixed 
with  pounded  marble  or  dolomite,  or  quartz-sand  mixed  with  a  little  dry  slaked  lime — 
the  water-glass  being  used  in  such  quantity  as  to  give  the  mass  the  consistence 
of  ordinary  mortar.  The  surface  having  been  prepared,  the  painting  is  executed  upon 
it  with  mmeral  colours  ground  up  with  pure  water ;  and  when  it  is  finished,  the 
colours  are  fixed  by  washing  or  sprinkling  the  surface  with  "  fixing  water-glass," 
consisting  of  a  mixture  of  4  or  5  measures  of  concentrated  water-glass  saturated  with 
silica,  and  1  measure  of  concentrated  liquor  silicum  (monosilicate  of  sodium),  the 
mixed  liquid  being  diluted  with  half  ite  Dulk  of  water.  Paintings  thus  executed  are 
fbund  to  possess  great  durability  and  power  of  resisting  destructive  influences. 
Plates  of  earthenware,  tiles,  and  lithographic  stone  impregnated  with  water-glass  nuy 
also  be  used  as  grounds  for  silicious  painting. 

In  Kuhlmann's  method,  the  colours  are  ground  up  with  the  silicious  solution, 
and  consequently  do  not  require  so  much  preparation  of  the  painting  ground,  or  so 
much  care  in  fixing.  In  painting  upon  stone,  stucco,  glass,  &c.,  the  colours,  ground 
with  water  and  kept  in  a  pasty  state,  are  immediately  mixed  with  a  sdicious 
solution  of  15^  to  20^  Bm.,  ana  applied  exactly  as  in  oil  or  distemper  painting, 
except  when  the  stone  is  very  porous,  in  which  case  it  is  best  to  silicify  the  stone 
before  applying  the  colours,  to  prevent  too  rapid  desiccation.  For  glass  and  earthen- 
ware the  silicious  solution  must  be  more  concentrated.  The  silicious  colours  may 
also  be  used  for  painting  on  wood,  provided  it  is  not  impregnated  with  resin.* 

3.  The  alkaline  silicates  are  also  used  to  mix  with  soap, forming  "  silicated  soaps," 

*  Yat  a  more  detailed  acconot  of  the  prrcedlns  applicationii  of  soluble  «llicates,  lee  a  paper  bjr 
Fuch*  in  KoMtner's  Archives  <tf  Naturai  Pkilosophjf^  r.  385—412  ;  Journal  of  the  Society  ^  Art*^  tH. 
R2I— 532 ;  also  a  pamphlet  by  K  u  h  1  m an  n,  entitled  Siiiea/ftalton^ou  appUcationt  dr*  SilicoteM  aoiubla 
au  durcmement  des  pierres  pornurs^  &c.  Parii  1696 ;  alto  RMiardton  and  Watt's  Chcmkat  Techmoiogg^ 
Part  It.,  pp.  69—104  ;  v.  pp.  319,  5S2. 
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poeaess  poirerfiil  detergent  ppo{»ertie0,  and  are  extensiTely  maDufactimd  for 
tiw  cleajinn^  of  vooileos,  &C.    (See  Soap.) 

4.  A  solution  of  sUicate  of  sodium,  as  nearly  nentxal  as  poe^ible,  and  haTing  a 
■pedfle  g^ravitj-  of  I'dS,  is  now  rerj  generally  used  as  a  aubfititote  &>t  cowdong  in 
I^tejpaziiigr  moidanted  calico  for  dyeing. 

The  silicates  of  potassium  and  sodium  unite  with  the  silicates  of  calcium,  lead,  and 
other  metala,  fbrming  the  seTeial  varieties  of  glass.  These  double  silicates  are  more 
ioable  than  ^ther  of  their  component  simple  silicates,  and  require  a  smaller  quantity  of 
aOJea  to  render  them  capable  of  resisting  the  action  of  water  and  acids.  The  ordinary 
Tsrieties  of  glaaa  contain  2,  3,  or  sometimes  4  atoms  of  silica  in  proportion  to  1  atom 
of  base ;  common  bottle-glass,  prepared  with  impure  materials,  also  contains  alumina 
and   oxide    o€  iron.     Bohemian  glass-tubing  consists  of   potassio-calcic  trisilicate, 

IJo^O^^V  '^'^'''"^^Tof^tn'^^i^''  disilicate,  jca-a2SiO«»  A^^Hl-ssof 
potaaaio-pliimbic  diaiUcate,  I^^^q"^^^^  (See  Giass,  ii.  840.) 

Hie  alkaline  silicates  do  not  occur  alone  as  natural  minerals ;  neither  do  they  enter 
freq[aently  into  the  composition  of  silicates  containing  only  protoxides  without 
alumina  or  f<:rric  oxide :  in  fact,  there  are  only  two  such  minerals  into  which  the 
alkali-metals  can  be  said  to  enter  in  definite  proportions —viz.,  apophyllite,  which 
its  a  potassio-calcic  silicate,  and  pectolite,  which  is  a  sodio-caldc  silicate  (iy.  i362). 
Some  vikrieties  of  augite  and  hornblende  contain  indeed  small  quantities  of  a  kali, 
bat  its  presence  a|^>ear8  to  be  due  to  alteration,  resulting  from  the  action  of  alkaline 
'Waters.      On  the  other  hand,  double  silicates  containing  sesquioxides  (alumina  and 

fexne  oxide)  and  alkalis  are  of  frequent  occurrence,  and  constitute  important  mineral 

epeciea,  the  felspars  and  micas  for  example. 

BilSieates  of  Barlnni.  One  part  of  silica  heated  to  whiteness  forms,  with  3 
parta  of  baiyta,  a  pale-green  solid  mass,  soluble  in  acids  (Yauquelin).  Lefort 
(Jahreeb.  1861,  p.  206),  by  precipitating  a  dilute  neutral  solution  of  a  barium- 
ealt  with  a  dilute  solution  of  the  salt  2Na*0.9SiO*  (p.  248),  obtamed  a  trisilicate  of 
barimn,  Ba"0.3SiO'.3H'0 ;  y.  Ammon  (ilnd.  1862,  p.  140),  by  precipitation  with  sodio 
monoeilicate,  obtained  the  salt  Ba"O.SiO.' 

BDIeates  of  Caleliim.  The  compounds  2Ca''O.SiO*,  2Ca''0.3SiO*,  Ca''0.2SiO*, 
and  Ga''0.3SiO',  are  produced  by  exposing  mixtures  of  quartz  and  marble,  in  the 
proper  proportions,  to  the  full  heat  of  a  smith's  forge :  the  first  does  not  fuse,  but 
merely  bakes  together ;  the  other  three  are  more  fusible.  A  silicate  of  calcium  is  pre- 
cipitated on  mixing  a  solution  of  any  calcium-salt  with  silicate  of  potassium  or 
sodinm  (p.  249).  Lefort  obtained  by  preeipitation,  as  aboye,  the  salt  2Ca''0.9SiO'.3H*0 ; 
▼.  Ammon  obtained  the  monoeilicate  Ca'O.SiO'. 

Silicate  of  calcium  forms  the  essential  constituent  of  hydraulic  mortars  which 
harden  under  water.  This  kind  of  mortar  is  produced  by  mixing  pure  lime  slaked 
to  a  paste  with  water  and  silica  or  silicious  materials  in  such  a  state  that  the  silica 
can  unite  with  the  lime  in  the  wet  way.  A  mixture  of  lime  with  pounded  quartz  or 
fine  sand  does  not  harden  under  water.  Such  a  mixture,  in  fact,  constitutes  ordinary 
mortar,  which  hardens  only  on  exposure  to  the  air,  psotly  by  drying,  partly  from 
abeoiption  of  carbonic  acid.  But  if  pounded  opal  or  precipitated  silica  be  substituted 
for  the  quartz,  combination  takes  place,  and  the  mixture  hardens  under  water.  More 
complete  hardening  is,  howeyer,  obtained  by  mixing  lime  with  certain  silicious 
minerals,  called  naturid  cemenU — yiz.,  the  pozzolana  of  Naples  and  other  yolcanio 
diatricta  (iy.  724),  the  tufa-stone  (called  trasa  in  the  pulyerised  state)  found  abim- 
daatly  in  vall^s  in  the  North  of  Ireland,  among  the  schistose  formations  on  the 
banks  of  the  Hhme,  and  at  Monheim  in  Bayaria, — also  pumice,  basalt-tuff,  and  slate-clay. 
All  these  substances  consist  mainly  of  hydrated  silicates  of  aluminium  with  a  large 
proportion  of  silica  and  smaller  quantities  of  lime,  magnesia,  oxide  of  iron,  and 
alkalis.  Tu£i-stoDe  contains  57*0  percent  silica,  16'0  day,  2*6  lime,  1*0  magnesia,  70 
potash,  1*0  soda,  5  oxides  of  iron  and  titanium,  and  9*6  water.  When  any  of  these 
materials  are  mixed  with  lime  and  water,  silicate  and  aluminate  of  calcium  are  formed — 
sometimes  also  silicates  of  magnesium  and  iron,  which  assume  a  stony  hardness.  Marl^ 
which  is  a  mixture  of  clay  with  carbonate  of  calcium,  forms  a  natural  hydraulic  lime- 
stone. It  is  best  adapted  for  the  purpose  when  it  contains  1  pt.  of  clay  to  3  pts.  of 
ealeie  carbonate.  When  such  a  mixture  is  ignited,  silicate  and  aluminate  of  calcium 
are  formed,  and  the  pulyerised  product  hardens  readily  under  water.  If  the  clay  is  in 
much  smaller  proportion  than  the  aboye,  a  cement  must  be  added  after  burning  and 
slaking  the  lime ;  if,  on  the  other  hand,  the  marl  contains  too  much  clay,  pure  slaked 
lime  must  be  added.  The  silicious  nodales,  or  se^taria,  found  in  the  Isle  of  Sheppey 
and  elsewhere  on  the  English  coast,  which  consist  of  silicious  clay  intersected  by 
yeins  of  calcspar,  also  yield  when  calcined  a  hydraulic  mortar,  known  as  Roman 
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eemeni,  Arfiflwal  miztnres  of  chalk  or  lime  with  day  or  pnlveriaed  flint,  jri^ii 
Bimilar  products  when  burnt  in  a  kiln.  (See  Gmdin*s  Handbook^  iii.  890 ;  and  Z^r^m 
JHctionarp  of  Arts,  &e.  iii.  200.) 

Natural  BUuxUu  of  CalciwnL-^a.  Monosilieate  or  Metasaieaie,  Ca'SiO*  ^  CtTOSmO*^ 
Wollastonite,  or  Tabular  Spar,  occurs  in  monoclinic  crystale  (of  specific  grsvitw 
»  2'78 — 2*9,  and  hiirdness  «  4*5—5)  in  the  Bannat,  at  Paisas  in  FinlazKi. 
Konigsberg  in  Norway,  on  the  Castle  Bock,  Edinburgh,  in  basalt,  and  in  lava  at  O&po 
di  Bove,  near  Kome. 

3.  Sesquisilioate,  20a''0.8SiO'.|H*0.  This  is  essentially  the  oompoaition  oi 
gy r elite  or  gurolite  (ii.  963). 

DisUicate,  Ca''Si«0».2H»0  -  Ca''0.2SiO'.2H»0.    Okenite  (iv.  191). 

Silico-boraU  of  Calcium,  Ga''Si*0*.Ca"B'OS  occurs  with  1  at  water  as  datholiC* 
(ii.  305),  and  with 2 at.  water  as  botry elite  (i.  651). 

Silico-titanate  of  Calcium,  Ca"Si*0'.2Ca'TiO',  occurs  as  sphene  (;.  v.) 

BUloate  of  Cerliimf  2Ce''O.SiO'.  Cerite  (i.  831)  has  this  composition,  the  ceriam 
being  partly  replaced  by  lanthanum,  didymium,  calcium,  and  iron. 

BUloate  of  Cobalt.  The  aqueous  solution  of  potassic  or  sodic  disilicate  fbraui  a 
beautiful  blue  precipitate  with  cobalt-salts  (Fuchs).  The  solution  of  the  tetzasilicata 
forms  DO  precipitate. 

SlUoates  of  Copper,  a.  Mononlicate. — ^Two  cnpric  minerals  are  known  haTing 
the  composition  of  cupric  monosilicate  with  different  proportions  of  water — yiz.,  diop- 
tase,  Ou"SiO«.HK)  (abeady  described,  ii.  336),  and  chrysocoUa,  Cu''SiO«.2HH>. 
The  latter  occurs,  accompanying  other  copper  ores,  in  Cornwall,  Hungary,  and  other 
localities,  in  botryoidal  or  massive  forms,  also  encrusting  and  disseminated.  Hardness 
B  2—3.  Specific  gravity  «■  2 — 2*238.  It  has  a  mountain-green  or  bluish-green 
colour,  passing  into  sky-blue,  with  vitreous  or  earthy  lustre,  and  is  translnoent  in 
various  degrees,  or  opaque.  Fracture  conchoidaL  Bather  sectile ;  translucent  varie- 
ties brittle. 

Analyses  of  ChrysocoUa, — a.  From  Stromsheien  in  Satersdalen,  Norway  (Scheerer, 
Pogg.  Ann.  Ixv.  289). — 6.  From  leke  Superior  {Rammelsberifs  Minerialckemie,  p. 
851): 

SIOS.  CuO.  FeSQS.  CaO.  MgO.  H*0. 

a.      3514         4307  1'09  .     .  .     .  20-86    -     99-66 

5.       32-55         42-32  1-63  1-76  106  2068    »  100 

The  formula  CuO.SiO'<.2H'0  requires  34*88  silica,  44*82  cupric  oxide,  and  20-35  water. 

Plattner^s  Kupferblau,  from  the  Herrensegen  mine  in  Baden,  containing  45*5  per 
cent,  cupric  oxide,  also  belongs  to  this  place. — ^A  more  highly  hydrated  cupric  mono- 
silicate,  containing  Cu"SiO'.4H*0  (according to  N or d en skiold,  31*45  per.  cent.  SiO*, 
37*31  CuO,  0*40  FeO,  and  3118  water),  occurs  at  Nischne-Tagilisk  in  Siberia:  it  gives 
off  about  three-fourths  of  its  water  at  100^. 

The  chrysocollas  of  Sie^en  and  of  Canaveilles  near  Prades  in  the  I^rrenees,  also  the 
blue  copper  from  the  Turjinian  mines  in  the  Ural,  are  mixtures  of  cupric  silicate  and 
carbonate. — Copper  pitchblende,  a  brown  scoriaceous  mineral  from  the  same  mines, 
is  a  mixture  of  chrysocolla  and  brown  hematite ;  a  similar  mineral,  fix>m  Zomelahuacan 
in  Mexico,  has  the  composition  of  a  hydrated  cupric  disilicate,  Cu0.2SiO*.4H'0,  mixed 
with  brown  haematite. 

fi,  SesffuisUicate,  2Cu''0.3Si0^6H'0  ?— This  appears  to  be  the  compo«ition  of  a 
mineral  from  Somerville,  New  Jersey,  analysed  by  Berthier,  and  firom  Chili,  analysed 
by  Kittredge : 

SiO*.  CuO.         FeO.       CaO.       MgO.  H*0. 

New  Jersey  35-4  851 285     »    99*0 

Chili  40-09        27*97      4-94       1*49       0*78        24*78  »  100 

The  formula  requires  40*89  SiO*,  35*08  CuO,  and  2403  water. 

Among  cupric  silicates  must  also  be  enumerated  demidoffite,  a  mineral  occurring 
as  a  thin  blue  coating  on  malachite  at  Nischne-Tagilsk,  and  containing,  according 
to  Noidenskiold,  10*22  per  cent.  P«0»,  31*35  SiO»,  33*14  CuO,  8*15  MgO,  0*5  A1K)», 
and  23-03  water.     {Bamfnelsber^s  Mineralchemie,  p.  533.) 

Silioato  of  Bldjrmimii.    See  Cbxutb  (i.  831). 

Verroufl  BUloatoa.— a.  Fe%iO«  »  2Fe''O.SiO*.— This  is  the  composition  of 
Fayalite  or  iron-chrysolite  (ii.  617);  also,  approximately,  that  of  some  of  there- 
finery-slags  obtained  in  the  conversion  of  cast  into  malleable  iron  (iii.  851),  and 
in  the  re&ing  of  coarse  copper.    (  Gmdin's  Handbook,  v.  278.) 

/3.  Monosilicate f  Fe'SiO'    ■>  Fe"O.SiO'.—- Grunerite,   an    asbestiform   mineral 
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firan  CoUobri^jres,  has  this  comporitios. — ^A  black  augite  from  Axendal,  apecifie 
gfmtf  «  3-467,  is  a  ealdo-fezroiiB  monoailieate,  oontainine,  aoooidiiig  to  Wolff  (J. 
pr.  Ghem.  zzxit.  236),  47*78  per  cent.  SiO*,  23*96  OaO,  and  27*01  FeO,  agreeing  nearly 

inth  the  fbtmula  i^„^  I  SiO«. 

y,  TeirasilieaieJ    A  solution  of  ferrons  chloride  in  less  than  2,500  pts.   of  water 
g^vvs  a  greyialL-gpreen  precipitate  with  tetrasilicate  of  sodium.    (Walker.) 

See  Cehste  (i.  881). 

Silica  melts  with  lead-oxide  to  a  yellow  glass.  Silicate  of 
lead  ia  also  pirecipitated  on  adding  ammonia  to  siliooflnoride  of  lead. — ^A  borosilicate 
rfUad  is  obtained  by  fusing  112  pts.  lead-oxide  with  16  pts.  silica  and  24  boric 
anhydride,  as  a  yeUow  glass,  which  melts  less  easily  than  borate  of  lead,  but  more 
ooily  than  flint-glass^  aud  is  strongly  tarnished  by  immersion  in  snlphydrio  acid  gas. 
(Faraday.) 

or  OloetiMiTn.    (f*SiO*«2G"0.?iO*.    Fhenacite  (iv.  887). 

or  Xagaesivm.  a.  8]kIg''0.3SiC)*.— Chondrodite  (i.  930)  is  lepir- 
sented  by  this  formula,  the  oxygen  being,  boweyer,  partly  replaced  by  fluorine,  and  the 
mag:nesia  in  most  cases  partly  by  ferrous  oxide. 


H  Mg^^O*  a  2M^''O.SiO'. — ^This  is  the  composition  of  chrysolite  and  olivin 
(rr.  201),  tlxe  magnesium  being  always  more  or  less  replaced  by  iron.  Forsterite, 
ficom  Monte  Somma,  exhibits  the  nearest  approach  to  a  pure  magnesio  orthosilicate, 
containing  only  2*33  ferrous  oxide.  In  the  other  varieties  of  olivin,  the  ferrous  oxide 
Tariea  firom  3  to  about  20  per  cent — Honticellite,  a  rare  mineral  occurring  on 
Somma  in  yellow-grey  crystals,  of  specific  gravity  3*119,  contains,  according  to  Bam - 
melaberg  {MvatTakthemU^  p.  442),  37 '89  per  cent,  silica,  34*92  Ume,  22*04  magnesia, 

and  5  -61  ferrous  oxide,  agreeing  with  the  formula  &'Si0^tp^  [  SiO^    Batrachite, 

a  maamve  mineral,  of  specific  gravity  3*033,  firom  the  Bisoniberg  in  the  Southern  Tyrol, 
appears  to  have  the  same  composition. 

Y.  aM^''0.2SiO'.2aq.  -  ]igfSiO«Jfg''8iO*.2aq.<-This  is  the  compositaon  of  ser- 
pentine (p.  286),  the  magnesia  being  replaced  by  ferrous  oxide  to  the  extent  of  0  to 
13*5  per  cent.  Pure  magnesian  serpentine  is  found  at  Gulled,  in  Wennel&nd,  Sweden. 
SmaU  quantities  of  soda»  manganous  oxide,  and  nickel-oxide  are  also  occasionally 
present,  and  in  many  varieties  the  silica  is  replaced  to  a  small  amount  by  alumina. — 
Vorhauserite  firom  Monzoni,  in  the  Tyrol,  is  a  serpentine  containing  3  at.  water. — 
Thermophyllite  from  Hopoovaara  in  Finland  appears,  from  Arppe's  amJysis,  to 
have  the  composition  2(3Mg0.2SiO').3aq. ;  but  other  analyses  give  different  results. 
(See  Tkbrkophtlutb.) 

«.  4Jig''0.8SiO*  -  lfe^iO*.2Mg''SiO*.--This  formula  with  6  at.  water  represents 
the  composition  of  gymnite  or  de  weylite  (ii  812).  Hydrophite  or  Jenkin- 
site  (iii.  212^  is  the  same  with  4  at.  water,  and  }  of  tiie  magnesium  replaced  by  iron. 
Thermophylhte,  according  to  North  cote  (J.  pr.  C^em.  Ixxvi.  253),  issiso  a  {-silicate 
of  magnesium  with  2  at.  water. 

«.  Mgf  O.SiO*  «■  Mg'^iO'. — This  formula,  with  the  magnesia  more  or  less  replaced 
by  ferrous  oxide,  manganous  oxide,'  and  lime,  and  the  silica  sometimes  by  alumina, 
represents  the  composition  of  the  several  varieties  of  augite  and  hornblende  (i. 
475;  iii.  167).  These  two  mineral  species  differ  in  crystalline  form:  they  are  both 
monoclinic,  but  differ  in  their  angles : 

Angle  obP  :  »P. 
92<'  54 
55°  30' 
The  replacement  of  silica  by  alumina  takes  place  more  frequently  and  to  a  greater 
extent  in  hornblende  than  in  augite ;  many  aluminiferous  hornblendes  also  contain 
ferric  oxide,  being,  according  to  Hammelsberg,  mixtures  of  the  isomorphous  compounds 
Jl-CSiO*,  Fe«0».3SiO«,  and  3M''0.2A120«  (iu.  170). 
The  following  are  hydrated  monosilicates  of  magnesium :— > 

Aphrodite,  4Mg''SiO».3H«0.  i    Picroemin,  2Mg''SiO».H«0. 

PfcK^hyll,  3(|Mg.JFe)"SiO».2H»0  |    Monradite,  4(f!5ig.JFe)"SiO».H«0. 

Aphrodite  contains,  according  to  Berlin's  analysis,  51*56  per  cent  SiO*,  0*17 
A1«0»,  33*90  MgO,  1*55  MnO,  0*57  MnO,  and  11*83  water.  The  analyses  of  the  other 
three  minerals  have  been  given  in  their  alphabetical  places. 

^  6MgO.7Si0*. — This  appears  to  be  the  composition  of  an  anhydrous  talc  found 
in  the  valley  of  Chamounix.-— Spadaite,  a  reddish  massive  mineral,  from  Capo  di 


a       :    6  :       e. 

Angle  6  ;  c. 

Augite 

0*9136  :  1  :  0*5399 

740  Y 

Hornblende 

1*837  :  1  :  0*5401 

750  10' 
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BoTe^  eontemins  66-00  SiO*,  0*66  A1*0*  30*67  MgO,  0*66  FeO,  uid  11*34 

be  appcozimatety  reraMented  by  the  some  fonnnlA  iritb  5  at.  water,  or  bj6MgK>.6SiO* 

+  4aq.    {SammeUiber^s  Minaralekemie,  p.  620.) 

If.  4Mg'0.6SiO*  -  4Mg'SiO*.SiO*.— This,  witb  f  at  water,  is  tbe  eompoeition  of 
talc,  a  small  portion  of  the  magnesia  being  replaced  by  ferrous  oxide. 

0.  2Mgf  O.aSiO*  a-  2Mg''SiO".SiO>.— This,  with  2  at.  and  4  at  water,  is  the  oompo- 
sition  of  meerschanm.    The  same  formiila  with  12  at  water,  and  f  criT  the 
replaced  by  ferrous  oxide,  gives  the  composition  of  chloropheite. 


flfltoalM  or  mMUgmmmm^  a.  2Mn''O.SiO>  »  ]£i*SiO«~Tephroite,  ham 
Sparta,  New  Jersey,  has  this  composition,  with  a  small  portion  of  the  manganese  i»- 
piaeedby  iron. — Knebelite,  from  Bmenan  andfixnn  Bannemora  in  Sweden,  con- 
sists of  (Mn''.Fe')*SiO\ — ^Troostite,  from  Sterling,  New  Jersey,  is  an  orthoeificate^ 
containing  manganese  and  sine,  with  small  quantities  of  iron  and  magnesiam. 

jB.  Mn^.SiO'  a  Mn'SiO*. — Bhodonite  is  a  manganous  augite,  containing  also 
calcium,  iron,  and  magnesium  (p.  107)* — Fowlerite  and  Jeffersonite  aie  similar 
in  composition,  but  also  contain  zinc 

BUioatea  of  Merovry«  Tetrasilicate  of  sodium  gives  a  white  precipitate  with 
mercurous  nitrate.  It  does  not  precipitate  mercuric  chforide,  but  the  mixed  solution 
yields  yeiy  small  dark  ciystals  on  evaporation,  or  even  without  evaporation  if  it  is 
concentrated.    (Gmdin's  Handbook,  y.  110.) 

Silieafes  of  Wolybdomim.  Holvbdous  and  molybdic  silieofluoride  yield  with 
ammonia,  dark-brown  flocks,  from  which  the  ammoniao&l  solution  gradually  removes 
the  oxide  of  molybdenum,  leaving  pmre  silica.    (Berzelius.) 

SiUeatos  of  VIokOL    See  Fiioeutb  (iv.  647).   Nickel-gymni te  is  a hvdrated 

4Ni  O  )* 
silicate  of  nickel  and  magnesium,  containing  Ji^^q  C  •^^^'•^- 

SOIotttes  of  Fotaofltmn  and  ■odtwn  (pp.  247*251). — ^Monoeilicate  of  sodium 
may  be  obtained  in  well-defined  monodinic  prisms  containing  Na*SiO'.8H'0,  by  di- 
gesting ignited  silica  with  an  equivalent  quantity  of  crude  soda-ley,  evaporating  out 
of  contact  with  air,  till  small  ciystals  of  sodic  carbonate  separate,  cooling  the  remain- 
ing syrup  to  —22^,  stirring  with  a  glass  rod  till  it  solidifies  to  a  crystalline  pulp, 
ledissolving  in  water,  and  leaving  the  solution  to  stand.  The  solution  of  this  siOt 
yields,  with  barium  and  caldum-saitSi  precipitates  containing  Ba"SiO*  and  Ca''SiO* 
respectivAly,  and  with  magnesium-salts,  a  precipitate  containing  SMg^SiO'.fiHH).  (v. 
Ammon.) 

MHoato  of  fltrontlani.  One  part  of  silica  fuses,  with  an  equal  weight  of  stron- 
tia,  piuily  to  an  amber-coloured  glass,  and  partly  to  a  black  and  white  enamel 
(Eirwan).  With  8  parts  of  strontia  it  forms  a  solid,  grey,  sonorous  mass,  which  is 
nearly  tasteless,  and  dissolves  but  ^Miringly  in  water,  though  readily  in  aqueous  acids 
rVauquelin).  Carbonate  of  strontium,  digested  in  solution  of  silica,  is  converted  into 
dense  hydrated  silicate  of  slzontiuiii.    (Ku h Im a n n.) 

SUloate  of  Tborlmun,  3l1I*Si0^4H*0.    Thorite  (^.o.). 

SUioate  of  Tttrlnm.  Gadolinite  is  an  orthoeilicate  of  yttrium,  cerium,  and 
iron  (Y*';Ce'';Fe'')«SiO\ 

Btlleato  of  ZlBO.     The  orthosilicate,  Zn'SiO',  occurs  anhydrous  as  willemite, 

hydrated  as  siliciouscalamineorEinc-glanee,  ^n»SiO^H»0(i.  714).  Troostite 
fh>m  Sterling,  New  Jersey,  is  an  orthosilicate  of  zinc,  manganese,  magnesium,  iron,  and 
calcium.  Fowlerite  and  jeffersonite  are  augitic  minerals  containing  sniall  quan- 
tities of  zinc. 

Silicatet  containing  Triatomio  Metals :  Silicates  of  Sesguioxides, 

BUIcatoo  of  JUuBlnlum.  a.  2AlK)*.SiO^— This»  with  9  at  water,  is  the  com- 
position of  collyrite  (i.  1084),  from  Schemnitz  in  Hungary  (Elaproth,  Beitrags, 
1.  267X  ai^d  ficom  £squerra  in  Spain  (Berthier,  Ann.  Ch.  Phys.  [2]  ym'i,  332): 

CtOiemUMm,  Sekmm/ix.    Btquerra. 

SiO«      ...       60  13-86  14  16-0 

2A1»0»  ...      161  46-94  46  446 

9HK)     .        .        .    J62  40-21  42  40*6 

2Ar«0».SiO* 9aq.  .  .    373  100*00  101  1000 

A  mineral  called  collyrite,  from  Weissenfels  in  Saxony,  has  the  composition 
Al*0*.SiO*.6aq.  like  the  allophanes;  another,    occurring   in    alum-slate,    contains 
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SAlW.9SiO*.64aq.,  like  some  varieties  'Of  staiirolite  (wi/ra).— SchrStterite  or 
opalio  e  allophane,  firom  Freienatein  in  Styria— having  a  density  of  1-985  to  2*015, 
{•Twniah-white  colour,  yitreons  lustre,  and  concboi'dal  fracture— containf,  according 
to  Schrotter  (J.  pr.  Chem.  xi.  880),  11-94  SiO«,  4629  A1*0",  2*80  FeH)«,  116 
GiO,  (h25  CqO,  0-63  SO*,  and  86-85  water,  agreeing  approximately  intk  the  for- 
mula 6AlKH^^O'.20aq.,  which  is  more  baaie  than  that  of  coUyiite ;  but  the  mineral 
is  probably  a  mixtiire  containing  hydrate  of  aluminium. 

^.  4Al*C>*.3SiO*. — This  formula,  with  the  alumina  partly  replaced  by  ferric  oxide^ 
lepkewsuts  the  composition  of  some  varieties  of  staurolitefrom  the  St.  Gothard, 
a  mineral  -which,  ciystallisee  in  trimetric  prisms,  having  the  axes  a:  b:  e  «  1 :  2*1123 
:  1*4478;  and  the  angle  ooF  :ooP  »  129^  20".  Observed  combination  ooP.  ooPoo  . 
.  oD^co  .  oP.  Cleavage  parallel  to  oo!l^ao ,  distinct  but  interrupted;  parallel  to  odP,  in 
tncea.  The  crystals  are  thick  and  often  cruciform,  translucent  or  opaque,  with  brown 
eobiir,  sabTitreons  lustre  indining  to  resinous,  and  conchoidal  fracture.  Hardness 
«  7—7*6.     Speciflc  gravity  »  3*5— 3*75. 

Jnaipst^, — a.  Bed  (Klaproth,  BeUr.  v.  80). — h.  Dark-red :  specific  gravity  »  3*737 
— 8'741  (Ifohmeyer,  8.  Jacobson). — e.  (Kosales,  ibid,)--d,  Marij|nac  (Ann. 
Gh.  Fhya.  [S]  adv.  9). — 0,/,  y,  k.  Jacobsos  (Pogg.  Ann.  IziL  419 ;  Izviii.  414) : 


8SiO«        .         .       .    1«M)0     19>15     ST%»     ST-ftt  STSS  »-47  »n  irn  80S1  80-91 

»APQ9    .         .       .    M3-»     M-QS      Wtb      49*96  66*89  83*94  6»>01  8479  46-80  48-68 

.    106^      16-89     18-50     90-07  1^87  17*4]  17-68  15-60  18-06  15*87 

nlc  oxid« 0*96       0*98  .    .  041  .    .  0*18  119 

9-67  0-79  1*98  1*86  9-16  1*83 

fp^03>    3&Oa      .      .    680^     100-00       g»0     9^88    100^58    lOOtt    100*00    101*98     9r48     97-a 

Billnite  (ii.  S31)i8  a  hydrated  {-silicate  of  aluminium,  4Al*0*.3SiO'.9aq.,  oon- 
taiiOBg  miall  quantities  of  lime  and  magnesia,  but  no  f  errio  oxide. 
7.  10AIK>*.9SiO*.    Staurolite  from  Airolo  on  the  St  Gothard:  apeciilo  gravity *- 

CtdeulaUon,  Jacobsoo. 

98iO*  .  •  •  •  640*00          83*06  33*46  32*99 

VA1»0»  .  .  .  •  868*33          6104  47.28  47-92 

|Fe*0«  .  .  .  •  171*67          16-90  16*61  16*66 

kagneaia  .  .  .  .  .     .     .  _^ ^  1*99          1*66      , 

^^l**.9SiO*         .        .        .    167000        10000  99*18        99*22 

9.  A]PO*.SiO'. — tfnder  this  formula  are  included  andaluBite(i.  291^  cyanite  or 
kyanite  (ixi.  449),  sillimanite,  and  a  few  other  minerals,  apparently  produced  by 
alteration  of  these.  Topaz  (^.  v.)  consists  of  the  same  silicate  in  isomorplious  mhctare 
with  alnminic  silic(^uonde.    Allophane  is  the  same  silicate  with  6  or  6  at.  water. 

Analyses. — 1.  Andalusite.— 4.  Brazil  (Dam our). — 6.  Bobschutz,  near  Meissen  in 
Saxony:  reddish,  harder  than  quartz:  specific  gravity  s  3*11  (Pfingsten).* — 
0.  Braanadoif^  near  Preiberg:  reddish:  specific  gravity  »  3*07  (Pfingsten). — 
if.  lisens  in  the  l^nol;  specific  gravity  «•  3*401.    (Both.) 

2.  Cyanite. — e.  St  Gothard  (Rosales).— /.  The  Sau  Alp  in  CSarinthia  (Kohler). 
— ^.  Eifdal  in  Wermland :  specific  gravity  ■■  3*8  (I  gelstrom) : 

CrnkmUUlmt.  AndAlnntoi  Ojultob 

SiOS 60       875       87%8  36-M  87*57  3674  86*67  87-99  4^09 

APO> 108       62-5       61-45  55-82  50*88  59-65  6311  61-60  58-46 

Ferric  ozSde 1*17  8-29  1*88  9-80  119  104  9*04 

Lime 1-C9  0-61  0-49  .    .  0-49 

MasnetUi     .       .       .       .  _^_.       .    .         .    .  1  14  0-17       

APO».SIO^  ....    168       1000       99-65       96 11       99-S6       99-68      10097      100-98     lOO^ 

In  andalusite  from  Lisens,  Bunsen  found  40*17  ]per  cent,  silica  and  68*62  alumina ; 
A.  Erdmann,  89*99  silica  and  68*60  alumina,  agreeing  more  nearly  with  8AlH)'.9SiO^ 
which  requires  40*3  silica  and  69'7  alumina. 

3.  Sillimanite.— A — m,  Saybrook,  Chester  County,  Connecticut:  A,  Thomson; 
t,  Bowen  ;y,  Hayes  ;  it,B.  Silliman ;  ^  Staaf ;  m,  Connel;  n,  Fairfield,  New  York. 
(Norton.) 


•  For  refereDcet,  tee  RammOsbei^i  Mhuralckemie,  pp.  558, 560, 569. 
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4.  Talc-lithomarge;  o.Bochlitz  in  Saxony  (K  erst  en).— ^.  ZdidoYer,iiear 
Tar  in  Hungary  (Kubb  in) : 

Binhnmltit.  Tale-S 

t > ,  t ■ % 

A.              i.               /.               *.               L              m.              n.  :                   ^^^m 

SIO<i 45-«S       4300       42-60       37*65       87-36       36-75       3770  87-et            *^  21 

A1«0»        ....    49-60       54-81        54-90       62-41        5862       6«"95       6*75  60-50            63-T« 
F«nrie  oxide    .       •       .4-55         2-00         MO                       2*17         0-99         2-2B 

Manganic  oxide 0*63 

Maaiieila.       .       • 0*71        .    .  0*40 

Water      ....     .    .         O'Sl        .    .         .   .  0*43        .    .         .    .  0-f»* 

99-70       99^2       99-31      100<«       90-99       96-69      102*73       99*67  59-73 

Monr elite  £rom  Monroe,  New  York,  ezliibits  the  same  diaracten  and  nearly  tbo 
same  composition  as  cyanite,  bntnyes  off  from  1  to  2*5  per  cent,  water  when  he»it4*^  ; 
spedfie  gravity  »  3*04 — 3'09.  Worthite,  a  mineral  occnrring  near  St.  Peterslyiir;^ 
in  white  translucent  fragments,  infosible  before  the  blowpipe,  has  also  nearly  th» 
same  composition.    Both  minerals  doubtless  result  from  the  idteration  of  cyanite. 

Bucholzite  from  Faltiel  in  the  Tyrol  and  Chester  County,  Pennsylrauia,  Fi  Y^to- 
lite  from  the  Camatic  and  nom Delaware, and  Xenolite,  found  near  St.  Peters'bari^, 
are  fibrous  minerals,  which  appear  also  to  have  been  produced  by  the  alteration    o£ 
cyanite,  sillimanite,  or  andalusite,  but  they  are  probably  sometimes  also  mixed  'with 
quartz.    The  older  analyses  by  lliomson,  Brandos,  and  others,  give  for  these  minesrsls 
from  40'05  to  47'44  per  cent,  silica,  and  68*88  to  60*0  alumina,  agreeing  approzimatjely 
with  the  formula  2AlK)'.3SiO',  but  the  more  recent  analyses  byB.  Sill^man  (Silt. 
Am.  J.  [2]  viii.  10),  give  36'ld~36'31  silica,  and  64*93—62-42  alumina,  which  is  tlie 
same  as  that  of  cyanite,  &c.    Xenolite  forms  prisms  of  91^,  which  seems  to  show  that 
it  has  been  formed  from  andalusite. 

Chiastolite  or  Hollow  spar  (i.  868)  is  an  andalusite  varying  greatly  in  hard- 
ness and  composition,  and  usually  enclosing  masses  of  rock,  found  in  Spain,  at  Bona 
in  Algeria,  at  Lancaster  in  Massachusetts,  and  in  Bretagne. 

6.  AUophane. — a.  Eriesdorf,  near  Bonn  (Bunsen). — h.  New  Charlton,  ne<ir 
Woolwich  (Northcote). — c,  Bleibergin  the  Eifel  (Bergemann). — d.  Gersbach,  In 
the  Black  Forest  (Walchner). — e.  Richmond,  Massachusetts  (B.  Silliman). — if. 
New  Charlton  (Woolwich). — -a,  Gbldhausen,  near  Corbach,  Waldeck:  light-coloureid. 
— h.  The  same,  dark-coloured:  specific  gravity  a  2*02  (Schnabel). — L  Schnoel>er;g 
(Ficinus): 

Ci              h,              e.  d.            «.>           *  /•       *      t'             ^  *• 

Carbonic  anhydride       *.    .         2-73        1*24  .    .        .    .          2*44  .    .  I-S 

Silica                               22-30       20-60  19*35  2111  22*65       Td-S»       24*19  19-41  SO^O 

Alumina  .       .       .       32*18       81*34  82*75  38*76  38*n       87*30       25-80  2677  16  7 

Ferric  oxide    .       .         2  90        0-31         030  ...  0-11    . 

Cupric  oxide 257  2*88        .    .           1-36       13*71  18-97  19-S 

Manganic  oxide 1-8 

Lime 1-99         1*58                       2<83*      ....  .    .  1-9  • 

Water      .       .                42*62       42*91  40-28  35*75       85*24       8919       85-49  34  72  29-9 

0-87t    

100-00        99-71  98*89  97*96       99*49       99*98       9919  99*87  1009 

This  table  shows  that  the  name  allophane  has  been  applied  to  substances  differing 
greatly  in  constitution.  The  analyses  a,  b,  o  may  be  represented  approximately  by 
the  formula  Al«0«.SiO«.6aq.  (22*14  SiO«,  3801  A1«0»,  39*85  H«0);  d,  e,  /  by 
Al«0«.SiO«.6aq.  (24*34  SiO«,  40*36  A1«0«,  86*31  HK)).  Both  varieties  are  often 
mixed  with  calcic  carbonate  and  cupric  siHcate ;  in  the  latter  case  they  have  a  blae 
colour.  The  more  highly  cupriferous  allophanes,  ^,  h,  »',  are  mixtures  of  hydrated 
aluminic  silicate  and  cupnc  silicate. 

Chrome-ochre,  Miloschin,  andWolchonskoite,  are  chromiferousclaysof  very 
variable  composition.  The  first  contains  from  46  to  64  per  cent,  silica,  22*6  to  30*6 
alumina,  4  to  10*6  chromic  oxide,  and  6*26  to  12*6  water;  the  second,  fromBudniak  in 
Servia,  27*6  per  cent,  silica,  46  01  alumina,  3*61  chromic  oxide,  and  22*30  water ;  the 
third,  from  EreisOchansk,in  the  government  of  Perm,  Kussia,  27  to  37  percent,  silica, 
about  6*6  alumina,  18  to  34  chromic  oxide,  7  to  10  ferric  oxide,  21*84  water,  with 
small  quantities  of  lime,  magnesia,  and  manganous  oxide. 

Colly  rite,  from  Weissenfels,  containing,  according  to  Kersten,  23*3  per  cent, 
silica,  42*8  alumina^  and  34*7  water,  is  also  represented  most  nearly  by  the  formula 
AlK)«.SiO«.6aq. 

«.  8Al'0".9SiO*. — Staurolite,  from  Polewskoi,  in  the  Ural,  contains,  according  to 
Jacobson,  38*33—38*68  per  cent  SiO«,  46*97—47-43  A1«0",  14-60— 15*06  Fe«0»,  and 

2*44 — ^2*47  magnesia,  agreeing  nearly  with  the  formula  ij^tQ*!  -^S^^**  (Compare 
p.  266.)  ^ 

•  Magnesia.  f  Quarts  and  Gypsum. 
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Colljrite,  ooernnng  in  alnm-slAto^  contains,  according  to  Anthon  (Ben.  Jahreeb. 
2!90\  24*2  per  cent.  SiO',  34*5  AlK)*,  and  41*3  water,  agreeing  approximately  with 
tke  fonnnla  8AlH>*.9Si0^54aq. 

C  &Al*0».6SiO«.— Staurolite,  from  Bretagno  (specific  gravity  =-  3*627— 3529), 
ccattains,  aocoiding  to  Jacobeon,  391 9 — 10*35  per  cent.  SiO*,  44*87 — 44*22  A1K>', 
16-09— 15*77  Fc*0*,  0*17— 01 0  Mn*0\  and,  in  one  specimen,  032  magnesia,  which 

maj  he  represented  by  the  fdrmnla— f  p  ,V<,  >  .6SiO*. 

n.  SAW.SSiO*. — ^Thifl,  with  raiions  quantities  of  water,  represents  approximately 
the  composition  of  porcelain  clay,  fiom  Gutenberg,  near  Halle  (Bley,  J.  pr.  Chem. 
T.  313),  and  of  pholerite  (i.  496),  near  Fins,  Dept.  de  TAllier  (Gnillemin,  Ann. 
xi.  489X  and  from  Naxos  (Smith,  ibid.  [4],  xviii.  299). 

Cfaf /Hm  Arfotarv.  Bfay.  n»UHU.  QnillmliK    Snitb. 

3Si(fi    .    .    180    40*91  89*63  3SiO<    .  .  180  S)*30  41-65  44*41 

lAPQS .    .    S06    46-8S  45t)0  SAIK)*  .  .  906  4498  48*35  41-20 

3H>0    .    .      64    l!rv7  1000  4H>0    .  .  78  1V79  1500  13*14 

CaCO^ 0-Oy  C>0.    .  .  .    .  .    .  .    .  1-21 

JJrCO* >M  9Al<0>JSi02.4aq.  458  100-00      100-00       wW 

Md'CP 0'19 


SAPO'.XSiO'Jaq.      440  100*00       98*20 

Plinthite,  from  the  comity  of  Antrim,  in  Ireland,  contains,  according  to  Tho  m- 
son  {OtUlinef,  i.  323),  30*88  per  cent  silica,  20*76  alumina,  26*16  feme  oxide,  26 
Hme^  and  19*96  water,  and  may  be  represented  by  the  formula  2(Al'0';Fe''0'). 
SaO«.6aq. 

Carpholite,  from  the  Schlackenwald,  in  Bohemia  (i.  806),  has  a  composition 
repmented  by  the  foimnla  2(Al'0*;MnS0';Fe*0*).3Si0<.3aq. 

#.  3AlK)'.5SiO'. — ^Lenzinite,  from  La  Vilate,  in  France  (iii.  571),  and  that  from 
KoU,in  theEifel,  containing,  according  to  John,  37*5  per  cent,  silica,  37*5  alamina,  and 
25-0  water,  are  approximately  represented  by  the  formula  3Al'0'.5SiOMlaq.;  the  same 
name  is^  howerer,  applied  to  a  day  containing  a  much  larger  proportion  of  silica. 

I.  AI^.2SiO*. — ^This,  with  2  at.  water,  represents  the  composition  of  nearly  all 
Tarieties  of  k  aoli  n,-or  porcelain  -  clay.  The  numerous  analyses  of  this  substance 
TieM  on  the  arerage  about  47  per  cent,  silica,  40  alumina,  and  13  water,  the  formula 
Al*0'.2SiO*.2aq.  requiring  47'05  silica,  39*21  alumina^  and  13*74  water.  The  following 
are  examples : — 

a.  Aue  near  Sdmeeberg  (Forchhammer,  Fogg.  Ann.  xxxv.  331). — b.  Korl  near 
Halle  (Forchhammer). — c.  Altenbeig  in  the  Erzgebiige :  a  pseudomorph  after  pro- 
sopite  (Scheer  er,  Pogg-  Ann.  ci.  361).—^.  St.  Yrienx  near  Limoges  (Forchhammer). 
— €,  St.  Yrieux:  produced  by  weathering  of  beryl  (Bam our,  Bull,  geolog.  [2]  vii. 
224).-^.  Comwall  (Brown,  J.  w.  Chem.  xliv.  232). — ^.  Bio  Janeiro  (Kussin, 
Ramm.  IGneralch.  p.  574).— -A,  t.  China :  h  from  Tonkaog,  t  from  Sykang  (Ebelmen 
and  SalT^tat^  Ann.  Ch.  Fhys.  [8]  xxxi.  257) : 


A     • 

h. 

e. 

tf. 

e. 

/. 

K- 

A. 

/. 

Silica    . 

.    46-53 

46-80 

45-63 

48-68 

45*61 

46*29 

45-37 

50*5 

55*3 

Ahunina       • 

.    89-47 

86*88 

39*89 

86-92 

38-86 

40*09 

34-27 

33*7 

30*8 

Ferric  oxide  • 

3-11 

.     . 

•        ■ 

0*94 

0-30 

1*8 

20 

Lhne    •        • 

0-60 

•         • 

110* 

0*50 

• 

■          • 

Magiwwa 

0-27 

•    •' 

0-52 

•     . 

.     • 

0*8 

0-4 

Potash. 

•        • 

.    • 

•         • 

•     . 

k         • 

1-9 

1*1 

Soda    . 

•         ■ 

.    . 

0*58 

.     • 

.          • 

•           • 

2-7 

Water  . 

.     13*97 

12-44 

13*70 

13-13 

1404 

12-67 

2001 

11*2 

8-2 

Calde  carbonate 

.      0-31      0*65 
100*28  10000 

99*83 

• 

99*9 

09*82 

100*55 

99*85 

99*65 

1000 

Eaoli  n  is  produced  by  the  decomposition  of  orthodase,  K'O.Al*0'.6SiO*,  which  under 
the  influence  of  water  containing  carbonic  acid,  or  sulphuric  acid  resulting  from  the 
oxidstion-pyrites,  loses  its  potash  and  two-thirds  (4  at)  of  its  silica,  and  at  the  same 
time  takes  up  2  at  water.  Some  varieties  of  kaolin  have,  however,  a  different  com- 
position:  thus  that  of  Gutenberg,  as  already  observed,  is  nearly  2Al*0'.3SiO*.8aq., 
and  that  of  Paseau — ^which,  acoordins  to  Fuchs,  is  produced  by  Uie  decomposition  of 
poRskin-spar — isi,  according  to  Forchhammer,  4Al*0*.9SiOM2aq.  [For  analyses  of 
fire- clay 8^  see  ii.  653.] 

Li  tho  marge  (i.  780)  is  a  name  applied  to  a  number  of  aluminous  silicates,  most 
of  vhieh  have  nearly  the  composition  of  porcelain-clay. 

•  GUidnii. 
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Analyses:  a,  Rochlitz,  in  Saxony:  compact  (Klaproth).* — h,  Badiberg,  c 
I^andfihut^  in  Silesia  (Ze liner). — c.  Clansthal :  white,  phosphoreflcent ;  specific  gifc^il^ 
■»  1'59  (Dnmenil). — d.  Bumpelsberg,  near  Anerbacn :  from  topaz  rock ;  crTstaUixus 
under  the  microscope:  specific  graTity  «  2*6  (Clark). — e,  ScUackenwald,  Bohemia  : 
radiate ;  glows  brightly  before  the  blowpipe ;  not  decomposible  by  hydrodiloric  mead 
(Bam  m  els  berg).—/  TWtftto,  from  the  Tweed  (1)  Thomson;  (2)  RichazdBon : — 

a.  k  c  A  %,  Ji  l^ 

(IV  (SV 

SiHca     .    .    .    4535       49-2       43  00  47-3S  47*26  48-46  44 M  49-80 

Alumina    .    .    8680       86*1       40'85  40-88  89*08 {  m.mu^  40*40  40*10 

Ferric  oxide.      8-76         0-6         0-48            .    .  .    .J  »»*«^  ^94 

Lime 0*47            ,.j^f  1*20  0-7*  0^ 

Ma«neflU **^t  O-SS  0-87t  '0*80  0-» 

Water  .    .    .     1400       14-0        IfrftO  1886  18-M  13-49  18  60  1481 

9S-50        99*9       99-70         101-86        100*78  100*00  99-45     100-84 

The  following  yarieties  are  distiDgaished  by  containing  a  considerable  amoimt  of 
potash : — h.  Green  lithomarge,  from  St.  Zoree  in  the  Harz :  specific  grayity  «  S-OStt 
(Bammelsbe r g). — i.  Lithomarge  from  Scnlackenwald  (Kr i e g)  :— 

SiO«.      APO».    Fe'OS.    CaO.     MgO.    K«0.    Na«0.    H«0. 
K  49*75    29-88    6*61     0*43     1*47     6*36      .  .      5*48     s     99*97 
f.    62-40    31-94     1-28      .  .      1*44    6-41     1-78     600     »     9915 

Fermginons  lithomarge  from  Flanitz,  near  Zwickan  in  Saxonyj  contains,  aoovrding^ 
to  Schnler,  41*66  per  cent,  silica,  22*86  alumina,  12-98  ferric  oxide,  1*68  manganic 
oxide,  304  lime,  2*66  magnesia,  0*93  potash,  and  14*20  water,  which  maybe  represented 
by  the  formula  (A1*0» ;  FeW)  2SiO«. 

Ha  Hoy  site  (iii.  7)  has  sometimes  the  composition  of  kaolin  or  lithomarge;  some 
yarieties,  howeyer,  contain  a  larger  quantity  of  water,  agreeing  with  the  fonniila 
Al'0*.2SiO*4aq.  The  latter  formula  also  represents  nearly  the  composition  of  soma 
kinds  of  bole  (i.  618). 

K.  4Al*0*.9SiO*. — This  formula,  with  12  at  water,  represents  porcelain-clay  from 
Passau,  containing,  according  to  Forchhammer,  46*14  per  cent,  silica,  35*00  almnina, 
2*70  ferric  oxide  and  lime,  and  18*50  water.  The  same  formula,  with  18  at.  water, 
and  the  alumina  partly  replaced  by  ferric  oxide,  giyes  the  composition  of  most  yarieties 
of  bole. 

A.  Al'O'.SSiO'. — ^This  formula,  with  8  at.  water,  represents  rasoumoffskin,  an 
argillaceous  mineral  from  Kosemutz  in  Silesia  (p.  78) ;  also  pyrophyllite  (iy.  769), 
if  the  small  quantity  of  protoxides  be  left  out  of  consideration. 

M.  2AlH)'.9SiO*. — Cim elite  (i.  964)  is  represented  by  this  formula,  ^nerally  with 
6  at.,  but  occasionally  with  4  at.  water.  A  n  a  u  x  i  t e  (i.  288),  from  Bilin  in  Bohemia — 
containing,  according  to  Plattner,  65  per  cent,  silica,  a  large  quantity  of  alumina,  11*5 
per  cent,  water,  with  small  quantities  of  magnesia — ^is  probably  a  yariety  of  cimolite. 

y.  AFO'.4SiO^ — a,  Montmorillonite  (iii.  104),  from  Montmorillon,  Dept.  Hiante- 
Vienne ;  h.  the  same,  from  Strumbuly  in  Transylyania ;  e,  H  alloy  si  te,  from  Confblett, 
Dept.  Charente  ;(2LLenzinite,  from  St  Seyio,  Bept  Landes ;  and  €.  B  ol  e^fimn  "M^iVImj. 
Dept  Doxdogne,  are  approximately  Al*0'.4SiO*  +   2  and  8  at.  water;  $ut  it  is  yety 
probable  that  some  of  them  contain  free  silica: — 

8tO>.     At^QS.    FeS03.    CaO.    MffO.  MnO.  KH),Ka<0.  H<0. 

0*27  .    .  1-60  25*67  «  98*84  Saly^tat. 

0*28  .    .  1*27  26*00  -  99-84  Damoor. 

4-28  .    .  1-34  17-68  -.  100       Hengenam 

2*1  .    .  .    .  28*0  «  99*7    Berthiar. 

....  .    .  260  1-  98*0  „ 

.    .  4*40  .    .  24-06  -  98*78  y.  Haner. 

The  last  giyes  off  14*08  per  cent  water  at  100<>.  (Bammdsber^s  Mmeralchemis, 
p.  1014.) 

{.  Al*0'.6SiO'? — Malthacite,  from  Steindurfel  in  the  Oberlausits — containing, 
according  to  Meissner  (J.  pr.  Ghem.  x.  610),  60*2  per  cent  silica,  10*7  alumina,  3*1 
ferric  oxide,  0*2  lime,  and  36*8  water — may  be  approximately  represented  as  AlH^.OSiO*. 
16aq.,  but  is  probably  a  mixture. 

o.  Jluminic SUicaies ofindetfrminaU composition. — D ys^ntribite,  from Lawrenoe 
County,  New  York  (ii.  368);  Nacrite,  frt>m  Brunswick,  in  the  State  of  Maine,  and 
Taleite,  from  Wi<^«w  in  Ireland  (iy.  1);  Neurolite,  from  Stamsteadin  Lower 
Canada  (iy.  32);  Portite  from  the  gabbro  of  Tuscany  (iy.  690);  Bhodalite,  from 
Ireland,  containing,  according  to  Bicluirdson,  56  9  per  cent,  silica,  11*4  ferric  oxide,  8*8 

«  For  referencei,  lee  Bamrnrtsberg**  Mineralchfmfe,  p.  S76.  f  Soda. 


a.  49*40 

19*70 

0*80 

1-60 

b,  50*04 

20*16 

0*68 

1*46 

c.  62*40 

21-80 

■    • 

2*50 

d,  49-6 

18-0 

•     • 

2*1 

e.  50-0 

220 

a          • 

•     . 

/.  50  56 

19*15 

•          • 

0-63 
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alomiiut,  1*1  lime,  0*6  magnesia,  and22-0  water;  Samoite,  from  the  lava  of  Upolu  (t. 
187);  Scaibroite,  from  Scarborough  (v.  204);  Smectite,  from  Gillj  in  Styna, 
rf»nt4iiining,  aocoiding  to  Jordan  (Pogg.  Ann.  Ixxyii.  591),  51*21  per  cent,  silica, 
11^25  alumina,  2*07  ferric  oxide,  1*89  magnesia,  2*13  lime,  ana  2789  water; 
Sm elite,  ftom  Telkeb&nya  in  Hongary,  containing,  according  to  Oswald  (J.  pr. 
Chem.  xxzT.  39),  60  per  cent,  silica,  32  alumina,  2  ferric  oxide,  2*1  soda,  and  13 
-vater;  and  an  earthy  mineral  from  Cond6,  near  Houdui,  Dept.  Seine  et  Oise,  con- 
taining, according  to  Salyetat  (Ann.  Ch.  Fhys.  [3]  xxxi.  102),  44*6  per  cent  silica, 
32'5  ^nmina,  1*2  ferric  oxide,  1*02  lime,  0*3  magnesia,  0*4  potash  and  soda,  and  21*7 
wMer, 

The  following  are  unctuous  days  included  under  the  general  denomination  of 
mountain-soaps: — a.  From  Plombitees  (Berthier,  Ann.  lilin.  [3],  xi.  479). — 5. 
Thoringen  (Bucholz,  Oehlens  N.  J.  iil  697). — c.  Arnstadt,  in  Thuringia  fFicmus, 
Sdiw.  J.  xxvi.  279)l — d,  Wilhehnshohe  near  Oassel  (Bechmann,  Leonh.  Jabrb.  1881, 
p.1-25):— 

Humlc  Fosgfl 
F>0».     SiOS.     APOa.  F^(P.  Mii>03.  CaO.    MgO.       IPO.     Carbon,  acid,    retlo. 

a.  .     .  46*8  23*4 21  26*6 «     98^9 

«L  .     .  44*0  26*6       8*0     .     .       0*6  .    .  20*6 -     99*6 

€.  .     .  23*3  161  10*8       8*1       11  3*1  430 -  100* 

d.  0*55  46*44  17'40     6*22    0*09    0*86  1*26  12*69  6*96    6*46     0*66  -     99*47 


There  are  but  few  ferric  silicates  of  definite  composition. 
D eg er oi t e,  fiom  Finland  (ii.  309),  consists  mainly  of  Fe*0*.SiO'.3aq. — ^Anthosi- 
derite,  from  IGnas  Geraes,  Braril  (i.  309),  is  2Fe*0*.9SiO'.2aq.— Ohloropal  (i. 
921)  is  a  mixture  of  FeK)'.3SiO'.8aq.  with  opal.—Pinguite  (iv.  660)  has  nearly  the 
OMnpoationFe''0.3SiO*.4(FeK)'.2SiO*>30aq.— Nontronite  (iii  134),  unghwarite 
(f.  r.\  and  a  ferraginous  bole  from  Halsbrucke,  near  Freiberg,  are  feme  or  ferroso- 
ferrie  silicates  to  which  no  definite  formula  can  be  assigned.  The  last  contains, 
acoofrdingto  Kersten,  46*40  per  cent,  silica,  3*01  alumina,  23*60  ferric  oxide,  and  24*60 
water. 

WMmagmalc  Sllioatea.  The  black  silicious  ores  of  manganese,  which  giye  off 
chlorine  when  treated  with  hydrochloric  add,  appear  to  have  been  formed  by  the 
oxidation  of  manganous  silicates  (rhodonite,  cummingtonite,  bustamite),  and  are  often 
mixed  with  the  latter,  so  that  their  composition  is  Tery  yariable. 

Analyses: — a,  6,  c.  Three  varieties  of  a  black  silicious  manganese,  £rom  Sweden  : 
spedfie  gravity  a  2*74 — 2*98. — d.  An  accompanying  black  substance :  specific  gravity 
a  3-207  (Bahr,  J.  pr.  Chem.  liii.  308):— 

SiO*.  MnSO>.         FtKfi,       A1>0*.       CaO.  IfgO.  IPO. 

a.    36*20        47*91  0*70        1*11         0*60        4*43        9*43  •-   100*38 

6.  36*11  42-00  11*31  0*90  0*70  0*67  9*43  «  101*02 
c  34*72  42*64  10*46  109  0*66  0*36  9*76  =  99*67 
d.    23*69        66*21  9*14        0*61         0*60        0*39        9*60  »   10004 

e.  Stratopeite,  a  black  amorphous  mineral,  of  specific  gravity  2*64,  from  the 
Eqslwg  mine,  near  Philipstad  in  Sweden,  containing,  accordinp^  to  Igelstrom  (J. 
pr.  Chem.  Uv.  192,  290),  36*43  per  cent,  silica,  32*41  manganic  oxide,  10'27  ferrie 
oiide,  8*04  magnesia,  and  13*76  water,  is  a  deoomposition-product  of  similar  cha- 
racter. 

/.  A  black  silicious  manganese  from  Klapperud,  in  Dalame,  Sweden,  in  which 
ElspiotlL  found  25  per  cent,  silica,  65*8  manganous  oxide,  and  13*0  loss  by  ignition, 
was  probably  a  hydrtited  mixture  of  manganbus  silicate,  manganous  carbonate,  and 
manganie  oxide  or  peroxide;  the  deficiency  in  the  analysis  (6  2  per  cent.)  was  probably 
cnrbouie  anhydride.  

fff  kf  f.  Harceline  or  Heterochine,from  St.  Marcel  in  Piedmont:  a  by  Berse- 
]iii8(AfhandLi«FiB.  iv.  382);  h  byEwreinoff  (P0gg.4nD-3^*2O4);  tbyDamour 
(J.  pr.  Chem.  zxviiL  284). — k.  Dense,  hard,  silicious  manganese  from  Tinzen  in  the 
GriflOfis  (Berthjer,  Ann.  Ch.  Phys.  [2J  li.  79). — I.  The  same  by  Schweizer  (J.  pr. 
Chem.  xxiii.  278): — 

8IO".  Mn»0».  F«^0»,  Al*OS.  CaO.         MgO.         K«0.        IPO. 

g.    1517  *     75*80  414  2*80  .     .                        .     .  -     97*91 

h.    10-16  86-87  3-28  .     .  0*61          .     .         0*44         .     .   -  100*36 

I.    10*24  76*32  •  11*49  .    .  11 4         0*26          .    .          ,     .   «     99-46 

*.    15*3  80*9  1*0  to          -     ^8*2 

/.    15*60  77*34  8*70  .    .  1*70         .    .         .     .        1*76  -  100 

g,  k,  and  /  are,  approximately,  2MnH)'.dSiO*,  but  they  may  also  be  mixtures ;  h 
and  it  are  still  less  d^nite. 
A  brown  sinter  from  the  mine-waters  of  Himmelfahrt,  near  Freiberg,  was  found  by 

s  2 


1^1 

«    5 


I 


;^P<bi    [fa  tfa     (n 


ii 


?ll-ll 

III 

lis  1 1 
a**  *§, 

^m 

hki 

262  SILICATES. 

Kersten  to  contain  18*98  per  cent,  silica,  25*01  manganic  oxide,  22*90  ferric  ou43«^ 
and  33*00  water,  which  may  be  represented  by  the  formula  (MnH)*;Fe*0').3%0MS«iQ- 
Carpholite  (p.  257)  iB  a  manganic  silicate  containing  alumina  and  ferric  oxide. 

Silicates  containing  Monatcmic,  Diatomic,  and  TriatonUc  Metals :  Double  SSieatsM^ 

These  compounds  being  specially  described,  and  their  analyses  given  in  separaafte 
articles,  it  will  be  sufficient  to  give  in  this  place  a  tabular  yiew  of  the  composition,  o^ 
those  whose  formuhe  may  be  considered  as  definitely  established.  In  the  preceding 
tables  (pp.  260,  261),  to  avoid  the  continual  repetition  of  atomicity>marks,a  monalomie 
metal  is  denoted  by  H,  a  diatomic  metal  by  M,  and  a  triatomic  metal  by  B. 

Compounds  or  Mixtures  of  SUieates  wth  other  Salts, 

1.  yn^Aluminates. — It  has  already  been  mentioned  (p.  253),  that  certain Tarietifls 
of  augite  and  hornblende  may  be  regarded  as  mixtures  of  silicates  and  aluminates  of 
magnesia,  &c.  A  similar  composition  is  also  assigned  to  the  following  minecals,  tlie 
alumina  being  more  or  less  replaced  by  ferric  oxide: 

Clintonite,  (23f0.3SiO«)  .  2{3MO  .  2A1«0»). 
XanthophyUite,  (M0.3SiO>)  •  3(3M0.2A1'0*)  .  3aq. 

^Sfsitei  (2i50.3SiO«)  .  4(M0.A1«0»)  .  2aq. 

The  minerals  of  the  chlorite  group  may  be  represented  either  as  double  silicatea 
of  magnesia  (ferrous  oxide)  and  alumina,  or  as  compounds  of  silicates  and  aluminatee  : 
thus — 

Chlorite,  6MO.Al«0».3SiO«.4aq.      -  2(3MO.SiO«)  .  (Al«0«.SiO«)  .  4aq. 

-  (4M0.3SiO«)  .  (2M0.A1*0«)  .  4aq. 

EipidoUte,  4MO.AlH)».2SiO«.3aq.  -  (4MO.SiO«)  .  (Al*0».SiO*)  .  8aq. 

«  4(:5K).SiO«) .  (3M0.A1H)*)  .  8aq. 

2.  With  Borates. — ^The  native  calcic  borosilicates  have  already  been  mentioned, 
viz.: — 

Datholite,  CaB*01CaSiO*.aq. 
Botryolite,  CaBK)^CaSiO*.2aq. 

Tourmalines  are  double  silicates,  containing  both  proto-  and  aesquiozides,  most  of 
which  may  be  included  in  the  general  formula, 

2(M»;»)O.SiO* .  n(B;B)«0«.SiO« 

the  boron  being  supposed  to  replace  a  portion  of  the  triatomic  metal  B. 
Axinite  is  a  borosilicate  containing 

3[2CaO.SiO«]  .  2[(B;B)«0^3SiO^. 

8.  With  (7a>6ona^««.*-Gancrinite  consists  of  (GaO.CO*).8[Na*O.Al*0'^iO*], 
or  CaCO«.  8(Na*SiO».Al«iO»). 

4.  With  Chlorides. — Sodalite  consists  of  a  sodio-aluminic  silicate  combined  with 
chloride  of  sodium,  and  maybe  represented  by  the  formula  NaCLfi(Na^Si0*jU^i'O"), 
Porcelain-spar  contains,  according  to  Schafhautl,  a  small  quantity  of  potassie 
chloride. 

5.  With  Fluorides. — ^Lepidolite  consists  of  6  or  12  at.  of  a  silicate  of  alumimmn 
and  alkali-metals,  including  lithium,  with  1  at.  of  a  fluoride ;  or  the  fluorine  may  be 
regarded  as  replacing  a  portion  of  the  oxygen  in  the  siHca.  (For  the  formula,  sea 
iii.  1011).  A  similar  replacement  of  oxygen  by  fluorine  takes  place  to  a  small  extant 
in  many  other  silicates. 

0.  yfiih  Sulphates. — rThis.  division  includes  hauyne,  nosean,  ittnerita,  and 
ultramarin e.    The  composition  of  the  first  three  is  as  follows : — 

Haiiyne,  (WM)^*  +  «[(M«,-M)SiO».Al«SiO»]. 
Nosean,    NaCl  +   3(Na«SiO».Al«SiO») 

+   10[Na«SO«.3(Na«SiO*JU«SiO»]. 
Ittnerite,  NaCl  +   3[Na«SiO».Al«SiO«).6aq. 

+  8[(Ca;Na«)SO«.3[(Ca;Na»)SiO«.Al«SiO*].6aq. 

Noeean  is  a  compound  of  1  at.  sodalite  and  10  at.  of  a  soda-haiiyne ;  ittnerite  of  1  at 
hydrated  sodalite  and  3  at  of  a  hydrated  haiiyne.  Lapis-lazuli,  or  ultramarine^  is  a 
mixture  of  variable  composition. 

7.  With  Titanates. — The  following  minerals  of  this  dass  are  known:— 

Titanite,  Ca*|^Q*    -    Ca"SiO».Ca''TiO». 

Yttrotitanite,  M=«B*0'M6M(Si;Ti)»0»;  [M«Ca,Y;B-Al,Fe]. 
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Sdiorlamite,  flCa'Jl^^    +  Fe«j|^l^ 

Tflchewkinite,  Fe-(Si;Tiy'0» .  3(Ca;La;Di;C8)''.(Si;Tiy'0». 
Encdadite,  6(Mg;Fe;Ca)»(Si;Ti)0<  .  Al*(Si;Ti)»0".6aq. 

Mosandrite  is  a  hydrated  silieotitanate,  containing  cerium,  lanthanum,  didy- 

iuD,  iron,  calcium,  magnesiam,  potassiom,  and  sodium ;  but  its  exact  composition  has 

t  been  detennined. 

&  With  Tufiffstates. — Thfire  are  no  native  minerals  consisting  of  silicates  and 
-tvmgstates;  but  Marignae  has  lately  obtained  a  series  of  such  compounds  artlficiaUy. 
(See  TxntQatATss.) 

9.  With  Zireonates, — ^Eudialyte,  from  Greenland,  consists  of  (Na*;Ca'';Fe'^ 
(Si;2jry*0* ;  Norwegian  eudialyte  contains  the  same  elements,  but  in  somewhat  different 
proportions. 

Catapleiite,  from  the  syenite  of  Lamo,  near  BreTig  in  Norway,  consists  of 
(Na«;C^'';Fe''XSi«';Zr»')H>».2aq.  or  (Na«;Ca;Fe'')(Si;Zr)»'0«.3(8i;Zr)«'0«.2aq. 

Oeretedi  te  is  a  hydrated  silico-zirconio-titanate  of  calciimi,  magnesium,  and  iron, 
the  formula  of  which  has  not  been  exactly  determined. 

10.  With  Zireonates  and  Niobates. — Wohlerite,  from  the  Langesund^ord, 
near  Breyig  in  Norway,  probably  consists  of  (Ca'';Na*X3i^i'-^V*0'.  In  the  same 
neighbourhood  is  found  a  red-brown  mineral  of  similar  character,  but  containing  no 
xiiconium,  probably  formed  by  alteration  of  the  wohlerite. 

■X&XGZC  XTS3BM.  (Ebelmen,  Ann.  Ch.  Phys.  [3]  xvi.  144.— Friedel  and 
Crafts,  Ann.  Ch.  Phys.  [4 J  ix.  6.) — Silicates  of  alcohol-radicles  produced  by  the 
action  of  alcohols  on  silicic  chloride. 

AmylslUelo  StlMn.  Tetramylic  Silicate,  (C*H"VSiO«  »  2(OH")K).SiO*. 
— Prepared  like  the  corresponding  ethyl-compound,  the  product,  which  passes  oyer 
between  320^  and  340^,  being  collected  apart  and  rectifiea.  It  is  a  colourless  limpid 
liquid,  having  a  &int  odour,  somewhat  like  that  of  amylic  alcohoL  Specific  grarity 
»  0*868  at  20^^.  Boiling-point  between  322^^  and  325^.  Vapour-density :  obs.  » 
lo^ ;  ealc  at  13*03.  It  bums  with  a  long  white  flame,  depositing  impalpable  silica. 
It  dissolves  freely  in  ethylic  alcohol,  ethylic  ether,  and  amylic  alcohol,  is  insoluble  in 
water,  and  is  decomposed  thereby  much  less  quickly  than  the  ethylic  silicates.  Alcoholic 
ammonia  also  decomposes  it  with  difficulty.    (Ebelmen.) 

BttiTlstlleto  Bttien.  Tetreihylie  Silicate,  (C«H*)*SiO*  -  2(C*H»)«O.SiO«. 
— ^When  a  email  quantity  of  absolute  alcohol  is  poured  upon  silicic  chloride,  a  brisk 
action  takes  place,  accompanied  by  copous  evolution  of  hydrochloric  acid,  and  a  con- 
sideiable  depression  of  temperature ;  and  on  distilling  the  resulting  transparent  and 
eolourless  liquid,  more  hydrochloric  acid  is  evolved,  then  towards  90°  a  strongly  acid 
product,  after  which  the  temperature  quickly  rises  to  160^,  at  which  point  tetrethylic 
silicate  passes  over,  and  must  be  collected  in  a  separate  receiver. 

Tetrethylic  silicate  is  a  colourless  liquid,  having  a  rather  pleasant  ethereal 
odour,  and  a  strong  peppery  taste.  Specific  gravity  »  0*933  at  20°  (Ebelmen); 
0*9676  (Friedel  and  Grafts).  It  boils  without  alteration  between  165°  and  166°. 
Vapour-density:  obs.  »  7 '32;  calc.  *»  7*207.  It  is  combustible  and  bums  with  a 
daaling  flame,  difiusing  a  white  smoke,  consisting  of  silica  in  a  state  of  extremely 
minute  division.  It  is  iuRoluble  in  water,  which  however  decomposes  it  gradually, 
with  separation  of  gelatinous  silica.  Ammonia  and  the  fixed  alkaUs  dissolve  and 
decompose  it  with  facility.    (Ebelmen.) 

Aooordingto  Knop  and  Wolf  (Jahresb.  1861,  p.  207),  the  liquid  obtained  by  satu- 
rating absolute  alcohol  (kept  cool)  with  fluoride  of  silicon,  is  a  mixture  of  tetrethylic 
silicate  and  silicofluoric  acid  (p.  270). 

puthylie  Silicate,  (C*H*)«SiO«  «  (C»H»)«O.SiO*,  is  produced  by  the  action  of 
silicic  chloride  on  aqueous  alcohol : 

SiCl*  +  2C'H«0  +  H«0     «     (C«H»)«SiO»  +  4HC1. 

It  is  a  colourless  liquid,  having  a  faint  odour,  specific  gravity  •«  1  *079,  and  boiling 
at  350^.  Water  decomposes  it  with  separation  of  silica.  When  it  is  left  in  contact 
with  moist  air,  the  silica  solidifies  to  a  transparent  mass,  which  contracts  more  and 
more,  and  acquires  in  two  or  three  months  the  lustre  and  ritreous  fracture  of  hyaline 
qaartx,  and  becomes  hard  enough  to  scratch  glass.    (Ebelmen.) 

Biethylic  Dieilieate,  (C»H*)^Si«0»  -  (C«H»)K).2SiO«, is  formed  by  distilling  the 
preceding  compound  with  a  small  quantity  of  aqueous  alcohol.  Diethylic  silicate  then 
passes  over  first,  and  diethylic  disilicate  remains  in  the  retort.  If,  however,  too 
much  heat  is  applied,  more  diethylic  silicate  is  given  off,  and  free  silica  remains 
(Ebelmen.) 
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Diethylic  disilicate  disBolves  in  ether,  alcohol,  and  the  other  silicie  ethen. 

Hexethylic  J)isilicaee,(C*K*ySW^  «  3(C«fl»)K).2SiO».— Fried  el  andCraft« 
were  not  able  to  obtain  the  two  ethylic  silicates  last  mentioned;  but  haring  prepared  aa 
considerable  quantity  of  ethylic  silicate  vith  alcohol  that  was  not  qnite  anhydrous, 
they  found  that  the  greater  part  of  the  product  distilled  oyer  towards  240°,  but  that  i& 
was  not  possible,  by  distillation  under  the  ordinaiy  atmospheric  pressure,  to  obtain  a 
product  of  definite  boiling-point.  By  distillation  in  wumo,  howerer  (under  apressuvB 
of  3  to  5  mm.)  they  obtained,  after  eight  fractionations,  a  product  boiling  between 
125^  and  130°,  and  having  the  composition  of  heze  thy  lie  disilicate. 

This  ether  is  a  slightly  ouy  liquid,  having  a  rather  fragrant  odour  )ikB  that  of  normal 
silicic  ether.  Speaflc  gravity  of  1*0196  at  0°,  and  1*0119  at  19^.  YapoazHleiiBitT: 
obs.  a   12025;  calc.  «  11'86. 

Ethylsilicic  Chlorhydrin9. — ^By  heating  chloride  of  silicon  with  tetrethyfie 
silicate  in  various  proportions,  Friedel  and  Grafts  have  obtained  compounda  derired 
from  the  latter  by  substitution  of  1, 2,  and  3  at.  chlorine  for  an  equivalent  qnantitr 
of  hydroxy!  (HO). 

EthyUuicio  monochlorhydrin,  (C*ii*)"ClSiO',  is  produced:  1.  By  heating  1  at^ 
silicic  chloride  with  3  at.  tetrethyhc  silicate  to  150^  for  an  hour  in  a  doaed  Teasel : 

SiCl*  +   8(C*H»)*SiO*  -  4(C«H»)»(31SiO». 

2.  Together  with  ethyUc  acetate,  by  heating  1  at  tetrethylic  silicate  with  1  at.  chlorido 
of  acetyl  to  170°— 180<»: 

(C«H»)*SiO*  +  C«H»0C1  -  (0«H»)«ClSiO»  +  (C»H«OXC«H»)0«. 

8.  By  distilling  tetrethylic  silicate  with  pentachloride  of  phosphorus.  It  is  a 
limpid  liquid,  of  specific  gravity  1*0483  at  0^.  Boils  at  157^.  Vapour-density :  oba.  ■■ 
7*05;  calc.  «  6*81.  It  does  not  fume  in  the  air,  but  is  quickly  decomposed  by  the 
action  of  moist  air  and  of  water,  yielding  hydrochloric  acid  and  silica.  It  bums  with 
a  green-edged  flame,  diffusing  white  fumes  of  silica. 

EthyUUicic  Dichlorhydrin,  (C*H*)*Cl*SiO^— Produced  by  heating  1  at  tetiethylio 
silicate  with  1  at  silicic  chloride : 

SiCl«  +  (C«H*)*SiO«  -  2(0«H»)KJPSiO*  ; 

or  1  at.  silicic  chloride  with  2  at.  of  the  monochlorhydrin : 

Sia*  +   2(C«H*)»ClSiO«  -  3(C«H»)«Cl«SiO« 

In  either  case  the  materials  must  be  heated  together  for  some  time,  and  the  product 
purified  by  repeated  fractional  distillation,  great  care  being  taken  to  prevent  access  of 
moisture.  It  is  a  liquid  resembling  the  preceding,  and  having  a  specific  gravity  of  1*44 
at0°.     Boiling-point  137°.    Vapour-density :  obs.   =  6*76;  calc  —  6*646. 

EthylsUicio  TrichlorhydHn,  (C'H»)Cl»SiO.— Prepared  hj  heating  the  dichlorhydrin, 
monochlorhydrin,  or  tetrethylic  silicate,  for  a  long  time  with  excess  of  silicic  chloride, 
and  fractionating  the  product  a  great  number  of  times  with  the  precautions  above 
indicated.  It  is  a  liquid  of  specific  gravity  1*291  at  0°,  boiling  at  104°.  Vapour- 
density:  obs.   -   6*378;  calc   -  6*216. 

Ethylamylic  Silicate  a. — ^These  ethers  are  produced  by  distilling  ethylsilide 
mnno-,  di-,  or  tri-chlorhydrin  with  an  equivalent  quantity  of  amylic  alcohol :  e,  ff.~^ 

(C«H»)»CJlSiO»  +  (C»H")HO  =  (C«H*)»(C*H")SiO*  +  HCL 

EthyUilidc  Amylic  AnyUtrletbylic 

monocHlorhydrin.  alcohol.  silicate. 

The  monamylis  comvound^  (CH*)"(C*H")SiO^  is  a  limpid  slightly  oily  liquid, 
having  a  faint  odour,  like  that  of  amyl-compounds  in  general ;  boils  between  216°  and 
225°.--.The  diamylic  compound,  (C«H*)«(C*H")«SiO*,  has  a  specific  gravity  of  0-915  at 
0°,  and  boib}  between  246°  and  260°.— The  triamylic  compound,  (C!«H»)(C^")^iO«. 
has  a  specific  gravity  of  0*913  at  0°  and  boils  between  280°  and  286°.  These  mixed 
ethers,  like  tetramylic  silicate,  are  less  easily  decomposed  by  alcoholic  ammonia  than 
tetrethylic  silicate    (Friedel  and  C  r af  t  s.) 

Triethyl-aeetylsilicie  Ether,  (C*H')>(C*H'0)SIO«.  ElhyUc  amco-aoeHn.-- 
Produced  by  heating  tetrethylic  silicate  with  acetic  anhydride  to  180°  for  fourteen 
hours,  and  separated  by  fractional  distillation.  It  is  a  limpid  slightly  oily  liquid, 
with  a  slightly  acetic  odour,  becoming  stronger  after  exposure  for  some  time  to  a  moist 
atmosphere.    Boils  at  about  190°.    Bums  with  emission  of  white  clouds  of  silica. 

MetlirlslUcio  Bthen.  (Friedel  and  Crafts,  Ann.  Ch.  Phys.  [4]  ix.  32.)— 
Tetramethylic  silicate,  (CH')*SiO^,  is  prepared,  like  the  corresponding  ethyl-compound, 
by  the  action  of  silicic  chloride  on  pcarfectly  pure  and  anhydrous  methylic  alcohol 
(obtained  by  distilling  ordinary  methylic  alcohol,  first  over  sodium,  and  then  over 
phosphoric  anhydride).    It  is  a  colourless  limpid  liquid,  having  a  fragrant  etharesl 
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odour,  and  a  specific  graTitj  of  1-0689  at  O^'.  Boils  at  121®— 122^  Vapour-density: 
oba.  »  6*380 ;  calc.  —  6*264.  It  is  moderately  soluble  in  water,  the  solution  re* 
Boaining  dear,  and  not  depoeitinp^  gelatinous  silica  till  after  the  lapse  of  sereral  weeks. 
It  Vnrns  with  emission  of  white  fumes.  It  is  rapidly  decomposed  b^  exposure  to 
moist  air.    Aqueous  alcohol  oonyerts  it  into  a  mixture  of  methylic  polysUicates. 

Sexmetiylic  DisilicaU,  (CH')^i*0'  «  3(GH*)<0.2SiO',  is  obtained  in  the  prepara- 
tion of  tetramethylic  silicate  when  the  methyl-alcohol  used  is  not  quite  anhydrous : 
sIbo  by  beating  the  tetramethylic  ether  with  wood-spirit  containing  the  quantity  of  water 
required  by  theory  for  its  production:  2(CH»VSiO*  +  H*0  -  (CH»)«Si*0'  +  2(CH*)H0. 
It  resembles  the  tetramethylie  ether,  has  a  specific  gravity  of  1*1441  at  0°,  and  boils 
between  201^  and  202*6.    Vapour-density:  obs.  «-  919;  calc  -i  8*93. 

JftHylsilieic  Chlorkydrins. — ^These  compounds  are  precisely  analogous  to 
tlie  ethylsiUcie  ehloifaydrins  already  described,  and  are  obtained  in  like  manner. 
Tfiey  are  limpid  liquids,  having  an  ethereal  odour,  burning  with  a  green-edged  flame, 
and  diffiisin^  white  clouds  of  silica ;  easily  decomposed  by  moisture ;  converted  by 
VDod-epirit  into  tetramethylic  silicate.  Their  densitiea  and  boiling-points  are  exhibited 
IB  the  following  table: — 


IConoehloriiydrin,  (OH*)*GlSiO'       . 
DirhlfMhydnn,  (CH^PSiO"      •    . 
Trirhlofhydrin,  (CH*)Cl»SiO  .    .    . 

BoOlDf-point. 

Specific 
grivit J  mt  0<>. 

Vapoor-doiiltj. 

ofat. 

calc. 

114-60— 1160O 
999   —10d9 
82°   —86^ 

11964 
1-2696 

6*678 

6-66 

6*66 

6*42 
6*67 
6-73 

Metkyl-etkyUilieio  Ether $. — ^These  compounds  are  produced  by  the  action  of 
ethylic  alcohol  on  the  methylsilicic  chlorhydrins. 

Etkyl'trimeth^ie  SOieate,  (GH"WC'H*)SiO«,  is  obtained,  together  with  a  small  quan- 
tity of  the  following  compound,  by  treating  methylsilicic  monochlorhydiin  with 
excess  of  common  alcohoL    It  boils  between  133°  and  136°. 

Lietkgl'dimethyUe  Saicate,  (CH>)S(C*H*)>SiO\  is  obtained  by  the  action  of  ethylio 
alcohol  on  methylsilicic  dichlorhjrdrin,  and  by  that  of  methylio  alcohol  on  tetrethylio 
iriKcate.  It  is  a  liquid  of  speofic  gravity  1-004  at  0^,  and  boiling  between  143^ 
and  146^.    Vapour-density:  obs.  s  6*178;  calc.  «  6233. 

TriUk^'^TMthylio  SUieate,  (CH')(C«H*)*SiO«,  is  obtained  by  the  action  of  ethyl- 
silicic  monochloniydrin  on  methylic  alcohoL  It  has  a  specific  gravity  of  0*981  at  0°, 
mad  boils  between  166^^  and  167°. 

Dimethyl 'diamylio  Silicate,  (CH"WO»H")*8iO«.— PSroduced  by  distilling 
methylfiilicie  monochlorhydrin  with  two-thirds  of  its  weight  of  amylic  alcohoL  Boils 
between  226°  and  235°.  Decomposed  by  alcoholic  potash,  but  not  easily  by  alcoholic 
ammonia. 


'AUUEO.  Silicon  unites  readily  with  aluminium,  iron,  zinc, 
platinum,  and  some  other  metals,  but  not  with  sodium,  and  apparently  not  with  lead 
or  potassium.  Towards  aluminium  and  zinc,  silicon  behaves  m  the  same  manner  as 
carbon  to  cast-iron,  dissolving  in  these  metals  when  melted,  and  separating  in  the 
crystalline  form  on  cooling. 

Bilieide  of  Calcium,  probably  CaSi',  is  prepared  by  intimately  mixing  300  grains 
of  graphitoidal  silicon  with  3,000  grains  of  duonde  of  calcium  in  a  hot  mortar,  briskly 
agitating  the  mixture  in  a  wido-mouthed  bottle  with  360  grains  of  sodium  cut  into 
small  pieces,  and  introducing  the  whole  into  a  red-hot  crucible,  into  which  a  little  fused 
common  salt  has  been  previously  thrown,  and  upon  this  a  mass  of  sodium  weighing 
350  grains.  The  whole  is  then  covered  with  a  layer  of  fused  and  pulverised  chloride  of 
sodium,  the  cover  is  put  on,  and  the  fire  is  gradually  raised  to  a  temperature  sufficient 
to  melt  cast-iron,  at  which  it  must  be  maintained  for  half  an  hour.  On  breaking  the 
crucible  when  cold,  the  silicide  of  calcium  is  found  (if  the  operation  has  been  success- 
fnl)  in  a  well-fused  button,  which  must  be  preserved  in  tightly-closed  vessels. 

Silicide  of  calcium  has  a  lead-grey  colour,  metallic  lustre,  and  scaly  crystalline 
structure  with  an  indistinct  indication  of  hexagonal  plates.  When  en)osed  to  the  air, 
or  thrown  into  water,  it  slowly  crumbles  down  to  a  mass  of  eraphite-uke  plates,  with 
evolution  of  hydrogen.  This  disintegration  is  due  to  the  hydration  and  oxidation  of 
part  of  the  calcium  and  silicon,  the  new  products  remaining  mixed  with  some  unaltered 
silicide.  Fuming  nitric  acid  does  not  attack  silicide  of  calcium.  Hydrochloric,  acetic, 
or  dilute  sulphune  add  converts  it  into  a  compound  of  silicon,  hydrogen,  and  oxygoo» 
called  silicone  or  ehryseone  (p.  276).    (Wohler,  Ann.  Ch.  Fharm.  cxxvii.  257.) 
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Silicide  of  Cerium^  GeSi. — When  a  mixture  of  fluoride  of  potasflium  and  oxide 
of  cerium,  fused  in  a  porcelain  crucible,  is  subjected  to  electrolysis,  silicide  of  cerium  is 
deposited  at  the  negative  pole  together  with  potassium ;  and  on  washing  the  deposit 
with  water  to  remove  the  latter,  the  silicide  of  cerium  remains  as  a  brown  powder, 
which  is  insoluble  in  acids,  and  bums  with  a  reddish  flame,  leaving  a  yellow  powder 
mixed  with  black  particles.    (IT Ilk,  Zeitschr.  f.  Ohem.  [2]  ii.  60.) 

suicides  of  Copper, — ^These  compounds  possess  great  hardness,  and  become 
harder  but  less  malleable  as  the  proportion  of  silicon  increases.  A  white  copper- 
silicide,  very  hard  to  the  flle,  is  formed  in  the  preparation  of  silicon  bypassing  the  va- 
pour of  silicic  chloride  over  sodium  heated  in  copper  trays.  A  copper  silicide  contain- 
ing 12  pts.  silicon  to  88  pts.  copper  is  obtained  by  fusing  3  pts.  of  potassicsilicofluoride, 
1  pt  sodium,  and  1  pt.  copper-turnings,  at  such  a  temperature  that  the  melted  met^l 
is  covered  by  a  veiy  fluid  slag.  The  compound  is  white,  brittle,  and  more  fusible  than 
silver.  By  fusing  this  silicide  with  a  larger  quantity  of  copper,  a  compound  may  be 
obtained  containing  4*8  per  cent,  silicon :  it  has  a  fine  light  bronze  colour,  is  as 
malleable  as  ordinary  bronze,  somewhat  less  hard  than  iron,  and  may  be  wrought  like 
the  latter,  is  very  nudleable,  and  may  be  drawn  out  into  wire  having  at  least  as  much 
tenacity  as  iron  wire.  (Deville  and  Caron,  Ann.  Oh.  Fhann.  civ.  232 ;  Ann.  Oh. 
Phys.  [3]  Ixvii.  466.) 

By  precipitating  cupric  sulphate  with  silicinretted  hydrogen,  a  copper-silidde  is 
obtained,  as  a  dark  copper-coloured  film,  translucent  with  brownish  colour  when  very 
thin.  This  compound  is  easily  oxidisable,  being  quicklv  converted,  by  exposure  to  the 
air  at  ordinary  temperatures,  into  lemon-yellow  cupnc  silicate.  3>Uute  nitric  acid 
decomposes  it  immediately,  separating  metallic  copper ;  hydrochloric  add  dissolves  it, 
with  evolution  of  hydrogen  and  separation  of  silicic  oxide.  With  potash-ley  it  quickly 
gives  off  hydrogen,  and  deposits  copper  firee  ficom  silicon ;  it  slso  gives  off  hydrojgen  in 
contact  with  ammonia. 

Silicide  of  Iron.    See  Iron  (iii.  334). 

Silicide  of  Magnesium. — ^The  mass  obtained  by  fusing  together  chloride  of 
magnesium,  chloride  of  sodium,  silicofluoride  of  sodium,  and  metallic  podium,  for  the 
preparation  of  silicinretted  hydrogen,  contains,  besides  free  silicon,  two  silicides  of 
magnesium,  one  of  which  gives  off  siliciuretted  hydrogen  when  treated  with  aqueous 
sal-ammoniac  or  hydrochloric  acid ;  whereas  the  other,  when  treated  with  hydrochloric 
acid,  yields  free  hydrogen  and  hydrated  oxide  of  silicon.    (Wohler). 

Silicide  of  Manganese.    See  Maxojlhese  (iii.  816). 

Silicide  of  P^a^tn urn.— Platinum  unites  readily  with  silicon,  forming  a  very 
fusible  compound :  hence,  on  fusing  silicon  in  a  platinum  crucible  lined  with  Ume,  cars 
must  be  taken  to  make  the  lining  very  dense,  as,  if  the  silicon  comes  in  contact  with 
the  platinum,  the  crucible  will  be  perforated. 

Silicide  of  Potas8ium{?). — According  to  Berzelius,  silicide  of  potassium  it 
formed  in  the  preparation  of  silicon  by  heating  potassic  silicofluoride  with 
potassium;  but,  according  to  Deville,  the  potassium  is  merely  mixed  with  the  free 
silicon. 

8Z&XCIBBS,  OKOAHTO.  (Friedel  and  Crafts,  Bull.  Soc.  Ghim.  1868,  p. 
468;  1866,  i.  U^.y-SUicon-Hhyl,  etkvlio^  silicide,  or  silicic  ethids,  Si^C«H*)*,  and 
the  corresponding  methyl-compound,  Si(CH')*,  are  prepared  by  heating  silicic  chloride 
with  zinc-ethyl  and  zinc-methyl  respectively  in  sealed  tubes.  Thev  are  limpid  liquids 
lighter  than  water,  and  burning  with  a  bright  flame,  emitting  white  clouds  of  silica. 
They  are  not  attacked  by  potash  or  by  ordinary  nitric  add,  but  are  decomposed,  the 
methyl-compound  with  great  difficulty,  by  heating  with  fuming  nitric  add  in  sealed 
tubes.    Their  boiling-points  and  vapour-densities  are  as  follows : — 

Vapour-deoii^. 
BoiUng-polnti.  Obt.  Calc. 

Si(CH«)*  30«»—  81«  3083  8-048 

Si(C«H»)*  1620— 164<>  613  4-99 

8Z&ZCIUM.    Syn.  with  Silicon. 
SJJSSiSU^SSf"*'}     See  Silicates  (p.  262). 

BZ&ZCOF&VO&ZDBS.    See  SiucoK,  Fluosidx  of  (p.  270). 

BZ&ZCOV,  or  BZ:lzcZVM.  Atomic  weight,  28 ;  Symbol,  Si. — This  element,  though 
very  abundant  in  nature,  is  never  found  in  the  free  state,  but  always  in  combination, 
either  with  oxygen  alone,  as  silica  (p.  240),  or  with  oxygen  and  metals,  forming  silicates. 

Silicon  is  obtained  in  the  free  state  by  the  action  of  reducing  agents  on  the  chloride 
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or  flaoride,  and,  like  boron,  assumes  the  amorphous,  graphitoidal,  or  crystalline  state, 
according  to  the  mode  of  separation  adopted. 

1.  Amorphous  Silicon. — This  is  the  form  in  which  silicon  was  first  isolated  by  Berzelius 
(in  1823).  It  is  obtained  by  heating  dry  potassic  silicoflnoride  in  a  glass  or  iron 
tube,  with  eight  or  nine-tenths  of  its  weight  of  potassium,  or  sodic  silicoflnoride  with 
half  its  weight  of  sodium.  Fluoride  of  potassium  or  sodium  is  then  formed,  and  silicon 

2B:F.SiF*  +  2K«  -  6KF  +  SL 

The  mass  when  cold  is  treated  with  cold  water  as  long  as  the  wash-water  exhibits 
any  alksline  reaction,  then  with  boiling  water  as  long  as  anything  is  dissolved.  Silicon 
may  also  be  prepared  by  passing  the  Tspour  of  nlicic  chloride  oyer  potassium  or 
sodiam  heated  in  procelain  trays  in  a  glass  tube,  which  it  is  best  to  protect  by  lining 
it  with  Uxin  plates  of  mica. — ^Amorphous  silicon  is  likewise  obtained  by  electrolysing 
a  fused  mixtare  of  silicoflnoride  and  fluoride  of  potassium ;  it  may  be  purified  from 
potassium  deposited  at  the  same  time  by  washing  witli  sulphuric  acid.    (IJlik.) 

Silicon  thus  obtained  is  a  dull  brown  powder,  heavier  than  water,  and  insoluble 
therein.  It  is  a  non-conductor  of  electricity ;  soils  the  fingers  when  touched ;  is  not 
acted  upon  by  nitric  or  sulphuric  aeid,  but  dissolves  easily  in  hydrofluoric  acid  and  in 
warm  aqueous  potash.  When  heated  in  a  non-oxidising  atmosphere  to  a  temperature 
between  the  melting-points  of  steel  and  cast-iron,  it  fuses ;  but  when  heated  in  air  or 
oxygen-gas,  it  bums  brilliantly,  and  is  converted  into  silica,  which  melts  from  the 
intense  heat,  and  forms  a  superficial  crust  over  the  unbumt  silicon. 

2.  Graphitoidal  Silicon. — ^When  amorphous  silicon  is  strongly  heated  in  a  platinum 
crucible,  it  shrinks  together,  becomes  much  denser  and  darker  in  colour,  and  much 
less  oxidisable  (Berzelius).  A  similar  modification  of  silicon  was  obtained  by 
Deville  in  preparing  aluminium  by  the  electrolysis  of  sodio-aluminic  chloride  (i.  152). 
The  first  portions  of  aluminium  tiius  obtained  are  contaminated  with  silicon  derived 
from  the  charcoal  electrodes ;  and  when  this  alloy  of  silicon  and  aluminium  is  treated 
with  hydrochloric  acid,  the  silicon  remains  undissolved  in  the  form  of  shining  metallic 
scales  resembling  graphite.  A  more  productive  method  of  obtaining  this  variety  of 
silicon  is  given  by  Wo  hi  er  (Gompt.  rend.  xlii.  48).  It  consists  in  mixing  aluminium 
with  between  20  and  40  times  its  weight  of  silicofiuoride  of  potassium,  and  heating 
the  mixtnre  in  a  Hessian  crucible  to  the  melting-point  of  silver.  A  metallic  button  is 
thus  obtained,  which,  when  treated  successively  with  hydrochloric  and  hydrofluoric 
adds,  yields  graphitoidal  silicon,  partly  in  isolated  hexagonal  tables,  the  edges  of 
which  are  often  curved.  Another  mode  of  preparation  is  to  fuse  1  pt.  of  aluminium 
with  6  pta.  of  glass  firee  from  lead,  and  10  pts.  of  powdered  cryolite,  and  treat  the 
mass  first  with  hydrochloric,  then  with  hydrofluoric  acid.  (Graphitoidal  silicon 
exhibits  all  the  properties  ascribed  by  Berzelius  to  silicon  which  has  been  strongly 
heated.  Its  density  is  2*49,  which  is  less  than  that  of  quartz  (from  2'6  to  2*8).  It 
may  be  heated  to  whiteness  in  oxygen-gas  without  burning  or  undergoing  any  altera^ 
tion  in  weight ;  but  when  heated  to  redness  with  carbonate  of  potassium,  it  decom- 
poses the  cai^nic  add,  with  vivid  emission  of  light  and  formation  of  silica.  With 
nitrate  or  chlorate  of  potassium,  it  may  be  fused  at  a  red  heat  without  alteration,  but 
at  a  white  heat  it  bums  bnlliantly ;  the  oxidation  is  greatly  fadlitated  by  the  addition 
of  a  little  carbonate  of  potassium.  It  is  not  attacked  by  any  add,  excepting  a  mixture 
of  nitric  and  hydrofluoric  acids.  A  strong  solution  of  potash  or  soda  dissolves  it 
slowly,  with  evolution  of  hydrogen.  Heat^  to  commencing  redness  in  dry  chlorine 
gas,  it  bums  completely  and  forms  chloride  of  silicon. 

3.  Crystalline  or  AaaTnantme  Silicon. — o.  When  silicon  is  heated  in  a  platinum 
crudble  lined  with  lime,  to  a  temperature  between  the  melting-points  of  steel  and  cast- 
iron,  it  melts  to  dark  steel-grey  globules,  which  frequently  show  well-marked  signs  of 
crystallisation,  and  sometimes  yield  the  silicon  in  double  six-sided  pyramids.  (Bey ills, 
Ann.  Ch.  Phys.  [3]  xlix.  68.) 

/3.  When  yapour  of  silidc  chloride  is  passed  over  aluminium  kept  in  a  state  of 
fusion  in  an  atmosphere  of  hydrogen,  part  of  the  aluminium  is  conveited  into  chloride, 
which  yolatilises,  and  the  silicon  thereby  separated  dissolves  in  the  remaining  alumi- 
nium, which  thus  becomes  more  and  more*  saturated  with  silicon ;  and  at  length  a 
point  is  obtained  at  which  the  excess  of  silicon  separates  from  the  melted  aluminium 
in  large  beautiful  needles,  having  a  dark  iron-grey  colour,  reddish  by  reflected  light, 
and  exhibiting  iridescence  like  that  of  iron-glance.  These  crystals  appear  to  be 
derived  from  a  rhombic  octahedron,  and  often,  Uke  the  diamond,  exhibit  curved  fiices. 
They  are  yery  hard,  and  capable  of  scxatching  or  cutting  glass  (Devi He).  An  easier 
method  of  obtaining  crystallised  silicon  is  to  introduce  into  a  red-hot  earthen  crudble 
a  mixture  of  3  pts.  potassic  silicoflnoride,  1  pt.  of  sodium  in  small  pieces,  and  4  pts. 
of  granulated  zinc.  The  mixture  must  be  kept  at  a  red  heat,  but  below  the  temperature 
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required  to  Tolatilise  the  zinc,  till  the  slag  is  completely  melted ;  then  left  to  oool 
Blowly.  The  mass  of  zinc  thus  ohtained  contains  long  needles  of  silicon  formed  of 
octahedrons  (?  rhombic)  inserted  one  into  the  other.  Much  of  the  cine  may  be 
extracted  by  partial  fusion  at  a  low  temperature,  and  the  zinc  which  mns  firom  the 
pasty  mass,  m  which  the  silicon  is  retained,  ma^  be  employed  again  in  s  similar 
operation.  The  zinc,  which  still  adheres  to  the  sihoon,  may  be  removed  by  digestion, 
first  in  hydrochloric,  and  afterwards  in  bcnling  nitric  add.  If  a  very  high  temperature 
be  employed  in  the  operation,  the  whole  of  the  zinc  may  be  expelled,  and  the  silicon 
obtained  in  the  fused  sti^te.  Deville  and  Caron  have  in  Uiis  way  fused  seveial 
hundred  grammes  of  silicon  under  a  layer  of  potassic  silioofluoride,  at  a  temperature 
near  the  melting-point  of  cast-iron,  and  hare  cast  it  into  large  Gylindri<»l  ban^ 
without  sensible  loss  by  oxidation.  These  bars  exhibited  a  brilliant  suifiioe,  which 
was  not  altered  by  exposure  to  the  aur  (Ann.  Ch.  Phys.  [3]  IxiiL  26 ;  Ixrii  441) ;  see 
also  Bobbins  (Chenu  News,  t.  102). 

8X&XCOV,  BaOMXBB  OV.  SiBr^ — ^This  compound,  discoTcred  by  Serullas,  is 
produced  by  passing  bromine-yapour  over  an  intimate  mixture  of  silica  and  charcoal, 
heated  to  redness  in  a  porcelain  tube :  it  is  purified  by  agitation  with  mercury,  and 
distillation.  Colourless  liquid,  of  specific  gravity  2'813,  and  having  a  pungent  odour. 
It  solidifies  at  12^  to  15^  to  an  opaque,  white,  slightly  nacreous  mass;  boils  at 
153*4^  (under  a  pressure  of  762  mm.),  fumes  veiy  strongly  in  moist  air,  and  in  contact 
with  water  is  immediately  resolved  into  hydrobromic  acid  and  gelatinous  siUoa. 
Heated  wiUi  potassium,  it  decomposes  with  detonation. 

Bilieohpdric  Bromide,  Si'H^r>«  »  8SiBi«.4HCl,  is  obtained  by  passing 
hydrobromic  acid  gas  over  ignited  crystalline  silicon,  and  passing  the  evolvMl  vapours 
through  a  U-tube,  cooled  with  ice  and  salt.  When  punfied  from  free  bromine  by 
agitation  with  mercury,  it  is  a  colourless  liquid,  of  specific  gravity  about  2*5;  it  fumes 
stronely  in  the  air,  and  is  instantly  decomposed  by  water,  yielding  hydrobromic  add, 
and  the  corresponding  hydrated  oxide,  Si'fi^O^,  wnich  forms  a  film  on  the  sur&ce,  and 
lor  a  while  protects  the  remaining  bromine-compound  from  further  decomposition. 
(Wohler  and  Buff,  Ann.  Ch.  Pharm.  dv.  99.) 

SX&ZOOW,  CB&OSXBB  OF.  SiCl*. — ^This  compound  is  formed  when  silicon  is 
heated  in  chlorine  gas ;  but  the  best  mode  of  preparing  it  is  to  mix  finely-powdered 
dlica  to  a  paste  with  oil  and  charcoal,  heat  the  mixture  in  a  covered  erocible,  and 
ignite  the  charred  mass  in  a  porcelain  tube,  through  which  a  current  of  chlorine  is 


SiO*  +  2C1«  +  C»  -  200  +  Sia*. 

The  product  is  received  in  vessels  cooled  by  a  freezing  mixture. 

Chloride  of  silicon,  or  silicic  chloride,  is  a  transparent  colourless  liquid,  of  spedfie 
gravity  1*5237  at  0^.  It  remains  liquid  at  —  20^,  boils  at  60^  (Serullas).  Vapour- 
density:  obs.  =  5-939  (Dumas);  calc.  «  5*8905.  The  vapour  has  a  suffocating 
odour,  and  reddens  litmus. 

Chloride  of  silicon  is  quickly  decomposed  by  iDoter^  yielding;  hvdrochloric  add  and 
silica,  a  considerable  quantity  of  which  remains  dissolved  if  the  water  is  in  large 
proportion.  JPotassiwm,  heatea  in  the  vapour,  decomposes  it  with  separation  of  silicon. 
FusiBd  potassium  dropped  upon  the  liquid  chloride  causes  an  explosion. 

Silicohydric  chloride,  Si'H'CP*  »  8Sia«.4HCl,  analogous  to  silicohydrio 
bromide,  is  prepared  in  like  manner  by  passing  hydrochloric  add  gas  over  oystallised 
silicon  heatea  to  barely  visible  redness,  and  condensing  the  product  in  a  U-tube  cooled 
to  0^.  It  is  a  colourless  very  mobile  liquid,  of  specific  gravity  1*65,  boiling  at  about 
42^.  It  fumes  strongly  when  exposed  to  the  air,  depositing  a  white  film  on  surround- 
iiijg  bodies,  and  emitting  a  suffocating  vapour.  It  is  hig^y  inflammable,  and  bums 
with  a  greenish  feebly  luminous  fiame,  depositing  silica  and  emitting  hydrochloric 
add.  The  vapour  mixed  with  oxygen  explodes  violently  on  transmission  of  an  electric 
spark,  depodting  silica,  and  ^elame  hydrochloric  add  and  tetrachloride  of  dlicon.  It 
may  be  boiled  over  sodium  without  decompodtion — ^hence  it  does  not  appear  to  contain 
resdy-formed  hydrochloric  add ;  a  dmilar  observation  applies  to  the  bromide.  When 
passed  through  a  red-hot  tube,  it  is  resolved  into  a  mixture  of  hydrochloric  add  and 
the  tetrachloride,  whilst  half  the  silicon  is  deposited  in  the  form  of  a  brown,  amorphous, 
metallic-shining  crust.  Water  decomposes  it  immediately,  with  great  rise  of  tem- 
perature, forming  hydrochloric  add  and  the  corresponding  hydrated  oxide,  called 
leucane:  Si«H*a'«  +  5HK)  -  Si«H<0*  +  lOHCL  (Wohler  and  Buff,  Ann.  Ch. 
Pharm.  dv.  94.) 

axucov*  Bsracnnov  Asn  bbtzbkatiov  or.   The  methods  of 

analysing  compounds,  in  which  silicon  occurs  as  silidc  add,  have  been  alzeady 
deUuled  (p.  245). 
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1b»  ehloride,  bromide,  and  iodide  of  silicon  aie  oompletelj  decomposed  by 
water;  and  on  erapoiating  the  liqnid  to  dryness,  the  whole  of  the  resulting  hydrochloric, 
hydrobromie,  or  hydriodic  add  goes  off,  and  the  silica  remains,  and  may  be  weighed. 
The  quantity  of  ddorine,  &c  may  also  be  directly  determined  by  precipitation  with 
nitrate  of  silyer. 

When  flnoride  of  silicon  is  decomposed  by  water,  part  of  the  silica  is  preci- 
pitated, while  another  portion  remains  dissolred,  as  silicoflnoric  add :  2HF.SiF\  The 
pirapitaKed  silica  is  separated  by  filtration  after  addition  of  alcohol,  and  the  silico- 
flnoric add  may  be  completely  jxredpitated  from  the  filtrate  by  addition  of  chloride  of 
potaoaimn.  The  predpitated  silicofluoride  of  potasdmn  is  collected  on  a  filter,  washed 
with  a  mixture  of  eqnaL  Tolnmes  of  alcohol  ana  water,  then  dried  at  100°,  and  wdghed ; 
and  the  quantity  of  silicon  (or  the  correepondinff  quantity  of  silica)  contained  in  it 
is  deteimined  by  calculation.  As  the  Hquid  filtered  from  the  predpitated  silicofiuorido 
may  still  contain  silica  (which  in  the  predpitated  state  is  somewhat  soluble  in  water, 
p.  241),  it  must  be  evaporated  to  diyness,  the  residue  digested  with  water,  and  the 
silica  that  remains  undisisolTed,  collected  and  weighed. 

Metallic  silicofluorides  are  most  easily  analysed  by  heating  them  with  strong 
solphnric  add,  whereby  the  whole  of  the  silicon  and  fluorine  are  driven  off  in  the  form 
of  silidc  fluoride  and  hydrofluoric  add,  while  the  metal  remains  as  sulphate,  which  may 
be  weighed,  after  the  excess  of  sulphuric  acid  has  been  expelled  by  heat,  aided,  if 
necessaiy,  by  addition  of  carbonate  of  ammonium;  the  quantity  of  metal  thence 
determined,  gives  the  quantity  of  metallic  fluoride  in  the  compound  2MF.SlF^  or 
3ffT«J5iF*. 

If  it  be  desired  to  determine  directly  the  quantity  of  silidc  fluoride,  the  silicofluoride 
may  be  decompoeed  by  boiling  it  with  a  slight  excess  of  sodic  carbonate,  whereby  fluoride 
of  sodium  is  formed,  carbonic  anhydride  is  evolved,  and  the  metal  of  the  silicofluoride 
is  predpitated  as  oxide,  mixed  with  the  silica.  These  may  be  separated  "by  the  usual 
methods,  and  the  fluorine  predpitated  by  chloride  of  caldum  (ii.  674).  The  same 
method  must  be  resorted  to  if  the  silicofluoride  to  be  analysed  is  in  solution,  or  if  it 
is  mixed  with  other  salts.    (H.  Kose,  Clrnme  Analyttgne,  li.  888.) 

The  decomposition  of  silicofluorides  by  ignition  does  not  yield  very  exact  results ;  for 
althou^  the  whole  of  the  fluoride  of  silicon  is  nltimately  expellee!,  and  the  metallic 
fluoride  remains,  the  weight  of  the  latter  can  seldom  be  determined  exactly,  because 
the  escaping  fluoride  of  silicon  being  decomposed  by  the  moisture  of  the  air,  or  by 
water  evolvMl  from  the  lamp  or  other  source  of  heat,  a  deposition  of  silica  takes  place 
on  the  crodble,  and  increases  its  wdght.    (H.  Rose.) 

Atomic  weiaht  of  Silicon^ — Beizelius  regarded  silica  as  a  trioxide,  SiO*,  and 
represented  the  chloride,  bromide,  &c.  by  the  coiresponding  foimulffi,  SiCl*,  SiBr*,  &c. 
L.  Gmelin,  in  his  Handhook  (iii.  352),  adopted  for  silica  the  formula  SiO*, 
on  account  of  the  greater  simplidty  of  the  formulse  which  it  yields  for  the  com- 
pounds of  silicon  both  natural  and  artifidal.  This  view,  which  amounts  to  re- 
garding dlicon  as  tetratomic,  is  corroborated  by  the  vapournlensities  of  the  chloride 
and  flnoride  of  silicon,  and  by  the  composition  of  the  silidc  ethers  (p.  263).  The 
vapour-density  of  silidc  chloride,  as  determined  by  Dumas,  is  5*939,  and  that  of  the 
fluoride  3*60.  Now  if  these  compounds  be  represented  by  the  tetratomic  foxmulse 
SiCl*  and  SIP  [Si  ^  28],  their  vapours  will  exhibit  the  normal  condensation  to 
2  volumes,  whereas  the  formule  SiCl*  and  Sif  [Si  «  21]  would  represent  a  condensa- 
tion  to  1^  volume:  thus— 

Chloride,  Sia«;   ^^  ^  t'  ^^^   ^   0*0693     -    6-8996. 
^     SiCl«;   ^^   +^^^'^^'^    X   00693     -     6*8906. 
Rnoride,SiF*;     ^^  ^^^'^^    x   0*0693     =     3-604. 

„       SiP;     ^^   "^.5^'^^^     ^   00693     -     8-604. 

The  older  nnmerical  detenninationsof  the  atomic  weight  of  silicon  by  Berzelius,  de- 
pending on  the  analyses  of  certain  silicates  and  of  cast-iron  containing  silicon,  did  not 
yield  aooordant  results.  By  the  analysis  of  silicofluoride  of  barium  (100  pts.  of  the  diy 
salt,  decomposed  by  sulphuric  add,  yielding  82*933  pts.  sulphate  of  barium)  Berzelius 
obtained  Si  (tetratomic)  ae  27*54.  More  exact  residts  are  obtained  by  decomposing 
chloride  of  silicon  with  nitrate  of  diver.  Pelouze  (Ann.  Ch.  Fharm.  Ivi.  202)  found 
that  3-686  pts.  of  silver  dissolved  in  nitric  acid,  precipitated  the  chlor'.ne  from  1*454 
pts.  chloride  of  dlicon ;  whence  Si  a  28*48.  Dumas  {ibid,  cxiii.  31),  from  the  meun 
of  three  experiments  conducted  on  the  same  prindple,  obtained  the  num^)er  28*02. 
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■tKIOOK<  iraAFMUDB  OF.    SiF'. — A  gueciu  eamponnd,  prndoMd  wbtatittt 

hjdroBuorii;  acid  comes  in  contact  with  silica  or  Ba;  silicions  sabatance,  meh  u  glMi, 
and  Uterefbre  also  when  a  miiture  of  a  Suoride  with  silica  or  a  dlicata  is  heated  with 
sulphuric  add.     Hie  roactioa  is, 

4HF   +   SiO*     -     2H»0   +   SiF*. 

To  vrtMit  it,  powdered  flnor-epar,  mixed  with  suid  of  flnaly-pomided  glass,  is 
genUv  heated  in  a  flask  with  strong  anlphnrlc  acid,  and  Ihe  gas  is  collected  over  mer- 

—  -"-y  glass  jars.     If  Iho  roeeiTars  are  coated  with  a  ilm  of  moisture,  they  becom* 

an  opaque  deposit  of  silica,  which  cantiot  be  removed. 

jf  ailicoQ  is  acolourleaa  s^,  having  a  Bpeci6o  gravity  of  3*80,  and  a  highly 

pungent  aod  snfibcating  odour,  tike  (hat  of  hydrochloric  acid.  AeeordiDg  (o  J.  Dary, 
It  redans  litmus-paper  even  when  perfectly  dry.  It  liqnefioa  under  very  stroiig  pres- 
auTB  (Faraday),  and  aolldifles  at  -  140*  (Natterer),  _  It  ia  not  inflammable,  but 
eitinguishea  a  lighted  taper.  It  fiimes  atrongly  in  the  air,  and  is  absorbed  in  laisa 
qoantity  by  water,  which  at  the  same  time  decomposes  it  into  silica  and  silicoflnone 

aSF'  +  2H'0  -  SH^iF*  +  SiO». 
AqoBOua  albilu  and  aUcatint  tartJu  eilhei  act  like  water,  precipitating  only  one-Uiiid 
of  tbe  ailieoo  as  nlica,  and  fonning  a  silicoflaoiide,  ».  f  SiF*,  as  with  potash ;  ot 
they  precipitate  the  whole  of  the  silica,  and  form  a  metailie  fluoride,  as  is  tbe  case  with 
Bo^  Haay  metallic  aridei  in  the  anhydrous  state  absorb  gaseous  fluoride  of  ailieon, 
producing  heat  and  aometimes  even  flame,  and  apparently  forming  a  miztnre  of  silies 
and  metallio  flnoride. — Burnt  lime,  immersed  in  the  gas,  becomes  red-hot  throughout 
its  whale  mass. — Potaaiam,  at  ordinary  temperatures,  acta  but  slightly  on  the  gas ; 
but  if  heated  till  it  melts,  it  blackena.  and  buma  with  a  dark-red  flams,  abaorbiiv  » 
portion  of  the  gas,  and  yielding  a  dark-brown  brittle  mass  (Qay-Lussac  and  Toi- 
nard).     Sodium  acts  in  a  similar  manner. 

Flnoride  of  ailicou  combines  with  twice  its  own  volume  of  airuminia-ytu,  fonuisg  a 
Tolatile  crysUlline  componud,  3NH'.StF',  which  ia  decomposed  by  wat^,  yielding 
silica  and  a  solution  of  fluoride  and  silicoflnoride  of  anunoninm  (J.  Davy): 
2(2HH'.SiF')  +  2H'0  =  2NH'F  +  tNH')'aiF«  +  SiC. 
AimtiUf  alcohot  absorbs  fluoride  of  silicon,  forming  a  liqnid  called  silieo* 
fluoric  or  flnoailieic  alcohol,  conaiating  of  a  mixture  of  tctrethylic  silicatA 
and  ailicoflaaric  acid.  To  obtain  ■  aatoiated  solntion,  the  alcohol  must  be  kept  cool. 
(Knop  and  WoU  Chem.  Centr.  I86I,  p.  IH2  ;  Jahresb.  1861,  p.  207.) 

■Ufeoanorte  swia.    SiH^  —  2HF.5iF*.— An  acid  produced  by  the  action  of 
water  on  gaseous  fluoride  of  silicon.    To  prepare  it,  the  generating  flaak  ia  fitted  with 
a  '^de  glaaa  Inbe,  dipping  under 
**?■  7*3.  mercnry  at  the  bottom  of  a  glaas 

-  jar,  as  in  fig.  743.  Water  is 
then  poured  into  the  glass,  and 
heat  applied  to  the  miitnre  in 
the  flaak.  Tie  object  of  making 
the  end  of  the  tube  dip  andec 
mercury,  is  to  prevent  it  ft«m 
being  (topped  up  liy  the  deposited 
silica.  Each  babble  of  gaa,  a*  it 
rises  through  the  water,  is  de- 
oompoeed,  as  above  explained, 
into  ailicofliioric  acid  and  fi«e 
silica — the  former  diasolrina; 
while  the  latter  ia  aet  free  in 
the  solid  state,  and  forma 
a  silicions  envelope  round  the 
bubble  as  it  rises  above  the 
BurfUe  of  the  mercury;  ul- 
timately, the  liquid  seta  into  a 
'  gplatinoua  mass.  When  snffi- 
dently  saturated,  it  ia  ssparatsd 
&om  the  silica  by  presimra  b«> 
tween  linen,  and  Anally  byflltr^ 
tion  through  paper. 
quantities  ia  to  diasolre  silica  in 
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A  Ktonted  idhitioii  of  sQioofluoric  acid  farma  a  totj  torn  Aimiiig  liquid,  which 
gndoally  efaporatoe  at  40**  in  platinum  yesaeU  withoat  leaving  any  residua.  It  doei 
not  ittack  glass  eKcerrt;  "when  eTaporated  upon  it;  in  that  case  the  fluoride  of  silicon 
go«  off  fint^leaving  tiydiofluoric  acid,  which  corrodes  the  glass,  and  ultimately  erapo- 
lates  also  as  fluoride  of  silioon. 

According  to  Stolba  (J.  jpr.  Ghem.  xe.  193),  the  sneciflc  gravity  of  the  aqueous 
actdinaetMB  reg;alarly  -with  its  strength,  as  shown  by  tne  following  numbers: — 

Paiwnfage  of  H*SiF«  .         .       0*5  1  1-5  2  5  10 

^ecific  gravity  at  17*6^      .         .    10040     10080     1-0120     10161     10407     10884 


2MF.SiP«,  or  M'T'.SiF*.— These  salts  are  produced:—!.  By 
dissolving  a  metallie  oxide,  hydrate  or  carbonate  (or,  in  the  case  of  iron  or  zinc^ 
the  simple  metal)^  in  siUoofluoric  acid  till  the  liquid  is  nearly  saturated, — ^when,  if  the 
compound  is  not  insoluble,  it  is  separated  on  evaporating  the  liquid  in  a  platinum- 
vesseL  If  it  gelatinises  from  excess  of  silica,  a  small  quantity  of  hydrofluoric  add 
must  be  added,  and.  this,  on  further  evaporation,  yolatUises  with  the  silica  in  the 
form  of  silicic  fluoride. — 2.  By  the  action  of  silicic  flaoride  on  metallic  fluorides  (either 
d]7  or  in  solutionV  -which  readily  absorb  the  gas:  or  on  metallie  oxides  or  carbonates 
alighUy  moistened  -with  water.  In  the  latter  case  a  portion  of  the  silicon  is  separated 
in  the  form  of  silica. 

Most  silicoflaoridee  are  easily  soluble  in  water ;  only  those  of  sodium,  lithium, 
barium,  calciuin,  and  yttrium,  are  sparingly  soluble.  The  solutions  frequently  yield 
hydrated  crystals.  Many  of  these  crystals  lose  their  water  by  efflorescence  on  expo* 
sore  to  the  air,  and  all  of  them  undergo  this  change  when  heated. 

The  sUioofluorides  redden  litmus,  and  for  the  most  part  have  an  acid  and  bitter  taste. 
By  prolonged  ignition,  they  give  up  the  whole  of  the  fluoride  of  silicon,  the  metallic  fluo- 
ride remaining  behind  in  the  pure  state.  If  they  contain  water,  the  gaseous  fluoride  of 
silicon,  as  it  escapes,  is  accompanied  by  a  white  sublimate  in  the  form  of  minute  drops, 
which  on  exposure  to  moist  air  deposit  silica. 

The  siliodinorides,  many  of  them  at  leasts  are  resolved  by  ignition  with  potassium 
inio  ralicon  and  fluoride  of  potassium,  whilst  the  metallic  fluoride  previously  in  com- 
bination with  the  fluoride  of  silicon,  either  remains  unaltered,  or  gives  up  its  fluorine 
also  to  the  potassium.  The  action  of  iron  at  a  red  heat  is  similar  to  that  of  potassium 
(Berselius).  With  oU  of  vitriol,  the  silioofluorides  at  flrst  evolve  gaseous  fluoride  of 
silicon  with  i^ervescence ;  then,  at  a  temperature  which^  in  the  case  of  the  calcium  and 
barium-oompound,  exceeds  100^,  anhydrous  hydroflaoric  acid  ia  evolved.  Hydro- 
eUorie  and  nitrio  acids  expel  only  a  part  of  the  hydrofluosilidc  add.  The  silicofluo- 
rides  are  decomposed  by  excess  of  alkali,  silica  being  predpitated,  and  a  metallic 
fluoride  remaining  in  solution  :  e.ff. — 

2BT.SiP*  +  4KH0     =     SiO«  +   6KF  +  2H«0. 

Silicofiuoridss  of  the  Mkali-metals, — The  ammonium-salt,  (NH*)*SiF'  *- 
2NH^J3iF*,  is  produced  by  neutralising  silicoAuoric  add  with  ammonia,  avoiding  an 
excess.  The  filtered  liquid  yields  the  salt  by  spontaneous  evaporation,  in  large,  trans- 
paiwnt,  shining,  four-  or  six*Bided  prisms,  containing  water  of  crystallisation. 

The  Uthumi-salt,  2LiF.8iF\  crystallises  from  solution  in  silicofluoric  add  in  small 
transparent  grains,  which  under  the  microscope  present  the  appearance  of  six  sided 
prisms.  It  has  a  slightly  add  and  bitter  taste,  melts  at  a  red  heat,  and  obstinately 
retains  its  fluoride  of  silicon.  Pure  water  dissolves  it  very  slowly;  addulated  water 
more  readily. 

The  potassiwm^'Sailt,  2KPj9iF*,  is  obtained  as  a  transparent  gelatinous  precipitate, 
when  silicofluoric  acid  is  added  to  any  salt  of  potassium ;  when  drv  it  forms  an  earthy- 
looking  powder.  It  is  one  of  the  least  soluble  of  the  potassium-salts,  and  consequently 
silicofluoric  add  is  often  used  to  predpitate  potassium  from  the  solutions  of  its  salts; 
in  this  manner  chloric  add  is  sometimes  prepared  from  chlorate  of  potassiimi. 
According  to  Stolba  (J.  pr.  Chem.  xc.  193),  it  has  a  spedfio  gravily  of  2  6649 — 
2*6655  at  17*5^,  and  dissolves  in  883*1  pts.  of  water  at  that  temperature,  and  in 
104*8  pts.  at  the  boiling  heat.  It  is  insolublejn  alcohol.  The  salt  melts  at  a  low  red 
heat,  and  boils  at  a  higher  temperature,  slowly  evolving  gaseous  fluoride  of  silicon. 
Heated  with  potassium,  it  yields  silicon  and  fluoride  of  potassium. 

The  9odium-salty  2NaF.SiF\  resembles  the  potassium-salt^  and  is  obtained  in  like 
manner.  According  to  Stolba,  it  has  a  density  of  2*7547  at  17'5^  dissolyes  in 
153*8  pts.  water  at  that  temperatore,  and  in  40*66  pts.  at  its  boiling  heat  (101°).  It 
has  a  great  tendency  to  form  supersaturated  solutions,  and  may  be  used  as  a  test  for 
potassium-ttlts  when  the  solutions  of  the  latter  are  not  too  dilute.  The  solutions 
of  the  potassie  and  sodic  silioofluorides,  when  slowly  evaporated,  deposit  the  salts  in 
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ring-shaped  crosts  on  the  side  of  the  vessel  (Stolba).    The  sodium-salt  is  insoliible 
in  ^cohol,  whether  strong  or  dilate. 

Silicofiuorides  of  the  Earth^metals. — The  danttm-«a^^,Ba'*F'.SiF^,  is  produced 
on  adding  silicofluoric  acid  to  a  soluble  barium-salt,   and  is  quickly  deposited    in 
microscopic  crystals,  insoluble  in  excess  of  the  add.    It  is  decomposed  by  ignition, 
fluoride   of  silicon  going  off  and  fluoride   of  barium  remaining. — ^According    to 
Fresenius  (Ann.  Ch.  Pharm.  liz.  117),  it  dissolves  in  3,802  pts.  of  pure  water,  and 
in  738  pts.  of  water  acidulated  with  hydrochloric  acid. — The  sirontium-Mlt  separates 
from  a  solution  of  strontium-carbonate   in   silicofluoric  acid,    on   evaporation   or 
cooling,  in  short  hydrated  rhombic  prisms,  with  dihedral  summits  resting  on  the  acute 
lateraledges.    It  is  much  more  soluble  than  the  barium-salt^  so  that  siScofluoric  acid 
may  be  used  to  distinguish  barium  from  strontium  in  solution. — The  calciumsaU 
eiystallises  in  four-sidrd  obliquely  truncated  prisms,  which  are  discomposed  by  water, 
yielding  on  the  one  hand  an  insoluble  residue  of  silicon  and  fluoride  of  calcium,  and 
on  the  other  silicofluoric  acid,  by  which  the  remainder  of  the  silicofluoride  is  dissolved 
without  decomposition  (Berzelius). — The  glucinum^salt  is  easily  soluble  in  water, 
and  if  the  solution  contains  excess  of  acid,  it  remains,  after  the  volatilisation  of  the 
latter,  in  hard  white  masses  resembling  porcelain  (Berzelius). — ^The  magnesmm-adU^ 
Mg'^F'.SiE^,  is  a  transparent,  yellowish,  gummy  mass,  easily  soluble  in  water  (Ber- 
zelius).— ^The  yttrium-salt  is  insoluble  in  pure  water,  but  soluble  in  water  containing 
hydrochloric  acid,  and  separates  on  evaporation  (Berzelius) ;  decomposed  by  evapora- 
tion (Popp). — ^The  eiroonium-^t  forms  white  pearly  crystals,  veiy  soluble  in  water;  the 
solution  becomes  turbid  on  boiling,  but  the  greater  part  of  the  salt  remains  dissolved. 

Silicofluorides  of  Heavy  Metals, — Antimony-salt.  A  solution  of  antimonious 
oxide  in  silicofluoric  add  crystallises  by  slow  evaporation  in  prisms,  which  crumble  to 
powder  when  dried  in  the  air,  and  dissolve  readily  in  excess  of  the  acid  (Berzelius). 
The  cadmium-salt  forms  long,  transparent,  efflorescent  prisms,  very  soluble  in  water. 
(Berzelius.) 

Chromic  salt. — A  solution  of  chromic  oxide  in  silicofluoric  add,  yields  by  evaporation 
a  transparent,  preen,  amorphous,  deliquescent  mass,  which,  if  it  contains  excess  of 
acid,  swells  up  in  the  flre  like  alum,  and  again  deliquesces  on  exposure  to  the  air. 
(Berzelius.) 

Cobalt'Saltf  Co*F*.SiF*.7H*0. — ^Pale-red  rhombohedronsii  easily  soluble  in  water. 
(Berzelius.) 

Copper-salts. —  The  cuprous  salt,  2CuF.SiF*,  is  copper-coloured,  resembling 
cuprous  fluoride,  and  behaves  like  the  latter  when  exposed  in  the  moist  state  to  the 
air.  When  somewhat  strongly  heated,  it  melts,  and  gives  off  fluoride  of  silica  with 
ebullitions.  (Berzelius.) 

Cupric  Silicofluoride  is  obtained  by  spontaneous  evaporation  of  a  solution  of 
cupric  oxide  in  silicofluoric  add,  in  transparent  octahedrons  and  hexagonal  prisms, 
containing  Cu"F^.SiF^.7H'0,  which  effloresce  in  the  air,  becoming  light-blue  and 
opaque,  and  giving  off  2  atw  water,  and  are  easily  soluble  in  water.  (Berzelius). 
Knop  and  Wolf  prepare  this  salt  by  adding  predpitated  cupric  oxide  in  slight  excess  to 
flnosilicic  alcohol  (p.  270),  diluted  with  3  or  4  times  its  volume  of  absolute  alcohoL 
A  pale-blue  crystalline  powder  is  thereby  produced,  the  filtered  aqueous  solution  of 
which  contains  pure  cupric  silicofluoride,  and  yields,  with  potassium  and  barium-salts, 
precipitates  havine  the  usual  composition  of  the  siliconuorides,  ld?F.SiF*.  But  by 
adding  precipitated  cupric  oxide  to  fluosilicic  alcohol  diluted  with  eight  times  its 
volume  of  water,  and  heated  to  50° — 60°,  a  solution  is  obtained,  which  yields  by 
double  decomposition,  compounds  containing  silicon  and  fluorine,  but  of  more  complex 
constitution  than  the  ordinary  silicofluorides. — Another  series  of  fluosilicic  compounds 
is  obtained  by  decompodng  the  solution  of  cupric  silicofluoride^  or  of  the  copper-salt 
last  described,  with  zinc  or  iron.  The  zinc  or  iron-salt  thus  obtained  yields,  by  double 
decomposition,  the  third  series  of  salts  just  mentioned.  (Knop  ana  Wolf,  Jahresb. 
1861,  p.  207.) 

Silicofluorides  of  Iron. — ^The  ferrous  salt»  Fe'T'.SiF*,  is  obtained  by  spontaneous 
evaporation  of  a  solution  of  iron  in  silicofluoric  add,  in  pale  bluish-green  six-sided 
prisms,  very  soluble  in  water. — The  ferric  salt,  2Fe'"F'.8SiF*,  remains  on  evaporating 
a  solution  of  ferric  hydrate  in  silicofluoric  acid,  as  a  yellowish  jelly,  which  dries  up  to 
a  transparent  gummy  mass,  completely  soluble  in  water.    (Berzelius.) 

The  lead-scut,  Pb"F*.SiF\  dries  up  to  a  translucent  gum,  which  tastes  like  other 
lead-salts,  and  redissolves  completely  in  water.    (Berzelius.) 

The  manganous  salt,  MnT*.SiF*.7HK),  crystallises  from  a  very  strong  solution  in 
long  regular  six-sided  prisms,  or  by  slower  evaporation  in  shorter  prisms  and  rhombo- 
hedrons.  It  has  a  very  light-red  colour,  and  is  easily  soluble  in  water.  When 
distUled,  it  flrst  gives  off  its  7  at.  water,  and  then  gaseous  fluoride  of  silicon.  (Ber- 
zelius.) 
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BSieofiuoridn  of  Mercury, — The  mercarous  salt^  2HgF.SiF^,  formed  by  digesting 
Mcmtlj  precipitated  mercuroius  oxide  with  ailicofluoric  acid,  eepaiates  on  evaporation 
in  amidl  ezystalsi  sparingly  soluble  in  water. — ^The  mercuric  salt^  Hg''JbXSiF\ 
obtained  by  dissolving  mercuric  oxide  in  the  acid,  forms  small  pale-yellow  needles^ 
which  when  distilled  give  off  first  ffaseoua  fluoride  of  silicon,  then  merenric  fluoride. 
They  dissolve  completely  in  acidulated  water,  but  are  decomposed  by  pure  water, 
yielding  an  add  eolation  and  an  insoluble  basic  salt    (Berselius.^ 

Smcofiwmdes  of  Molybdenum. — ^A  solution  of  molybdous  hyarate  in  excess  of 
nlicoflttoric  add  dries  up  when  heated  to  a  black  nentnd  compound,  which  redissolves 
in  the  aqueous  add. — ^A  solution  of  molybdic  hydrate  in  silicoflnoric  add  acquires 
a  bluish  tinge  when  left  to  evaporate,  and  yields  a  black  uncrystallisable  mass,  from. 
which  water  dissolyes  out  the  blue  salt,  leaving  the  neutral  compound  in  the  form  of  a 
jet'bladL  powder. 

The  y^owish  solution  of  molybdic  trioxide  in  silioofluorie  add  leayes,  when 
evapor^ied,  a  lemon-yellow  opaque  substance^  which  redissolves  for  the  most  part  in 
water.    (Berxelius.) 

Piatmh  BiUeofiuoride. — ^The  yellow  solution  of  platinic  hydrate  in  silicofluorie  add 
dries  up  to  a  yeUowish-brown  gum,  which  partly  redissolves  in  water,  leaving  a  brown 
basic  salt.    (Berzelius.) 

SUffet'SaU,  2AgFJSiF^ — ^A  solution  of  silver-oxide  in  silicofluorie  add  yields  deli* 
queseent  granular  crystals.  Ammonia  added  to  the  solution  throws  down  a  light- 
yellow  basic  salt,  which,  when  treated  with  excess  of  ammonia,  is  converted  into  silicate 
of  silver.    (Berselius.) 

Sianme  SUieofluoriie^  SnF*.2SiF*,  exystallises  in  long  prisms,  very  soluble  in  water. 
(Berzelius.) 

UrtBMUB  IXliaJtuoride  is  obtained  as  a  pale-green  gelatinous  predpitate  on  adding 
silieofluoric  add  to  uranous  chloride.  When  heated  in  a  tube,  it  yields  water,  hydro- 
fluoric acid,  and  sublimed  silica.    (Ra m  m  e  1  s b  e  r g.) 

Vanadic  Silieofluorides. — The  blue  solution  ofvanadicdioxide  in  silioofluorie 
acid  leaves,  when  quickly  evaporated,  a  blue  substance,  which,  at  a  moderate  heat, 
swells  up  to  a  pale-blue  porous  mass.  The  solution,  if  left  to  evaporate  spon- 
taneousH,  turns  green,  and  leaves  a  syrupy  liquid  containing  crystals. — ^Vanadic 
trioxide  forms  witli  silicofluorie  add  a  rea  solution,  which  leaves  on  evaporation  an 
orange-yellow  mass,  only  partially  soluble  in  water.    (Berzelius.) 

BUicofiuoride  of  ZAne. — A  solution  of  zinc-oxide  in  silicofluorie  add  yields,  by  evapo- 
ration at  a  high  temperature^  threo-  and  six-sided  transparent  colourless  prisms, 
containing  Zn'J^.SiF^  permanent  in  the  air,  and  very  soluble  in  water.  (Berzelius.) 

SX&ZOOVp  BT3>SZBB  OV.  SiH  (?).  SUicie  Hydride,  Hydric  Siliade,  SUici" 
uretisd  Bydroaen,  (Wohler  and  Buff,  Ann.  Ch.  Fharm.  cii  128 ;  dii.  218  ;  dv.  94; 
evii.  112;  Jahresb.  1867,  p.  166;  1858,  p.  142.) — Silicon  forms  with  hydrogen  a 
gaseous  compoimd,  which  is  not  known  in  the  pure  state,  but  is  obtained,  mixed  with 
a  large  quantity  of  free  hydrogen,  when  a  wire  or  plate  of  aluminium  containing 
silicon  is  connected  with  the  podtive  pole  of  a  voltaic  battery  (a  Bunsen's  battery  of  8 
te  12  cells),  and  made  to  decompose  a  solution  of  chloride  of  sodium.  The  aluminium 
then  dissolves  as  chloride,  a  condderable  quantity  of  gas  is  evolved  at  its  sur&ce,  and 
many  of  the  gas-bubbles,  as  they  escape  into  the  air,  take  flre  spontaneously,  bumins 
with  a  white  light,  and  difiudng  a  white  fume.  The  formation  of  the  siliduretted 
hydrogen  appears  to  be  due  to  a  secondary  action  accompanying  the  electrolysis  of  the 
saline  solution.  The  aluminium  forming  tiie  positive  pole  of  the  battery  combines  with 
the  chlorine  and  dissolves ;  but  the  quanti^  of  aluminium  removed  is  about  one-fourth 
greater  than  that  which  is  equivalent  to  the  ouautity  of  chlorine  eliminated  from  the 
solution.  This  excess  of  aluminium  is  found  to  be  removed  in  the  form  of  alumina, 
formed  by  the  combination  of  the  metal  with  oxygen  derived  from  the  water.  The 
equivalent  quantity  of  hydrogen  is  of  course  set  free,  and  part  of  it  enters  into  combi- 
nation with  the  silicon  contained  in  the  aluminium. 

Siliduretted  hydrogen  is  likewise  produced  in  the  decomposition  of  certain  metallic 
dliddes  by  hydrochloric  add,  and  by  the  action  of  heat  on  the  hydrates  of  silicon. 
The  best  alloy  for  preparing  it  is  a  silicide  of  magnesiuin,  obtained  by  intimately 
mixing  40  pts.  of  fused  chloride  of  magnesium,  35  pts.  dried  silicofluoride  of  sodium,  and 
10  pts.  faaed  diloride  of  sodium,  stirring  the  mixture  in  a  warm  dry  tube  with  20  pts.  of 
sodium  in  small  fragments,  throwing  the  whole  into  a  red-hot  hessian  cmdble,  which 
is  to  be  immediately  covered,  and  heating  it  till  the  vapours  of  sodium  cease  to  bum. 
The  greyish-black  scoriaceous  mass  thus  produced  contains,  according  to  Wohler,  two 
silicides  of  magnesium,  one  of  which,  when  treated  with  hydrochloric  acid  or  solution 
of  sal-ammoniac,  gives  off  siliciuretted  hvdroeen,  while  the  other  yields  with  hydro- 
chloric add  nothing  but  free  hydrogen  anahydrated  oxide  of  siliooiu 
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To  obtain  thd  gas,  the  coarsely  pulyerised  mass  is  introduced  into  a  two-necked 
bottle,  one  tnbnlnre  of  which  is  fitted  with  a  straight  funnel-tube  reaching  to  the  bottom, 
while  the  otiber  is  provided  with  a  gas-deliveiy-tube.  The  bottle  is  filled  up  with  de- 
aerated  water,  and  thedeliTciy-tube  is  made  to  dip  nnder  water  in  the  pneumatic  tiough, 
care  being  taken  that  not  a  bubble  of  air  shall  remain  either  in  the  bottle  or  in  Sie 
tube.  Stoong  hydrochloric  acid  is  then  poured  in  through  the  funnel-tube,  and  the 
gas,  whidi  i8  rapidly  evolved,  is  collected  in  a  glass  jar  filled  with  de-aerated  water. 
Th9  froth  which  passes  over  with  it  quickly  subsides,  so  that  the  pure  gas  may  be' 
transferred  into  another  receiver,  and  dried,  if  necessary,  over  chloride  of  <»lcium. 

Siliciuretted  hydrogen  mixed  with  free  hydrogen  is  a  colourless  gas,  insoluble  in 
pure  de-afirated  water  and  in  salt  water ;  but  over  water  c(Hitaining  air  it  is  decom- 
posed, forming  white  clouds  of  silica,  and  losing  its  spontaneous  inflammability.  If  it 
be  passed  into  the  air  in  single  bubbles,  each  bubble  takes  fire  spontaneously,  and  with 
ez]^osion,  burning  with  a  "white  fiame  and  separation  of  silica,  which  rises  in  beautiful 
rings,  often  coloured  brownish  by  admixture  of  amorphous  silicon.  When  set  on  fire» 
as  it  issues  from  a  tube,  it  bums  with  a  brilliant  white  flame.  On  opening  a  glasB 
jar  filled  with  it  in  the  air,  it  takes  fire,  the  flame  gradually  passing  down  the  jar,  the 
inner  surfiice  of  which  becomes  coated  with  brown  silicon. 

The  gas,  when  heated  by  itself,  is  decomposed  into  amorphous  silicon  and  free  hy- 
drogen, and  at  the  same  time  increases  in  volume,  showing  that  the  hydrogen  in  the 
compound  is  in  a  condensed  state.  It  has  not  been  analysed  quantitatively.  A 
piece  of  porcelain  introduced  into  the  fiame  becomes  coated  with  brown  silicon; 
and,  on  passing  the  gas  through  a  glass  tube  heated  to  low  redness,  the  interior 
becomes  coated  with  a  dark-brown  opaque  minor.  The  gas  is  easilydeoomposed  by  chlo- 
rine. It  is  not  altered  by  dilute  hydrochloric  or  sulphuric  acids.  When  shaken  up  with 
potash-ley,  it  is  decomposed  with  increase  x>f  volume ;  soda  and  ammonia  do  not  appear 
to  act  upon  it.  From  a  solution  of  eupric  sulphate,  siliciuretted  hydrogen  imme- 
diately precipitates  silicide  of  copper  (p.  266) ;  from  nitrate  of  silver  it  throws  down 
grey  metallic  silver  mixed  with  a  black  substance,  probably  silicide  of  silver ;  from 
chloride  of  palladium  it  throws  down  black-grey  metallic  paUadium,  free  frvm  silicon. 
It  does  not  precipitate  acetate  of  lead  or  chloride  of  platinum. 

BXJUtCOVf  ZOBXBB8  OV.  The  iodide  of  silicon,  corresponding  to  the  tetra- 
chloride, has  not  been  obtained:  silicon  does  not  unite  directly  with  iodine. 

Iodide  of  Silicon  and  Hydrogeny  Si*H^I'*,  is  obtained,  like  the  corresponding  chlorine 
and  bromine  compounds  (pp.  267, 268),  bypassing  hydriodic  acid  gas  over  heated  ciys- 
taUine  silicon,  and  collects  at  the  colder  end  of  the  oondensing-tubeas  a  dark-red  brittle 
mass,  which  fiises  readily,  and  solidifies  in  the  crystalline  form  on  cooling.  At  a  stronger 
heat  it  boils,  and  distils  without  decomposition.  It  fiimes  strongly  in  the  air,  assuming 
at  first  a  bright  vermillion  colour,  but  ultimately  becoming  snow-white.  In  water  it 
immediately  becomes  vermiUion-coloured,  but  is  only  slowly  decomjposed.  Sulphide 
of  carbon  dissolves  it  in  large  quantity,  forming  a  blood-rod  solution,  which,  when 
concentrated  in  a  rotort,  deposits  the  compound  on  cooling  in  dark-red  crystals. 
Caustic  soda-solution  dissolves  it,  with  evolution  of  hydrogen.  (Wohler  and  Buff, 
Ann.  Ch.  Fharm.  civ.  99.) 

BZZiZCOir,  arZTftlBa  of.  (Deville  and  Wohler,  Ann.  Ch.  Fharm.  ciT. 
256 ;  ex.  248.) — Obtained  by  the  action  of  ammonia  on  silicic  chloride,  and  by  exposing 
crystalline  silicon  to  an  intense  heat  in  nitrogen  gas  or  atmospheric  air.  Its  eomposi- 
tion  has  not  been  ascertained.  It  is  a  white  amorphous  mass,  infusible  and  unalterable 
at  the  highest  temperatures,  and  not  oxidised  even  by  ignition  in  contact  with  the  air. 
It  is  not  acted  on  by  any  acid  except  hydrofluoric  acid,  which  dissolves  it  with  forma- 
tion of  silicofluoride  of  ammonium.  When  strongly  ignited  in  a  stream  of  aqueons 
vapour  and  carbonic  anhydride,  it  is  decomposed,  yielding  carbonate  of  ammonium ;  it 
likewise  decomposes  slowly  in  moist  air,  as  indicated  by  um  odour  of  ammonia  which  it 
evolves.  Aqueous  alkalis  do  not  act  upon  it,  but  when  fised  with  hydrate  of  potassium, 
it  forms  silicate  of  potassium,  with  evolution  of  ammonia.  When  nised  with  carbonate 
of  potassium,  it  jrields  silicate  and  <^anate  of  potassium;  also  cyanide,  if  the  nitride 
of  silicon  is  in  excess.  When  heated  with  red  oxide  of  lead,  it  reduces  the  lead  with 
incandescence,  and  forms  nitrous  anhydride. 

SZZiZCOVf  OXZBBS  AWB  BTBSA.TBS  OF.  The  only  known  anhydrous 
oxide  of  silicon  is  the  dioxide  or  si  lica,  SiO^  already  described  (p.  240).  There  is, 
however,  a  compound  of  silicon,  hydrogen,  and  oxygen,  Si'H^O*,  which  may  be  sup- 
posed to  contain  the  protoxide  of  silicon,  SiO,  and  two  others  (p.  275),  which  may  be 
formulated  as  hydrates  of  a  tetrasilicic  oxide — ^viz.,  Si'fl^O*  *-  Si^0.2HK),  and 
Si^H-'O*  «  Si*0.4H»0. 

«•  Leucone,  Si'H^O*  «>  3Si0.2H*0.  (Wohler  and  Buff,  Ann.  Ch.  Fharm.  civ. 
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lOL — Wohler,  ibid,  ezzrii.  267.)— Prodnoed  by  the  action  of  iraUv  on  the  cone- 
•ponding  chlorine  or  bromine  oompoand  (pp.  267i  268),  also  by  the  action  of  -water  on 
ehryaeone  (t'li^)  under  the  influence  of  light.  The  beet  mode  of  pnpaiing  it  is  to  heat 
CTTsiBlline  aiHoon  to  redness  in  a  stieam  of  chlorine,  and  ^asa  the  reeling  yaponr  of  sili- 
CQoydric  chloride  into  irater.  It  must  be  washed  with  ice>oold  water,  strongly  pressed 
between  illtering-paper,  and  dried  aver  oil  of  yitrioL  As  thus  obtained,  it  is  a  snow- 
white,  bnllLy,  amorpnona  substance,  which  floats  on  water,  but  sinks  in  ether;  by  the 
action  of  water  on  oiryseone,  it  is  obtained  in  lamins  having  the  form  of  the  la^er.  It 
is  permanent  at  oidinaiy  temperatures,  and  may  be  heated  to  300^  without  alteration ; 
but  when  more  strongly  heat^  out  of  contact  with  air,  it  giree  off  hydrogen,  sometimes 
mixed  with  silidurettedhydrogen.  When  heated  in  the  air,  or  in  oxygen  gas,  it  glows 
with  a  bright  light,  and  leaves  silica  coloured  brown  by  amorphoua  sihoon,  if  the  supply 
of  o^gen  is  limited.  It  is  sli^tly  soluble  in  water,  but  the  solution  nadually  decom- 
poses, giving  off  hydrogen  gas.  Caustic  alkalis,  even  ammonia,  ana  alkaline  carbo- 
nates, dissolve  it,  with  rapid  evolution  of  hydrogen  and  formation  of  alkaline  silicatea. 
When  recently  prepared,  it  acts  as  a  powerful  reducing  agent,  separatmg  gold  and 
pftlla^ium  from  the  solutions  of  their  chlorides,  selenium  and  tellurium  from  selenious 
and  teUoroos  add,  &c.  In  solution  of  silver-nitrate  it  immediately  turns  light- 
brown,  and,  on  subsequent  addition  of  ammonia,  is  converted  into  black  silicate  of  silver. 

$.  Ckryseone,  Si*H<0>  (?).  SUioone.*  (Wohler,  Ann.  Ch.  Pharm.  cxzvii.  267  ; 
Jahresb.  1863,  p.  206.)— I^uced  by  the  action  of  strong  hydrochloric  acid  on 
silicide  of  calcium  (p.  266).  The  finely  divided  silicide  is  digested  with  fuming 
hydrochloric  add  in  a  cooled  vessel  and  in  a  dark  place  for  several  hours,  till  hydrogen 
k  no  longer  evolved ;  the  liquid  is  diluted  with  6  or  8  volumes  of  water,  and  filtered ; 
and  the  washed  residue  is  dned  over  sulphuric  add  in  a  vacuum,  and  in  the  dark.  If 
the  hydrochloric  acid  is  not  quite  concentrated,  the  product  is  mixed  with  the  following 
Qompomid,  y, 

QnTseone  fbrms  bright  oraxiffe-ooloured  laminae,  which  are  pseudomorphs  after  the 
cmtuline  silidde  of  c^nm.  &  is  insoluble  in  water,  aloohol,  tetrachloride  of  silicon, 
tndiloride  of  phosphorus,  and  sulphide  of  carbon.  When  heated  it  becomes 
tnnsiently  darker,  and  at  a  higher  tempeiatare  bums  with  a  slight  detonation  and  with 
acmtillaHon,  leaving  silica  coloured  brown  by  amorphous  silioon.  When  heated  in  a 
doae  vessel,  it  gives  off  hydrogen,  likewise  leaving  silica  and  silicon.  If  mixed  with 
the  eomponnd  7,  it  detonates  even  when  heated  in  a  tube,  and  gives  off  spon- 
taneously inflammable  silidnrettfld  hydrogen.  Heated  to  100^,  by  itaeS  or  with  water, 
it  slowly  gives  off  hydrogen  and  becomes  paler;  heated  to  190^  with  water,  in  a  sealed 
tube,  it  is  quickly  and  completely  converted  into  laminar  silica,  while  the  tube  contains 
eompreesea  hydrc^n  gas.  In  the  dark  it  remains  unaltered  even  when  moist,  in 
diffused  daylight  it  becomes  continually  paler,  and  in  direct  sunshine^  even  underwater, 
it  is  quickly  converted  into  leuoone,  with  evolution  of  hydrogeu.  It  is  not  attacked 
by  chlorine^  fuming  nitric  add,  or  strong  sulphuric  add,  even  when  heated.  With 
hydrofluoric  acid  it  becomes  hot,  turns  white,  and  flnally  dissolves.  By  alkalis,  even 
hj  very  dilute  ammonia,  and  more  slowly  by  idkaline  carbonates,  it  is  converted,  with 
nse  of  temperatore  and  violent  evolution  of  hydrogen,  into  silica.  In  presence  of 
alkali  it  reduces  the  salts  of  several  metals.  In  the  solution  of  a  copper  or  silver-salt 
it  quickly  turns  black ;  in  chloride  of  gold,  brown ;  from  chloride  of  palladium,  osmio 
add,  and  chloride  of  gold,  on  addition  of  alkali,  it  throws  down  black  or  violet-black 
powdecs,  jprobably  silicates  containing  lower  oxides  of  those  metals.  From  a  solution 
of  lead-oxide  in  soda-ley,  it  instantly  precipitates  the  lead  as  a  grey  mass. 

The  results  of  the  analysis  of  chryseone  correspond  partly  with  the  formula  Si^H^O*, 
partly  with  Si*H*0^.  According  to  the  first  formula,  its  formation  from  silidde  of  cal- 
dum  may  be  xepreaented  by  the  equation : 

2CaSi«  +  4HC1  +  8HK)  -  Si^«0»  +  3H»  +  2Gaa«. 

y,  SifH*0*. — ^This  compound,  containing  2HK)  more  than  the  preceding,  is  produced 
by  the  action  of  cold  dilute  hydrochloric  acid  on  tfilidde  od^  caldum.  It  forms  colour- 
leas,  transparent,  nacreous  laminsa,  which,  after  washing  and  drying  in  a  vacuum,  take 
fbe  spontaneoosly  in  contact  with  the  air,  and  bum  with  fliame,  leaving  brown 
dlica. 

WTEiifWfMf  BMMJKNVbM  OV«  The  selenide  of  silicon,  analogous  to  dlica,  is  not 
known.  A  silioohydric  selenide,  analogous  to  the  oxypen-compound  last  de* 
seribed,  is  produced  b^  treating  silidde  of  calcium  with  a  mixture  of  selenious  and 
hydroehlonc  adds.  It  is  a  dnnabar-oolonred  substance,  which  smells  of  hydric  selenide 

*  SSkome  to  the  name  originally  gircn  to  tbif  compoand  hj  WMiler,  bat  it  to  olitiecttonable  in  Bae- 
Ikh  «■  Meoant  of  lit  •tmflarl^  to  sUiooiu   The  name  ckrifteone.  Indicating  the  colour  or  the  compound, 
propoaed  bf  Dr.  lOUar. 

t2 
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when  dry,  gives  off  hydrogen  in  contact  with  ammonia,  and  when  heated  by  itBcIf 
eyolves  bydnc  selenide  and  selenium,  withoat  explosion.    (Wohler.) 

BTLXCOM9  8U&PHZBBS  or.  The  disnlphide,  SiS*,  is  produced  by  the 
action  of  carbonic  disulphide  on  silica  at  high  temperatures,  or  more  easily  by  passing 
the  vapour  of  carbonic  disulphide  over  a  heated  mixture  of  silica  and  carbon,  preparvd 
by  moulding  a  mixture  of  silica  and  lampblack  with  oil  into  balls  and  igniting  them. 
The  Bolphide  of  silicon  is  deposited  in  the  colder  parts  of  the  tube,  in  long,  white, 
silky,  flexible,  asbestiform  needles,  which  may  be  volatilised  in  a  stream  of  gas.  In 
contact  with  moist  air,  or  when  heated  in  aqueous  vapour,  it  decomposes  quickly  into 
sulphydric  acid  and  amorphous  anhydrous  silica,  which  remains  m  the  form  of  the 
sulphide.  In  water  it  dissolves  completely,  with  evolution  of  sulphydric  add,  and  the 
solution,  left  to  evaporate  in  the  air,  deposits  the  silica  as  a  transparent  vitreous 
hydrate  resemblinff  opal.  Alcohol  and  ether  act  upon  sulphide  of  silicon  even  in  the 
cold,  forming  sulphuretted  organic  compounds.  It  is  not  decomposed  by  heating  in 
hydrogen  gas.  Nitric  acid  decomposes  it,  with  separation  of  sulphur,  and  formation  of 
sulphuric  acid  and  silica.    (Fr6my,  Ann.  Ch.  Phys.  [3]  xxxviii.  314.) 

Silicohydric  sulphide,  Si*H'0\  analogous  to  the  oxygen-compound  7,  is  pro- 
duced by  the  action  of  excess  of  aqueous  sulphurous  acid,  mixed  with  a  little  hydro- 
chloric acid,  on  silicide  of  calcium,  and  separates  in  reddish-brown  lamine,  while  the 
liquid,  which  is  brownish  at  first,  suddenly  becomes  milky  from  separated  sulphur. 
When  dried  in  a  vacuum  and  freed  from  sulphur  by  sulphide  of  carbon,  it  forms  a  light- 
brown  powder  with  a  greenish  tinge.  It  smells  persistently  of  sulphydric  acid,  bums 
like  gunpowder  when  heated  in  the  air,  and  explodes  violently  when  heated  in  a  tube, 
with  incandescejioe  and  evolution  of  sulphydric  acid.  When  cautiously  heated  it  gives 
off  sulphydric  acid,  and  the  residue,  which  is  no  longer  explosive,  evolves  more  sulphy- 
dric acid  in  contact  with  water.  With  ammonia  it  rapidly  gives  off  hydrogen,  and  is 
converted  into  a  white  mixture  of  silica  and  sulphur.    (Wohler.) 

BXXiZCOV,  BVXiVBOOB&OBZBa  or.  Si*S<a*?  (Pierre,  Ann.  Ch.  Pharm. 
Ixix.  73.) — Obtained  by  passing  a  mixture  of  silicic  chloride  vapour  and  perfectly 
dry  sulphydric  acid  gas  through  a  red-hot  porcelain  tube,  collecting  the  product 
in  a  cooled  XJ-tube,  leaving  the  liquid  to  clarify,  then  distilling  it,  and  collecting 
apart  that  which  passes  over  between  90°  and  100°.  It  is  a  colourless,  transparent^ 
mobile  liquid,  having  a  pungent  odour,  boiling  at  100°,  and  distilling  without  residue. 
Specific  gravity  «  1-45.  It  is  decomposed  by  water,  yielding  sulphydric  and  hydro- 
chloric acids,  silica,  and  free  sulphur. 

8Z&ZCOir,  TB&X1IIXZBB8  or.  A  silicohydric  telluri do,  analogous  to 
the  sulphur-compound  above  described,  is  produced  by  treating  silicide  of  calcium  with 
a  dilute  solution  of  tellurous  acid  in  hydrochloric  acid.  It  is  a  greyish-black  powder, 
inodorous  after  drying.  When  heated  it  gives  off  hydrogen  and  tellurium,  without 
explosion,  and  loaves  a  shining  black  residue,  probably  telluride  of  silicon,  which 
when  treated  with  ammonia  or  soda-ley,  gives  off  hydrogen  and  forms  a  puiple-red 
solution  of  alkaline  telluride.    (W  o  h  1  e r.) 

8X&XQVA  DITLCXSf  the  so-called  8t.  JohrCs-bread,  consists  of  the  pods  of  Cert^ 
tenia  Siliqtta  (L.),  a  tree  indigenous  in  the  South  of  Europe  and  the  Levant.  The 
kernels  are  enveloped  in  a  sweet  marrow-like  substance,  which  has  been  analysed  by 
Beinsch  (Jahrb.  pr.  Pharm.  v.  201)  and  Mercer  (Pharm.  J,  Trans.  18^7,  p.  469;^ 
with  the  following  results  i— 

Reinich.  Mercer. 

Glucose 41-2  47*5 

Albumin 20-8  8*2 

Mucus 4'7 

Gum 10*4 

Pectin 7-2 

Tannin 2*0 

Fibrin 6*2  and  starch  21*5 

Water 120  210 

Chlorophyll,  Oil,  Starch,  and  Ash         2*0  2*0 

By  fermenting  the  pods,  Mercer  obtained  a  quantity  of  brandy,  amountiiig  to  one- 
fourth  of  their  weight.  Redtenbacher  found  butyric  acid  in  the  pods.  BeinKh  found, 
in  160  pts.  of  the  kernels,  8  pts.  starch,  2  sugar,  1*6  fatty  oU,  together  with  albumin, 
fibrin,  wax,  colouring  matter,  woody  fibre,  and  other  substances. 

The  fibrous  substance  in  which  the  silkworm  (the  larva  of  Pkalana  Bombyx 
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ifart)  (envelopes  itself  previous  to  passing  into  the  chrysalis  state,  ^cse  insects  possess 
a  gUndular  apparatus  called  the  Sericterium,  serving  for  the  secretion  of  a  peculiar 
Juice,  which  is  dischaiged  in  fine  threads,  through  two  small  apertures  near  the  lower 
lip,  and  quickly  solidifies  in  contact  with  the  air.  The  solidified  fibre  consists  of  a 
thread  of  sericin  or  fibrin  (i.  645 ;  t.  235),  coated  with  a  yeUowish  waxy  substance, 
the  removal  of  which  constitutes  an  important  part  of  tae  process  of  silk-dyeing 
(i.  603  ;  ii.  362.) 

Silk  may  be  distinguished  from  cotton  and  linen : — 1.  By  its  reaction  w:ith  a  concen- 
trated cmimtmiacal  Solution  of  nickd'Oxide^  which  dissolves  it  completely,  forming  a 
browniflh-yeUaw  solution,  not  precipitated  by  alkaline  salts,  sugar,  or  gum ;  acids, 
howerer,  precipitate  the  silk  completely  in  colourless  flocks.  Cotton,  linen,  and  other 
fonns  of  cellulose,  on  the  contrary,  are  not  altered  even  by  several  days'  immersion  in 
the  nickel  solution.  Silk  likewise  dissolves  in  a  concentrated  ammoniacal  solution  of 
cuprie  oxide,  and  is  but  incompletely  or  not  at  all  precipitated  therefrom  by  alkali-salts, 
sugar,  gum,  or  adds :  cellulose,  on  the  other  hand,  is  completely  precipitated  from  the 
fuime  solution  by  these  reagents  (Schlossberger,  Ann.  Ch.  Pharm.  cvii.  21). — 2.  By 
immersing  the  mbric,  for  a  few  minutes,  in  a  somewhat  dilute  solution  of  picric  acid 
and  then  washing  it  carefully  with  water.  Silk  and  other  animal  fibres  are  thereby 
turned  yellow,  whereas  vegetable  fibres  remain  white  (Pohl,  Wien,  Akad.  Ber.  ix. 
386).  Strong  niirie  acid  a&o  turns  animal  fibres  yellow,  and  does  not  produce  that 
effect  on  vegetable  fibres. — 3.  A  solution  of  stannic  chloride  heated  to  130^—150° 
turns  linen  and  cotton  black,  but  does  not  alter  the  colour  of  silk  or  wool.  This 
test  is  of  course  applicable  only  to  light-coloured  fabrics  (M  a  u  m  en  ^,  Gompt.  rend.  xjuc. 
447). — On  the  silk  manufacture,  see  Ur^s  Dictionary  of  Arte,  &c,,  iii.  654. 

STL^IMAMIETB.  A  silicate  of  aluminium,  APO'.SiO',  identical  in  composition 
with  cyanite  and  andalusite,  occurring  in  veins  in  the  gneiss  of  Saybrook,  in  Chester 
County,  Connecticut,  also  at  Fairfield,  in  New  York.  It  forms  triclinic  crystals, 
usually  indistinct,  but  cleaving  perfectly  parallel  to  the  macrodiagonal ;  occurs  also 
compact  or  loose,  fibrous  and  columnar  massive.  It  is  brown,  yellowish-grey,  or 
ooiourless,  with  waxy  lustre,  vitreous  on  the  cleavage-faces.  Transparent  to  translu- 
cent on  the  edges  only.  Brittle.  Hardness  »  6 — 7.  Specific  gravity  <»  3*2 — 3*3. 
Infusible  before  the  blowpipe.  Insoluble  in  acids  (Dana,  li.  265).  For  analyses  see 
Silicates  (p.  255). 

BnckolsnUf  from  Chester  County,  Pennsylvania,  and  other  localities  in  the  United 
StAtes,  and  Fibrolite,  from  the  Camatic,  are  fibrous  varieties  of  sillimanite,  of  greyish, 
whitish,  and  pale-brown  colour,  with  lustre  approaching  to  adamantine. 

SXJbVZR.    Ardent;  Silber,    Symbol,  Ag;  Atomic  weight,  108. 

This  metal  is  remarkable  for  its  whiteness ;  hence  its  Greek  name  Apyvpos  from 
Spys,  VfkUe.  It  is  harder  than  gold  and  softer  than  copper.  Its  lustre,  when  polished, 
is  nearly  as  great  as  that  of  steel.  Its  malleability  is  inferior  only  to  that  of  gold 
auumg  Uie  heavy  metals ;  it  may  be  hammered  into  extremely  thin  sheet  or  eUver^eaf, 

which  is  not  more  than  {5^555  of  an  inch  thick.   It  is  also  highly  ductile,  and  may  be 

drawn  into  very  fine  wire,  400  feet  of  which  weigh  only  one  grain.  By  hammering 
and  drawing,  however,  it  readily  becomes  brittle,  and  requires  to  be  more  frequently 
annealed  in  working  than  gold  does. 

Silver  has  great  tenacity,  a  wire  two  millimetres  (0*0787  inch)  in  diameter  being 
capable  of  supporting  a  load  of  nearly  85  kilogrammes  (187  lbs.),  that  being  tlie 
breaking  weight.     (See  Baudrimont,  Ann.  Ch.  Pbys.  [3]  xxx.  304.) 

The  specific  gravity  of  silver  is  10*5,  after  being  melted.  (G.  Rose.)  Its  density 
is  increased  to  10'57  by  the  coining  process.  The  specific  gravity  of  the  finely  divided 
metal,  obtained  by  precipitation,  is  10*62. 

Silver  crystallises  in  forms  belonging  to  the  regular  system,  generally  in  cubes, 
sometimes  with  faces  of  the  octahedron. 

The  conductivity  of  silver  for  electridty  and  heat  is  greater  than  that  of  any  other 
metaL  (See  EuECTBicrrT,  ii.  466 ;  Mbtals  iii.  936;  and  ante,  p.  71).  It  decreases  with 
the  temperature.  (See  Wiedemann  and  Franz,  Pogg.  Ann.  Ixxxix.  497  ;  Buff, 
Jahresb.  1847,  p.  286;  Becque'rel,  Ann.  Ch.  Phys.  [3]  xvii.  242;  Langsdorf^ 
Ann.  Ch.  Pharm.  Ixxxv.  155;  Matthiesen,  Pogg.  Ann.  ciii.  428;  Benedict^ 
Wien.  Akad.  Ber.  xxv.  590 ;  Jacobi,  Petersb.  Aciid.  Bull.  xvii.  321;  Arndtsen, 
Pogg.  Ann.  civ.  1;  Clausius,  ibid,  p.  660).  The  specific  heat  of  silver  is  0*06701 
(Regnault);  0*05507  (Du long  and  Petit).  The  latent  heat  of  fusion  is  21*07 
(Person,  Ajm.  Ch.  Phys.  [3]  xxiv.  266).  Silver  melts  at  a  white  heat;  the  tem- 
perature of  fusion  has  been  estimated  at  1000^  (Pouillet),  999^  (Prinsep),  and 
1034^  (Guy  ton  Morveau).  The  melted  metal  gives  off  vapour  to  some  extent  at 
tery  high  temperatures  (Lampadius,  J.  pr.  Chem.  xvi.  204;  Despretc,  Comptetf 
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rend.  Izviii.  862).    The  metal  is  rolatilised  more  readily  in  the  presence  of  aiaenical 
and  other  Tapoors  than  when  heated  alone. 

Silver  does  not  combine  with  oxygen  at  the  ordinary  temperature,  or,  nnder  ozdinaiy 
drcnmstances,  when  heated  in  contact  with  atmospheric  air.  When  the  metal  is 
melted  npon  ignited  charcoal  nnder  a  jet  of  oxygen,  it  bums  with  a  conical  flame, 
yellow  below,  pnrple  at  the  middle,  and  blue  above,  while  vapours  of  silver  oxide  ara 
produced  (Vauquelin).  Silver  is  also  oxidised  under  the  influence  of  the  electric 
spark;  and  when  pulverulent,  it  is  converted  into  peroxide  by  oKonised  oxygen 
(Schonbein).  When  silver  is  melted  in  contact  with  alkaline  or  earthy  silicates^  it  is 
oxidised  to  some  extent  and  dissolved  by  the  melted  silicate.  This  is  also  the  case 
when  the  finely  divided  metal  is  ignited  with  cupric  oxide»  or  with  arsenic  or  antimony: 
in  the  former  case,  cuprous  oxide  is  fanned ;  in  the  latter  case,  the  silver-oxide  com- 
bines with  some  arsenic  or  antimonic  acid,  and  the  moM  minutely  the  silver  is  divided 
the  more  readily  does  this  oxidation  take  place.  It  is  probable  that  silver  is  also 
oxidised  to  some  extent  in  cnpellation,  and  that  the  loss  of  silver  experienced  in  that 
operation  is  mainly  due  to  oxidation,  the  silver-oxide  being  in  part  volatilised,  together 
with  the  lead  fumes,  and  in  part  dissolved  by  the  melted  lead-oxide,  and  abeor]^  bj 
the  cupel. 

Silver  undergoes  no  change  when  heated  in  contact  with  melted  alkaline  nitrates  or 
caustic  alkalis,  and  for  this  reason  silver  crucibles  are  vezy  useful  in  chemical  opera- 
tions with  those  substances  which  react  with  platinum  under  similar  conditions. 

When  silver  is  kept  melted  for  some  time,  at  a  high  temperature,  in  contact  with 
atmospheric  air,  it  absorbs  oxygen  gas,  and  holds  it  in  sdation  until  just  before  the  metal 
begins  to  solidify  on  cooling.  The  gas  is  then  suddenly  disengaffed  with  effervescence^ 
and  particles  of  the  metal  are  liable  to  be  spirted  or  projected  out  of  the  crucible. 
The  presence  of  a  small  amount  of  copper  in  the  melted  metal  prevents  the 
absorption  of  oxygen.  Silver  is  capable  of  dissolving  in  this  way  22  times  its  volume 
of  oxygen. 

Silver  combines  readilv  with  wlphur,  sdeniutn,  phosphorus,  and  arsenio.  It  de- 
composes stdphuretted  hydrogen  even  at  the  ordinaiy  temperature,  and  the  surface  of 
the  metal  becomes  covered  with  a  brown  or  black  film  <^  silver-sulphide.  The  dis- 
coloration of  silver  utensils  and  ornaments  by  exposure  to  the  atmosphere  generally 
consists  in  the  formation  of  such  a  film  of  sulphide  or,  in  some  instances,  of  {mosphide. 
Such  stains  may  be  removed  by  moistening  the  surface  with  a  solution  of  alkaline 
cyanide  and  then  washing  well  with  water.  When  the  discoloration  is  very  consider- 
able, it  may  be  removed  by  immersing  the  metal  in  a  boiling  saturated  solution  of 
borax  or  strong  caustic  alkali,  and  placing  a  plate  of  zinc  in  contact  with  it  for  some 
time  (Bottger,  DingL  polyt.  Jonrn.  cxliii.  464).  When  heat  can  be  applied  to 
the  disoolourod  metal,  the  silver-sulphide  may  be  decomposed  by  heating  it  to  redness. 
The  best  mode  of  preventing  such  discoloration  of  silver  articles  when  not  in  use^  is  to 
wrap  them  in  paper  coated  with  white  lead. 

Chlorine,  hronine,  and  iodine  combine  with  silver,  even  at  the  ordinary  temperature. 
Hydrochloric  aaid  in  solution  has  but  little  action  on  metallic  silver,  unless  it  be  heated 
to  the  boiling-point  with  the  ver7  finely  divided  metal ;  the  gas  is  decomposed  by  silver 
at  a  red  heat^  silver-chloride  being  formed.  Under  similar  conditions  the  vapours  or 
other  chlorides  are  decomposed  by  metallic  silver.  Sodium-chloride  isnited  with  pre- 
cipitated silver  is  decomposed,  and  the  silver  almost  entirely  converted  into  chloride ; 
hut  when  the  metal  is  in  large  pieces,  the  formation  of  silver-chloride  is  merely  super- 
ficial, unless  the  salt  is  melted,  and,  by  the  consequent  solution  of  the  chloride,  a  fresh 
surface  becomes  exposed.  Silver  kept  melted  under  sodium-chloride,  gradually  decreases 
in  weight,  owing  to  the  formation  of  silver-chloride,  and  in  two  or  three  hours  the  loss 
may  amount  to  2  or  3  per  cent.  (G.  Bose).  If  alkaline  carbonate  be  mixed  with  the 
sodium-chloride,  this  reaction  is  prevented.  Aoueous  solutions  of  alkaline  chlorides 
gradually  react  with  silver,  producing  silver- chloride^  which  dissolves  in  the  form  of 
a  double  chloride.  Solutions  of  cuj^  chloride  and  other  chlorides  convert  silver 
into  chloride. 

Dilute  sulphuric  acid  does  not  react  with  silver,  but  strong  sulphuric  add  is  decom- 
posed when  heated  with  it^  yielding  silver-sulphate  and  sulphurous  acid  gas.  Nitric  add 
reacts  with  silver,  even  at  the  orcunary  temperature,  dissolving  it  and  yielding  silver 
nitrate  and  nitric  oxide.    It  is  the  best  solvent  of  silver. 

The  saline  compounds  of  silver  are  mostly  colourless,  except  when  the  electro-negative 
constituent  they  contain  is  coloured.  Both  the  soluble  and  insoluble  compounds  of  this 
metal  are  blackened  by  sunlight  and  decomposed,  some  silver  being  reduced.  Most 
silver  compounds  are  decomposed,  with  reduction  of  the  metal,  by  the  action  of  heat. 

(Xvttrrefic».-^Silver  occurs  both  in  the  metallic  state,  and  in  combination,  chiefly 
viUi  sulphur,  also  with  chlorine,  other  metals,  &c.  Ores  of  other  metals  frequently 
contain  silver  (Malaguti  and  Durocher,  Compt.  rend.  xxix.  689;  Ann.  Min* 
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[4]  XTiL  S45).  It  has  alao  been  detected  in  leapwater.  (Ann.  Gh.  Pliy«.  [3]  zzTii* 
139.) 

Ikaim  Siher  is  sometimes  CEyBtalHsed  in  cubes,  octahedrons,  and  related  fonns ; 
sometimes  in  laminated  or  filamentoofl  masses,  and  sometimes  yery  minntely  dissemi- 
Baited  thronghont  other  minerals.  It  is  yezy  rarely  pnre,  containing  either  gold,  copper, 
or  other  metals. 

SUvet'WlpMde  oceors  as  silrer-glance,  sometimes  crystallised,  bnt  more  frequently 
SBaasrre.  It  has  a  dark  lead-grey  colour,  and  may  be  cut  with  a  knife.  Its  specific 
graYity  is  7*196.  It  contains  87  per  cent,  silver.  Silver-sulphide  also  occurs  in  com« 
bination  with  Tarions  other  metallic  sulphides,  constituting  a  great  number  of  minerals, 
in  which  the  amount  of  silyer  Taries  from  10  to  upwards  of  60  per  cent. 

SUner-dUoride  occurs  as  hom-silTer,  both  massiTe  and  earthy ;  sometimes  crystallised. 
It  baa  a  pearl-grey  colour,  sometimes  passing  into  lavender ;  it  is  translucent^  and  very 
aaSL    Its  specific  grarity  is  5*562. 

Among  uie  other  silyer-comxxrands  whidi  occur  as  minerals,  the  iodide^  hrcmide^ 
miemde,  tdluride,  onHmonide,  artenide,  and  mercurids  are  met  with  less  abundantly. 

Sih^T'OnM  occur  almost  exdusively  inlodes  traversing  gneiss,  miea-Bcbist,  grauwacke, 
dayslate,  &c.  They  consist  chiefly  of  metallic  silver,  silver-sulphide,  snd  its  Tarious 
eom^KHinds  (silver-chloride,  arseniae,  and  antimonide),a8sociatea  with  lead  and  copper 
Ofres,  blende,  pyrites,  spathic  iron,  brown  hsmatite,  earthy  carbonates,  heavy  spar, 
quarts,  &e. 

Besides  what  may  be  properly  called  silveiK>res,  galena  and  the  different 
TuietieB  of  grey  eoppeBt^ze  (ouivre  grtB;  faklers),  often  contain  such  an  amount  of 
sQver,  that,  from  the  greater  value  m  this  metal,  they  must  be  regarded  as  ores  of 
silver  as  much  as,  or  even  more  than,  lead  or  copper.  Such  ores  frequently  contain, 
in  the  ton,  from  2  to  10  ounces  of  silver,  sometimes  upwards  of  100  ounces.  Fyritie 
and  earthy  minerals  also  fr^uently  contain  a  small  amount  of  silver,  suJOBlcient  to 
render  its  extraction  profitable. 

PreparaHon, — ^Pnre  silver  is  best  obtained  by  decomposing  the  chloride,  the  in- 
solubility of  which  admits  of  other  metals  being  easily  separated  from  it  by  washing 
with  dilute  acid  and  water.  One  of  the  most  convenient  methods  is  to  cover  the 
moist  freshly  precipitated  chloride  with  dilute  sulphuric  or  hydrochloric  acid,  and  then 
to  place  upon  it  pieces  of  sheet  zinc  or  iron,  leaving  the  whole  at  rest  until  the  silver 
is  reduced  to  tne  metallio  state.  With  sine  the  reaction  is  represented  by  th* 
equation: 

2Aga  +  Zn     -    ZnCl«  +  Ag. 

When  the  reduction  is  complete,  the  spongy  silver  should  be  thoroughly  washed 
with  dilute  add  and  boiling  water;  then  dried,  and  melted  with  sufiftcient  alkaline  car- 
bonate to  cover  the  sur&ce  of  the  metal,  and  prevent  contact  with  atmospheric  air.  The 
chloride  may  be  mixed  with  about  70  per  cent  of  chalk  and  4  per  cent,  of  carbon,  and 
gradually  heated  to  a  sufBcient  temperature  for  melting  the  reduced  metaL 

FBODTTOnON  OV  SiLVXB  ON  THH  XJLBOS  SCALB. 

Although  silver-compounds  are  generally  deoomposible  without  difilculty  by  heat, 
with  reduction  of  the  metal,  the  extraction  of  this  metal  from  its  ores  is  not  by  any 
means  so  simple  a  matter  as  might  be  expected.  This  is  chiefly  owing  to  the  circum- 
stance that  argentiferous  minen^s,  and  even  native  silver  itself,  often  occur  minutely 
disseminated  throughout  a  matrix  of  earthy  minerals,  or  intimately  mixed  with  com- 
pounds of  other  metals. 

Veiy  rich  silver-ores,  containing  from  90  to  50  per  cent,  of  silver,  may  be  smelted 
in  crucibles  with  lead  or  lithaige,  and  proper  fluxes  for  converting  the  earthy 
admixtures  into  slag.  Ores  containing  40  per  cent,  and  less  ma^  be  smelted  with 
granulated  lead,  litharge,  or  lead-ores  in  a  small  blast-furnace,  or  in  a  reverberatory 
frimace  with  a  concave  hearth  forming  a  kind  of  crucible.  Metallic  iron  is  sometimes 
added  when  the  ore  contains  sulpUdes.  This  method  is  practised  to  some  extent  in 
California  and  Nevada. 

Bich  silver-ores  are  sometimes  smelted  by  adding  them  in  small  successive  portions 
to  lead  which  is  undergoing  cupellation. 

Poor  argentiferous  ores  which  do  not  contain  any  large  amoxmt  of  other  easily 
reducible  metals,  are  smelted  with  iron  pyrites  so  as  to  obtain  a  matt,  consisting  chiefly 
of  iron-sulphide  with  some  copper-  and  lead-sulphides,  and  containing  from  40  to  60 
ounces  of  silver  in  the  ton.  Sudi  ores  often  contain  pyrites :  if  they  contain  too  much 
they  must  be  partially  roasted,  and  earthy  ores  require  pyrites  to  be  added.    The 


piopottion  of  p^iitM  Bhould  be  ndi  tlut  the  matt  prodncBd  maj  unmiit  to  from  30 
lo  60  percent,  of  the  ore.  The  folloiriiig  table  gives  the  compoeitiim  of  laretal  pro- 
doeta  of  tMi  Idnd : — 


Oan^oiaitm  of  ArgentiferouM  MatU. 

*"ir" 

PliUur. 

Coerid. 

FriH^h.. 

Inn     ...        . 

57-333 

C4-2SS 

67-781 

Bl-O-ll 

66610 

85-620 

L«d    . 

8-863 

6-828 

4-999 

a-860 

6-489 

6-460 

Otppta. 

3-273 

6-428 

4-416 

3-326 

6-687 

4-000 

Zinc     . 

1381 

3-633 

2-618 

0H67 

4-774 

3-000 

Silver  . 

0-ifii 

0-086 

0-086 

0-0G6 

0-200 

0117 

Nickel. 

O'Sie 

1-101 

1-312 

0-624 

0-626 

ABBIlio 

0-194 

1-243 

0-274 
0-387 

0-210 

1    0-683 

0-032 

Solphnr 

2S-487 

27-042 

2S-702 

27-653 

22-489 

19-963 

SUi«   . 

2-668 

The  silTsr  ia  aftenraidi  eztmcted  from  tlieae  niatta  by  eoother  operation. 

Lead-ona containing ailTsr are  ameltedin  theiuQalmHiuisi'(ieeLxAD,  iii.48I — 626), 
■nd  tJie  eilrer  it  Mpanted  &am  the  lead,  either  by  evpelUtion,  or  by  one  ot  the  other 
methods  abeidj  described  ondar  the  head  of  Lud. 

Argentiferona  copper^ireB  are  aleo  Bmelted  in  Qie  ume  iray  aa  otlier  eopper^rea  (ape 
CoPFBB,  ii.  24 — 32),  and  the  Bilver  ia  extracted  either  fiom  the  matt  or  froia  theregolus 
by  one  of  the  methode  deecribed  below.     • 


three  timea  iti  mdgbt  of  lead,  the  ailTer  nnitea  with  the  lead,  and  thii  alloy  aepuratfa 
from  the  copper  irtien  the  melted  metal  ia  gradoally  cooled.  In  practice  the  melted 
metal  ia  cut  into  diac-ehaped  maaaee,  abont  2  feet  diameter  and  3  indies  thick,  in  iron 
monlda  ao  ••  lo  cool  it  rapidly.  A  number  of  these  cakes  ere  pluced  eide  by  side  on 
their  edget  in  die  tiiqiiatioD-h«wth(4Ur«  lie  lifiMf ion;  Sat^n-Aesrif),  ^.  744.  which  has 
two  long  cost'  iron  platea 
'*9-  I**'  died   abOTO    the    open 

space  M,  and  at  a  little 
distance    apart.      The 
eakea  of  metal  are  laid 
opoD  these  plates,   co- 
vered with  irun  plates 
(FF)  and  charcoal,  sad 
I   beated  for  some  time  to 
I    the  melting  point  of  lc«d. 
I  The  alloy  of  lead  and 
>  ailrer   ia  that   melteil, 
and     gradnallT    flows 
away  through  the  open- 
ing between  the  plates 
from  the  copper,  which 
a  much  hichpr 
>  ainentiferoua 
1  the  floor  of  the  open  apace  M,  and  collects  in  the 
ncii  c.    J.I  is  afterwards  submitted  to  cnpellation  to  separate  the  silver. 

Tbe  amonnt  of  silver  in  the  copper  to  be  tj^ated  by  this  method  must  not  be  less 
tluui  from  80  to  00  ounces  per  ton,  nor  mai«  than  200  ounces  per  ton.  A  smallrr 
amonnt  of  silver  would  not  repay  the  cost  of  tie  operation,  and  a  larger  amonnt  would 
be  only  partially  separated  from  the  copper.  The  proportion  of  load  shonld  not  bo 
less  than  bom  30  to  32  Iba.  to  the  ounce  of  silver. 

This  method  ia  very  imperfect,  since  the  copper  always  retains  from  10  to  20  per 
rc-nt.  of  silver,  and  a  number  of  bye-producta  are  formed  contuning  lead,  copper,  aud 
silver,  which  require  ftirther  treatment. 

Eitraeiion  iff  Silver  by  JmalgamatUm. 

The  extraction  of  silver  from  its  ores  and  from  argentifemos  pradacts  of  other 
metallurgical  operations,  is  very  frtqueolly  effected  bj  a  method  based  upon  the  easy 
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•olnbilitj  of  stlrer  in  merctuy.  This  method  was  invented  in  Mexico  by  Bartholo- 
meo  de  Medina  about  the  year  1667  ;  and  being  specially  suited  to  that  country,  by 
Tcaeon  of  its  requiring  yeiy  little  fuel,  it  soon  came  into  general  use,  and  is  now  ezten- 
avdiy  practisedfWith  various  modifications  and  improvements,  in  all  the  silver-producing 
countries  of  the  Western  Continent. 

The  amalgamation  of  silver^res  differs  f^m  the  amalgamation  of  gold-ores,  which 
contain  gold  in  the  metallic  state,  in  requiring  a  preliminary  treatment  of  the  ores  for 
the  purpose  of  bringing  the  silver  they  contain  into  such  a  condition  that  it  can  be 
diascMved  by  meremy.  Silver- ores  contain  not  only  metallic  silver,  but  silver-sulphide 
and  other  compounds  which  are  not  acted  upon  by  mercury.  Silver-chloride,  however, 
is  decomposed  by  meieuiy  with  formation  of  mercurous  cluoride: 

AgPl  +  Hg     «     HgCl  +  Ag. 

Consequently  the  first  step  in  the  operation  is  to  convert  all  the  silver-compounds 
into  chloride. 

1.  Mejeiean  method. — ^In  the  treatment  of  silver-ores  by  this  method,  silver-chloride 
ia  produced  in  the  wet  way  by  the  reaction  of  cuprie  and  ferric  or  ferrous  salts  with 
ailver-sulphide,  in  the  presence  of  sodium-chloride  in  excess.  The  precise  nature  of 
the  reactions  wluch  take  place  is  not  well  understood.  When  silver-sidphide  is  digested 
with  solution  of  cuprie  or  ferric  chloride,  no  reaction  takes  place ;  but  when  it  is  mixed 
with  ciroric  sulphate  or  ferrous  sulphate  and  sodium-chloride  in  the  moist  state,  some 
Bilver-ehloride  is  formed  after  a  time  (K  are  ten).  A  solution  of  cuprie  diloride  with 
excess  of  sodimn-chloride,  digested  with  silver-sulphide  for  some  days  at  the  ordinanr 
temperature,  is  gradually  decolorised^  and  the  producta  of  the  reaction  are  cuprio 
sulpiude  with  silver-chloride  and  cuprous  chloride,  which  are  partly  dissolved  by  the 
excess  of  sodium-chloride.  Sulphur  is  also  said  to  be  separated  (B  o  u  s  s  i  n  g  au  1 1).  In 
thia  case  the  reaction  is  probably  as  follows : 

8Ag%  -«•  4CuCl*  -  6AgCl  +  2CuCl  +  2CuS  +  S. 

The  enprous  chloride  produced  would,  in  the  presence  of  sodium-diloride,  be  capable 
of  eonverting  a  Anther  quantity  of  silver-sulphide  into  chloride  as  follows,  being  itself 
converted  into  cuprous  sulphide : 

S16  128  916  128 

Ag^  +    2CuCl     -     2AgCl  4-  Cu*S. 

The  production  of  cuprous  chloride  may  also  be  determined  by  the  presence  of 
metaOic  silver  in  the  ore  by  the  following  reaction : 

CuCl<  -f  Ag    •     AgCl  +  CuG. 

Heat  facilitates  the  production  of  chloride,  and  the  silver-sulphide  is  more  readily 
converted  into  chloride  when  it  is  combined  with  antimonial  sulpnide. 

In  order  to  submit  the  ores  to  this  preliminary  treatment,  they  are  ground  very  fine 
with  water  in  a  mill  resembling  a  porcelain  mill.  The  sludgy  msss  is  laid  out  on  a 
paved  floor  in  heaps  called  torta  or  monione,  upon  which  from  1  to  6  per  cent,  of 
common  salt  is  spnnkled,  and  the  whole  well  stirred  together  either  with  shovels  or 
by  treading  under  the  feet  of  mules.  Some  days  afterwards  it  is  mixed  with  from  0*6 
to  1  per  cent,  of  maaiatral,  consisting  essentially  of  cuprie  and  ferrous  or  ferric 
sulphates,  and  prepared  by  roasting  cuprous  pyrites.  Sometimes  roasted  iron-p}Tites 
is  used,  but  a  magistral  containing  copper  is  preferred.  At  this  stage  of  the  process 
chemical  action  takes  place;  part  of  the  sodium-chloride,  reacting  with  the  sulphates 
of  the  magistral,  yields  sodium- sulphate,  with  cuprie  and  ferric  or  ferrous  chlorides, 
which  give  rise  to  the  formation  of  silver-chloride  as  above  described. 

The  decomposition  of  the  silver-chloride  is  effected  by  means  of  mercury.  The 
quantitv  employed  for  this  purpose  and  for  the  actual  amalgamation  of  the  silver 
generally  amounts  to  about  six  times  the  weight  of  the  silver  in  the  ore.  It  is  added 
ra  three  equal  portions  at  intervals  of  16  or  20  days,  and  is  thoroughly  incorporated 
with  the  mass  of  ore.  The  day  after  the  first  portion  of  mercury  has  been  added,  the 
mass  is  tested  by  washing  a  portion  of  it  with  water,  to  ascertain  from  the  appearance 
of  the  amalgam  whether  the  process  is  going  on  properly.  It  is  essential  to  the 
success  of  the  operation  that  there  should  not  be  any  cupnc  chloride  remaining  when 
the  meremy  is  added  to  the  heap,  because  the  reaction  which  would  take  place  between 
it  and  the  mercury,  resulting  in  production  of  mercurous  chloride,  would  unnecessarily 
augment  the  waste  of  mercury.  If  the  mercury  appears  very  grey  and  much  sub- 
divided, too  much  magistral  has  been  used,  and  consequently  the  mass  contains  a 
large  amount  of  mercurous  chloride :  in  that  case  chalk  is  added.  If,  on  the  contrary,  the 
mercury  is  very  brilliant  and  liquid,  there  is  not  enough  msgistral,  and  more  has  to  be 
added.  When  the  mercury  Bopnratpd  in  the  test  presents  a  slightly  grey  dull  appearance^ 
and  runs  together  rapidly  when  separated  into  globules,  the  process  is  going  on  welL 
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About  fifteen  dsji  after'  the  fint  portloii  of  mereuy  has  been  added,  it  niU  hsfe 
oombined  irith  enoog^  fulyer  to  fonn  a  paaty  amftlgam ;  then  a  ftirther  qnantitj  is 
added,  and  after  another  intenral  of  vest,  the  third  portion  is  added.  This  opemtioii 
lasts  altogether  two  or  three  months,  aeoording  to  the  natnre  of  the  ore^  the  tempera- 
ture, &e.  If  the  amalgam  is  piastj  at  the  end  of  the  operation,  a  ftirther  qnantitj  of 
meicnfy  is  added  to  Bqne^  it,  and  the  whole  mass  is  washed  with  water  in  laige 
wooden  vats  fitted  with  paddles  on  ?ertical  shafts.  The  amalgam  thus  separated  is 
pressed  in  sacks  to  stnin  off  excess  of  mercnzy,  and  then  distilled 

At  some  places  this  method  of  treatment  is  practised  without  the  use  of  maffistral, 
and  merely  with  salt  and  merenrj.  In  those  instances  it  is  probable  thatthe  orea 
contain  sufficient  solphides  for  the  production  of  eupric  or  ferrous  sulphates  hj  tbo 
action  of  atmospheric  oxygen  during  the  mechanical  preparation  of  the  ore. 

The  ores  worked  in  this  way  in  &uth  America  and  Mexico  are  geneiuJly  sorted,  so 
as  to  contain  trom  20  to  40  ounces  of  silver  to  the  ton,  the  xicher  parts  being  picked 
out  and  smelted. 

The  consumption  of  mercuiy  in  decomposing  silTer^chlaride,  and  the  waste  attending 
the  several  operations,  are  said  to  amount,  in  the  Mexican  method,  to  about  twice  the 
weight  of  the  silver  obtained.  It  has  been  proposed  to  recover  the  mercuiy  left  in  the 
washed  residue  ss  mercurous  chloride  by  treating  it  with  hypochlorite  of  calcium  or 
nitrate  of  sodium,  and  then  adding  excess  of  hydrochloric  aad  so  as  to  convert  the 
meicuious  chloride  into  mercuric  cmoride,  which  could  be  washed  out,  and  the  mercuiy 
precipitated  by  copper,  while  the  solution  of  eupric  chloride  thus  obtained  would  serve 
in  the  place  of  magistral  for  subsequent  working. 

Since  the  decomposition  of  silve^^hloride  may  be  effected  in  the  wet  way  by  contact 
with  other  metals  oesides  mercuiy,  the  consumption  of  mercuiy  in  that  way  might  be 
prevented.  With  this  object  Be  Xeoca  proposed,  in  1586,  to  modiQr  the  treatment  by 
using  iron  plates  together  with  the  mercuiy,  but  this  suggestion  was  little  regarded  at 
the  time. 

For  the  amalgamation  of  rich  ores,  A  Ion  so  Barb  a  devised  a  method  with  the 
same  object,  which  consisted  in  grinding  the  ores  in  copper  pans  with  snoeessivs 
additiona  of  salt,  magistral,  and  mercuiy.  The  silver-chloride  being  in  tl^  ease 
decomposed  by  copper,  less  mercuiy  was  requisite;  but  the  extraction  of  the  silTer 
was  incomplete. 

2.  European  Amalcamaiian, — The  method  of  extraoting  silver  from  its  ores  by  means 
of  mercuiy  was  made  known  in  Europe  about  the  middle  of  the  seventeenth  oenturyv 
and  Barba's  modification  of  it  was  the  starting-point  £rom  which  it  came  to  be 
adopted.  The  first  attempts  to  work  silver-ores  hy  amalgamation  were  made  in  the 
Austrian  States  by  v.  B  or  n,  and  after  successiye  improvements,  works  were  also  erected 
at  Freibog,  Neusohl,  and  other  places  on  the  Continent^  where  it  was  extensirely 
practised. 

The  principal  points  of  difference  from  the  Mexican  method  are : — 1.  The  conversion 
of  the  silver-compounds  in  the  ore  into  chloride  by  treatment  in  the  dry  way  by 
roasting  with  salt;  2.  The  decomposition  of  the  sUver^chloiida  by  copper  or  iron 
instead  of  mercuiy. 

The  silver  ores  which  are  treated  by  amalgamation  in  Saxony  contain  aQyer-sulphide 
combined  or  mixed  with  arsenical  and  antimonial  sulphides,  pyrites,  blende,  ice 
Both  rich  and  poor  ores  can  be  worked  by  this  method  with  equal  advantage ;  but 
since  the  proportion  of  salt  and  mercuiy  to  be  used  would  depend  upon  the  amount  of 
silver  in  Uie  ores,  and  since  this  vanes  from  20  to  600  ounces  per  ton,  the  ore  is 
sorted,  so  that  the  mass  to  be  operated  upon  may  contain  from  60  to  70  ounces  of 
silver  per  ton,  and  a  uniform  mode  of  treatment  may  be  adopted 

It  is  necessary  that  the  ore  should  contain  sulphides  in  sufficient  amount  to  produce 
the  requisite  chemical  reactions  during  the  roasting,  and  to  ascertain  whether  this  is 
the  case,  a  portion  is  melted  with  glass,  borax,  and  resin  in  an  assay-crucible  under  a 
cover  of  socuum-chloride.  It  should  yield  about  30  per  cent,  of  matt.  When  there  is 
a  deficiency  of  sulphides,  iron-pyrites  or  ferrous  sulphate  is  to  be  mixed  with  the  ore. 

In  the  preparatory  treatment,  the  finely-ground  ore  is  roasted  with  10  or  12  per  cent. 
of  common  salt  in  a  reverberatory  furnace.  The  charge  is  put  into  the  ftimace  moist, 
gently  heated  at  first,  and  stirred  continually  until  it  is  dry,  so  as  to  prevent  its 
caking ;  it  is  then  raked  up  into  a  heap  along  the  hearth,  and  aft^r  the  lumps  have 
been  broken,  it  is  spread  out  evenly,  and  stirred  about  while  the  heat  is  being  increased 
to  redness.  This  stage  of  the  operation  {At^euem)  generally  occupies  about  two 
hours.  Meanwhile  steam  and  some  vapours  of  arsenic  and  antimony  are  given  off. 
As  the  temperature  rises  to  redness,  the  sulphides  begin  to  be  decomposed  by  reacting 
with  atmospheric  oxygen,  and  then  the  combustion  of  the  sulphur  generates  so  mu<£ 
heat  that  no  fresh  fuel  is  required  to  keep  up  the  temperature  during  this  stage  of  the 
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pwjoia  (Jbtekw^n),  wbleh  also  lasts  about  two  hoan.  Th«  diflengagement  of 
anlphnroos  add,  together  with  anenic  and  antimonial  Taponrs,  cauaea  the  maaa  to 
bmme  pnhrenileiit  and  potona*  and  when  it  ceaaea  the  temperature  begina  to  falL 
The  heat  ia  then  laiaed  eonaiderablj,  for  the  porpoae  of  deeompoaing  the  aolphalea 
which  fasTe  been  prodneed.  A  freeh  evolution  of  aulphuroua  add  together  with 
dikxride-yapoara  then  begina,  causing  the  mass  to  swell  up.  During  thia  stage  of  the 
proeeaa  {ChUrSiUn)  ihB  anlphatea  react  with  part  of  the  sodium-chloride,  yielding 
sodinm-anlphate,  fezrie  ehloride,  ice.,  while  some  h^diochlorio  add  and  chlorine  are 
disengaged,  and  the  silTer  ia  conTeited  into  chloride.  Oare  must  be  taken  not  to 
eontinae  tide  part  of  the  operation  too  long,  since  the  silrer-dilonde  might  be 
melted  ot  decomposed,  and  thus  the  eflKdency  of  the  subsequent  operations  would  be 
intflffered  with,  and  the  yield  of  silrer  consequently  reduced.  After  about  an  hour, 
the  diazge  ia  drawn  fiom  the  hearth.  It  then  containa,  besides  Tarioua  oxides  and  the 
earthy  ingredients  of  the  ore,  silTer-ehloride,  cupric  and  ferric  chloridsa  and  sulphates^ 
Bodium-chloride  and  sodium^sulphate,  and  some  unaltered  sulphides. 

During  the  roasting,  the  charge  loses  about  10  per  cent,  by  weight,  and  some  silrer  is 
carried  away  in  the  vapour  giyen  off,  for  which  reason  the  smoke  is  passed  through 
soot-chambcirB  and  ooiKlensers.  The  flue-dust  thus  deposited  contains  unaltered  par- 
ticles of  ore,  with  carbon,  Tarions  saline  substances,  ana  about  30  or  40  ounces  of  suTev 
per  ton.  This  silver  is  often  in  the  state  of  antimoniate,  a  salt  which  is  aiwaya 
Moduced  when  argoitiferous  and  antimonial  minerals  are  roasted  together  (Pla  ttn  er). 
The  formation  of  this  salt  causes  a  further  loss  of  silver,  from  the  fact  that  it  is  not 
convertible  into  chloride  by  means  of  chlorine^  but  only  by  hydrochloric  acid. 

The  roasted  ore  is  screened  and  sifted  fivm  the  lumps,  which  are  ground  and 
roasted  agnin  with  salt.  The  fine  powder  is  ground  in  a  mill,  and  passed  thioogh  • 
bolting-doth  to  reduce  it  to  an  extremely  fine  state  of  division.  This  mechanical 
treatment  is  of  great  importance  for  the  poRfoct  separation  of  the  silver  by  treatment 
with  mercury. 

The  decomposition  of  the  eilrer-chloride  (Anquiekmi)  is  generally  effected  by  stirring 
the  roasted  ore  with  water  and  iron  or  copper  in  strong  wooden  casks  mounted  horizon- 
tallj  in  a  framework,  and  made  to  revolve  by  maehineiy : 
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2Aga  -f  Fe  •  Fe^Cl*  +  Ag;  or  AgCl  +  Cu  -  CuCl  -i-  Ag. 

This  reaction  is  greatly  fodlitated  by  the  presence  of  an  add,  and  iHien  two  metals 
act  aimnltaneously,  it  takes  place  more  rapidly  than  when  only  one  is  present.  In  this 
caae  the  more  electro-positiTe  metal  is  converted  into  chlorine  by  the  reduction  of  the 
silver.  Thus  when  copper  and  meicniy  are  used  together,  mercurous  chloride  only  is 
produced.  With  iron  and  mercury,  on  the  contrary,  only  ferrous  chloride  is  produced, 
together  with  silver-amalgam. 

The  atirring  with  met^o  iron  or  copper  has  also  the  effect  of  converting  forrio 
ddoride  into  ferrous  chloride.  Cupric  chloride  is  decomposed  in  the  same  way,  and 
mineeeesaiy  production  of  mercurous  diloride  is  thus  prevented. 

The  quantity  of  iron  consumed  in  this  process  is  more  than  equivalent  \o  the  silver- 
diloride  decomposed,  and  amounts  to  aboat  60  per  cent,  of  the  silver  obtained :  the 
excess  being  partly  due  to  the  solvent  action  of  salts  in  the  roasted  ore,  and  partly  to 
the  predpitation  of  other  metals  besides  silver. 

When  copper  is  used  instead  of  iron,  a  much  purer  amalgam  is  obtained ;  but  copper 
acts  more  slowly,  and  even  when  used  in  large  proportion,  it  ia  not  so  effective  as  iron 
in  extracting  the  silver. 

The  decomposition  of  silver-chloride  by  either  iron  or  copper  is  also  much  fadlitated 
by  the  presence  of  alkaline  chlorides,  espedally  when  the  solution  is  strong.  This  is 
most  probably  owing  to  the  solubility  of  silver-chloride  in  such  solutions,  and  to  the 
consequently  increased  chemical  action.  This  silver-chloride  is  reduced  more  rapidly 
1^  mercury,  in  the  presence  of  a  concentrated  solution  of  alkaline  chloride,  than  it  is  by 
either  iron  or  sine  alone. 

Ailer  this  operation  has  been  completed,  and  the  silver  has  been  reduced  to  the 
metallic  state,  a  quantity  of  mercurv,  equal  to  about  half  the  weight  of  the  roasted  ore, 
is  put  into  each  cask,  and  the  stirring  is  continued  again  for  about  twenty  hours. 
During  this  operation  the  contents  of  the  cask  are  examined  from  time  to  time,  to 
ascertain  whetner  the  proper  quantity  of  water  has  been  added,  and  to  test  the  condition 
of  the  charge. 

The  casks  axe  next  filled  with  water  and  made  to  revolve  slowly  for  about  two 
hours,  after  which  time  the  greater  part  of  the  amalgam  will  have  separated  frt>m  the 
sludgy  mass  and  collected  together,  so  that  it  can  be  drawn  from  the  casks.  It  is 
filtered  through  canvas  bags  to  separate  excess  of  mercury,  and  distilled  in  iron  retorts. 

The  pressed  amalgam  contains  about  85  per  cent  of  mercury,  and  from  10  to  12  per 
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cent  Bilyer,  vith  yarying  amoantfl  of  copper,  lead,  antimony,  &e.    The  strained  mar* 
cnrjr  contains  about  one  ounce  of  silrer  in  the  hundredweight. 

The  dudffy  mass  {tailings)  remaining  in  the  amalgamating  caska  atill  contains 
disseminatedpartides  of  amalgam  and  mercury.  It  is  run  into  a  wash-tun  {offitator^ 
WaKhbottigtf  ouve),  mixed  wiih  a  large  quantity  of  water  and  stirred  with  paddles. 
The  amalgam  which  collects  at  the  bottom  of  the  agitator  is  much  more  impure  than 
that  taken  direct  from  the  casks.  The  lighter  portion  of  the  tailings  is  run  off  from 
side-openings  at  different  levels  of  the  agitator,  and  the  heavier  portion  is  again  treated 
with  mercury  in  the  casks,  or  dried,  ignited,  and  used  in  the  smelting-works.  It 
sometimes  contains  140  ounces  of  silver  per  ton.  The  finer  portion  of  the  tailings 
also  contains  some  silver,  firom  2  to  6  ounces  per  ton. 

The  mother-liquor  from  the  tailings  contains  sodium-chloride  and  sulphate,  with 
other  saltB,  such  as  ferrous  and  manganous  sulphates,  small  quantities  of  phosphates, 
arsenates,  and  fluorides,  &c.  It  is  concentrated  in  leaden  pans,  or  frozen  in  winter  to 
obtain  the  sodium-sulphate. 

The  loss  of  silver  and  mercury  in  this  operation  is  subject  to  great  variation ;  the 
former  amounts  to  about  6  or  10  per  cent,  of  the  quantity  contained  in  the  ore.  Of 
this  from  2  to  4  per  cent,  is  either  volatilised  in  the  roasting,  or  lost  in  the  grinding 
knd  sifting  of  the  ore,  and  in  melting  the  metaL  From  3  to  6  per  cent  of  the  silver 
generally  remains  in  the  tailings.  A  small  portion  of  the  mercury  is  converted  into 
roercurous  chloride,  which  is  not  decomposible  by  iron.  Much  more  remains  mechani- 
cally disseminated  among  the  tailings,  and  is  washed  away  in  the  mother-Hquor.  The 
presence  of  lead,  arsenic,  and  other  metals,  which  are  easily  reduced  and  amalgamated, 
iiugments  considerably  the  waste  of  mercury.  At  Freiberg  it  amounts  to  about  fifteen 
6unces  per  ton  of  ore,  and  87  per  cent  of  thekt  is  washed  away  in  the  mother-liquors,  or 
remains  in  the  tailings. 

-  The  advantages  of  the  amalgamation  method  over  smelting,  consist  in  the  smaller 
loss  of  silver,  the  greater  simplicity  of  the  operations,  the  more  rapid  extraction  of  the 
Inetal,  saving  in  fuel,  and  the  absence  of  injurious  vapours.  On  the  other  hand,  it  is 
not  applicable  to  ores  containing  lead  or  copper.  Although  lead  amalgamates  very 
readily  when  in  the  metallic  state,  still  in  the  treatment  of  ores  containing  lead,  only  a 
small  part  of  this  metal  is  amalgamated.  This  is  probably  because  very  little  of  the 
lead  is  reduced,  the  greater  part  remaining  in  the  state  of  chloride  or  sulphate,  which 
are  not  decomposed  unless  there  is  a  very  huge  excess  of  iron  in  the  amalgamating 
casks.  Copper  is  partly  taken  up  by  the  mercury,  and  part  remains  in  the  tauings.  If 
these  are  not  sufficiently  rich  to  be  worked,  that  portion  of  the  copper  is  lost  Conse- 
quently, ores  containing  more  than  7  per  cent  of  lead  or  1  per  cent,  of  copper  are  not 
treated  by  the  amalgamation  method. 

Auriferous  silver-ores  likewise  cannot  be  advantageously  worked  by  this  method, 
because  the  greater  part  of  the  gold  remains  in  the  tailings  after  amalgamation,  and  is 
lost  Comparative  trials  have  shown  that  sUver  obtained  from  such  ores  by  smelting, 
contained  more  than  twice  as  much  gold  as  that  obtained  by  amalgamation.  The 
reason  of  this  is,  that  though  gold  amalgamates  very  readily  with  mercury,  still  in  the 
treatment  of  silver-ores  by  this  method,  it  is  less  rapidly  acted  upon  than  the  silver, 
which  is  reduced  from  the  silver-chloride  in  a  finely  •mvided  spongy  state^  favourable  to 
its  amalgamation. 

*  The  nature  of  the  earthy  ingredients  of  the  ore  has  also  some  infiuence  on  the 
working :  thus  day  renders  the  mass  tenacious  in  the  amalgamation ;  heavy  spar 
makes  it  dense;  calcareous  substances  reduce  the  consumption  of  iron  and  of  mercury 
by  decomposing  the  chlorides,  but  they  also  lessen  the  ^eld  of  silver.  In  this  respect 
a  judicious  admixture  of  quartzose  and  calcareous  ores  is  most  advantageous. 

The  method  of  amalgamation  is  applied  not  only  to  silver-ores  but  ^so  to  the  matt 
(Kup/erstein)  and  the  coarse  copper  (Schwartzkup/er)  obtained  in  smelting  argenti- 
ferous coppeiH>res.    (See  Copfbb,  ii.  81.) 

In  the  Mansfield  district,  silver  was  formerly  extracted  in  this  way  from  copper- 
matt,  after  it  had  been  roasted  with  salt  to  convert  the  silver  into  chloride.  The 
tailings  were  afterwards  smelted  with  quartz,  fiuor-spar,  and  slag  to  obtain  the 
copper. 

At  Schmollnitz,  in  Hungary,  black  copper,  containing  from  85  to  89  per  cent  of 
eopper,  and  200  or  300  ounces  of  silver  per  ton,  is  worked  by  amalgamation.  The 
metal  is  reduced  to  powder  by  stamping  while  red-hot  and  then  grinding.  It  is 
mixed  with  from  7  to  9  per  cent,  of  salt,  and  roasted  in  a  reverberatory  furnace.  The 
amount  of  sulphur  in  the  metal,  being  no  more  than  from  0*5  to  1  per  cent,  would  be 
insufficient  in  this  case  to  determine  evolution  of  chlorine  by  its  oxidation  to  sulphuric 
acid ;  consequently  the  production  of  silver-chloride  in  the  roasting  mustbe  effected 
ehiefly  by  the  reaction  of  sodium-chloride  with  the  metal. 

The  silver-diloride  is  decomposed  by  means  of  copper,  and  the  amalgamation 
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QRiherwisd  tonducted  as  already  described  (p.  282).    If  iron  were  osed  instead  of  coppev 

to  decompose  the  chloride,  the  metsl  obtained  would  contnin  a  large  amount  of  copper. 

The  loss  of  siWer  is  said  to  be  less  than  6  per  cent,  and  the  waste  of  copper  about 

2  per  cent.    The  "waste  of  mercuiy,  however,  amounts  to  40  ounces  per  ton  of  coarse 

copper. 

At  Cziklowa,  in  the  Bannat,  coarse  copper  containing  16  ounces  of  silyer  per  ton  is 
toasted  with  10  per  cent,  of  salt  and  3  or  4  per  cent,  of  pyrites. 

At  Offenbanya,  in  Transylvania,  coarse  copper  containing  10  per  cent  of  lead  is 
roasted  for  six  hours  with  18  per  cent,  of  salt  and  3  per  cent,  of  nitre,  to  facilitate  the 
pioducti<m  of  lead-sulphate,  which  is  not  decompiled  in  the  amalgamation. 

The  compound  of  arsenic  and  antimony  with  nickel,  cobalt,  iron,  and  other  metals, 
which  is  termed  speiSj  produced  in  lead-smelting,  and  especially  in  the  preparation  of 
smalt  from  nickeliferoas  oobalt^res,  often  contaius  silver  which  is  extracted  by 
amalgamation. 

The  speis  firom  the  Saxon  smaltworks  at  Schneebeig  contains  from  10  to  100  ounces 
of  silver  per  ton.  It  also  contains  bismuth  and  sulphur.  The  powdered  material  is 
roasted  to  oxidise  the  metals:  part  of  the  arsenic  is  volatilised  as  arsenious  acid;  a 
great  part,  however,  remains  in  the  state  of  arsenic  acid  combined  with  the  basic 
oxides.  The  roasted  product  is  sifted,  to  separate  any  melted  or  unozidised  particles, 
then  ground  fine,  mixed  with  8  per  cent,  of  salt  and  2  per  cent,  of  ferrous  sulphate, 
and  again  roasted  to  convert  the  silver  into  chloride.  More  arsenious  acid  is  volatilised, 
and  probably  some  arsenic  as  chloride.  The  product  of  this  roasting  is  ground  very 
fine,  and  treated  with  mercury  in  casks. 

The  amalgam  requires  to  be  well  washed  with  water  to  remove  bismuth-oxide. 
The  tailings  contain  6  ounces  of  silver  per  ton,  and  are  smelted  for  nickel.-  The  total 
loss  of  silver  is  said  to  be  about  16  per  cent. ;  the  wast^  of  mercury  amounts  to  10  or 
15  ounces  per  ton. 

At  PooUaouen,  in  Brittany,  some  of  the  ores  ^m  the  Huelgoet  mines,  consisting  of 
metallic  silver,  antimonial  silver,  and  silver-chloride  disseminated  through  quarts, 
ochre,  and  clay,  are  treated  in  a  manner  which  combines  both  the  Mexican  and 
Buropean  methods.  After  the  mechanical  preparation  of  the  ore,  containing  about  20 
ounces  of  silver  per  ton,  it  is  mixed  with  water  and  10  per  cent,  of  magistral,  consisting 
chiefly  of  sodium-chloride,  with  some  ferrous  sulphate,  alum,  and  a  verv  small  amount 
of  cuprie  sulphate.  This  mixture  is  left  for  about  15  days  in  tubs,  to  allow  of  the  pro« 
duction  of  silver-chloride,  and  the  subsequent  treatment  conducted  as  already  described. 

The  extraction  of  silver  is  effected  to  within  3  ounces  to  the  ton. 

The  waste  of  mercury  amounts  to  from  10  to  80  ounces  per  ton  of  ore. 

The  amalgamation  method  is  now  largely  practised  in  California  and  Nevada  in 
"working  silver-oreS)  and  gireat  improvements  have  been  made  in  connection  with  it. 
Iron  pans  with  mullers,  for  giinding  the  ore  either  in  the  raw  or  roasted  state,  have 
been  substituted  for  the  barrels  with  g^reat  advantage.  By  this  means  the  silver  or 
silver-compounds  of  the  ore  are  more  effectively  brouglit  in  contact  with  the  chemicals 
and  mercury,  and  the  amalgamation  is  much  facilitated.  The  application  of  heat  by 
steam-pipes  has  also  been  found  very  advantageous. 

One  of  the  most  troublesome  circumstances  connected  with  the  extraction  of  silver 
by  amalgamation  is  the  conversion  of  the  mercury  into  a  pulverulent  condition, 
known  as  *'  flouring,"  when  it  is  liable  to  be  washed  away  in  the  tailings,  together  with 
silver  it  has  combined  with.  Considerable  loss  may  be  caused  in  this  wav ;  and  as 
this  effect  is  due  to  the  combination  of  sulphur,  oxygen,  &c.  with  a  portion  of  the 
mercury,  it  has  been  proposed  to  introduce  a  small  amount  of  sodium  into  the  mercury 
need  for  amalgamation.  Prom  the  great  chemical  affinity  of  this  metal  for  sulphur  and 
osy^n,  it  prevents  the  mercury  from  becoming  **  floured,"  and  materially  reduces  the 
waste  of  this  metal  and  the  loss  of  silver.  An  amalgam  containing  about  30  per 
cent,  of  sodium  is  used  for  the  purpose,  and  added  to  the  mercury  so  as  to  make  the 
proportion  of  sodium  about  1  or  2  per  cent.  The  presence  of  sodium  in  the  mercury 
itlso  appears  to  facilitate  very  considerably  the  amalgamation  of  the  silver.  (See 
Crooke's  Specifications,  Nos.  391  and  2229,  dated  11th  February  and  30th  August^ 
1865.) 

The  use  of  caustic  alkali  for  the  same  purpose  has  also  been  tried  and  foun4 
advantageous,  though  probably  in  a  less  degree  than  the  sodium-amalgam. 

Extraction  of  Silver  as  Chloride  and  Sulphate, 

The  solubility  of  silver-chloride  in  a  strong  solution  of  sodium-chloride  has  been 
taken  advantage  of  for  the  purpose  of  extracting  silver  from  copper  matts  and  ore9 
without  the  aid  of  mercury.  The  silver  is  converted  into  chloride  by  roasting 
with  salt^  and  the  roasted  product  is  digested  with  a  concentrated  solution  of  salt  in 
wooden  vats.      The  silver-solution  is  drawn  off   and  passed  tlu^ough  a  series  pf 
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vats  oontaiiiing  precipitated  copper,  which  aeparates  the  tSim,  nhila  a  solvtioii  of 
copper  is  prodaoed,  from  which  the  copper  is  recovered  in  a  state  fit  to  be  used  again,  by 
passing  through  another  series  of  vats  containing  iron.  The  liquoir  from  which  the 
copper  has  been  precipitated,  is  left  for  some  time  exposed  to  the  air,  till  a  great  part 
of  tiie  iron  has  been  deposited  as  a  basic  ferric  salt;  it  then  contains  some  sodram- 
sulphate  produced  in  the  roasting,  and  is  either  eraporated  to  obtain  that  salt^  or 
treated  with  calcium-chloride  to  fimiish  sodium-chloride  for  future  use.   (Angustin.) 

A  still  more  simple  and  inexpensive  method  of  extracting  silver  is  based  iqton  the 
facts  that  silver-sulphate  is  solable  in  water,  and  that  it  requires  a  higher  temperature 
for  decomposition  than  any  of  the  other  soluble  sulphates  containing  heavy  metals 
which  are  produced  durinff  the  roasting  of  copper-matt  or  of  silver-ores  with  pyrites. 
The  success  of  this  method  of  treatment  depenos  mainly  on  the  proper  roasting  of  the 
material  from  which  silver  has  to  be  extracted,  so  that  the  whole  of  the  silver  may  be 
obtained  in  the  state  of  sulphate,  while  the  cupric  and  ferrous  or  ferric  sulphates  are 
decomposed.  In  the  roasting  the  best  is  to  be  gradually  raised  during  the  space  of 
three  or  four  hours  to  dull  redness,  and  lastly  increased  within  about  two  hours  to  cheny- 
red.  The  progress  of  the  roasting  is  ascertained  from  time  to  time  by  testing  a 
portion  of  tne  charge  with  water,  iu  should  give  a  faintly  bluish  solation,  and  Sie 
amount  of  silver  rendered  soluble  may  be  estimated  volumetrically  with  a  salt-solution 
of  known  value.  When  the  proper  condition  has  been  reached,  the  charge  is  drawn 
from  the  furnace  and  digested  with  water,  and  the  silver  is  precipitated  from  thesolution 
by  copper.    (ZiervogeL) 

The  average  loss  of  silver  by  this  method  is  said  to  be  only  8  per  cent. 

The  use  of  alkaline  hyposulphite  has  been  proposed  as  a  solvent  for  silver-chloride 
in  the  working  of  ores,  &c,  the  silver  being  precipitated  from  the  solution  as  silver- 
sulphide  by  means  of  alkaline  sulphide,  wlule  a  solution  of  hyposulphite  is  xepro* 
duced.    (Percy.) 

In  the  case  of  very  poor  aigentiferous  materials,  such  as  the  residue  from  the 
burning  of  pyrites  in  the  manufuture  of  sulphuric  acid,  it  has  been  proposed  to 
volatilise  the  silver  ss  chloride,  and  collect  it  in  condensers. 

When  the  silver  obtained  by  this  method  is  reiy  impure,  it  is  sometimes  purified  br 
cupellation  with  lead.  Attempts  have  been  made  to  separate  the  metals  with  whicn 
the  silver  is  alloyed,  by  digesting  with  dilute  sulphuric  add  in  leaden  pans^  the  residue 
left  by  distillation  after  it  has  been  heated  to  redness  in  contact  with  atmospheric  air. 
By  repeating  this  treatment  several  times,  a  large  portion  of  the  foreign  metals  ars 
separated,  but  the  purification  is  incomplete  and  the  cost  is  considerable.  More  fre- 
quently the  silver  is  refined  by  melting  in  cast-iron  crucibles.  By  this  means  the 
foreign  metals  are  oxidised  and  form  a  slag,  which  floats  on  the  snrmoe  of  the  melted 
silver  and  is  skimmed  off.  Some  charcoal-powder  is  then  sprinkled  on  the  metal,  the 
crucible  covered,  and  the  heat  kept  up  for  a  time,  the  metal  being  stirred  in  the  mean- 
while with  an  iron  rod.  When  the  charcoal  is  consumed,  this  operation  is  repeated 
until  the  metal  exhibits  the  required  degree  of  purity.  It  is  then  cast  into  ingots. 
This  refined  metal  ought  not  to  contain  less  than  70  per  cent,  silver,  and  the  alloy 
should  consist  entirely  of  copper. 

!nie  revise  of  the  refining  is  melted  with  potash  and  some  nitre  under  sodium-chlo- 
ride, and  a  silver  regulus  is  obtained,  together  with  a  rich  matt,  which  is  mixed  with 
the  ore  for  amalgamation,  and  a  slag  which  is  sent  to  the  smelting-works.    B.  H.  P. 

8Z&VS&  AX&OTS*  For  most  of  the  useful  purposes  to  which  silver  is  applied, 
the  pure  metal  would  be  too  soft  to  resist  sufficiently  the  wearing -away  of  the  suifiiee 
by  friction.  The  presence  of  a  small  amount  of  copper  in  the  metal  veiy  considerably 
increases  its  hardness,  without  much  affecting  the  colour,  and  consequently  silver  is 
generally  used  in  the  state  of  an  alloy  with  copper. 

Silver  may  be  alloyed  with  most  other  metals.  None  of  the  alloys  are  so  soft  and 
ductile  as  pure  silver,  though  generally  more  so  than  the  metal  with  which  it  is  alloyed. 
The  presence  of  small  quantities  of  other  metals — such  as  antimony,  arsenic,  bismuth, 
tin,  and  zinc — ^renders  silver  brittle  and  liable  to  crack  when  rolled,  but  to  a  less  extent 
than  is  the  case  with  gold  or  even  with  copper. 

1.  With  Aluminium. — ^The  alloys  of  tnese  metals  are  much  harder  than  pure 
aluminium,  and  when  the  aluminium  amounts  to  twice  as  much  as  the  silver,  they  are 
even  more  fusible  than  aluminium,  and  ma^  therefore  be  used  for  soldering  that 
metal.  The  alloy  containing  3  per  cent,  of  silver  is  not  acted  upon  by  sulphuretted 
hydrogen :  that  containing  6  per  cent,  of  silver  has  a  fine  white  colour,  takes  a  good 
polish,  has  about  the  same  degree  of  hardness  as  British  standard-silver,  and  is  tole- 
rably malleable.    Equal  parts  of  aluminium  and  silver  give  a  brittle  alloy. 

2.  With  Antimony. — ^A  very  small  proportion  of  antimony  aUoved  with  silver  it 
Bufl&eient  to  render  the  metal  liable  to  cnck  in  zoUing.  Alloys  of  silTcr  and  antimony 
occur  as  minerals. 
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8.  "Witli  BiBmnth. — Eqnal  parts  of  silyer  and  biamnth  fonn  a  erystaUine  brittle 
alloy,  of  10*709  apecifle  grayity.  Bismnth-ozide  being  fusible,  this  metal  can  be 
aepAKated  from  silver  by  cupelUtion  in  the  same  way  as  lead. 

4.  With  Copper. — Silver  and  copper  may  be  melted  together  in  any  proportion. 
The  alloys  are  almost  as  ductile  as  silver ;  and  they  have  much  greater  nardness  and 
dastid^,  and  are  capable  of  taking  a  much  higher  polish  than  pure  silver.  Those 
ecHitaining  less  than  half  their  weight  of  silver  are  white. 

The  most  important  alloys  of  silver  and  copper  are  those  employed  for  coinage,  and 
for  the  manniacture  of  silver  utensils  and  ornaments,  &c.  Hie  standard  value  of  the 
alloy  used  for  these  purposes  yaries  in  different  countries.  In  England  "standard 
sdotr"  contains  7*6  per  cent,  copper :  its  specific  gravity  is  10*20. 

In  France  there  are  three  standard  alloys :  one,  containing  95  per  cent,  of  silver,  for 
medals  and  plate ;  the  second,  containing  90  per  cent.,  for  eoin ;  and  the  third,  containing 
80  per  cent.,  for  jewelry-work. 

in  Germany  aud  Austria  there  are  two  standards  for  coin,  of  different  values — one 
eontaining  90  per  cent,  the  other  87 '5  per  cent,  silver.  The  alloy  used  for  silver- 
plate  varies  firom  70  to  81  per  cent. 

SUver-«)lder  contains  about  66  per  cent,  silver  vrith  zinc  and  copper. 

When  alloys  of  silver  and  copper  solidify  gradually,  they  do  not  remain  homoge- 
neoos  throughout.  According  to  the  amount  of  silver  they  contain,  the  inner  or  outer 
portions  of  the  mass  contain  a  larger  proportion  of  silver  than  the  remainder.  Levol 
■tates  that  this  separation  does  not  take  place  with  the  alloy  consisting  of  71*9  per  cent^ 
silver  and  28*1  copper.    (Ann.  Ch.  Phys.  [3]  zxxvi.  220.) 

Although  the  alloys  of  silver  with  copper  are  white,  even  when  containing  a  large 
amount  of  oopper,  still  tbe  colour  is  not  so  fine  as  that  of  pure  silver.  Such  alloys, 
alter  being  manufactured,  are  therefore  submitted  to  an  operation  by  which  the  copper 
is  superficially  oxidised,  and  dissolved  out»  so  as  to  leave  a  film  of  pure  silver.  Tlus  is 
tenned  wkHenina  {blanckknent ;  Ansieden), 

6.  With  Gold.  This  metal  may  be  allojed  with  silver  in  all  proportions.  Levol 
regards  the  alloys  of  these  metals  in  equivalent  proport'ons  as  oeing  incapable  of 
separating  by  gradual  cooling.    (Ann.  Ch.  Phys.  [8]  zzzix.  163.) 

Alloys  of  gold  and  silver  in  various  proportions  occur  native.  (Gt.  Bose,  Pogg. 
Ann.  xziii.  161. — Awdejew,  ibid,  liii.  153. — Boussingault,  Ann.  Ch.  Phys. 
[2]  xjttiv.  408;  xlv.  440.—Ginelin*a  Randhook,  vi.  247.) 

6.  With  Le a cL— Silver  may  be  melted  with  lead  in  all  proportions.  These  alloys 
when  slowly  cooled,  separate,  so  that  the  interior  of  the  mass  contains  a  much  larger 
proportion  of  silver  than  the  outside.    (Levol,  Ann.  Ch.  Phys.  [31  zzxix.  163.) 

7.  With  Mercury. — This  metal  combines  with  silver  at  the  ordinary  temperature, 
forming  one  of  the  soft  alloys  called  amalgams,  which  mixes  with  an  excess  of  mercuiy, 
but  may  be  separated  as  a  pasty  mass  by  squeezing  in  wash-leather.  Silver-amalgam 
ooeois  native,  sometimes  erystaUised  (iil.  889). 

8.  With  Ni  ckeL — The  alloy  containing  18*4  per  cent  of  nickel,  is  gregish-white,  and 
takes  a  good  polish.  It  is  highly  magnetic.  The  alloy  used  for  eoin  in  Switzerland 
contains  10  per  cent  of  mckel.  It  is  veiy  hard,  and  not  so  white  as  the  alloys  com- 
monly used  ibr  coin. 

9.  With  Platinum. — ^AUoys  of  silver  with  platinum  are  much  less  ductile  than  pure 
silver.  The  alloy  containing  64*3  per  cent,  platinum,  has  a  colour  intermediate 
Vetween  those  of  the  two  metals.  It  cannot  be  rolled  without  cracking.  Silver  con- 
taining only  0'07  of  platinum  is  very  brittle,  and  cannot  be  cupelled ;  even  as  little  as 
0-05  greatly  impedes  tne  cupellation.  Sulphuric  acid  dissolves  the  silver  £rom  these 
aBoys.  Kitric  add  dissolves  part  or  all  of  the  platinum  as  well  as  the  silver,  according 
to  tlie  proportion  of  the  two  metals. 

10.  With  Tin. — ^AQoys  of  this  metal  with  silver  are  nearly  as  white  as  pure  silver. 
They  are  brittle  and  generally  hard,  that  containing  20  per  cent,  of  tin  being  about  as 

hard  as  bronze.  •v      ,    .      ..  « 

1 L  With  Zinc:— These  alloys  are  of  a  bluish-white  colour.  Dopplers  reflector  metal 
eoBsists  of  80  pts.  silver  and  20  pts.  zinc 

Ua^rmtL  JUMAT.  The  estimation  of  the  amount  of  silver  in  coin,  alloys,  ores, 
&C.,  for  practical  purposes.  This  operation  may  be  conducted  either  in  the  wet  way, 
by  precipitating  the  silver  as  chloride  firom  the  solution  of  a  known  weight  of  the 
sttbstanee  to  be  assayed  (see  Sxlvbr,  DETscnoN  Aim  Estimation  of,  p.  298),  or  in 
the  dry  way  by  cupellation  with  lead,  so  as  to  obtain  the  pure  silver. 

In  operating  upon  ores  containing  metallic  silver  and  oxidised  nlver-oompounds, 
they  are  mixed  with  eight  or  ten  times  as  much  litharge,  and  twice  as  much  black  flux, 
and  melted  in  earthen  crucibles.  The  lead  reduced  by  the  carbon  of  the  black  flux 
dissdves  the  rilver,  and  collects  as  a  button  at  the  bottom  of  the  crucible,  while  the 
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remainder  of  the  litharge  and  the  alkaline  carbonate  combine  nith  the  silicioQi  and 
earthy  ingredients  of  the  ore,  forming  a  slag. 

Ores  coataininff  sulphur  or  arsenic  may  be  melted  with  litham  alone  in  anflleient 
proportion  to  oxidise  those  substances,  and  the  lead  reduced  at  the  same  tame  will  be 
sufficient  to  dissolve  the  silver.  If  Uie  amount  of  sulphide  should  be  veiy  laige  in 
proportion  to  the  silver,  it  is  better  to  separate  some  of  the  sulphur  by  roasting  the 
ore,  or  to  oxidise  it  by  melting  it  with  nitre  before  the  treatment  with  litharge. 

Argentiferous  galena  may  be  assayed  by  melting  it  with  one-and-a-half  times  its 
weight  of  black  flux,  and  about  one-fourth  its  weight  of  small  iron  nails,  to  obtain  a 
button  of  metaL  Or  it  may  be  melted  with  three  or  four-tenths  of  its  weight  of  nitre, 
which  oxidises  the  sulphur,  forming  potassium-sulphate,  while  the  lead  and  silver  are 
reduced.  The  addition  of  soditmi-carbonate  or  litharge  as  a  flux  is  often  necesaaiy  and 
convenient  in  moderating  the  reaction  between  the  nitre  and  sulphides. 

The  button  of  metal  obtained  by  any  of  these  operations  consists  of  an  alloy  of 
silver  and  lead.  The  separation  of  these  metals  is  effected  by  eupdlaiwn  {eoupellaiian  ; 
Abtreiben).  This  operation  is  founded  on  the  fact  that  when  soch  an  alloy  is  melted 
and  exposed  to  a  current  of  atmospheric  air,  the  lead  is  oxidised,  while  the  silver 
remains  unaltered.  The  separation  of  the  lead  is  facUitated  by  melting  the  alloy  npon 
a  cupel  {coupeUe ;  Capelle),  made  of  bone-earth  powder  compressed  so  as  to  be  suffi- 
ciently  porous  to  absorb  about  its  own  weight  of  melteH  lead-oxide,  which  is  thus 
removca  from  the  metal  as  the  oxidation  advances,  until  at  last  there  remains  only  the 
pure  silver. 

In  the  assay  of  argentiferous  copper-ores,  the  first  step  is  to  obtain  a  button  con- 
taining the  entire  quantity  of  both  metals.  For  this  purpose  ores  which  do  not  contain 
sulphur,  arsenic,  or  antimony,  but  consist  chiefly  of  oxygen-compounds  of  copper  with 
earthy  admixtures,  may  be  melted  at  once  with  black  flux  sufficient  to  reduce  the  metal, 
and  with  a  flux  to  convert  the  earthy  ingredients  into  liquid  slag.  Borax  or  litharge 
may  be  used  as  the  flux,  care  being  taken  to  avoid,  in  the  one  case,  loss  by  intumes- 
cence, and,  in  the  other,  the  reduction  of  much  lead  in  proportion  to  the  silver  and 
copper. 

Argentiferous  copper-ores  containing  sulphides  mnst  be  flrst  roasted  by  gradually 
heating  the  powdered  ore  in  a  shallow  capsule,  until  sulphurous  acid  is  no  longer  given 
ofil  Great  care  must  be  taken  at  flrst  to  prevent  any  partial  fusion  of  the  ore,  and, 
when  arsenic  is  present^  it  must  be  very  slowly  volatilised—otherwise  the  vapour  may 
carry  away  some  silver.  After  the  ore  is  foily  oxidised,  the  heat  is  to  be  raised 
sufficiently  to  decompose  the  sulphates  produced.  The  roasted  ore  may  then  be  melted 
with  three  or  four  times  its  weight  of  black  flux.  The  button  of  copper  and  silver 
thus  obtained  is  cupelled  with  lead,  to  separate  the  copper  from  the  silver,  and  the 
silver  is  weighed. 

1.  Silver  Assay  in  the  dry  way:  Cupellatum,'--ThB  BBasLj  of  alloys  of  silver  and 
copper  by  cupellation  is  of  considerable  practical  importance.  When  such  alloys  are 
melted  in  contact  with  atmospheric  air,  the  copper  is  oxidised,  as  in  the  case  of  an 
alloy  of  silver  and  lead :  but  the  copper-oxide  being  infusible  at  the  temperature,  it 
cannot  be  absorbed  by  the  cupel,  and  its  separation  requires  a  solvent.  For  tiiis 
reason  lead  is  added  in  the  cupellation  of  silver  alloys  containing  copper :  it  serves  a 
twofold  purpose — facilitating  the  Aision  of  the  alloy  by  acting  the  part  of  a  solvent  to 
it  at  a  temperature  much  below  the  melting-point  of  either  silver  or  copper,  while  the 
oxide  it  yields  during  the  cupellation  melts,  and  dissolves  the  copper-oxide  produced 
at  the  same  time. 

Karsten'8  Table  (p,  289). 


I^ 

Copper. 

Copper  remalninf  after 
CupeUatioo. 

Abeorbed  u  Oxideg  by  the  Cupel. 

Lead. 

Copper. 

100 
200 
300 
400 
600 
600 
700 
800 
900 
1000 
1060 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

78-76 

70-12 

6012 

4940 

88-76 

26-26 

19-76 

8-76 

6-62 

1-26 

0- 

600 

710 
7*70 
7-90 
810. 
816 
800 
8-70 
9-60 
10-10 
10-60 
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Hie  amonnt  of  copper  capable  of  being  dissolved  in  this  iray  by  lead-oxide,  su  as  to 
be  absorbed  by  the  cupel,  varies  according  to  the  temperature.  The  relative  propor- 
tions of  copper  and  lead  absorbed  as  oxides  by  the  cnpel  also  vary,  even  at  the  same 
tempexatnre,  according  to  the  proportion  of  these  metals  in  the  alloy.  Karsten,  by 
eopelltng  copper  with  different  proportions  of  lead  at  one  and  the  same  temperature, 
obtained  the  results  given  in  the  preceding  table. 

Besides  these  total  differences,  the  proportion  of  copper-oxide  dissolved  when  an  alloy 
of  lead  with  excess  of  copper  is  cupelled,  varies  thiroughont  the  operation.  At  the 
commenoement  it  amounts  to  only  0*13  of  the  lead-oxide,  and  at  the  end  to  0*36,  or 
more  than  a  third.  When  the  proportion  of  lead  to  copper  is  too  small,  the  melted 
oxides  are  not  sufficiently  liquid,  at  the  temperature  proper  for  cupellation,  to  be 
readily  absorbed  by  the  cupel.  In  this  case  the  oxide  accumulates  above  the  metal, 
and  eventually  stops  the  oxidation.  The  assay  is  then  said  to  be  ehUUd  (noyS; 
ersaufen).  Therefore,  in  order  to  separate  the  whole  of  the  copper  from  an  alloy  of 
silver  with  this  metal,  it  is  necessary  to  use.  enough  lead.  The  complete  separation 
would  alwBjTs  be  effected  with  any  alloy  by  using  die  maximum  proportion  of  lead,  or 
as  much  as  would  be  necessary  with  pure  copper.  But,  since  this  operation  is  always 
attended  with  a  loss  of  silver,  which  increases  in  proportion  to  the  time  it  lasts,  and  to 
the  amount  of  metal  oxidised,  it  is  indispensable  to  render  this  loss  as  small  as  possible. 
For  that  reason  only  so  much  lead  is  to  be  used  as  may  be  actually  necessaiy,  accord- 
ing to  the  amount  of  copper  in  the  alloy  to  be  assayed. 

The  proportion  of  lead  requisite  for  effectinff  the  separation  of  copper  £rom  silver  by 
cupellation  is  to  some  extent  influenced  by  the  amount  of  silver  in  the  alloy.  Expe- 
rience has  shown  that,  in  cupellation,  copper  is  less  readily  oxidised  when  it  is  alloyed 
with  sQver  than  when  pure ;  and  that,  consequently,  a  larger  proportion  of  lead  must 
be  used,  relatively  to  the  copper,  the  greater  the  amount  of  silver  in  the  alloy. 


CoBpodUoa  of  Alloy. 

RaUo.                   1 

Qiuuilily  of  Lead  for  1  part 

Silrer. 

Copper. 

ofAUoj. 

Lead. 

Copper. 

1000 

fiO 

0-3 

900 

100 

3 

7 

60 
70 

800 

200 

10 

50 

700 

300 

12 

40 

600 

400 

14 

36 

500 

600^ 

• 

32 

400 

600 

27 

300 

700 

23 

200 

800  . 

16—17 

20 

100 

900 

18 

1000 

16 

Itisrcmarkablethat  when  the  copper  amounts  to  more  than  one-half  of  the  alloy,  the 
same  proportion  of  Ipad  is  necessary  for  all  alloys,  whatever  may  be  the  amount  of 
copper  they  contain.  Even  when  pure  silver  is  melted  on  a  cupel,  a  little  lead  must 
be  added  to  make  the  metal  form  a  button  ;  if  less  than  three-tenths  its  weight  of  lead 
is  used,  the  button  is  not  properlv  formed,  and  the  lead  is  not  separated  unless  the 
heat  be  raised  considerably,  whi^  causes  great  loss  of  silver.  When,  on  the  contrary, 
more  than  that  proportion  of  lead  is  used,  the  cupellation  takes  place  readily,  but  the 
loss  of  silver  is  greater,  because  the  operation  lasts  longer. 

The  furnace  in  which  cupellation-assays  are  made  is  represented  in  fy.  745.  The 
most  important  part  of  it  is  the  muffle,  B.  This  is  a  seraicylindrical  vessel  made 
of  clay,  and  closed  at  one  end.  It  is  fixed  in  the  furnace  in  such  a  mannor  that. 
it  can  be  entirely  surrounded  with  the  burning  fuel  when  the  furnace  is  in  use.  At 
the  sides  of  thn  muffle  there  are  longitudinal  openings,  through  which  a  draught  is  pro- 
duced by  the  chimney ;  and  when  the  door  of  the  muifle  is  opened,  a  current  of  atmo- 
spheric air  is  thus  made  to  pass  through  the  muffle  over  the  cupels. 

In  using  this  furnace,  it  should  be  kept  entirely  filled  with  fiiel  which  will  burn 
without  smoke ;  and  when  the  temperature  has  been  raised  to  the  proper  degree,  it 
can  easily  be  regulated  according  to  requirement  When  the  cupels  have  become  hot, 
and  the  sides  of  the  muffle  are  at  a  bright  red  heat,  verging  upon  white,  the  necePFary 
quantity  of  lead  is  firat  placed  in  the  several  cupels ;  and  when  it  is  melted,  the  weighed 
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quantities  of  tlie  alloja   (o  ba  uaajed,  wnpfied  in   tliin   p^ier,  im  qoicUj  but 
gFurty  slippetl  into  the  melted  lettd,  great  can  being  taken  to  prevent  on;  portii-n  of 
Fig.  745.  ^^  contenla  of  the  cnpalB  beiiig 

thrown  out 

After  the  cupels  »re  charged, 
the  mnffle  is  closnl  for  a  few 
seconde,  that  the  pie(>ps  of 
aUoy  maj  melt  and  dissolfa 
ID  the  lead.  At  the  moment 
the  door  in  remoT«i,  the  con- 
tents of  each  cupel  shonld  pn- 
seat  (he  appearance  of  bright 
liquid   metal  vitti    a  conrez 

As  soon  as  air  IB  admittrd 
into  the  muffle,  oxidation  com- 
mences ;   while  fom«  of  lead- 
oiide  are  ^Ten  off;  and  (he 
bright   surface   of   the   mPtid 
beramea  corcred  with  a  rhin 
iridescent  film  of  melted  oiide, 
presenting  brilliant  spot*,  which 
move  rapidly  about  over  it.    As 
the     oxidation    adraacee,    the 
melted  oxide  in  absorbed  by  the 
cupel,  prod  ucinground  the  metal 
adarkpatchgirliich  gradnivlly  ex- 
ti'nde,  wliite  Ihemetal  decreases 
:n  bulk  and  becomes  more  globnlar.  At  the  end  of  the  pcocpSB,  when  the  last  portion  of 
oiide  is  being  furmwl,  the  matal  appears  to  be  revolving  PHpidly,  and  its  eurfiuTn 
becomes  very  bright  and  iridescent ;  then  the  motion  luddenl;  ceases,  aud  the  iridia. 
eenc"  diBappeani  with  a  kind  of  flash,  during  which  the  button  is  scarcely  perceptible  ; 
after  a  few  seconds  it  presents  the  appearance  of  pure  silver.     This  hst  stage  of  the 
process  is  called  the  briffUtning  [tdair;  Slieitn). 

Owing  to  the  fact  that  melted  silver  absorbs  oxygen  gas,  it  is  necessan  to  remoTe 
the  cupels  containieg  the  buttonsof  silver  rery  gradually  from  the  muffle,  in  order  that 
they  may  ccx)l  slowly  and  notspif  {roeher;  tpral zen),aiace  tiiis  might  occasion  some  loss. 
^Vhen  this  operalioa  has  been  well  performed,  the  button  of  silrer  should  separate 
easily  from  the  cupel ;  its  upper  BuHkce  should  be  bright  nnd  smooth  ;  the  under-siir- 
face,  dull  and  cryalalline,  but  clean  and  compact.  When  the  button  is  bluish 
above  aud  bright  underneath,  without  adhering  at  all  to  the  cnpel,  it  contains  lead. 
When  the  upper  surface  of  the  button  is  flattened,  dull,  and  wrinkled,  it  hns  either 
■pit,  or  loo  Lille  lead  has  been  used  and  the  oxidation  has  not  been  camplctc 

The  temperature  at  which  cupellation  is  conducted  hss  a  great  influence  on  the 
result.  Since  silver  is  sensibly  volatilisable,  it  ia  on  this  account  essentiuJ  llial  the 
temperature  should  not  be  too  high.  On  the  other  hand,  the  heat  must  be  sufficient  to 
Complets  the  oxidation  of  the  copper  and  lead,  and  to  render  the  oxides  perfectly  liquid 
and  capable  of  beine  absorbed  by  the  cupel.  From  the  greatir  length  of  time  occupied 
by  the  process  at  a  Tow  temperature,  the  loss  of  silxep  by  volalLlieation  might  be  as 
great  as  if  it  took  place  more  repktiy  at  an  eiceasiTe  heat  Experience  has  shown 
Uiat  the  heat  ia  too  great  when  the  cnpela  are  nearly  white  hot  and  scarcely  distin- 
guishable fram  the  metal  they  contain,  and  when  the  fnmee  appear  slight  and  Hne 
quickly  Ui  the  crown  of  the  miifHe.  In  this  case  the  oxide  would  be  too  hquid,  and 
would  carry  with  it  inlo  the  cupels  some  minute  particles  of  silver.  On  the  contrary, 
the  heat  is  too  low  when  the  furn^s  appear  dense,  {Creeping  along  the  sole  of  the  muffle, 
and  when  theoxide,  being  insufficiently  liquid  to  be  absorbed,  collects  in  a  ridge  round 
the  metal.  In  this  ease  the  loas  of  silver  is  lees;  but  Uie  oxidation  is  incomplete,  and  the 
button  is  hkely  to  contain  someiead.  These  two  sonrcesof  error  always  obtain  simul- 
laneousty,  and  they  compensate  each  other  more  or  less  according  lo  the  temperature 
at  which  the  operation  is  conducted.  The  best  results  are  obtained  when  iha  cupolt 
are  only  red-hot,  and  when  the  melted  metal  is  distinctly  risible  and  much  more  lumi- 
nous than  the  cupel. 

The  rapidity  of  the  current  of  ur  passing  through  the  mnffle  also  intluenci^  the 
result.  Too  quick  n  current  might  Cause  the  formalinn  of  oxide  more  raoidly  than  the 
cupel  lOild  iibforb  it,  or,  by  lowering  the  temperature,  it  mishl  reader  the  oxide 
inaufficiendy  liquid  to  be  absorbed  by  the  cupel ;  and  in  cither  case  the  process  would 
be  interferiii  with  in  the  game  maaner  ag  if  ilic  proportion  of  lead  t«  copper  w»re  too 
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■mall.  With  too  slow  a  cnrrent  of  air,  the  procefls  would  go  on  ywy  aLcfwiy,  and  thero 
VQold  be  a  loss  of  siWer  in  consequence  of  the  operation  laking  too  long. 

The  most  ozidisable  of  the  varions  metals  which  may  be  present  in  an  allo7  are 
ehiefly  separated  during  the  first  stage  of  the  cupellaUon,  and  towards  the  end,  the 
lead-oxide  fbnned  may  be  almost  pore,  or  contain  only  cupric  oxide.  Iron,  tin,  and 
sine  are  oxidised  with  snch  rapidity,  that  alloys  containing  any  large  amount  of  these 
■fcetals  cannot  be  cupelled  without  the  assay  becoming  chilled,  or  incrusted  in  the  cupeL 

The  appearance  of  the  cupels  after  the  operation  i^ords  some  indication  of  the  kind 
of  metal  alloyed  with  the  silver.  Lead  ^yes  the  cupel  a  pale-yellow  colour;  bismuth 
giTea  a  slightly  orange-yellow ;  copper  giTes  a  grey,  dirty  red,  or  brown  colour,  accord- 
ing to  the  quantity.  Iron  produces  black  scoriae,  which  collect  at  the  commencement 
of  the  oxidation  about  the  edge  of  the  cupel.  Tin  gives  grey  scoriae,  and  causes  incrus- 
tation when  present  in  large  amount.  Zinc  produces  a  very  luminous  flame,  and 
leaves  a  yellowish  ridge  on  the  cupel ;  its  presence  causes  loss  of  silver,  by  augmenting 
the  volatilisation,  or  by  spitting.  Antimony  gi^es  a  yellow  scoria,  and  makes  the  cupd 
enck  when  present  in  any  laige  amount. 

When  the  buttons  of  sUver  have  solidified,  they  are  detached  from  the  cupels  with 
pUeiSy  brushed  to  dean  off  fragments-  of  bone-earth  or  oxide  adhering  to  the  under- 
side, and  then  weighed.  The  results  thus  obtained  give  the  amount  of  silver  in  thp 
alloy  too  low,  because  there  is  always  a  loss  of  silver  in  cupellation,  which  in  the  casa 
of  ordinaiy  ailoys  may  amount  to  aa  much  as  0*006.  In  the  cupeUation  of  alloys  con- 
taining a  laige  amount  of  silver,  this  loss  is  proportionately  less  than  in  the  cupellation 
of  alloys  containing  but  a  small  amount  of  silver.  Consequently  it  is  necessary  to 
apply  a  correction  to  the  actual  results  of  the  assays,  according  to  tiie  value  of  the  alloy 
in  8]lver»  aa  shown  in  the  following  table : — 


Actaal 

Amount 

C<MTectioin 

Actual 

Amount 

Correction 

amount 

found  bf 

for  lost 

amount 

found  by 

for  lot* 

ut  NiWer. 

Cupellation. 

of  Silver. 

of  Silrer. 

CupelUtioD. 

of  Silver. 

1000 

998-97 

103 

600 

496-32 

4-68 

975 

973-24 

1-76 

475 

470-60 

4-50 

950 

947-50 

2-50 

450 

445-69 

4-31 

925 

921-75 

3-26 

426 

420-87 

413 

900 

896-00 

400 

400 

39605 

3-95 

875 

870-93 

407 

375 

871*39 

3-61 

850 

845-85 

413 

350 

346-73 

3-27 

825 

820-78 

4-22        ' 

325 

322-06 

2-94 

800 

795-70 

4-30 

300 

297-40 

2-60 

775 

770-59 

4-41 

275 

272-42 

2-58 

760 

745-48 

452 

250 

247-44 

2-66 

725 

720-36 

4-64 

225 

222  45 

2-55 

700 

695-25 

4-75 

200 

197-47 

2-55 

675 

670-27 

4-73 

175 

173-88 

212 

650 

645-29 

4-71 

150 

148-30 

1-70 

625 

620-30 

4-70 

12) 

123-71 

1-29 

600 

595-32 

4-68 

100 

99-12 

•88 

675 

670-32 

4-68 

75 

74-34 

-66 

650 

545-32 

4-68 

50 

49-66 

•44 

525 

520-32 

4-68 

26 

24-78 

•22 

This  loss  of  silver,  however,  is  not  constant  even  for  the  8ame  alloys,  but  varies 
according  to  the  mode  in  which  the  operation  is  conducted.  For  the  sake  of  greater 
certainty,  therefore,  a  proof  assav  with  pure  silver,  or  with  an  alloy  of  known  value, 
should  be  made  with  each  batcn  of  assays,  in  order  to  ascertain  whether  the  loss  of 
silvnr  be  really  the  same  as  that  indicated  in  the  table  for  that  alloy  or  for  pure 
silver.  The  correction  to  be  applied  to  the  results  of  the  assay's  made  at  the  same  time 
is  then  to  be  regelated  according  to  the  result  obtained  with  the  proof-assay.  When 
the  operation  is  conducted  with  proper  care,  the  corrected  results  may  indicate  the 
amount  of  silver  in  the  alloys  to  within  2  or  3  pts.  in  a  thousand. 

In  many  instances,  cupellation  is  a  very  convenient  method  of  estimating,  approxi- 
mately, the  amount  of  silver  in  alloys  and  ores,  but  when  great  accuracy  is  required 
it  is  better  to  employ  the  wet  method  of  assay  devised  byGay-Lussac. 

2.  Silver  Assay  6^  the  wet  proceM. — This  method  of  estimating  silver  consists  in  pre- 
cipitating the  metal  as  chloride  from  the  solution  of  a  known  weight  of  tlie  alloy,  and 
in  using  for  that  purpose  a  solution  of  common  salt  containing  a  known  amount  of 
•alt.    Sy  weighing  or  measuring  the  quantity  of  this  solution  which  is  just  sufficient 
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to  coDTm  tht  irhola  of  the  nlrer  into  chloride,  it  is  eaij  to  SBeertaiD  tb»  amount  of 
■ilrer  ia  the  allaj.  SilTer-chloride  •eparatea  to  nadily  finnn  b  liquid  contaiDing  nitse 
Mid  ia  fitxea,  that  ths  «iaet  point  at  which  all  the  ailver  is  predpitatal  may  b« 
obmred  irith  great  prrcisioD,  Bad  much  mora  accnrato  nanlta  may  be  obtained  in  thia 
wtT  than  b;  cuprllation. 

The  normal  tolulion  is  made  of  such  a  strength  that  1000  gnin-meaBoreg  are  eqniTs- 
lent  to  10  grains  of  silver,  ot  100  cubic  centimetres  oqniT»lent  to  1  gramme.     In  maoj 

-^^^  [^,  normal  solution  ma;  be  nacd  in  the  same  irajr  as  anj  other  volumetric 

t,  b;  simplj  obeerring  the  volume  rfqaired  tor  perfect  predpitalion,  and  then 

i_: —  .1 .;»_  .r  _;i_^,  represented  hy  1  grain-niBasure  or  by  1  cubic  cenli- 

leaBores  or  ccDtimctres  of  solution  used.  The  amount 
«  and  other  substances  may  often  be  conveniently  eetimated  in  ttiis  way. 
For  the  purpose  of  attaining  a  greater  degree  of  accurftcy  in  the  results,  another 
solution,  containing  only  one-tenth  sb  much  salt  a»  (be  normal  solution,  may  be  used 
for  sompletiLg  the  precipitation.  For  greater  convenience,  in  shaking  the  liquid  to 
fAcihtate  the  separation  of  the  silver-chloride,  the  lilver-solutioD  should  be  contained 
in  a  stoppered  bottle. 

In  the  valuation  of  alloys  eonljuningataleiably  constant  and  approiiniBtivelykiioira 
amount  of  silver,  snch  as  silver  coin  and  the  bars  of  alloy  prepared  for  coining,  it  is  Etr 
preferable  to  take  a  quantity  of  the  alloy  which  will  contain  rather  more  than  10  grains, 
Fia  746  "'  '  gmnime  of  ailvar,  and  to 

'  add  to  the  solution  of  it  in  ni- 

tric acid  1000  graia-m 
or  100  cubic  centim< 
the  normal  solution  at  once. 
There  will  then  remain  only 
ao  mnch  silver  in  solotioD  aa 
there  have  been  in  excess  of 
10  grains  or  1  gmmme.  The 
precipitation  of  this  portion 
of  the  silver,  which  shonld  not 
amonnt  W  more  than  2  or  3 
thousandth  parta,  is  to  be 
«Sfect«dwith  the  decimal  solu- 

The  apparatus  requisite  for 
thia  operation,  when  a  large 
nnmb«'  of  assays  have  to  be 
made,  is  shown  by  fig.  7*6, 
A.  is  the  reservoir  for  hold- 
ing a  la^e  supply  of  tlie 
normal  solution,  which  can  he 
drawn  off  as  required  by  the 
stopcock  a.  The  tube  k,  open 
at  both  ends,  passes  to  the 
bottom  of  the  reservoir,  and  is 
tightly  fitted  into  the  neck  with 
n  cork,  so  that  there  cannot  be 
any  losa  by  evaporation,  and 
air  can  enter  tbereservoiroulT 
through  the  tube  b. 

The  gauge  d  showa  the 
quantity  of  solution  in  the 
teeervoir. 

The  pipette  J,  for  measunng 
the  normal  solution,  has  a  lotig 
narrow  neck  and  a  very  small 
arrrtun  at  the  lower  end, 
which  can  be  closed  with  th' 
flpger.  It  ia  supported  on  a 
wooden  frame  firmly  flied  to 
the  wall,  and  the  upper  end 
is  fitted  with  a  collar  having  a  conical  valve  (/)at  the  aide.  Above  this  colW.  and 
forminK  one  pieee  with  it,  is  an  oniinarr  stopcock  i,  the  tube  of  which  extends  down- 
wards throogh  tlie  coUar  info  lie  neck  of  the  pipeUe,  a!  shown  on  it  larger  scale  in 
'i.  747.  To  (he  npper  side  of  the  stopcock  e  «  fitted  «  gl*"  tube  containing  a 
■  log  with  the  atopcock  c. 
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■llnv  ths  air  U>  escape  from  the  pipette. 

i>  filled  to  a  liule  abore  the  maik  x  on  its  neck,  indiailiiig  the        ^''*-  "•■ 

aniaite  Tolums,  the  cock  «  is  closed;  then  the  valTe/is  closed,         ^H 
I  the  Align  remoyed  from  the  beak  of  tbs  pipettF.  ^H 

The  botUe  eontaiaiag  the  solution  from  vhich  lilTnr  is  to  be         ^V    ^^ 
pieeipitiited  is  pot  into  the  boldeF  h,  which  i»  Gtled  to  a  met&l  k^^^A 
plate  bearing  also  a  receptacle  t  for  waste  eolution,  and  a  support  K^^^^^P 
for  a  piece  of  Hponge  k.     This  metal  plate  slides  freely  between         'W      r  ^ 
groovea  from  /  to  ffl,in  such  a  way  that  the  apoDse  or  the  mouth      VjlP^Jiv^ih 
of  the  btttle  contuning  the  silver-solution  may  ha  brought  exactly        F^V^^^uS 
unds  the  beak  of  the  pipette.     To  mn  off  from  the  pipette  the        TPw^^^^^ 
exeeaa  of  solntion.  the  receptacle  lis  placed  below  the  beak,  and  the         ■:  fl 
t»Ito  /  is  cautiously  opened  just  enough  to  let  the  Wei  of  the         I ;  9 
•olutioD  sink  to  the  mark  on  the  neck  of  the  pipette.     Then  the         I  j  9 
TalTeis  doeed  and  the  slide  moved,  so  that  the  sponge  is  bronght         Swig 
against  tlie  beak  of  the  pipette,  to  wipe  off  the  drop  of  solution  EHI 

han^ng  to  it.     As  soon  as  that  is  done,  the  slide  is  moved  back         y\\  •- 

tiU  the  moLth  of  the  bottle  is  under  the  beak  of  the  pipett«,  and 
byopening  the  yalTe/the  mtBuursd  aolutioa  is  allowed  to  fall  into  the  bottle. 

These  assays  are  generally  made  in  series  of  ten,  the  bottles  and  sloppers  belonging 
to  them  being  nombered  and  placed  in  a  stand,  which  can  be  immersed  m  hot  water  to 
fKilit«te  the  eolation  of  the 

alloy  ID  nitric  add.     After  F^,  7*S. 

the  metal  haa  completely  dis- 
aolnd,  the  bottles  are  allowed 
to  cool,  uid  the  nitrous  rapaoj 
is  displaced  by  blowing  into 
the  bottlei  through  a  piece  of 
bent  tube.  The  proper  qnan- 
titj  of  normal  solution  is  then 
measurrd  into  each  bottle 
from  the  pipette;  the atappen! 
are  put  into  the  bottles;  and 
they  are  transfeired  to  en 
■gilator(;^.71B),  which  holds 
t«n  bottles,  and  is  sna- 
pended  between  two  vulcan- 
lasd  caoutchouc  springs,  so 
that  the  whole  of  tile  bottlet 
may  be  sbakea  at  once. 

After  shaking  the  bottles 
for  a  minme  or  two,  they  are 
taken  ont  and  ranged  npon  a 
black  shelf,  with  ten  compart- 
mentx   numbered    to    corre- 

rndwiththe  bottles.  When 
hquid  in  each  ia  cUar,  the 
Btoppera  are  taken  out  and 
faiiDg  npon  wim  attached  to 
each  comportment,  and  acabio 
centimetre  of  the  decimal 
•cjntjon  isrun  into  each  bottle 
by  means  of  a  small  tabular 
pi  pMte,  which  is  fitted  through 
a  cork  into  the  bottle,  A.  (fig. 
749),  containiiig  the  decimal 
solution.  In  adding  the  de- 
cimal solution  it  should  be  al- 
lowed to  flow  gently  down  the 
sideof  the  bottle,  aftiiT  placing 

the  beak  of  the  pipette,  6,  sgoinst  the  neck  of  the  bottle.  By  this  nrane  tbe  eiker' 
chloride  in  the  bottle  is  not  disturbnl,  and  if  the  liquid  contains  silver  it  is  at  ones 
rendered  turbid. 
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ftnd  uioUisr  meamTS  of  d«dmAl  •olntion  added — ihia  open,tion^y^^llg  reputed  ontil  do 

farther  precipiute  is  produced.   Sappoaing  each  cnbio  ceotimelre  o!  deoinml  solution  to 

be  egoiTalent  tol  miUigismmeaf  allTWiandlOO  cubiccentimetresof  theDormol  solution 

ta  precipitate  exanlj  1  gjamme  of  sLlTer,  the  goautiCy 

Fy,  749.  of  ail»er  would  be  found  bv  adding  to  1000,  the  numbpr 

of  cubic  centimetrea  of    decitoikl   eoludoD   requisite  to 

complete   the   predpilalion.     I^  for  inrtance,  a  c«t«ii 

quantity  of  bJ1oj(;)  requires,  overandaboTe  the  100  cubic 

centimetrM  of  normal  Bolntioa.   IS  cabic  ixntimetrea  of 

decimal  lolution,  than  the  qoanllty  (j)of  silverirouldbo 

1-006  gnn.  TbepercentageCf)  of  silrei  in  the  allojinaj' 

tlien  be  found  bj  a  simple  caleulatioF  : 

^  :  1000  -  x:  q 
And  vhen,  as  in  the  aataj  of  aQoya  that  are  supposed  la 
bs  tolnablj  uniform  in  T^ne,;  is  a  constant  qoaotitj  con- 
taining as  a,  micimmn  1  grm.  of  silcer,  a   table   may 
be  constTDct«d   which  will  indicate    the  ailver  value  of 
tie  alloys  in  thonsandlha,  by  rafecence  to  numbers  cor- 
responding with  the  number  of  cnbic  centimetres  of  do- 
ciouil  solution  used  in  each  instance. 
The  quantity  (5)  of  alloy  containing  1  Brm,  of  silver  will  of  coursa  vary  aocordiiig  to 
the  silTei'  value  in'  the  alloy,  and  the  taUes  will  relate  only  to  particular  alloys.      In 
this  country  the  slandard  of  sitrer  coin  ia    926   parts   of  silver   in    1000  parts    of 
alloy,  and  consequently  1081  grm.  should  contain  1  grm.  of  sQver.    The  quantity  of 
alloy  taken  for  the  assay  is  1-08S  grm.,  which  at  the  exact  standard  would  contain 
l'O03n29  grm.  of  eilvar,  and  would  then  require  35  cubic  centimetiea  of  deoimal 
solutJOQ  to  complete  the  precipitation,  and  less  or  more  according  as  the  amount  of 
silver  in  the  alloy  were  below  or  abovs  the  standard.     The  following  table  expresses 
the  ralue  of  the  alloy,  according  U>  quaatity  of  decimal  solndoD  nsed,  within  the  limita 
of  TsriatJon  alloired  for  standard-silver: 

Qmtntitg  of  MU^  for  Anay  1D&6  gramiM. 


0 

1 

2 

3 

4 

6 

6 

0-2fi 

0-ao 

0-76 

621-6 
921-9 
922-1 
8223 

922-6 
922-8 
9230 

623-8 

923-5 

923-7 
»33-9 
024-2 

624-* 
9246 

924-9 
926-1 

925-3 

S26-6 
926-8 
926-0 

926-2 
92S'€ 
926-7 
926-9 

927-2 
927-1 
927-6 
927-9 

0 

0-2S 
0-50 
075 

The  numbers  in  the  first  and  last  columns  express  bactiona  of  Ihousandths,  which  it 
ia  quit*  possible  to  esUmale,  after  some  practice,  &om  the  density  of  the  iBBtprecipilale 
product  by  the  decimal  solution. 

Suppoaing,  aa  in  the  example  above  given,  tbe  quantity  of  decimal  solulion  nsed 
were  6  measures,  then  the  silver  value  ca  the  alloy  in  thousandths  would  be  found  at 
the  top  of  the  column  onder  5,  or  926-2.  If  tbefiitb  tneamre  of  decimitl  solution  gave 
a  precipitate  equal  to  only  0006  instead  of  001  grm.  silver,  then  the  silver  vslue 
of  the  alloy  would  be  rather  less,  and  it  would  be  found  in  the  third  line  of  the  column 
under  4,  corresponding  to  4'50  or  926-3  thousandths. 

If  the  amount  of  silver  in  any  one  of  tbe  alloys  is  so  much  below  the  standard  that 
the  meatmre  of  normal  solution  is  rather  more  than  sufBcient  10  precipitate  alt  the 
silver,  the  first  meatnire  of  decimal  solution  wiU  not  of  course  give  any  precipitate. 
It  is  customary  in  such  cases  to  add  two  or  three  measures  of  a  solution  of  silver, 
which  ia  exactly  equivalent,  measure  for  measure,  to  the  decimal  solution  of  salt ; 
marking  the  number  on  the  boatd  with  a  mintu  sign  before  it,  and  tben  adding  deci- 
mal salt  solution.    A  bttter  plan  is  to  repeat  the  assay  with  a  rather  larger  quantity 

Since  it  ia  ditBcnIt,  by  reason  of  evaporation  and  change  of  temperature,  to  ensure 
the  constant  equivalence  of  tbe  messure  of  normal  solution  to  the  quantity  of  silver 
which  it  ia  prepared  to  precipitate,  it  is  best  never  to  attempt  doing  bo,  and  accurate 
results  may  be  obtuned  with  greater  certainty  otherwise.  For  this  purpose  the  exact 
value  of  tbe  measure  of  normal  solution  is  estimated  from  time  to  time  with  each  set 
of  aas&ya  by  means  of  pure  silver,  of  which  1-OQl  grm.  is  dissolved  and  treated  with  a 


If  a 
)  grm.  of  silver,  then  the  first  n 


•e  of  decimal  solution  will  pradoee  a  t^Hpilalc  ii 
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this  proof-assaj,  but  tbe  second  measare  will  not  produce  any.  If,  however,  a  second 
aod  third  moasare  of  decimnl  solution  bo  required  to  complete  the  precipitation  in  the 
proof-assay  with  the  1*001  g^m.  pure  silver,  then  the  measure  of  normal  solution  at 
the  time  will  be  only  equivalent  to  TOOl  -  -003  »  '998  grm.  silver,  and  a  corre- 
sponding minus  correction  must  be  applied  to  all  the  other  assays.  Thus,  for  instance, 
ID  the  case  of  one  which  requires  6  measures  of  decimal  solution  to  complete  precipi> 
tatioD,  only  3  metisnres  would  relate  to  the  quantity  of  silver  over  and  above  1  gmi. 
The  actual  quantity  of  silver  would  be  1*003  grm.,  and  the  silver  value  of  the  alloy,  in 
thousandths,  924*4.  If,  on  the  contrary,  the  first  measure  of  decimal  scdution  gave  only 
a  very  slight  precipitate  in  the  proof-assay,  equal  to  '00025,  then  the  measure  of  normal 
solution  would  be  equivalent  to  1*0075  grm.  of  silver,  and  a  plus  correction  of  0*75 
would  have  to  be  applied  to  the  results  of  the  assays,  before  reading  ofif  the  silver 
values  of  the  alloys  from  the  table,  as  already  described. 

With  the  exception  of  mercurv,  other  metals  do  not  interfere  with  the  accuracy  of 
the  result  obtainable  by  this  method. 

The  approximate  estimation  of  the  silver  value  of  the  alloy,  which  is  necessary  in 
this  method  of  assay,  may  be  made  by  cupellation,  or  with  a  salt  solution  and  burette 
in  the  usual  way.  B.  H.  P. 

EO*    See  Bisihtth-Szlveb  (L  597). 
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^88  OV.  The  protobromide  or  argentic  bromide, 
AgBr,  occurs  native  as  bromargyritSf  brornvrite^  or  brcmio  silver,  in  the  district 
of  Platerosi,  and  at  the  mine  of  San  Onofre  in  Mexico ;  also  with  chloride  of  silver 
at  Chanareillo  in  Chile,  and  at  Huelgoet  in  Bretagne.  It  is  usually  found  in  small 
concretions,  rarely  in  cubo-octahedrons.  Hardness  b  1 — 2.  Specific  gravity  m 
5*8 — 6.  It  is  sectile,  has  a  bright  yellow  or  greenish  colour,  and  splendent  lustre. 
The  Mexican  mineral  contains  57'56  per  cent,  silver  (Berthier);  the  Chilian  57*43 
per  cent,  (^ield) ;  calc  57*45  silver  and  42*55  bromine. 

Argentic  bromide  is  formed  artificially  by  precipitating  nitrate  of  silver  with 
bromide  of  potassium.  The  precipitate  is  yellowish-white,  curdy,  insoluble  in  water 
and  in  adds,  soluble  in  ammonia,  but  much  less  so  than  the  cMoride :  according  to 
Pohl  (Wien.  Akad.  Ber.  xli.  627),  100  pts.  of  aqueous  ammonia,  of  specific  gravity 
0*986,  dissolve  0*051  pts.  of  silver-bromide  at  80^.  It  dissolves  in  concentrated 
aqaeons  bromide  of  potassium  and  in  other  alkaline  bromides ;  also  in  hyposulphite 
of  sodium,  but  not  so  r^lily  as  the  chloride,  and  is  precipitated  from  the  solution  by 
bromide  of  potassium. 

Argentic  bromide  melts  below  a  red  heat.  It  is  coloured  oreyish-violet  on  exposure 
to  light,  but  not  so  strongly  as  the  chloride.  According  to  B.  Vogel  (Jahresb.  1861, 
p.  284),  the  product  consists  of  argentous  bromide,  Ag-Br.  The  reduction  is  retarded 
by  free  nitric  acid,  but  greatly  accelerated  by  nitrate  of  silver,  the  argentous  bromide 
bmng  then  mixed  with  metallic  silver,  resulting  from  reduction  of  the  nitrate  itself. 
Argentic  bromide  is  not  decomposed  by  acids,  but  chlorine  converts  it  into  chloride  of 
silver,  with  evolution  of  bromine. 

The  h  em  i  bromide,  or  argentous  bromide,  is  produced,  as  above  mentioned,  by 
the  action  of  light  on  argentic  broniide ;  also  by  treating  the  corresponding  oxide,  Ag*0, 
with  hydrobromic  acid.    (H.  VogeL) 

SX&VBXy  CAXBIBB8  OV.  The  compound  Ag'C  is  said  bv  Gay-Lussac  to 
be  formed  when  silver  is  fused  in  a  crucible  in  contact  with  lampblack.  Other  com- 
pounds of  silver  and  carbon  are  obtained  as  residues  in  the  ignition  of  organic  silver- 
salts,  viz.  Ag*C  as  a  yellow  residue  from  cuminate  of  silver  (G  e r  h  a  r d  t  and  0  a  h  o  u  r s, 
Ann.  Ch.  Phys.  [3]  I.  76) ;  also  as  a  dull  white  fused  metallic  mass,  by  intense  ignition 
of  silver-cyanide  (Liebig  and  Redtenbacher,  Ann.  Ch.  Pharm.  xxxviii.  129). 
According  to  Thaulow,  however  (Berz.  Jahresb.  xxxiii.  81,  228),  this  last  product 
consists  of  paracyanide  of  silver  (iv.  342).  The  compound  AgC  remains  as  a  grey 
powder  when  aqueous  pyroracemate  of  silver  is  heated  for  some  time  in  the  water- 
bath.  The  residue  left  m  the  dry  distillation  of  the  same  salt  appears  to  be  a  mixture 
of  Ag'O  and  AgC  (Berzelius,  Pogg.  Ann.  xxxvi.  28).  According  to  Kegnault 
(Ann.  Ch.  Pharm.  xix.  153),  the  monocarbide  AgC  is  likewise  obtained  by  heating 
naleate  of  silver. 

The  carbides  of  silver  are  dissolvied  by  nitric  acid,  with  separation  of  carbon,  and 
leave  metallic  silver  when  subjected  to  prolonged  ignition  in  contact  with  the  air. 

SnbWB,  CB&OSZBBS  OF.  Silver  forms  two  chlorides  analogous  to  the 
bromides.     The  protochloride  or  argentic  chloride,  AgCl,  occurs  native  ua. 
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kom-tilver  or  keraiyyrite,  Bometimes  in  cubes,  octahedrons,  regular  dodecahedrons, 
and  other  monometnc  forms,  but  more  firequently  in  waxy  masses,  sometimes  columnar; 
no  deavage.  Hardness  «  1 — 1*5.  Specific  grayity  »  6*31 — 5*43  (Domeyko).  It 
has  a  pearl-grey,  greenish,  or  whitish  colour,  turning  brown  on  exposure,  and  a  resinous 
lustre  passing  into  adamantine.  Streak  shinins.  Translucent  in  various  degrees. 
Fracture  somewhat  conchoidal,  sectile.  Klaproth  found,  in  specimens  from  Tarious 
localities,  73*6  to  76  per  cent  silver:  the  formula  requires  75*25  per  cent  Horn- 
silver  occurs  in  veins  of  clay-slate,  accompanying  other  ores  of  silver;  also  with  several 
copper  ores,  calcspar,  heavy  spar,  &c.  It  is  most  abundant  in  Peru,  Chile,  and 
Mexico ;  it  was  formerly  obtained  in  the  Saxon  mining  district,  but  is  now  rare ;  it  also 
occurs  in  Siberia,  at  Kongsberg  in  Norway,  in  Alsace,  in  Cornwall,  and  at  Huelgoet  in 
Bretaffne.  At  Andreasberg,  in  the  Hartz,  an  earthy  variety  is  met  with  called  buttermilk 
ore^  which,  according  to  Klaproth,  contains  24*64  per  cent,  silver,  8*28  hydrochloric 
acid,  and  67*08  alumina. 

Argentic  chloride  is  thrown  down  as  a  white  precipitate,  at  first  very  bulky  and 
curdy,  when  hydrochloric  acid  or  a  soluble  chlorioe  is  added  to  any  soluble  salt  of 
silver  except  the  hyposulphite ;  also,  together  with  argentic  hypochlorite,  by  passing 
chlorine  gas  into  a  solution  of  argentic  nitrate.     (Naquet,  Jahrosber.  1860,  p.  201.) 

Precipitated  argentic  chloride  has  a  specific  gravity  of  5*7  (F.  Mohr,  Pogg.  Ann. 
cxiii.  ^&6),  It  is  wholly  insoluble  in  rooter ^  so  that  the  minutest  quantity  of  a  soluble 
chloride  in  aqueous  solution  may  be  detected  by  adding  to  it  a  drop  of  solution  of 
silver-nitrate.  The  precipitate  is  likewise  quite  insoluble  in  nitrie  acid,  even  on 
boiling,  also  in  dilute  hydrochloric  acid.  Strong  hydrochloric  acid,  however,  dissolves 
it,  and  the  solution,  when  left  to  evaporate,  deposits  the  argentic  chloride  in  octa- 
hedrons. The  chloride  dissolves  easily  in  ammoniaf  and  crystallises  therefrom  as  the 
ammonia  evaporates.  According  to  Fohl  (Wien.  Akad.  Ber.  xli.  627),  100  pts.  of 
aqueous  ammonia  of  specific  gravity  0*986,  dissolve  1*492  pts.  argentic  chloride  at  80°. 
Argentic  chloride  dissolves  in  strong  solutions  of  alkaline  chloridee,  forming  crjstallis- 
able  double  salts,  which  are  decomposed  by  water,  the  silver-chloride  being  then 
precipitated.  It  dissolves  easily  also  in  eodic  hypostdphite,  and  is  not  precipitated 
therefrom  by  chloride  of  potassium ;  but  bromide  or  iodide  of  potassium  added  to  tho 
solution,  throws  down  bromide  or  iodide  of  silver  (Field,  Zeitschr.  Ch.  Pharm.  1861, 
p.  126).  The  chloride  is  likewise  converted  into  iodide  or  bromide  of  silver  by 
digestion  with  solution  of  bromide  or  iodide  of  potassium,  and  on  this  reaction  Field 
has  founded  a  method  of  determining  the  proportions  of  chlorine,  bromine,  and  iodine 
when  they  occur  together  in  a  mixture  (see  Bboximb,  Estdcation  of,  i.  678).  Cyanide 
of  potassium  dissolves  chloride  of  silver,  forming  chloride  of  potassium  and  aigento- 
potassic  cvanide.     Soluble  sulphites  also  dissolve  argentic  chloride. 

Argentic  chloride  melts  at  about  260^,  forming  a  transparent  yellowish  liquid, 
which,  on  cooling,  solidifies  to  a  homv,  translucent,  sectile  mass.  It  is  not  decomposed 
by  heating  with  charcoal,  but  is  easily  reduced  by  heating  in  a  current  of  hydrogen, 
hydrochloric  acid  being  evolved,  and  metallic  silver  separated ;  also  by  ignition  with 
alkaHne  carbonates,  an  alkaline  chloride  being  then  formed,  and  a  mixture  of  oxygen 
and  carbonic  anhydride  evolved :  e.g, — 

4Aga  +   2Na«C0«     -     4Naa  +   2C0«  +   0«  +  2Ag« 

Zinc,  iron,  and  other  easilv  oxidisable  metals,  in  cpntact  with  water,  quickly  r^uce 
precipitated  argentic  chloride  to  the  metallic  state,  still  more  quickly  if  the  water  is 
acidulated  with  sulphuric  acid.  Even  the  fused  chloride  laid  upon  a  plate  of  zinc  or 
iron,  and  covered  with  acidulated  water,  is  converted  after  a  few  days  into  a  spongy 
mass  of  metallic  silver.  Weak  alkaline  leys  do  not  act  upon  argentic  chloride,  but 
when  it  is  boiled  with  a  strong  solution  of  potash,  chloride  of  potassium  is  formed, 
and  dense  black  silver-oxide  is  produced;   the  addition  of  glucose  to  the  mixture 

Suickly  reduces  the  oxide  to  the  metallic  state.  A  similar  reduction  takes  place  when 
[le  chloride  is  boiled  with  glucose  and  aqueous  carbonate  of  sodium ;  and  this  process 
is  recommended  by  Bottger  (Compt.  rend.  xl.  969)  for  obtaining  pure  silver  from 
the  chloride,  instead  of  the  reduction  by  zinc  above  mentioned,  inasmuch  as,  if  the  zinc 
contains  lead,  which  is  frequently  the  case,  that  metal,  being  insoluble  in  dilute 
sulphuric  add,  will  remain  mixed  with  the  silver.  B runner  (J.  pr.  Chem.  xci.  254) 
adds  chloride  of  silver  dissolved  in  ammonia,  by  drops  or  in  a  fine  stream,  to  a  clear 
boiling  solution  of  1  pt.  glucose  and  3  pts.  crystallised  sodic  carbonate  in  40  pts. 
water,  keeping  up  the  boiling  without  intermission.  C.  A.  Miiller  (Jahresber.  1864, 
p.  285)  effects  the  reduction: — a.  By  boiling  6  pts.  silver^^hloride  for  half  an 
hour  with  9  pts.  soda-ley,  of  1*333  specific  gravity,  1^  pts.  clarified  honey,  and  8  pts. 
water;  b,  'By  digesting  6  pts.  siIver-<uiIoride  in  the  cola  with  9  pts.  soda-ley,  4^  pts. 
honey,  and  4  J  pts.  ammonia  (specific  gravity  0*925) ;  or  e.  By  digesting  5  or  6  pts. 
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silTer-«hloride  at  25^  for  a  month  with  60  pts.  ammonia  and  9  pts.  honey.  (See  also 
H.  Vogel,  J.  pr  Ghem.  IxzxTi.  321 ;  Jahresb.  1862,  p.  223.) 

Aigentic  chloride  quickly  acquires  a  dark  greyiBh-Yiolet  colour  when  exposed  to 
light,  the  change  being  due  to  a  partial  or,  according  to  some  authorities,  a  total  separa- 
tion of  the  chlorine.  The  most  probable  view,  first  propounded  byWetzlar  (ChnelifCs 
Handbook,  vi.  161),  is  that  the  reduction  is  only  partial,  resulting  in  the  formation  of 
a  subchloride  of  silver.  According  to  H.  Vogel  (Pogg.  Ann.  cxix.  497 ;  Jahresb.  1861, 
f.  285),  the  dark-coloured  compound  is  the  hemichloride,  Ag'Cl,  and  is  exactly 
similar  to  the  product  obtained  by  treating  argentous  oxide,  Ag^O,  with  hydrochloric 
acid.  The  reduction  is  retarded  by  strong  sulphuric  or  nitric  acid,  and  by  ferrous  salts 
(which  absorb  the  chemical  rays),  and  completely  arrested  by  fuming  sulphuric  acid  or 
mercuxic  chloride.  In  a  solution  of  argentic  nitrate,  on  the  contrary,  it  takes  place 
more  quickly  than  in  the  air  or  under  pure  water,  and  the  reduced  chloride  is  mixed 
with  a  small  quantity  of  metallic  silver,  resulting  from  reduction  of  the  aqueous  nitrate. 
Paper  charged  with  argentic  chloride  is  very  sensitiye  to  light,  and  is  the  material  used 
for  positLve  photograph  the  unaltered  chloride  being  afterwards  removed  by  a  solution 
of  sodic  hyposulphite  ^iii.  693 ;  iv.  625). 

Ammonio^hioride  of  Silver. — ^Bzy  chloride  of  silver  slowly  absorbs  ammonia-gas  to  the 
amount  of  17  per  cent,  forming  the  compound  3NH'.2AgCl,  which  easily  gives  off  its 
ammonia  when  heated,  and  may  therefore  be  used  for  the  preparation  of  pure  am- 
monia-gas— or  of  liquid  ammonia,  if  heated  in  a  sealed  tube.  Eused  chloride  of  silver 
takes  up  only  a  very  small  quantity  of  ammonia  (H.  Bose). — ^A  saturated  solution  of 
aigentic  chloride  in  ammonia,  left  to  stand  in  a  vessel  not  perfectly  closed,  deposits 
rhombic  crystals  of  the  ammonio-chloride,  often  a  quarter  of  an  inch  long.  A  dilute 
solution  deposits  pure  argentic  chloride  (Faraday).  The  ammoniacal  solution  is 
quickly  reduced  by  zinc  and  copper,  the  silver  separating  as  a  grey  mossy  powder. 
I«ead  acta  in  the  same  manner,  but  slowly ;  antimony  and  cadmium  imperfectly ;  iron, 
bismuth,  and  mercury,  not  at  all.  (Fischer.) 

Chloride  of  SUver  and  Ammoniumj  or  Ammonio-argenHc  Chloride,  (NH*)Cl.AgCl,  may 
be  obtained  in  crystals  by  placing  a  solution  of  sal-ammoniac  in  one  arm  of  a  U-tube, 
a  solution  of  aigentic  nitrate  in  the  other,  the  two  being  prevented  from  mixing  by  a 
plug  of  asbestos  in  the  bend  of  the  tube,  and  connecting  them  by  an  arc  of  silver  plate 
or  wire ;  the  end  dipping  into  the  sal-ammoniac  becomes  covered  after  a  while  with 
tetrahedral  crystals  of  the  double  salt  (Becquerel,  GmdirCs  Handbookf  i.  401).  A 
solution  of  argentic  chloride  in  boiling  aqueous  sal-ammoniac  deposits,  on  cooling, 
nothing  but  aigentic  chloride. 

JBario-  and  Potasaio-argenHe  Chlorides  are  likewise  obtained  in  tetrahedral  crystals 
by  the  electrolytic  nSethod  just  described.    (BecquereL) 

Sodio'argeniie  Chloride  separates  on  cooling  from  a  solution  of  argentic  chloride  in  a 
hot  saturated  solution  of  common  salt,  in  cubes,  having  the  same  form  and  aspect  as 
those  of  common  salt,  but  blackening  when  exposed  to  light.  A  more  dilute  salt-solu- 
tion likewise  dissolves  chloride  of  silver  when  hot,  but  deposits  it  unchanged  on  cooling. 
The  crystals  of  the  double  salt  are  resolved  by  a  sufficient  quantity  of  water  into  ar- 
gentic chloride,  and  a  solution  of  sodic  chloride.     (Wetzlar.) 

Oemio^raentic  chloride^  2AgC1.0sCl*,  is  produced  on  adding  silver-nitrate  or  an 
ammoniacal  solution  of  silver-chloride  to  a  solution  of  sodio-osmic  chloride  (iv.  243),  as 
a  dingy  greyish-green  precipitate,  which,  in  contact  with  ammonia,  is  converted  into 
the -minium-coloured  compound  2AgC1.08Cl*.2NH».  (Glaus,  Jahresb.  1860,  p.  216; 
1863,  p.  299.) 

Bcmloliloride  of  Silver,  or  Argentous  Clilorldev  Ag^Cl. — ^This  compound  is 
most  readily  formed  by  treating  argentous  oxide  with  hydrocUoric  acid,  or  by  precipi- 
tating a  soluble  aigentous  salt  (the  citrate,  for  example)  with  common  salt.  Its  for- 
mati(m  by  the  action  of  light  on  argentic  chloride  has  been  already  mentioned. 
According  to  Wetzlar,  silver-leaf  immersed  in  solution  of  ferric  or  cupric  chloride  is 
quickly  converted  into  brown  laminae  of  argentous  chloride,  which  must  be  immediately 
taken  out  of  the  liquid  and  washed  with  water,  as  otherwise  they  will  be  converted 
into  aigentic  chloride.  Argentous  chloride  is  also  formed  on  bringing  silver  in 
contact  with  solution  of  sal-ammoniac,  or  of  cupric  chloride  containing  that  salt. 

Argentous  chloride  heated  to  the  temperature  at  which  argentic  chloride  melts,  is 
resolved  into  the  latter  compound  and  metallic  silver;  the  same  decomposition  is 
quickly  produced  by  the  action  of  ammonia. 

Sl&yXftv  CB:L0S08R01C£DB  of.  The  chloride  and  bromide  of  silver  occur 
erystallised  together,  in  various  proportions,  in  cubes  and  cubo-octahedrons,  also 
massive.  The  minerals  thus  constituted  vary  in  hardness  from  1  to  1*5 ;  in  specific 
gravity  from  about  6*76  to  6*2 ;  and  have  an  olive  or  greyish-green  colour,  with  resinous 
and  somewhat  adamantine  lustre. 
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^na/ji«».--<i.  £Wii>;itefroniChansmlto,  mCbi]e(Field,CheiD.  Soe.  Qii.J.xZ3S).— 
b.  The  same  (Fi«ld).--c.  The  name,  filiin  the  Colorado  mine,  aearCopinpo  :  reCDlarlv 
erystaJlised ;  apecifio  graTity  -  68  (Plattnoi,  Pogg.  Ann.  Inrii.  134;  Lariii. 
417). — d.  CtumareiUo  (Field). — e.  Jlfn^oAninute,  from  Cbile :  CTTStoUiied  in  enbea  and 
octahedrona  ;  green;  apcdflc  g;ravily  ~  6'234  (Kichter,  Bamm.  Hinenlch.  p.  SS9). — • 
'•'■'■■"'■■  .  .        ■    .  .^  ligiit; 


AgTliCl'  Ag-BrHJl'  Ag-BHCl        AgfBrHn*        Ag-EKS* 

16-84  1B'S2      S0'09  3383  2S'49  12'40 

14-92  13-18       130a  6-00  63a  17-68 

6822  68-94       86-8B  6107  6i-|B  700* 

99-98  99-94     10000  8989  100-00  lOO'OO 

BXITSS,  DBTSCTZOM  AJTO  BSTnc&TXOir  OF.     1.  Stactiom  in  tKt 

Atii  Kay. — Silver  componnda  mixed  with  >odiecaThenate,axA  heated  upon  charoMdhj 

the  inncF  flame  of  the  blovpipe,  ore  reduced,  yielding  brilliant  irhite  metallic  globulea, 

without  any  iaCTUStrti on  of  tbe  charcoaL     Heated  with  borax  in   the  oater  flame  on 

platinum-wire,  tbey  are  partly  reduced  and  partly  diesolTed,  yielding  a  whtta  opaline 

glaee.    With  mKrocoimic  talt  they  yield  in  the  onter  flame  a  yellowiaK  glass,  which 

hecome*  opaline  when  the  amoimt  of  sllTec  ia  IvEC^-    By  daylight  this  glase  appe«n 

yellowiBh,  and  by  candlelight  Teddish. 

2.  Reaction!  in  Botution. — The  most  chanicl:erietic  reaction  of  saline  eilTcr- 
compounda  in  solution,  ia  the  formation  of  silTer-chloride.  SUver-salta  which  ape 
ineoluble  in  water  may  generally  be  diesolred  by  nitric  acid,  and  the  solution  gJTes  Vm 
£ame  reactions  as  the  soluble  salts. 

HydrocUorv!  acid  and  soluUt  chloridti  produce  a  white  curdy  precipitate  of  nlveT' 
chloride,  which  is  insolnble  in  boiling  water  and  in  dilute  nitric  add,  bnt  is  readily 
dissolved  by  ammonia.  Od  exposure  to  light  it  gradually  ac^Hirta  a  Tiolet  tinee,  and. 
eTentnally  becomee  blach.     The  admixture  of  a  amall  proportion  of  mercurona  chlorido 

Srerents  or  rel&rde  the  coloration  of  aQTer-chloride  □□  exposure  to  light.  In  very 
ilute  aolotions  of  silver,  the  separation  of  the  chloride  precipitate  tabes  place  but  slowly, 
and  they  present  for  some  time  a  wbitiah  opalescent  appearance. 

A  pretupitate  of  lead-chluride  is  distinguishable  from  lilver-chloride  by  ita  solu- 
bility in  boiliDg  water ;  a  precipitate  of  mercurous  chloride  is  distinguishable  by  ita 
insolobility  in  ammouia,  and  by  turning  black  with  that  reagent. 

PatatnuTo-iodiilt  produces  a  slightly  yellowiah-whitoprocipilato  of  silyer-iodide,  which 
is  soluble  in  excess  of  the  reagent,  veiy  sparingly  soluble  in  ammonia,  and  insoluble  in 
dilute  nitric  acid. 

Potaitiiem-tyaniiU  produces  a  white  curdy  precipitate  of  ailvar-cyanide,  wUch  is 
readily  solabln  in  excess  of  the  mgent,  and  insolnble  in  dilate  adds, 

Swphydric  acid  and  ammomum-iuiphide  produce  a.  block  precipitate  of  eilyer- 
Bulphid?,  which   is   insoluble  in  ammonium- sulphide,  in  dilute   acida,   and   in  un- 

AtnmaTiia  atpotaxk  produces  in  neutral  ailTer-solutiona  a  brown  precipitate  of  ^t€^ 
oxide,  which  dissulvea  veiy  readily  in  ammonia  and  in  ammoniacal  salts. 

Alkaline  carbonalei  produce  a  white  precipitate  of  silver-carbonate,  which  is  KilablB 
iu  ammonia  and  carbonate  of  ammonium. 

Sodic  pkotphaie  produces  in  neutral  solutions  a  yellow  precipitate  of  tribasic  silTSf- 
phosphatB,  which  is  soluble  in  ammonia  and  nitric  acid. 

OiaOe  add  produces  in  neutral  solutions  a  white  precipitate  of  Bilrer-axalatf^  which 
is  soluble  in  ammonia,  and  sparingly  in  nitric  add. 

Polaetiuii-chnimate  produces  a  dark-brown  precipitate  of  BilTec-chromativ  which  is 
elighlly  soluble  in  water,  and  soluble  in  ammonia  and  dilute  nitric  acid. 

StaBiiout  chloride  in  excess  produces  a  hrownish-black   predpitats   of  metaUic 

ulpKaU  produces  in   nential  solutions  a  white  precipitate  of  metallic 

ices  a  precipitate  of  metallic  nlrer;  it  also  Mparates  sQrer  from  sitrsT- 
iresence  of  water, 

ation  and  Separation. — SilTor  maybe  separated  from  most  other 
estimated  with  Rreat  precision  an  chloride.  For  this  puraise  the  sub- 
w  dissolved  either  iu  water  or  nitric  add;  the  solutton  mixed  with  a  slight 
ric  acid,  and  with  hydrochloric  acid,  as  long  as  any  precipitate  or  milkineM 
then  wnrmed  in  a  dork  place  until  the  precipitate  has  separated,  and  th« 
come  perfectly  clear.    The  chlorido  is  then  collected  npon  a  filter  of  kaowii 
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weight,  washed  witJi  addnlated  water,  dried,  and  weighed.  This  is  the  most  aoeaiate 
Imt  also  the  most  troublesome  plan  of  weighing.  The  filter  may  be  btumt,  but  in  that 
case  it  is  necessary  to  bom  it  after  having  separated  the  precipitate  from  it,  so  as  to 
pierent  as  mnch  as  possible  the  redaction  of  silver.  The  small  portion  of  chloride 
which  cannot  be  detached  from  the  paper  is  decomposed,  and  remains  as  silver  in  the 
fUtei'4&8h.  The  slight  error  which  would  be  caused  by  weighing  this  as  chloride  can 
be  rectified  by  warming  the  ash  in  a  porcelain  crucible  with  a  few  drops  of  nitric  acid 
fioor  some  minutes,  then  adding  hydrochloric  acid,  and  evaporating  to  dryness.  The 
remainder  of  the  chloride  may  then  be  added,  the  whole  heated  till  it  begins  to  melt, 
aod  then  weighed.  (Compare  i.  904.) 

Silver  may  also  be  estimated  as  cyanide  by  adding  potassium-cyanide  to  the 
solntaon,  unril  the  predpitate,  which  is  at  first  produced,  is  redissolved ;  then  adding 
nitric  acid  in  slight  excess,  and  warming.  The  precipitated  silver-cyanide  is  collected 
on  a  weighed  filter,  dried  at  100°,  and  weighed. 

EsHmaiion  as  Metallic  Silver. — ^In  the  case  of  silver-salts  firom  which  the  metal  is 
reduced  by  simply  heating  them,  this  method  of  estimation  may  be  conveniently 
adopted.  The  substance  should  be  gradually  heated  in  a  porcelain  crucible  till  the 
whole  of  the  carbon  is  burnt. 

Volumetric  Estimation  of  Silver. — The  readiness  with  which  silver-chloride  subsides 
in  a  liquid  firom  which  it  is  precipitated  admits  of  the  point  of  perfect  precipitation 
being  observed  with  great  precision.    (See  Silvbb  Assay.) 

The  separation  of  silver  from  other  metala  and  their  salts  is  generally  unattended 
with  any  difficulty.  From  solutions  containing  Hncj  manganese^  iron,  nickel,  cobalt, 
copper,  bismuth,  cadmium,  gold,  platinum,  it  mav  easily  be  separated  by  precipitation 
as  chloride.  From  lead  it  may  be  separated  in  the  same  way,  when  the  proportion  of 
lead  to  silver  is  not  large.  Or  both  metals  may  be  precipitated  as  cyanides,  the  silver- 
cyanide  dissolved  by  an  excess  of  the  reagent,  the  insoluble  lead-cyanide  separated 
by  filtration,  and  the  silver-cyanide  precipitated  from  the  solution  by  nitric  acid.  Or 
the  neutral  solution  may  be  heated  with  an  alkaline  formiate,  imtil  there  is  no  longer 
any  evolution  of  carbonic  acid.  Silver  only  is  reduced,  and  may  be  collected  by 
filtration,  ignited,  and  weighed. 

From  mercury  in  the  state  of  mercuric  salts,  silver  may  be  easily  separated  as 
chloride.  When  silver  is  associated  with  mercurous  compoimds,  it  is  best  to  convert 
them,  by  heating  with  nitric  acid,  into  mercuric  compounds,  and  then  precipitate  the 
silver  as  chloride. 

From  tin,  antmumy,  arsenic,  or  mercury,  the  best  method  of  separation  is  to  pre* 
dpitate  the  metals  as  sulphides,  and  heat  the  predpitate  carefully  in  an  atmosphere 
of  chlorine  gas,  gradually  raising  the  temperature  to  dull  redness,  so  as  to  distil  off 
the  Tolatile  chlorides.  The  silver-chloride  remaining  may  be^weighed,  or  the  silver 
reduced  by  heating  it  in  a  current  of  hydrogen  gas. 

4.  The  atomic  to  eight  of  silver  has  been  determined  in  connection  with  those  of 
chlorine  and  potassium  (i.  905).  Stas  obtained,  as  the  mean  of  a  great  number  of 
experiments  conducted  by  different  processes,  the  number  107*943  (i.  456).    B.  H.P. 

SnVBXv  FABXi-OSX*    See  Tetbahbdbitb. 

■ITbVBS,  VKVOSms  OF.  Argentic  Fluoride,  AgF.  Produced  by  dissolving 
sigentic  oxide  or  carbonate  in  aqueous  hydrofluoric  acid.  The  solution  when  evaporated 
in  a  vacuum,  or  concentratod  over  the  water-bath,  and  then  left  to  stand,  deposits  large, 
transparent,  colourless,  hard  prisms,  mostly  aggregated  lengthwise,  consisting  oi  the 
hydrated  fiuoride,  AgF.2H'-0  (Frimy,  Jahresber.  1866,  p.  87.— Pfaundler,  ibid, 
1862,  p.  805).  Marignac,  on  the  other  hand  (ibid.  1867,  p.  129),  obtained  the 
fluoride  in  quadratic  octahedrons,  containing  AgF.H*0.  The  dehydrated  crystals  are 
daliquesoent,  and  when  left  over  oil  of  vitriol,  especially  in  a  vacuum,  give  off  water 
and  hydrofinoric  acid,  and  are  converted  on  the  surface  into  a  yellow  oxyfiuoride 
(i«/rc).  When  fused,  they  give  off  thdr  water  and  leave  the  anhydrous  fluoride  AgF — 
not,  however,  quite  pure,  inasmuch  as  hydrofluoric  add  and  oxygen  are  given  off  at 
the  same  time  (Pfaundler).  When  chlorine  gas  is  passed  over  fused  silver-fluoride, 
chloride  of  silver  is  formed,  and  fluorine  is  set  free  (ii.  673).  The  aqueous  solution  of 
silver-fluoride  gives  with  hydrochloric  acid  a  precipitate  of  chloride,  and  with  potash  a 
precipitate  of  oxide  of  silver.  It  is  easily  decomposed  also  by  organic  acids,  yielding 
predpitates  of  the  corresponding  silver-salts,  which  are  in  this  way  more  eaaly  pre- 

Ered  than  from  tihe  ordinary  solution  of  argentic  nitrate,  inasmuch  as  they  are  much 
»  soluble  in  £ree  hydrofluoric  than  in  nitric  acid.     (Pfaundler.) 
Argentic  Oxyfiuoride,  Ag^F'O.H'^O  or  AgF.AgHO.  —  This  compound  is  formed 
when  a  solution  of  the  fiuoride  is  strongly  concentrated  over  the  water-bath ;  also,  as 
already  observed,  when  the  crystals  of  the  hydrated  fiuoride  are  left  to  stand  over  oil 
of  ritrioL    It  forms  brass-yeUow  crystalline  spangles,  which  dissolve  in  water  with 
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■epantion  of  argentic  oxide.  The  solution  gives  with  carbonic  add  a  precipitate  of 
argentic  carbonate,  whereas  a  solution  of  the  fluoride  is  not  precipitated  by  a  stream 
of  the  gas.    (Pfaundler.) 


A  detonating  compound,  disooyered  by  Ber- 
thoUet.  To  prepare  it,  silver-oxide  recently  precipitotea  from  the  nitrate  by  lime- 
water,  and  freed  from  excess  of  moisture  by  pressure  between  filtering-paper,  is  treated 
with  strong  aqueous  ammonia,  and  left  to  itself  for  twelve  hours ;  more  ammonia  is 
then  poured  upon  it,  to  dissolve  the  £Llm  which  has  formed  on  its  surface ;  the  liquid  is 
decanted ;  ana  the  still  moist  fulminating  silver  is  divided  into  very  small  portions, 
and  left  to  dry  (Berthollet).  Fapaday  prepares  the  compound  by  treating  silver- 
oxide  with  a  mixture  of  caustic  potash  and  ammonia.  It  is  also  said  to  be  obtained 
by  precipitating  a  saturated  ammoniacal  solution  of  silver-chloride  with  caustic  potash. 
It  is  an  exceedingly  dangerous  compound,  exploding  with  the  greatest  violence,  when 
dry,  on  the  slightest  friction,  and  often  even  in  the  moist  state,  from  unknown  causes. 
Hence  its  composition  has  not  been  ascertained  with  certainty.  By  some  it  is  sup- 
posed to  be  a  compound  of  argentic  oxide  and  ammonia,  while  others  regard  it  as  an 
amide  or  a  nitride  of  silver. 

The  ammoniacal  liquid  decanted  from  fulminating  silver  sometimes  deposits  black, 
metallic-shining,  explosive  crystals.  These  are,  perhaps,  the  pure  fulminating  silver, 
the  ordinary  ptdverulent  product  containing  also  admixed  silver-oxide  or  metallic  silver. 
(Handw.  d.  Chem.  vii.  961.) 

Native  chloride  of  silver. 


BJJtVWatf  ZOBIBBB  OV.  There  appears  to  be  but  one  compound  of  silver  and 
iodine,  viz.  argenticiodide,  Agl.  This  compound  occurs  native  as  iodargyrite  or 
iodyriUf  in  hexagonal  crystals,  exhibiting  the  combination  oP  .  odP  .  4P  .  2P  .  ^P. 
Length  of  principal  axis  ^  0*81438.  Angle  oP  :  P  »  186^  46'.  Cleavage  basal, 
hig^y  perfect.  It  occurs  also  in  thin  flexible  plates,  with  lamellar  structure.  It  is 
son  and  sectile ;  has  a  specific  gravity  of  5'504 ;  yellow  or  yellowish-green  colour, 
yellow  streak  and  resinous  to  adamantine  lustre ;  translucent.  It  melts  easily  before 
the  blowpipe  to  a  greyish-yellow  mass,  colouring  the  flame  red,  and  on  charcoal  leaves 
a  bead  of  silver.     (Descloizeaux,  Ann.  Ch.  Phys.  [3]  xl.) 

lodyrite  is  found  at  Abarradon  in  Mexico,  at  Los  Algodones  in  Coquimbo  and  at 
Chanareillo,  Chile,  and  at  Guadsjara  in  Spain.  The  following  are  analyses  of 
roecimens  from  Los  Algodones:  a.  by  Domevko  (Ann.  Min.  [4]  vi.  163);  b,  by 
iJamour  {ibid.  [5]  iv.  329);  c,  and  d,  by  Smith  (J.  pr.  Chem.  Ixm.  457): 

a.  &.  c.  tf.  calc. 

Iodine      ...  —  d4*03        62-98        6311        6403 

Silver       .        .        .         4625        4572        46-62        4638        4597 

99*76        99*45        99*49      10000 

Argentic  iodide  is  produced  by  heating  silver  with  iodine,  and  as  a  precipitate  on 
mixing  a  solution  of  argentic  nitrate  with  hydriodic  acid  or  a  soluble  iodide ;  .also  by 
the  action  of  iodine  on  a  solution  of  argentic  nitrate. 

When  strong  hydriodic  add  is  poured  upon  silver,  the  metal  dissolves,  with  evolution 
of  hydrogen,  tUl  the  add  is  saturated :  on  heating  the  liquid  the  action  begins  again, 
and  the  solution  on  cooling;  deposits  large  colourless  crystalline  lamin«B  of  hydro- 
argentic  iodide,  AgLHI,  which  however  quickly  decompose  on  exposure  to  the  air. 
The  decanted  motner-Uquor  yields,  on  standing,  hexagonal  prisms  of  argentic  iodide 
▼err  much  like  the  native  compoimd.  When  silver  is  immersed  in  a  mixture  of 
hydriodic  and  hydrochloric  add,  nothing  but  argentic  iodide  is  formed ;  the  same 
compound  is  also  formed,  with  rise  of  temperature  and  evolution  of  hydrochloric  add, 
when  argentic  chloride  is  immersed  in  concentrated  hydriodic  add.  When  diver  is 
plunged  into  iodide  of  potasdum  melted  in  a  porcelain  crucible,  argentic  iodide  is 
formed;  and  the  potassium  is  partly  oxidised,  and  dissolves  a  portion  of  silica 
from  the  crucible;  sometimes  also  the  potasdum  reduces  a  small  quantity  of  silicon. 
(H.  St.  Claire  Deville,  Compt  rend,  xlii  894.) 

Predpitated  argentic  iodide  has  a  specific  gravity  ->  5*02  (Kara ten)  ;  6*61 
(Boullay).  When  precipitated  with  excess  of  potassium-iodide,  it  has  a  pale- 
yellow  colour,  and  is  scarcely  affected  by  light ;  but  when  precipitated  with  excess  of 
silver-nitrate,  its  colour  is  darker,  and  is  changed  by  hght  to  a  pale-grey,  or,  in 
presence  of  silver-solution,  to  a  deep  greenish -black  grey.  This  change  of  colour  is 
not  attended  with  liberation  of  iodine,  and  does  not  indeed  appear  to  depend  on  a 
chemical  action.  It  is  retarded  by  acids ;  and  nitric  add  restores  the  original  colour  of 
the  iodide  without  dissolving  out  any  silver:  the  colour  is  also  restor^  by  iodide  of 
potassium  (Y  ogel,  Jahresb.  1863,  p.  28  >)•  On  the  use  of  argentic  iodide  in  photo- 
graphy, see  Light,  Chkmicai.  Action  of  (iii.  693),  and  Photoobapkt  (iv.  626). 
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Azgentie  iodide  reeembles  the  bromide  and  chloride  in  most  of  its  chemical 
lelatkniB.  It  is  insoluble  in  water  and  dilate  adds,  and  scarcely  soluble  in  ammonia, 
1  pt  of  it  requiring,  for  solution,  2,500  pta.  of  aqueous  ammonia  of  specific  grayity 
0*96  (Martini).  It  is  insoluble  in  cold  solutions  of  alkalinec  chlorides^  And  hot 
solutions  dissolve  only  traces  of  it;  in  concentrated  solution  of  potassium -iodida,  on 
the  contrary,  it  dissolves  abundantly,  the  solution  when  diluted  with  water  yielding  a 
precipitate  which  contains  the  whole  of  the  sUver ;  it  dissolves  slightly  in  hyposidphUe 
of  $odium,  and  is  precipitated  therefrom  by  iodide  of  potassium.  (Field,  Zeitschr.  Ch. 
Pharm.  1861,  p.  126.) 

Argentic  iodide  assumes  a  deep  yellow  colour  when  heated,  becoming  pale  again  on 
cooling.  At  a  low  red  heat,  it  melts  easily  to  a  dark  red  liquid,  which,  on  cooling, 
solidifies  to  a  dingy  yellow  translucent  mass,  exhibiting  a  granular  fracture. 

Chlorine  passedover  argentic  iodide  at  ordinary  temperatures  immediately  turns  it 
white ;  and  on  gently  heating  it,  iodine  is  given  off,  and  pure  ai^ontic  chloride 
remains  behind.  The  iodide  is  not  decomposed  by  phosphoric  or  by  dilute  nitric  acid, 
but  when  heated  with  strong  nitric  or  sulphuric  actd,  it  gives  off  iodine.  It  dissolves 
easily  in  solution  of  mercurous  nitrate.  By  fusion  with  alkalie,  and  by  the  action  of 
rinc^  &c  in  presence  of  dilute  adds,  it  is  decomposed  in  the  same  manner  as  the 
chloride. 

Argentic  iodide  heated  with  solution  of  argentic  nitrate  forms  the  two  double  salts, 
AgL2AgN0«  and  AgI.AgNO»  (iv.  106). 

Argentic  iodide  (not  fused)  absorbs  3-6  per  cent,  ammonia  gas,  forming  the  compound 
2AgI.NH^  or  AgI.(NH'Ag)I,  which  gives  off  its  ammonia  again  on  exposure  to  the  air. 
(Rammelsberg.) 

ArgentO'potassic  Iodides. — ^A  hot  concentrated  solution  of  potassic  iodide  partially 
saturated  with  argentic  iodide,  solidifies  on  cooling  to  a  crystalline  mass  of  the  salt 
AgI.2EI;  but  if  the  solution  be  completely  saturated  with  argentic  iodide  at  the 
boiling  heat,  it  deposits  the  salt  AgI.Kl,  which  may  be  crystallised  from  hot  alcohol 
without  decomposition.  The  crystals  turn  yellow  in  dxring,  and  blue  on  exposure  to 
light  (Boll ay,  Ann.  Ch.  Phys.  [2]  zziv.  377).  Both  these  salts  are  decomposed  by 
cold  alcohol  and  by  water. 

X0B08X0BCZBB  OV.    Said  to  occur  native  in  Chile.    (Dana,  ii. 
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Silver  occurs  in  the  metallic  state  more  or  less  alloyed  with 
gold,  platinum,  copper,  and  other  metals,  in  cubes,  octahedrons,  and  monometric  forms ; 
also  in  masses,  or  in  arborescent  and  filiform  shapes,  traversing  calcspar,  quarts, 
gneiss,  slate,  &c  Hardness  *-  2*5 — 3.  Specific  gravity  »  10*1 — 11*1.  Lustre 
metallic.  Colour  and  streak  silver-white,  becoming  greyish-black  by  tarnishing.  ■  It 
is  meat  abundant  in  Peru,  where  indeed  most  of  the  silver  occurs  in  this  state :  found 
also  in  Mexico,  and  in  smaller  quantities  at  several  localities  in  the  United  States. 
Very  fine  specimens  are  found  at  Kongsberg,  in  Norway.  It  occurs  alsb  in  some  of 
the  Saxon  and  Bohemian  mines,  and  in  small  quantities  at  Andreasberg  in  the  Hartz, 
in  Suabia  and  Hungary,  at  Allemont  in  Dauphiny,  near  Beresof  in  the  Ural,  at 
Schlangenberg  in  the  Altai,  and  in  some  of^he  Cornish  mines.  Horn-silver  and 
silver-glance  occur  as  pseudomorphs  after  native  silver.   (Dana,  ii.  15). 


py  ^»m,mm»mmmm  OF.    Bcrthollet's  fulminatiug  silver  is  sometimes  re- 
garded as  a  nitride  or  amide  of  silver  (p.  300). 


Minerals  containing  silver  as  an  essential  constituent,  and 
available  for  the  metallurgic  extraction  of  silver  when  they  occur  in  sufficient  quantity. 
Such  are: — 


Bromaigyrite  or  Bromyrite,  AgBr 

Brongniardite,  2(Pb;  Ag*)S  .  Sb'S* 

Discrasite,  Ag*Sb 

Embolite,  Ag(Cl ;  Br) 

Eukairite.  ( Ag» ;  Cu«)Se 

Freibergite,  4Ag*S  .  Sb*S^,  and  other  so- 
called  Fahl-ores,  containing  silver  to- 
gether with  copper  and  lead. 

Freieslebenite,  5(Ag»  ;Pb)S  .  2Sb«S«,  and 
the  allied  mineral  Kenngottite. 

Hessite  or  Telluric  Silver,  AgrPe. 

Horn-silver,  AgCl. 

lodargyrite,  Agl. 

Miargyrite,  Ag»S  .  Sb-S*,  and  the  allied 
minerals  Hypargyrite,  and  the  Fire- 
blendes. 


Naumannite,  Ag'Se. 

Polybasite,  9Ag-S .  Sb»S«. 

Proustite,  SAg'S  .  A8«S«. 

Pyraigyrite,  3Ag«S  .  Sb«S». 

Selbite,  Ag'O.CO*. 

Silver-amalgam,  Ag'Hg. 

Silver-glance  or  Argentite,  Ag*S;  also 
AeanSiite,  which  the  same  compo- 

sition, but  crystallises  in  trimetric  forms. 

Stephanite,  6Ag*S  .  Sb*S». 

Sternbergite,  3(Fe ;       )S  .  Fe«S». 

Stromeyerite,  or  Silver-copper-glance, 
(Ag*;Cu«)S. 

Xanth(jcone,8Ag«3.A8«S«  +  8Ag*S .  As»S» 
or  Ag»AsS» .  Ag'AsS*,  and  the  allied 
mineral,  Ruttingerite. 
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Many  other  minerals— as  lead,  copper,  iron-ores,  &c — are  also  reg^ard'ed  as  silvoy 
ores,  when  they  contain  a  sufficient  qaautitj  of  silyer  for  profitable  extraction  (p.  279). 

BtSaVWMf  OXZBBS  OT»  Silver  forms  three  oxides,  represented  by  the  formtil« 
Ag*0,  Ag«0,  and  Ag*0*. 

Hemtojdde  of  Silver,  or  Argentomi  Ozide»  Ag^O.  Svboxide  or  Q^adrarUoxid£  of 
Stiver, — This  oxide,  discovered  by  Wo  hi  er  in  1839  (Ann.  Ch.  Pharm.  ttt.  1),  is  ol>- 
tained  by  passing  hydrogen-gas  over  argentic  oxalate,  mellitate,  or  citrate  heated  to 
100^,  half  the  acid  being  then  set  free,  and  a  dark-brown  aigentons  salt  remaining. 
The  free  acid  may  be  removed  by  water,  which  dissolves  only  a  small  quantity  of  the 
argentous  salt^  but  forms  a  brown-red  or  portwine-coloured  solution.  Aigentous  salta 
are  also  produced  in  some  instances  by  passing  hydrogen  into  ammoniacal  solutions 
of  argentic  salts  (Wohler,  Ann.  Gh.  Pharm.  cxiv.  119).  From  the  solid  salts  or  their 
solutions,  the  argentous  oxide  is  separated  by  caustic  potash  as  a  black  precipitate. 
According  to  Oeuther  {iind.  cxiv.  121),  aigentous  oxide  is  formed  by  the  action  of 
cuprous  hydrate  on  solution  of  argentic  nitrate.  Wohler  (ibid.  d.  363)  has  also 
obtained  it,  mixed  with  metallic  silver,  by  repeatedly  boiling  argentic  arsenite  with 
soda-ley. 

Argentous  oxide,  when  pure,  does  not  change  colour  in  drying,  and  does  not  acquire 
metallic  lustre  under  the  burnisher.  Hydrochloric  acid  and  hydrobromic  acid  convert 
it  into  argentous  chloride  and  bromide  respectively.  By  oxygen-acids  and  by  ammonia 
it  is  resolved  into  aigentic  oxide  and  metallic  silver. 

According  to  Faraday  (Ann.  Ch.  Phys.  [2]  ix.  107)»  a  solution  of  argentic  oxide  in 
ammonia  deposits,  on  exposure  to  the  air,  a  body  which  is  grey  by  reflected  light,  bright 
yellow  in  thm  layers  by  transmitted  light,  and  melts  when  heated,  giving  off  oxygen, 
and  leaving  metallic  silver. 

Vrotoslde  of  Silwer  or  Jkrf  OBtlo  Ozidev  AgH>.  This  oxide  is  obtained  in  the 
pure  state — 

1.  fiy  heating  aigentic  carbonate  to  200^. 

2.  By  decomposing  a  solution  of  silver-nitrate  with  caustic  alkalis,  certain  precautiona 
being,  however,  necessary  to  prevent  the  simultaneous  formation  of  carbonate,  a.  The 
silver-solution  is  poured  into  a  hot  saturated  solution  of  baryta,  in  such  quantity  as  to 
leave  the  liquid  with  a  distinct  alkaline  reaction ;  and  the  precipitate  is  left  to  settle  in 
a  corked  flask,  then  drenched  with  cooled  de-aerated  water,  m  closed  vessels.  The 
oxide  thus  obtained  is  a  brown  powder,  becoming  black  when  dried  at  60^  or  70^. — 
fi.  By  mixing  concentrated  hot  solutions  of  potash  and  argentic  nitrate,  the  oxide  is 
at  once  obtained  in  the  fbrm  of  a  black  powder,  which  settles  down  quickly  and  is  easy 
to  wash. 

3.  By  precipitating  a  cold  solution  of  argentic  nitrate  with  hydrochloric  acid,  washing 
the  precipitated  chloride  with  cold  water — then  levigating  it  with  a  small  quantity  of 
water,  and  pouring  it  into  boiling  potash-ley  of  specific  gravity  r25  to  1 '3,  so  slowly 
as  not  to  interrupt  the  boiling,  the  argentic  chloride  is  decomposed,  and  the  pure  oxide 
is  obtained  as  a  soft  bluish-black  powder.  If  it  be  not  completely  soluble  in  nitric 
acid,  it  must  be  triturated  in  a  porcelain  mortar  with  fresh  potash-ley  and  again 
boiled. 

4.  Argentic  oxide  is  also  formed  when  silver  is  very  strongly  heated  in  the  oxy- 
hydrogen  fiame,  or  in  the  electric  arc 

Argentic  oxide  is  a  brown  or  black  powder  of  specific  gravity  7*143  (Herapath), 
7'250  (Boullay).  According  to  Bineau  (Compt.  rend.  xli.  509),  it  dissolves  in  3,000 

Ets.  of  water,  forming  a  solution  whidi  yields  a  {Mrecipitate  with  chlorides  and  phosphates, 
as  a  faint  alkaline  reaction,  and  a  nauseous  metallic  taste.  Argentic  oxide  is  a  strong 
base,  and  neutralises  acids  completely,  forming  the  argentic  salts.  According  to  H. 
Bose  (Pogg.  Ann.  Ixxxv.  304),  the  recently  precipitated  and  still  moist  oxide  absorbs 
carbonic  acid  from  the  air.  After  drying  at  60^  or  70^,  it  is  anhydrous.  It  gives  off 
a  certain  quantity  of  oxygen  at  100^,  also  when  exposed  to  sunshine ;  but  whether 
aigentous  oxide  or  metallic  silver  is  thereby  produced  is  not  exactly  known.  At  a 
stronger  heat  it  is  quickly  resolved  into  metallic  silver  and  oxygen. 

Aigentic  oxide  is  easily  reduced  by  oxidable  substances.  According  to  Bottger 
(J.  pr.  Chem.  xc.  32),  the  following  substances  are  set  on  fire  when  triturated  wiui  it 
in  the  dry  state,  even  on  paper : — sulphide  of  gold,  black  sulphide  of  antimony,  realgar, 
orpiment,  milk  of  sulphur,  selenium,  amorphous  phosphorus,  and  tannic  acid.  Creosote 
also  bums  with  scintillation  when  dropped  on  drjr  argentic  oxide.  The  oxide  is  reduced 
to  metallic  silver  completely  by  aqueous  phosphorous  acid,  partially  by  aqueous  sul- 
phurous acid,  with  simultaneous  formation  of  argentic  phospnate  or  sulphate.  Under 
water  it  is  reduced  to  metal  by  contact  with  zinc,  tin,  or  copper,  but  not  by  iron  or 
mercury  (Fischer).    Aqueous  hypochlorous -acid  converts  it  into  argentic  chloride, 
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with  evolution  of  oxygen  (Balard).      It  is  not  altered  by  potash-ley  or  Boda-Iey, 
bnt  stroog  aqueoua  ammonia  converts  it  into  fulminating  silver  (p.  300.) 

^•roxlde  of  SUver  op  Ar^maUe  Dioxide,  Ag*0*.— Disr^overed  by  Ritter  in 
1814,  It  is  formed  when  a  concentrated  solution  of  argentic  nitrate  is  electrolysed, 
with  two  thick  platinum-wires  for  poles,  and  is  deposited  in  crystals  on  the  positive 
pole,  while  metallic  silver  separates  at  the  negative  pole.  The  crystals,  however,  always 
eontain  argentic  nitrate,  either  in  combination  or  mechanically  enclosed  (Fischer,  J. 
p.  Chem.  xxxii.  108.— Gmelin  andMahla,  Ann.Ch. Pharm. Ixxxii.  289).  Accord- 
ing to  Schonbein  (J.  pr.  Chem.  xli.  321;  Ixxiv.  324),  pure  argentic  dioxide  may  be 
prepared  by  the  action  of  ozone  on  pulverulent  silver.  It  dissolves  in  cold  nitric  acid, 
to  a  deep  brown  liquid,  which  remains  undecomposed  at  ordinary  temperatures,  deposits 
the  dioxide  when  considerably  diluted  with  water,  and  is  resolved  by  heat  into  oxygen 
and  argentic  nitrate. 

Ai^entic  dioxide,  when  cautiously  heated,  gives  off  oxygen,  and  leaves  the  protoxide; 
but  when  quickly  heated  to  110°,  it  suddenly  gives  off  oxygen  with  slight  explosion. 
Hydrochloric  acid  converts  it  into  argentic  chloride,  with  evolution  of  chlorine.  When 
thrown  into  ammonia,  it  rapidly  eliminates  nitrogen  gas,  and  runs  about  in  the  liquid 
till  it  is  dissolved.  Sulphuric  and  nitric  acid  convert  it  into  argentic  salts,  with 
evoliition  of  oxygen.  Hydrogen  reduces  it  only  when  heated,  but  then  with  slight 
explosion.  When  thrown  into  hydric  peroxide,  it  is  quickly  resolved  into  metallic 
silver  and  oxygen. 

nSiVSBy  OinrgT-B  a  TiTB  OV.  Silver  forms  two  classes  of  oxygen-salts, 
oorresponding  with  the  argentic  and  argentous  oxides.  The  argentic  salts  are 
formed  by  dissolving  metallic  silver  in  oxidising  acids,  or  by  double  decomposition.  The 
nitrate,  chlorate,  and  perchlorate  are  easily  soluble  in  water;  the  rest  are  insoluble  or 
sparingly  soluble.     Their  reactions  have  already  been  described  (p.  298.) 

Argentous  salts  are  produced  by  the  action  of  reducing  agents  on  argentic  salts. 
Wohler  onginally  prepared  them  by  gently  heating  argentic  salts  in  a  current  of  hy- 
drogen (p.  309).  In  many  cases,  however,  they  are  more  easily  obtained  by  passing 
hydrogen  gas  into  an  ammoniacal  solution  of  an  argentic  salt  heated  to  about  90° ;  in 
this  manner  Hautenberg  (Ann.  Ch.  Pharm.  cxiv.  119)  has  obtained  the  chromate, 
molybd&te,  and  tungstate. — ArgentoM  chromate  is  thns  produced,  even  at  ordinary 
temperatures,  mixed,  however,  with  a  little  metallic  silver  (to  which  it  is  completely 
reduced  at  50^).  It  is  a  black  powder,  which  is  immediately  reddened  and  dissolved 
by  strone  nitric  acid  ;  dilute  nitric  acid  dissolves  it  with  green  colour,  the  chromic  acid 
being  reduced  to  chromic  oxide. — Argentous  molybdatey  Ag^0.2MoO',  has  been  already 
described  (iii.  1041). — Argentous  tungatatf^  Ag*0.2W0',  is  a  black  glittering  powder, 
which  under  the  microscope  exhibits  crystals  apparently  with  rhombic  faces.  Nitric 
acid  dissolves  the  silver  from  it,  separating  yellow  tungstic  acid  ;  potash,  on  the  other 
hand,  extracts  the  tungstic  acid,  and  separates  argentous  oxide.  An  ammoniacal  solu- 
tion of  argentic  arsenate  is  turned  brown  by  hydrogen  gas,  and  very  slowly  deposits  a 
small  quantity  of  a  black  powder.  A  solution  of  ferrous  sulphate  immediately  reduces 
argentic  arseniate  and  triargentic  phosphate  to  a  black  powder,  consisting  of  argentous - 
oxide  mixed  with  metallic  silver ;  argentic  oxalate  is  reduced  by  the  same  solution  to 
metallic  silver.    (Jahresb.  1860,  p.  200.) 

A  solution  of  argentous  citrate  or  melHtate  decomposes  gradually  on  exposure  to  the 
air,  and  immediately  on  boiling  into  metallic  silver  and  argentic  salt.  The  same  salts 
disj^olve  easily  in  ammonia,  forming  a  yellowish-red  liquid.  Common  salt  added  to 
th«-;e  i^olutions  throws  down  brown  argentous  chloride. 

8X&l^BBt  PHOSPRZSB  07.  When  phosphorus  is  thrown  upon  melted  silver, 
a  phosphide  is  forme<l,  from  which  part  of  the  phosphorus  separates  as  the  fused  ma^s 
solidifies,  and  then  bums  in  the  air.  Phosphide  of  silver  is  also  formed  by  fusing 
silver  uith  glacial  phosphoric  acid  and  charcoal  (Pell e tier),  or  argentic  phosphate 
with  charcoal  (Land grebe).  The  phosphide  obtained  by  the  first  and  second 
methods  is  white,  granular,  and  crystalline,  splits  under  the  hammer,  but  may  be  cut 
with  a  knife ;  it  contains  20  per  cent,  phosphorus  (AgP  requires  22*3  per  cent.). 
That  prepared  by  Lsndgrebe's  method  is  scoriaceous,  brittle,  sectile,  exhibits  a 
silvery  lustre  when  filed,  and  contains  33*2  per  cent,  phosphorus  (AgP*  requires  36'4 
per  cent.). 

When  finely  divided  silver  is  gently  heated  in  phosphorus-vapour,  a  blackish-grey 
ph^Hphide,  Ag^,  is  obtained,  of  specific  gravity  4*63,  easily  soluble  in  dilute  nitric  acid, 
insoluble  in  hydrochloric  acid :  it  is  diflficult  to  prepare,  as  if  the  heat  applied  is  rather 
too  high,  some  of  the  phosphorus  is  driven  off.  When  a  solution  of  silver-nitrate  is 
treated  with  phosphoretted  hydrogen-gas,  a  precipitate  is  formed,  which,  according  to 
Landgrebe*8  somewhat  doubtful  statements,  is  a  phosphide  containing  16*5  per  cent. 
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phosphoras,  agreeing  nearly  with  the  formula  Ag*?*.    According  to  H.  Rose,  however, 
it  oonsists  of  pure  silver.    (Handw.  d.  Chem.  Tii.  966.) 


1 


U  or  XVBT.  This  name  includes  two  silveivores,  both  oonaisting 
of  argentic  sulphantimonites — ^yiz.,  dark-red  silver-ore,  or  pyraigyrite,  2AgfS.Sb*8*, 
(iv.  740),  and  light  red  silver-ore  or  proustite,  2Ag«8.Sb«S»  <iv.  764). 

SnVBRy  8B&BVZBB  OVf  Ag*Se.  Silver  acquires  a  black  tarnish  by  contact 
wiUi  the  vapour  of  selenium,  selenious  acid,  or  selenhydric  acid.  The  compound  is 
easily  formed  by  melting  silver  and  selenium  together.  Selenhydric  acid  passed  into  a 
solution  of  silver,  forms  a  black  precipitate,  which  becomes  dark-grey  when  diy,  and 
melts  without  decomposition  at  a  red  heat,  forming,  when  cold,  a  silver-white  somewhat 
malleable  mass.  It  is  not  completely  deprived  of  its  selenium  by  roasting,  or  even  by 
fusion  with  alkalis  or  borax ;  iron  unites  with  it,  forming  a  dark-grey  compound. 
Selenide  of  silver  dissolves  in  boiling  nitric  add,  the  solution  containing  argentic  selenite. 
On  fusing  the  precipitated  selenide  with  more  selenium,  it  is  converted  into  the 
diselenide,  Ag^S*,  which  melts  to  a  specular  mass,  retaining  its  selenium  on  ignition, 
but  giving  it  up  when  roasted. 

Sdenide  of  Silver  and  Lead. — The  mineral  naumannite,  found  at  Tilkerode  in  the 
Hartz,  consists  of  isomorphous  mixtures  of  the  selenides  of  lead  and  silver.  It  occurs 
in  cubes,  with  perfect  cubic  cleavage ;  also  massive,  granular,  and  in  thin  plates ;  hard- 
ness B  2*5 ;  specific  gravity  «  8*0  ;  lustre  metallic,  splendent ;  colour  and  stredc  iron- 
black.  A  specimen,  analysed  by  G-.  Bose,  contained  23*63  per  cent.  Se,  65*56  Ag,  and 
4*91  Pb ;  another,  analysed  by  Bammelsberg,  gave  26*52  8e,  11*67  Ag,  and  60*15 
Pb  (  ^  98*34}.    The  first  is  nearly  PbSe.l3Ag*Se  *,  the  second  (4— 5)PbSe.Ag'Se. 

Sdenide  of  Silver  and  Copper ^  AgCu'Se  or  Ag%e.Cu*Se. — ^This  is  the  composition  of 
eukairite  from  SmIIand,  Sweden  (ii.  605). 

SZLVBBv  SBXJnnOCrrAVATB  OF.     See  SbleniocTANATBS  (p.  220). 

8Z&VBBf  BV&9BIBB  Of.  Jrgeniic  Sulphide,  Afl'S. — This,  which  is  the  only 
known  compound  ofsilver  and  sulphur,  occurs  native  ass  ilver-glance  or  argyrose, 
in  cubes,  octahedrons,  rhombic  dodecahedrons,  and  intermediate  forms,  occasionally  also 
with  faces  of  the  trapesohedron  and  triakis-octahedron  (ii.  125,  126).  The  crystals 
are  often  distorted  and  irregularly  developed,  or  aggregated  in  tooth-shaped,  step- 
shaped,  dendritic,  striated,  filiform,  or  capillary  groups ;  it  also  occurs  in  amorphous 
masses,  and  as  an  earthy  deposit.  The  crystals  exhibit  cubic  and  dodecahedral 
cleavage.  Hardness  »  2*5.  Specific  gravity  *-  7*196 — 7*365.  Lustre  metallic; 
colour  and  streak  blackish  lead-grey;  opaque;  fracture  small,  oonchoidal,  uneven. 
Before  the  blowpipe,  on  charcoal,  it  melts,  swdils  up  strongly,  gives  off  sulphurous 
anhydride,  and  finally  leaves  a  fused  button  of  silver.  I^ver-glance  occurs  in 
veins  traversing  gneiss,  granite,  mica-slate,  &c.,  and  often  in  very  large  masses,  in 
Saxony,  Bohemia,  Hungary,  Norway,  Siberia,  Mexico,  Peru,  Chile,  and  other  localities. 
It  is  seldom  found  quite  pure,  being  usually  more  or  less  mixed  with  the  sulphides  of 
lead,  copper,  and  iron.  Pure  argentic  sulphide  contains  87*1  per  cent  silver. 
Klaproth  found  in  a  crystallised  specimen  from  Freiberg  85*3,  and  in  a  massive  variety 
from  Joachimsthal  85  per  cent,  silver.  Lindaker  found  in  a  crystallised  variety  firom 
the  same  locality,  14*46  per  cent,  sulphur,  77*58  silver,  3*68  lead,  1*53  copper,  and  2*02 
iron  (»  99-27). 

Acanthite  is  atrimetric  variety  of  argentic  sulphide  occurring  at  Joachimsthal  in 
the  £rzgebirge,in  small  crystals  of  specific  gravity  7*31 — 7*36,  isomorphous  with  copper- 
glance  (ii.  76). 

Argentic  sulphide  is  formed  artificially  by  fusing  silver  with  excess  of  sulphur. 
According  to  Durocher  (Compt.  rend,  xxxii.  823),  it  mav  be  obtained  in  the  crystalline 
state  by  mixing  sulphydric  acid  gas  with  the  vapour  of  argentic  chloride.  Becquerel 
also  obtained  it  crystallised  by  filling  one  arm  of  a  U-tube  with  solution  of  potassic 
sulphydrate,  the  other  with  argentic  nitrate,  and  connecting  the  two  liquids  by  an  are 
of  silver.  The  end  dipping  into  the  alkaline  sulphydrate  then  became  covered  with 
beautiful  prisms  of  sumhide  of  silver  and  potassium,  which  were  gradually  decomposed 
by  the  nitric  add  earned  over  to  them,  yielding  sulphate  of  potastium  and  octahedral 
crystals  of  argentic  sulphide.  The  compound  is  likewi8<^  formed  by  the  action  of  sul- 
phydric acid  on  metallic  silver  (p.  278),  and  as  a  brown  or  black  precipitate  when 
sulphydric  acid  gas  is  passed  into  silver-solutions. 

Artificial  argentic  sulphide  has  a  density  of  6*85  (Karsten).  After  fusion,  it 
solidifies  to  a  lead-grey,  metallic-shinins,  malleable  mass,  soft  enough  to  be  cut  with 
a  knife,  and  to  be  used  for  forming  medallions  with  the  die.  Faraday  supposed  that 
argentic  sulphide  conducts  electricity,  like  a  metal,  without  decomposition,  its  con- 
ducting power  however  increasing  with  rise  of  temperature^  like  that  of  an  electrolyte ; 
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Hittorf,  hoveyer,  has  shown  (Pogg.  AnclxxziT.  1)  that  when  free  from  m^kallic  silver 
it  eonducta  only  in  proportion  as  it  is  decomposed. 

Argentic  snlf^de  is  insoluble  in  water,  ammonia,  cyanide  of  potassinm,  and  dilute 
nitric  add ;  strong  nitric  acid  however  dissolves  it,  wiUi  separation  of  sulphur.  It  is 
very  slowly  decomposed  by  ignition  in  the  air,  and  if  the  temperature  is  not  very 
higfa,  argentic  sulphate  is  produced,  which  requires  a  vexy  strong  heat  to  decompose  it 
when  ignited  in  hydrogen,  it  gives  off  sulphydric  add,  but  it  is  difficult  to  remove  the 
whole  of  the  sulphur  even  in  this  way.  Chlorine  gas  does  not  decompose  it  in  the 
oold,  and  acts  but  slowly  upon  it  when  heated  (H.  Rose).  It  is  not  decomposed  by 
sdlntion  of  cupric  chloride,  unless  chloride  of  sodium  is  also  present,  in  which  cas'i 
argentic  chloride  and  cuprous  sulphide  are  produced. 

Argentic  sulphide  may  be  fused  in  all  proportions  with  metallic  silver.  The  fiised 
sulphide  is  quickly  decomposed  by  iron,  with  formation  of  ferrous  sulphide  and 
separation  of  metallic  silver  oontaininff  iron.  Lead  acts  in  like  manner,  tha 
exeesa  of  lead,  however,  taking  up  the  wh^e  of  the  silver. 

Aigtentie  sidphide  is  used,  in  oox^junetion  with  other  metallic  sulphides,  for  producing 
black  designs  on  engraved  silver ;  this  art  is  called  niello.  It  has  also  been  vsed  as 
a  hair-dye,  the  hair  being  washed  first  with  a  silver-solution  (generally  ammoniacal), 
and  then  with  a  solution  of  monosulphide  of  potassium. 

Arg4nio-eu^rou8  Sulphide,  AgOuS  or  Ag'S.Cu'S.  ArgenHfmwu  Copper' 
ffUiJtce,  Stromeyerite. — ^A  mineral  intermediate  in  composition  between  argentic 
sulphide  and  copper-glance,  and  eiystallising  in  trimetric  forms,  isomorphous  with  the 
latter;  also  occurring  massive  axid  embedded.  Hardness  ■■  2*6  to  3*0.  Specific 
gravity  i-  6*2  to  6*3.  It  is  sectile,  has  a  dark  steel-grey  colour,  shining  streak, 
and  Euboonchoidal  fracture.  It  melts  before  the  blowpipe  to  a  grey  semi-malleable 
b«ad,  gives  with  fluxes  the  reactions  of  copper,  and  when  cupelled  with  lead,  leaves  a 
button  of  silver. 

Analyses :  a.  From  Schlangenbeig  in  the  Altai:  massive  (Stromeyer,  Schw.  J,  zix. 
325). — b.  From  Rudelstadt  in  Silesia:  crystallised  (Sander,  Pogg.  Ann.  zL  813): 


a. 

A. 

Calctilatod. 

Sulphur    . 

16-78 

16*92 

S 

82-0       16*78 

Silver 

62-27 

62*71 

Ag 

1080      63-08 

Copper     . 

80-48 

80*96 

Cu 

63*4       3119 

Iron 

0-88 
98-86 

0*24 
99*82 

203*4     10000 

Several  massive  grey  silver  and  copper  ores  occurring  in  Chile  appear,  from  the 
following  analysia  of  Domeyko,  to  consist  of  this  mineral  mixed  with  oopper-glsiiee : 


San  Pedro. 

Caaema. 

S.  Pedro. 

Ag^.8Cu«    A^.4Cu*S 

Ag*S.6Cu'S    Ag^9Cu<S 

Sulphur 

17-88              19*98 

20-68              21-41 

20-79 

Sihrer 

28*79              2404 

16*68              1208 

2-96 

Copper 

68-38              63*94 

60-68              63*98 

76-61 

Izck 

.      .                209 

2*81                2*63 

0*74 

100-00  100*00  10000  10000  10000 

Azgenticsulphide  occurs  in  combination  with  the  trisulphides  of  arsenic  and  antimony, 
in  several  varieties  of  fi^-ore, — ^viz.,  brongniardite,  freibergite,  freieslebenite,  poly- 
baaite,  proustite,  pyraigyrite,  stephanite,  and  xanthocone.    (See  Silvbb-obbs,  p.  801.) 

■Vl^KOCnr Air ATB  or.    See  SoLPHOCTANATis. 

8irLFBO-ST»OyBOSVBZTSand8irL»BOPBOSVKm  OV. 

See  Phobphobus,  Sulphidbs  of  (iv.  601,  602). 

SZ&VBBff  TBK&nun>B  OFf  AgTe. — This  compound  occurs  native  as  Hessite 
or  Tellurio  Silver,  in  coarse-grained  masses  apparently  monometric  and  granular. 
Hardness  «  2 — 3*6.  Specific  gravity  »  8*3 — 8*9.  It  is  slightly  malleable,  has  a 
lead-grey  or  steel-gr^  colour,  and  metallic  lustre.  Heated  in  an  open  tube,  it  melts 
but  does  not  iiime.  Before  the  blowpipe  on  charcoal,  it  melts  at  a  bright-red  heat, 
leaving  a  somewhat  brittle  button  of  silver.  With  fluxes  it  forms  in  the  outer  flame  a 
yellowish,  in  the  inner  flame  a  dark-red  glass,  becoming  grey  on  cooling..  It  dissolves 
in  nitric  add,  the  solution  depositing  crystallised  argentic  tellurite. 

Andtpses:  a.  From  the  Savodinskoi  mine  in  the  Altai  (G.  Hose,  Pogg.  Ann.  xviii. 
64).—^.  Nagyag  in  Transylvania:  spedflc  gravity  ■■  8-31 — 8*46  (Pets,  ibid,  Ivii 

Vol-  V,  X 


806  SILVER,  VITREOUS— SINAMINE. 

« 

470). — e.   Betsbanya    in  Hungary;   a.  massire;   /3.   granular,  with  green  depoait 
(Bammelsberg): 

.' — ^^ 

TAllurinm        .        3696        86*89  87*76  83*0 

Silver      .         .         62*42         62*82  61*65  66*28    64*6 

Gold 0*69 

lion         .        .  0*24  O-gg       

99*62        99*71       100*00  97-6 

The  formula  Ag*Te  requires  37*27  per  cent,  tellurium  and  62*73  «ilver. 

Arffento-aurio  TeUuride,  4A^e.Au*Te,  of  specific  gravity  8*72—8*83,  found  at 
Nagyag,  contains^  according  to  Pets,  34*98  per  cent  tellurium,  46*76  silver,  and  18*26 
gold. 

Mvanite  (q.  v.)  or  Graphic  TeUurium,  and  NagyagUe  cftFoUaUd  Tellurtum  (iv.  1), 
are  likewise  tellurides  of  gold  and  silver,  but  contain  lead  and  antimony  in  addition. 

Native  argentic  sulphide. 

C«Ag*H.  (Bert helot,  Bull. Soc Chim.  1866, 1  180.)— An 
organic  radicle,  the  compounds  of  which  are  obtained  by  the  action  of  acetylene  on 
ammoniacal  solutions  of  silver  salt8.t  . 

The  chloride,  CAg^Cl,  is  a  white  curdy  precipitate,  decomposed  by  boiling  nitric 
acid,  with  formation  of  argentic  chloride.  Iroiling  hydrochloric  acid  decomposes  it,  re- 
producing  acetylene.    It  does  not  dissolve  perceptibly  in  ammonio-mgentic  chloride. 

The  oxide^  (C*Ag'H)*0. — ^This  compound  (hitherto  regarded  as  acetylide  of  silver  or 
silver-acetylene,  C'Ag*)  is  produced  by  the  action  of  acetylene  on  an  ammoniacal 
solution  of  the  nitrate  or  other  ozysalt  of  silver,  washing  the  precipitate  with  ammonia, 
then  with  'distilled  water,  &c 

Phosphate  of  Siltfer-aoetyl  is  a  yellow  curdy  precipitate,  decomposed  by  hydrochloric 
acid,  with  formation  of  acetylene  and  argentic  chloride ;  nitric  acid  reproduces  phos- 
phoric acid.  The  sulphate  is  a  greyish- white  precipitate,  exhibiting  analogous  reactions. 
An  ammoniacal  solution  of  argentic  bensoate  treated  with  acetylene  yields  a  yellow 
precipitate  which  turns  white  during  washing,  and  is  found  to  consist  entirely  of  oxide 
ofsilver-acetyL 

SIXV'B-CI'L  A WOa.    Native  argentic  sulphide  (p.  304). 

BnVBX-FVltP&B.  A  dilute  neutral  solution  of  ai^entic  nitrate  mixed  witli 
stannous  nitrate,  or  an  ammoniacal  solution  of  argentic  nitrate  mixed  with  stannous 
chloride,  yields  a  brown  or  purple-brown  precipitate,  the  so-called  "  silver-purplet"  the 
colour  of  which  varies  according  to  the  mode  of  preparation.  It  contains  tin,  silver, 
and  oxygen,  and  is  perhaps  an  argentous  stannate.  (Handw.  d.  Chem.  vii.  966.) 

Argentic  sulphate. 

The  bark  of  Simaruba  officindliSt  Dec.  {Q^a»8ia  Simaruba,  L.)  has 
long  been  used  in  mediciue.  It  contains  a  bitter  principle,  like  that  of  quassia-bark, 
and  a  trace  of  essential  oil.  According  to  Buchner,  the  alcoholic  extract  is  poisonous, 
und  acts  in  the  same  manner  as  the  extract  of  quassia-bark :  two  grains  killed  a 
rabbit  in  twenty-four  hours. 

SZMX&OS.    An  obsolete  name  for  an  alloy  of  zinc  and  copper  containing  from 
6  to  9  pts.  copper  to  1  pt.  zinc  (ii.  49). 
CN) 

BSMAXIMMt    C 'H*N*  e  C^^  vN. — ^A  basic  compound  discoveredby  B  o b  i  q  u  e  t 

H  ) 
and  Bussy  in  1839  (Ann.  Ch.  Phys.  [31  Ixxii.  328),  and  fttrther  examined  by  Will 
(Ann.  Ch.  Pharm.  lii.  1).  It  contains  tne  elements  of  thiosinamine  minus  I  atom  of 
sulphydric  acid,  (C*H*N*S  —  H*S),  and  may  be  regarded  as  ammonia,  NH',  in  which 
1  at  H  is  replaced  by  cyanogen,  and  another  by  allyl.  It  is  produced  in  the  decomposi- 
tion of  thiosinamine  by  various  metallic  oxides :  e.ff,  — 

C«H«N«S  +  PbO     -     C«H*N«  +  PbS  +  H«0. 
Tbiotinamine.  Sinainioe. 

Preparation, — 1.  One  pait  of  thiosinamine  and  5  pts.  of  mercuric  oxide  are  rubbed 
together,  without  application  of  heat;  the  mass  when  cold  is  exhausted  with  ether; 
the  filtrate  evaporated;  the  viscid  residue  dissolved  in  hot  water;  and  the  solu- 
tion left  to  crystallise  (Bob iq net  and  Bussy).-— 2.  Pulverised  thiosinamine  is 

•  Aftmr  deduction  of  15'S5  per  cent.  Insoluble  mattf^r. 

t  Ammoniacal  lolulioni  of  cuprous  lalu  treated  with  acet/leoe,  jldd  In  Ifke  manner  salts  of  c  a  p  r  o  s* 
acetyl,  GSCu«H. 
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tritnrmtcd  vith  recently  precipitated  and  well-waahed  hydrate  "of  lead ;  the  mixtnrs 
is  heated  in  the  water- bath,  till  a  sample  dilated  with  water  and  filtered  no  longer 
prodnoee  a  black  colour  with  freeb  oxide  of  lead  and  potaah ;  the  entire  mass  is  then 
repeatedly  boiled,  first  with  water  and  then  with  alcohol,  because  the  sinamine  is  obsti- 
nately retained  by  the  sulphide  of  lead;  the  whole  of  the  decoctions  are  evaporated 
to  a  syrup;  and  the  crystals,  which  form  after  several  months,  are  taken  out,  and  freed 
from  the  s^Tup  by  gf'ntle  pressure  between  paper  (Will).  The  syrup  is  distinguished 
iroia  the  crystals  by  its  smaller  amount  of  water;  if  the  hydrate  of  lead  obtained  from 
the  acetate  was  not  well  washed,  the  syrup  contains  also  basic  acetate  of  lead.  (Will) 
Projferties, — The  oystals  of  sinamine  contain 2OH*NMI'0;  they  pre  white,  shining 
txidinie  piiams,  which  lose  their  lustre  in  vacuo  over  sidphuzic  acio.  At  100^  they  melt, 
and  give  off  two-thirds  of  their  water,  the  melted  mass  forming  when  cold  a  syrup* 
which  slowly  recrystallises.  By  longer  exposure  to  100^,  the  whole  of  the  water  is 
driven  o£^  and  on  cooling,  anhydrous  sinamine  remains,  as  a  white,  opaque,  slightlv 
oystalliiie  mass.  It  is  inodorous,  but  tastes  strongly  and  persistently  bitter,  it 
dissolves  in  water,  alcohol,  and  ether.  The  aqueous  solution  nas  a  strong  alkaline 
reaction,  and  is  precipitated  by  tannin. 

Decompodtions. — 1.  Sinamine  heated  in  a  retort  in  the  oil-bath,  gives  off  ammonia 
from  180^  to  200^,  without  blackening,  and  leaves  a  yellow  resinous  body  almost  in- 
soluble in  water,  but  dissolving  s^Murin^ly  in  alcohol,  and  forming  an  alkaline 
solution.  Its  solution  in  hydrochloric  acid  becomes  milky  when  mixed  with  am- 
monia, and  if  subsequently  heated,  again  deposits  resinous  matter;  the  hydrochloric 
acid  solution  forms  a  white  precipitate  with  mercuric  chloride,  and  vellow  withplatinic 
i^loride  (Will). — ^2.  A  cold  mixture  of  aqueous  sinamine  and  hydiochloric  acid  does 
not  give  off  ammonia,  or  become  turbid  on  the  addition  of  potash ;  but  after  the  hydro- 
chloric acid  has  been  boiled,  potash  eliminates  ammonia  from  it,  and  throws  down  a 
basic  substance,  which  behaves  like  the  resinous  body  remaining  when  sinamine  is 
heated  (Will).  Hydrochlorie  aeid  gas  passed  over  the  crystals  is  absorbed  without 
fiision ;  the  resulting  mass,  when  gently  heated,  suddenly  emits  thick  white  fumes  of  sal- 
ammoniac,  and  leaves  a  tumefied  residue  (Will). — i.  The  hydrated  crystalB,  exposed  to 
a  stream  of  sulphydric  acid  gas,  quickly  assume  a  sulphur-yellow  colour,  without  losing 
water ;  and  if  then  gently  heated,  melt  to  a  transparent  liquid,  which  takes  up  an  ad- 
ditional quantity  of  sulpbydric  acid,  and  becomes  liver-coloured ;  but  if  still  subjected 
to  the  action  of  heat,  not  however  rising  to  100°,  gives  off  the  water  of  crystallisation, 
together  with  sulphydrate  of  ammonium.  Ultimately  there  remains  a  transparent, 
liver-coloured,  inodorous  mass,  amounting  in  weight  to  94'88  per  cent  of  the  crystals. 
This  mass  forms,  with  water  or  alcohol,  a  solution  which  colours  lead-salts  light-red, 
and  does  not  precipitate  sulphide  of  lead  till  it  is  boiled.  (Will.) 

Siuamine-salt  s. — Sinamine  expels  ammonia  from  ammoniacal  salts ;  it  also  preci- 
pitates the  salts  of  lead,  iron,  and  copper.  Nevertheless,  it  does  not  form  solid  salts 
with  any  acid  except  oxalic  acid,  with  which  it  slowly  yields  crystals  (Will).  The 
add  solutions  impart  a  yellow  colour  to  fir- wood.  (H  o  f  m  a  n,  Ann.  Ch.  Fharm.  xlvii.  65.) 

Sinamine  with  Mercuric  Chloride,  OH^N^Hg^Cl'. — The  solution  of  sinamine  in 
aqueous  hydrochloric  acid  forms,  with  excess  of  aqueous  mercuric  chloride,  a  precipitate 
which,  on  account  of  its  tendency  to  decompose  in  washing;  must  be  merely  collected  on 
a  filter,  strongly  pressed,  and  dned  in  tfaeuo  over  oil  of  vitriol. 

PioHnum-^^mwntnd. — ^Aqueous  sinamine  mixed  with  a  small  quantity  of  hydrochloric 
acid,  forms,  witn  platinic  diloride,  yellowish-white  fiakes,  which  settle  down  slowly, 
so  that  the  filtered  liquid,  after  standing  for  several  hours,  yields  a  fresh  precipitate, 
the  filtrate  from  that  yields  another,  ^d  so  on.  All  the  precipitates  exhibit  about  the 
same  amount  of  platinum  (viz.,  about  39*6  per  cent.)  after  drying  in  a  current  of  air  at 
n6<> ;  hence  the  precipitate  is  perhaps  OH«N«.2HCl.R«'Cl*.   (Wil  1.) 

Sinamine  forms  a  resinous  precipitate  with  nitrate  of  silver,    (WilL) 

CN) 
Btbjlslnamlne,  or  Unettaarlaminet  CH^'N'  «=  CH^^*     (Hinterberger, 

Ann.  Ch.  Pharm.  Ixxxiii.  348.) — Produced  by  decomposing  thiosinethvlamine  with 
hydrate  of  lead.  When  the  two  substances  are  heated  together  till  a  filtered  sample 
no  longer  blackens  on  the  addition  of  lead-hydrate  and  potash,  the  resulting  mass 
boiled  with  water  and  then  with  alcohol,  and  the  solutions  evaporated,  a  dark-yellow 
syrupy  residue  is  obtained,  which  becomes  almost  wholly  czystalline  after  a  few 
months,  and  when  pressed  between  bibulous  paper  and  recrystalHsed  from  ether,  yields 
pure  sinethylamine. 

Sinethylamine  crystallises  in  needles  arranged  in  dendritic  groups :  it  tastes  very 
bitter.  At  100^  it  melts  to  a  colourless  liquid,  which  when  touched  withi  a  cold  body, 
quickly  solidifies  in  a  crystalline  mass,  the  crystallisation  spreading  from  the  point  ot 

X  2 


308  SINAPIC  ACID— SINAPINE. 

contact.  It  IB  inaoluble  in  water,  but  duMolres  in  alcohol  and  ether,  forming  solutione 
which  have  an  alkaline  reaction. 

Mercury-eompoundt  2C*H'*N'.3Hg''Cl'. — A  solution  of  eincthylamine  forms,  with 
aqueous  mercuric  chloride,  a  white  ilocculent  precipitiite,  which,  when  heated  over 
the  wat«r-bath,  melts  to  a  yellow  resinous  mass,  solidifying  in  the  crystalline  state  90 
cooling. 

Platinum-compound,  2C«H"N«.2HCl.Pt"a*.— A  solution  of  sinethylamine  in  hy- 
drochloric acid  forms,  with  platinic  chloride,  reddish-yellow  feathery  crystals,  yielding 
by  analysis  31*55  per  cent,  platinum,  the  formula  requiring  31*24  per  cent. 

snrAVIO  JLCXn,  C"H>«0*  «  (^"^**^*)"|o«.    (Von  Babo  and    Hirsch- 

brunn,  Ann.  Ch.  Pharm.  Ixxdv.  19.^ — An  add  produced,  together  with  sincaline,  by 
boiling  sulphocyanate  of  sinapine  with  potash  or  baryta-water : 

CiiH»NO».CNHS  +   3KH0     -     C"H"K*0»  +  C*H'«NO  +   CNKS  +  2H=0. 
Sulphocyaiiate  of  Sinapiite  of  Sincaline.         Sulpbocy- 

Slnftptne.  PoUftSiuin.  aunte  or 

PotHSsium. 

The  best  mode  of  preparing  it  is  to  boil  the  sulphocyanate  of  sinapine  with  potnsh- 
ley,  supersaturate  with  hydrochloric  acid,  and  purify  the  resulting  precipitate  by 
crystallisation  from  alcohol  of  60  per  cent.  By  boiling  the  sulphocyanate  with  banta- 
water,  the  acid  is  obtained  as  an  insoluble  barium-salt^  from  which  it  may  be  separated 
by  sulphuric  acid  and  alcohol. 

Sinapic  add  crystallises  in  small  prisms,  sparingly  soluble  in  cold,  somewhat  more 
freely  in  hot  water,  slightly  in  cold,  easily  in  hot  alcohol,  insoluble  in  ither.  It  is  nearly 
insoluble  in  most  other  adds :  nitric  acid,  however,  dissolves  it,  with  red  colour, 
apparently  forming  oxalic  add  and  a  nitro-compound.  Chlorine-water  colours  it,  first 
rose-red,  then  purple-red,  without  dissolving  it. 

Sinapic  add  melts  between  150^  and  200^,  and  solidifies  from  fusion  in  the  oystallind 
state.  When  subjected  to  dry  distillation,  it  turns  brown,  and  yields  a  colourless  oil, 
which,  as  well  as  the  residue,  forms  with  ammonia-gas  a  yellow  body,  slightly  soluble 
in  water. 

Sinapates. — Sinapic  add  forms  easily  soluble  salts  with  the  alkalis,  sparingly 
soluble  salts  with  the  earths  and  other  metallic  oxides.  All  the  sinapates,  excepting  the 
barium-salt,  decompose  with  great  fncility.  The  solution  of  sinapic  add  in  potash-  or 
soda-ley  quickly  turns  red  on  exposure  to  the  air,  the  colour  afterwards  changing  to 
green  and  brown.    The  ammoniacal  solution  turns  red-brown  on  exposure. 

A  neutral  solution  of  potassic  sinapate  forms  white  predpitatcs  with  chtoridt  of 
calcium,  and  with  solution  of  alum ;  the  latter  precipitate,  treated  with  chlorine-water, 
assimies  first  a  rose-red  and  then  a  dirty-red  colour.  With  ferric  chloride  it  forms  a 
rose-red  or  sometimes  a  purple-red  procipitate,  with  formation  of  ferrous  oxide.  From 
solution  of  copper-  and  lead-salts,  it  throws  down  precipitates  which  soon  turn  blue- 
green  ;  with  mercuric  and  sUvcr-folts,  white  precipitates  which  decompose,  with  sepa- 
ration of  metal,  especially  on  addition  of  more  alkali. 

Sinapate  of  Potassium  is  precipitated  firom  the  aqueous  solution  by  absolute  alcohol 
in  iridescent  laminae,  which  soon  change  after  the  alcohol  has  been  poured  off. — The 
barium-salt,  C"H**Ba''0*,  is  prepared  by  predpitating  the  neutral  ammonium-salt  with 
chloride  of  barium  (avoiding  an  excess  of  the  latter,  which  would  redissolve  a  portion 
Df  the  precipitate),  or  by  boiling  sulphocyanate  of  sinapine  with  bar}'ta- water,  out  of 
fontact  with  air.    The  precipitate  is  to  be  washed  with  water  free  from  carbonic  acid. 

BZVAPnni,  C'«H»NO».  (0.  Henry  and  Garot,  J.  Pharm.  xvii.  1 ;  xx.  63.— 
Pelouse,  Ann.  Ch.  Phys.  [2]  xliv.  214 ;  J.  Pharm.  xvii.  271. — Boutron  and  Kobi  - 

?[net,  J. Pharm.  xvii.  279. — ^Faur^,  ihid.—O.  Henry  andPlisson,  Ann.  Ch.Phys. 
2]  xlvi.  198.— Winckler,  Kepert.  Pharm.  xli.  169;  Ixvii.  257.— Simon,  Pogg. 
Ann.  xlHi.  651;  zliv.  593. — Boutron  and  Fr^my,  J.  Pharm.  xxvi.  50. — v.  Babo 
andHirschbrunn,  Ann.  Ch.  Pharm.  Ixxxiv.  10. — Gm.  xiv.  524.) — An  organic  base, 
existing  as  a  sulphocyanate  in  white  mustard-seed.  This  salt  was  first  extracl(>d 
from  the  fatty  oil  of  white  mustard  by  Henry  and  Garot  in  1825,  who  at  first  regarded 
it  as  an  add,  and  called  it  sulphosinapic  acid  ;  afterwards,  however,  they  found  that  the 
pure  substance  was  neutral,  and  n&mcdit  sulphosinaj/isin.  Berzelius  called  it  sinapt9ie. 
Its  true  nature  was  first  recognised  by  v.  Babo  and  Hirschbrunn,  who  assigned  to  the 
base  contained  in  it  (the  true  sinapine)  the  formula  C"Ji**yO**,  which  was  altered  by 
Gerhaidt  to  C-H^NO'*,  or  C«'H«NO». 

Sinapine  is  known  only  in  aqueous  solution  and  in  combination  with  acids.  The 
aqueous  solution  is  obtained  bt  g;radually  adding  baryta-water  to  an  aqueous  solution 
of  the  add  sulphate  as  long  as  a  precipitate  is  thereby  formed :  an  excess  of  baryta 
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teiist  b«  carefully  avoided,  as  it  would  immediatelj  indnce  the  de<x}inpositioii  of  the 
•base  into  sinapic  acid  and  sincaline  (p.  308).  The  aqueous  solution  of  sinapine  has 
a  deep  yellow  colour,  a  distinct  alkaline  reaction,  aud  is  not  precipitated  either  by 
alcohol  or  by  ether.  When  evaporated  it  assumes  a  dark-brown  colour,  and  leaves  a 
perfectly  amorphous  residue.  The  solution  forms  precipitates  with  many  metallic 
salts— green  with  cupric,  yellow  with  mercuric,  grey-brown  with  aigentic  salts :  these 
pecipitates,  on  standing  or  warming,  are  reduced  to  the  metallic  state.  From  solution 
of  auric  chloride,  sinapine  immediately  precipitates  metallic  gold. 

Sa-lts  of  Sikafinb. — These  salts  are  colourless  and  more  stable  than  the  free 
base.  Their  solatious,  mixed  with  potash  or  baryta- water,  turn  yellow,  and  the 
sinapine  thereby  separated  is  instantly  resolved  into  sinapic  acid  and  sincaline. 

Ht/drocklorate  of  Sinapine^  obtained  by  decomposing  the  salpbatc  with  chlo- 
ride of  barium,  crystalli^s  in  needles  very  soluble  in  water.  The  solution  mixed 
with  jdatinic  ckiorule,  forms  a  resinous  precipitate  which  immediately  turns  brown 
when  slightly  heated. 

The  nitrate^  obtained  also  by  double  decomposition,  crystallises  in  very  soluble 
needles. 

Sulphates, — The  acic?  *w/pA/7^^  C''H''N0*.H*S0*.4aq.,  is  produced  on  adding  a 
small  quantity  of  strong  sulphuric  acid  to  a  hot  concentrated  solution  of  thesidphocyanate 
in  alcohol  of  90  per  cent.,  and  separates  on  cooling  in  considerable  quantity,  so  that 
the  liquid  appears  completely  filled  with  it.  The  crystals  may  be  freed  from  adhering 
sulphuric  and  sulphocyanic  acids,  by  washing  with  absolute  alcohol.  It  forms  rectan- 
gular plates,  having  a  strong  acid  reaction,  easily  soluble  in  water  and  in  boiling 
alcohol,  nearly  insoluble  in  ether.  The  crystals  give  off  their  water  at  100^. — The 
neutral  tally  obta&lned  by  neutralising  the  acid  salt  with  baryta-water  and  evaporating 
the  filtrate,  is  a  crystalline  easily  soluble  mass. 

SulphoeifQnate  of  Sinapine,  C'B^'^^QO^  -  C»«H"NO*.CNHS.  Smapine  ot 
Berzelius  ;  Sulphosinapinn  of  Henry  and  Garot. — This  salt,  as  already  observed^ 
exists  ready-formed  in  white  mustard- seed ;  also,  according  to  Henry  and  Garot,  in  the 
seed  of  black  mustard  and  of  Turritis  glabra. 

Preparation. — 1,  Dry  mustard-powder,  exhausted  with  ether  and  thereby  freed 
from  fixed  oil,  is  treated  with  cold  absolute  alcohol  as  long  as  the  alcohol  acquires  a 
reddish-yeUow  colour;  the  residue  is  boiled  with  alcohol  of  90  per  cent.;  then  pressed ; 
and  the  boiling  and  pressing  are  repeated  twice  more.  The  hot-filtered  tinctures 
yield,  after  half  the  alcohol  has  been  distilled  off,  colourless  crystals  of  sulphocyanate 
of  sinapine,  an  additional  quantity  of  which  may  be  obtained  from  the  mother-liquors 
by  further  evaporation  and  addition  of  sulphocyanate  of  potassium.  Sulphocyanate 
of  potassium  likewise  precipitates  sulphocyanate  of  sinapine  from  the  above-mentioned 
extracts  prepared  with  cold  alcohoL 

2.  Mustard-flour,  freed  from  fixed  oil  by  pressure  in  the  oil-mill,  is  exhausted  with 
cold  and  then  with  hot  alcohol  of  80  per  cent. ;  and  about  half  the  alcohol  is  distilled 
from  the  united  tinctures  in  a  salt-bath,  or  so  much,  that  a  sample  of  the  residue 
separates  on  cooling  into  two  equal  layers,  consisting  of  oil  and  sulphocyanate  of  sinapine. 
If  the  concentration  is  carried  too  far,  the  sulphocyanate  of  sinapine  no  longer  crystallises; 
and,  on  the  other  hand,  if  a  sufiicient  quantity  of  the  alcohol  be  not  distilled  off,  part 
of  the  sinapine  remains  dissolve  in  the  alcoholic  oily  layer,  and  is  somewhat  difficult 
to  obtain  in  the  form  of  crystallised  sulphocyanate ;  the  best  way  of  effecting  this  is 
to  add  a  small  quantity  of  alcoholic  sulphocyanate  of  potassium.  The  upper  layer  is 
removed ;  the  lower  watery  liquid  is  either  left  to  itself  for  a  week,  or  as  long  as  sul- 
phocyanate of  sinapine  continues  to  crystallise  from  it ;  and  the  crystals  are  collected 
on  linen,  separated  from  the  viscid  mother-liquor  by  means  of  a  centrifugal  machine, 
moist4>ned  with  alcohol,  strongly  pressed  between  filtering-paper,  and  recrystallised 
from  alcohol  of  90  per  cent.,  then  from  a  small  quantity  of  boiling  water,  with  addition 
of  animal  charcoal ; — or  better,  the  lower  watery  layer  is  mixed  with  alcoholic  sulpho* 
cyanate  of  potassium,  and  the  crystals  which  separate  are  purified  as  above.  Tha 
mother-liquors  also  ^ield  an  additional  quantity  of  sulphocyanate  of  sinapine  on 
addition  of  sulphocyanate  of  potassium,     (v.  Babo  and  Hirschbrunn.) 

3.  Bruised  white  mustard-seed,  freed  from  the  greater  part  of  the  fixed  oil  by  pres- 
sure at  50^,  is  exhausted  with  ether ;  the  residue  is  digested  with  7  pts.  of  alcohol  of 
80  per  cent.,  then  with  2  pts.  more;  the  alcohol  is  distilled  off  from  the  tirctures  till 
the  residue  is  reduced  to  one-fourth  of  the  weight  of  mustard-powder  used ;  this  resi- 
due is  set  aside  for  14  days  to  crystallise;  and  the  crystals,  after  being  freed  by  ether 
from  a  T€d-brown  matter,  are  purified  by  repeated  crystallisation  from  water  and  alco- 
hol, with  addition  of  animal  charcoal.    (Winckler.) 

Winckler  also  digests  white  mitstard  with  3  pts.  of  alcohol  of  80  per  cent. ;  evaporates 
the  tincture  to  half  the  weight  of  mustard  used ;  treats  the  residue,  which  is  covered 
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"with  oil-drops,  "witli  ether,  as  long  as  the  ether  is  thereby  coloured;  and  pnriileB  tha 
residnal  sulphocyanate  of  sinapine  by  solution  in  water  and  reciystallisation  as  aboyet 
A  similar  process  is  adopted  by  Simon,  who  however,  at  each  extraction  of  the  mna- 
tard-floor,  nses  only  enough  alcohol  to  moisten  it,  and  subjects  the  whole  to  strong 
pressure ;  by  this  treatment,  the  exhaustion  is  effected  more  quickly  than  when  a 
laiger  quantity  of  alcohol  is  used. 

Propertiea. — Sulphocyanate  of  sinapine  crystallises  in  loose  tufts  of  white  pearly 
needles  (Henry  and  G-arot) ;  in  colourless,  nearly  transparent,  glassy  prisms, 
mostly  rectangular,  truncated,  grouped  in  stars  and  thin  nodules  (Winekler).  It  is 
neutral,  inodorous,  tastes  bitter,  and  afterwards  hot  like  mustard.  It  melts  when 
heated  (at  130^,  according  to  v.  Babo),  forming  a  yellow  liquid,  which  solidifies  to  a 
gummy  mass  on  cooling  ( W  i  n  c  k  1  e  r^.  It  dissolves  with  yellow  colour  in  water  and  in 
alcokj,  in  greatly  increased  quantity  when  the  liquid  is  hot^  and  crystallisee  on 
cooling;  also  in  ether,  sulphide  of  carbon,  and  oil  of  turpentine,    (Simon.) 

Decompositions, — 1.  Sulphocyanate  of  sinapine  decomposes  when  strongly  heated, 
eiving  on  stinking  products,  and  leaving  charcoal  (Henry  andGarot);  also  oom- 
bnstible  gases  (Winekler).  The  vapouis  do  not  smell  of  sulphuretted  hydrogen, 
sulphide  of  carbon,  or  hydrocyanic  add.  In  the  course  of  the  decomposition,  volatile 
bases  are  evolved,  together  with  gases  and  empyreumatic  oils,  which  bum  with  luminous 
flame  and  formation  of  sulphurous  add  (t.  Babo  and  Hirschbrunn). — 2.  It  dissolves 
readily  in  oU  of  vitriol,  with  ereenish-yellow  colour  and  slight  rise  of  temperature,  turns 
brown  when  the  solution  is  heated,  and  then  chars  (Winekler).  Sulphocyanic  acid 
is  likewise  evolved  (v.  Babo  and  Hirschbrunn). — 3.  In  contact  with  iodine,  it  im- 
mediately assumes  a  light  yellow-brown  colour,  and  when  heated  melts,  gives  off 
iodine,  and  leaves  a  brown-red  brittle  resin  (Winekler). — i.  Its  aqueous  solution  is 
coloured  by  chlorine,  first  brown-red,  then  red,  and  finally  yellow,  with  formation  of 
sulphuric  and  evolution  of  hydrocyanic  add  (Henry  and  Garot).  According  to 
V.  Babo  and  Hirschbrunn,  no  formation  of  hydrocyanic  add  takes  place  in  this  and 
similar  cases. — 6.  With  nitric  acid  of  spedfic  gravity  1*4,  or  less,  it  immediately 
assumes  a  deep  red  colour,  giving  off  red  vapoizre,  and  when  heated  turns  yellow,  with 
formation  of  sulphuric  add  (Henry  and  Garot,  and  others). — 6.  When  sulphocyanate 
of  sinapine  is  boiled  with  peroxide  of  manganese  and  dilute  sulphuric  add,  the  distillate 
contains  hydrocyanic  ada,  and  the  residue  contains  a  substance  which  dissolves  in 
water,  with  dark  brown-red  colour  (Winekler). — 7.  It  dissolves  with  yellow  colour 
in  caustic  potash4ey,  and  if  the  liquid  be  immediately  supersaturated  with  hydrochloric 
add,  separates  put  unaltered,  provided  the  solution  is  suffidently  concentrated ;  but 
when  boiled  with  potash,  soda,  or  baiyta-water,  it  is  resolved,  as  above  mentioned 
(p.  308),  into  sinapic  add,  sincaline,  and  sulphocyanic  acid  (v.  Babo).  It  is 
likewise  coloured  yellow  by  ammonia,  strychnine,  morphine,  and  ^intne,  but  not  by 
narcotine  or  salicin  (Winekler).  A  trace  of  tobacco-smoke  is  sufficient  to  produce 
this  colouring  (v.  Babo  and  Hirschbrunn). — 8.  The  behaviour  of  sulphocyanate 
of  sinapine  to  diltUe  acids  and  saline  solutions  is  the  same  as  that  of  other  sulpho- 
eyanates.  Ferrie  salts  are  for  the  most  part  immediately  reddened  by  it,  but  some- 
times it  is  obtained  in  a  peculiar  condition,  in  which  it  does  not  redden  ferric  salts  till 
heat  is  applied.    (Will;  t.  Babo,  and  Hirschbrunn.) 

See  Mtjstabi)  (iii.  1067). 

The  name  given  by  E.  Si  m on  (Pogg.  Ann.  xliii.  652 ;  xliv.593 ; 
1.  379),  to  a  white,  scaly,  crystalluie  substance,  which  he  obtained  from  blade  mustard- 
seed,  by  extraction  with  alcohol  and  ether.  The  examination  made  of  it  was,  however, 
very  impezf^t^  and  the  later  statements  contradict  the  earlier. 


DiaUyl-earbamide,  DiaUyUurea.  C^'*N*0 


(C»H*)4n*.— 
H«) 


An  organic  base  discovered  by  Simon  (Pogg.  Ann.  1.  377)*  and  further  examined  by 
Will  (Ann.  Ch.  Pharm.  Iii.  26).  It  is  formed  from  cyanate  of  allyl,  by  addition  of 
water  and  elimination  of  carbonic  anhydride,  in  the  same  manner  as  urea  is  formed  from 
Qfanic  add: 

.    2CNH0     +     HK)      -      CN«H«0     +     C0« 

Cjranic  acid.  Urea. 

2CN(C«H»)0       +       H«0       -      CN«(C»H»)«H»0     +     CO*. 

Cyanate  of  Allyl.  Diallyl-orea. 

It  may  be  obtained  very  pure  by  boiling  cyanate  of  allyl  with  water,  but  is  more 
generally  prepared  from  sulphocyanate  of  allyl  (oil of  mustard)  by  the  action  of  hydrate 
of  lead  or  Wy  ta-water : 

2CN(Cra»)S    +    3PbH«0«     -     CN«(C»H»)«H«0    +    2?bS    +    PbCO»    +    2H»0 
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The  oil  of  mvataid  ia  digested  in  the  water-bath  with  reoentlj  precipitated  and  well- 
wa&bed  hydrate  of  lead,  till  the  latter  is  no  longer  blackened.  The  residue  is  treated 
with  boiling  water,  and  the  solution  is  filtered  £rom  the  insoluble  sulphide  and  car- 
bonate of  lead :  the  sinapoline  then  crystallises  on  cooling. 

The  oil  of  mustard  may  also  be  boiled  with  baryta-water;  the  liquid  evaporated  to 
dryness  when  quite  free  horn  odour;  and  the  sinapoline  extracted  from  the  residue  by 
alcohol  or  ether.  Potash  or  soda  acts  in  a  similar  manner,  but  giTea  rise  also  to 
seeondaiy  products. 

Sinapoline  crystallises  from  aqueous  solution  in  shining  laminie,  unctuous  to  the 
touch,  fusible  at  the  temperature  of  boiling  water,  soluble  in  ^cohol  and  ether.  The 
aqneoos  solution  is  alkalme  to  test-paper. 

Sinapoline  does  not  dissolve  in  aqueous  potash  at  ordinary  temperatures,  but  at  the 
Imling  heat  of  the  liquid,  it  melts,  without  ginng  off  ammonia,  to  an  oil  which  Bolidifiea 
on  cooling  and  is  soluble  in  water. 

Sinapoline  does  not  lose  weight  at  100^ ;  at  a  higher  temperature  it  partly  volatilises 
and  putly  decomposes. 

Salts  of  Sinapoline. — Sinapoline  dissolves  easily  in  acids,  and  is  separated  from 
the  aolntioiia  by  ammonia.  In  diy  hydrochloric  acid  gaa  it  melts  without  warming ; 
and  10  eoaverted  into  a  thick  mass  of  the  hydrochlorcUBf  C'H**N'0.HG1,  which  gives  off 
vapoiiKB  of  hydrochloric  acid  on  exposure  to  moist  air,  and  is  partially  decomposed  by 
water,  with  separation  of  sinapoline. 

The  aqueous  solution  of  sinapoline  forms  precipitates  with  mercuric  and  platinie 
chloride. 


C*H>«NO.  (v.  Babo  and  Hirschbrunn,  Ann.  Ch.  Pharm.  Ixxziv. 
22.) — An  alkali  produced,  together  with  sinapic  acid,  by  boiling  sulphocranate  of  sinapine 
with  potash  or  baryta  (p.  308).  To  prepare  ity  sulphocyanate  of  smapine  is  heated 
witli  baryta-water,  till  the  sinapateof  barium  is  completely  separated ;  the  filtrate,  mixed 
with  a  alight  excess  of  dilute  sulphuric  acid,  is  freed  from  sulphocyanic  acid  by  pre- 
cipitation with  aqueous  sulphate  of  iron  or  copper :  the  liquid  is  filtered  from  the  pre- 
cipitat«d  sulphocyanate  of  copper ;  the  filtrate  precipitated  by  batyta-water ;  carbonic 
add  ia  passed  through  it ;  and  the  solution  filtered  from  the  carbonate  of  barium  is 
evaporated  on  the  water-bath:  carbonate  of  sincaline  then  remains  behind.  By 
neutialising  the  carbonate  with  aqueous  hydrochloric  acid,  digesting  the  hydrochlorate 
with  oxide  of  silver,  and  evaporating  the  somtion  filtered  fh)m  the  cUoride  of  silver  and 
excess  of  oxide,  in  a  vacuum  or  on  the  water-bath,  sincahne  is  obtained  as  a  colourless 
or  brownish  ciystalline  mass. 

Sincaline  does  not  volatilise  witho  it  alteration ;  when  distilled  it  gives  off  combustible 
vapours  having  an  odour  of  methylamine,  and  leaves  a  carbonaceous  residue.  It  has 
a  strong  alkaline  reaction,  and  when  exposed  to  moist  air,  becomes  heated,  deliquesces, 
and  rapidly  absorbs  carbonic  acid.  It  precipitates  most  metallic  oxides  from  their 
solutions,  even  lime,  baryta,  and  mercuric  oxide.  The  precipitates  whidi  it  forms 
with  aluminic  and  chromic  salts  redissolve  in  excess  of  sincaline,  and  the  chromic  pre- 
cipitate is  reprecipitated  on  boiling,  like  a  solution  of  chromic  oxide  in  potash. 

Sincaline  dissolves  sulphur,  and  on  adding  a  minerdl  acid  to  the  solution,  sulphydric 
acid  is  given  off,  and  sulphur  is  precipitated,  which  renders  the  liquid  milky. 

Salts  of  Sincaline. — The  carbonate,  hydrocMorate,  and  nitrate  are  extremely 
deliqueiicent.  The  cMoro-aurate,  C*H''NO.HCl.AuCl*,  is  precipitated  as  a  yellow 
crystalline  powder  slightly  soluble  in  cold  water.  It  dissolves  easily  in  boiling  water, 
ami  crystallises  on  cooling  in  tufts  of  needles.  The  chhroplatinate,  2C*H"N0.2HC1. 
Pf^Cl*,  is  obtained  by  evaporating  a  mixture  of  the  hydrochlorate  and  platinie  chloride, 
in  splendid  orange-coloured  prisms  or  hexagonal  plates. 


The  name  given  by  Lewy  (Ann.  Ch.  Phys.  [3],  xiii,  446) 
to  a  fatty  acid  which  he  obtained  by  heating  Chinese-wax  with  potash-lime,  and  to 
which  he  assigned  the  formula  C**H*'0*. 

Syn.  with  Etetlsinaicinb  (p.  307). 

This  name  was  given  by  Marquart  (Ann.  Ch.  Pharm.  x.  91)  to 
inulin  prepared  from  dahlia-roots  by  boiling  with  water,  because  it  turns  the  plane  of 
polarisation  to  the  left :  it  appears,  under  the  microscope,  to  consist  of  opaque  white 
spherules,  disintegrates  quicUy  in  cold  water,  and  dissolves  to  a  colourless  liquid  at 
75^.  Inulin  prepared  from  the  roots  by  washing  with  cold  water  is  called  by  Mar- 
quart  synantherin:  it  exhibits  under  the  microscope  transparent  spherules,  and 
dissolves  when  boiled  with  water,  leaving  a  few  thin  films.  In  other  respects  it 
resembles  sinistrin. 

Syn.  with  Sutamine. 
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Sole  of  Sinope.  Suhrica.^^-A  femiginous  bole  occnrring  in  maases 
with,  fire  earthy  fimcturey  in  Gappadocia.  It  ia  of  brick-red  colour,  spotted  with  white, 
dull,  opaque,  friable,  adheres  strongly  to  the  tongue,  and  breaks  up  in  water  into 
coarse  lumps,  without  becoming  plastic  like  clay,  or  crumbling  to  a  sandy  powder  like 
fuller's  earth.  It  was  used  in  ancient  times  as  a  pigment.  Contains,  according  to 
Klaproth's  analysis,  82  per  cent,  silica,  26*5  alumina,  21*0  ferric  oxide,  17*0  water, 
and  1*5  ( "■  97*0)  cldoride  of  sodium.    Before  the  blowpipe  it  bums  hard  and  black. 

BMMTMttm  A  name  applied  to  incrustations,  on  rocks  or  elsewhere,  from  minend 
waters.  According  to  the  nature  of  the  deposit,  it  is  distinguished  as  calcareous  sinter 
(calcspar  or  ariagonite),  silicious  (quarts  or  opal),  ferruginous  (pitticite),  arsenical 
(scorodite),  &c. 

SZFBBBIirB.  Sipirine,  Sepeerine.  An  alkaloid  existing,  together  with  bebirine, 
in  the  bebeeru  or  greenheart-tree  (Nectandra  Sodun),  a  lauraceous  tree  orowing  in 
Guiana.  It  was  discovered  by  Bodie  in  1834,  and  examined  more  particulariy  by 
Maclagan  (Ann.  Ch.  Pharm.  xlviii.  106).  [For  the  mode  of  preparation  see 
BsBDOifB,  i.  626.] 

Sipeerine  forms  a  dark  red-bzown,  shining,  non-crystalline,  resinous  mass,  sepant- 
ing  from  the  vessel  in  which  it  is  prepared  in  scales.  It  is  very  slightly  solunle  in 
water,  easily  in  alcohol,  either  anhyorous  or  hydrated,  but  is  insoluble  in  ether.  It 
neutralises  acids,  forming  olive-brown  salts. 

UXPO'PTBJLf  or  SBBXPnUL.  The  commercial  name  of  the  bark  of  Sebipira  major,  * 
a  tree  growing  in  BraziL  The  bark  contains  tannin,  fat  oil,  resin,  sugar,  &c.  (Handw. 
d.  Chem.  vii.  730.) 

SISMOWBZir.  A  mineral  resembling  chloritoid,  occnrring  in  the  ehlorite-slate 
of  St.  Hareel  in  Piedmont  Melts  with  great  difficulty  before  the  blowpipe  to  a 
blackish  gUss.  Analysed  by  Delesse  (ijin.  Gh.  Phys.  [3]  iz.  388)  and  v.  Kobell 
(J.  pr.  Chem.  Iviii.  40): 

Undecom- 
8IOS.        A1*0>.        F«0.      MgO.       HH>.    posed. 

241        43-2        28*8        —        7*6        —      -     98*7    Delesse. 

25*75      37-60      21*00    620      7*80    0*60     -*     98*76  v.  Kobell. 

The  magnesia  appears  to  have  been  overlooked  in  the  first  analysis. 

WEMMWB BTira*  The  name  given  by  Haidinger  to  iridosmine  from  Sissersk  in 
the  Ural,  having  nearly  the  composition  IrOs'  or  IrOs^,  to  distingroish  it  from  the 
variety  found  at  Newjansk,  the  composition  of  which  may  be  represented  by  IrOs*. 
As,  however,  the  two  varieties  ciystaUise  in  the  same  form,  it  is  probable  that  they 
are  not  distinct  mineral  species,  but  that  osmium  and  iridium  crystaUise  together 
isomorphously  in  various  proportions. 

SISTBOnuVM.  Hedge-mustard  {&symhr%um  officinale)  contains,  according  to 
Plees,  allyKc  sulphocyanate  unmixed  with  oxide. 

EkCID*    The  name  given  by  Berzelius  to  Liebig's  oenanthic  acid  (iv.  174). 

Gmelin's  name  for  propylene,  CH*. 

Syn.  with  Scafglitb. 

riTB.    Syn.  with  Scelbbbtinitb  (p.  204). 

'JLMttJKi'L  ik  SMj  or  SOMMtOCTa  A  BWi  The  name  applied  by  v.  Walterehausen 
to  diplumbic  sulphanenite,  2PbS.AsS*,  which  ho  regards  as  one  of  the  constituents  of 
binnite  (i.  688). 

8XOOab&XT&  Nordenskiold*s  name  for  the  tantalite  of  Skogbole  in  Finland, 
distinguished  by  a  comparatively  high  t^pecific  gravity,  small  proportions  of  man- 
ganese and  tin,  and  dark  brown  colour  of  its  powder. 

8XO&BCXTB.    Syn.  with  Soolbcitb. 

•XO&OF8XTB.  A  silicate  from  the  Kaiserstuhl  in  the  Breisgau,  occurring  in 
lumps,  with  granular  structure  and  splinteiy  fracture.  Hardness  «»  6*0  neudy. 
Specific  gravity  »  2*53.  Colour  smoke-grey,  greyish,  or  reddish-white.  Translucent 
on  the  edges.  Slightly  brittle.  Before  the  blowpipe  it  fuses  like  vesuvian,  witli 
intumescence  and  smuttering,  to  a  shining  greenish- white  glass  enclosing  small  bubbles. 
With  borax  it  slowly  fonns  a  colourless  bead ;  with  phosphorus-mlt  the  same,  and  a 
skeleton  of  silica;  with  soda  it  yields  the  reaction  of  sulphur.  In  the  pulverulent 
state  it  is  easily  decomposed  by  hydrochloric  acid,  with  separation  of  gelatinous  silica. 
It  contains,  according  to  the  mean  ofv.  KobelTs  analyses  (J.  pr.  Chem.  xlvi.  484), 
44*1  per  cent  silica,  17'9  alumina,  2*6  ferric  and  ferrous  oxides,  8'0  mangimous 
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oxide,  15*5  lime,  2*2  znagneeia,  11 '5  soda,  1*3  potash,  4*1  sulphuric  aohydride,  and 
0*9  chloride  of  Bodiani,  which  may  be  approximately  represented  by  the  formula 

Na'SO*  .  6(M«;M"0SiO'  .  Al^SiH)"- 

BMMHKlAMm  Breithaupt's  name  for  a  yaiiety  of  spinel,  closely  allied  to  hercinite, 
And  containing,  according  to  John,  63'0  per  cent,  alumina,  23*0  ferrous  oxide,  60 
magnesia,  6*0  silica,  together  with  magnesia  and  other  constituents  not  determined. 
It  occurs  at  Bischofsheim  in  the  Rhongebirge,  and  at  Hiuter-Hermsdorf,  netir 
Schandau  in  Saxony.    (Handw.  vii.  999.) 

8XOSOUT3B.  A  scoriaceous  mineral  from  Juan  del  Bio  del  Calvaxio  in  Mexico, 
containing,  according  to  R.  Thomson  (J.  pr.  Chem.  yiii.  506),  58*0  per  cent,  silica, 
168  alumina,  13*3  ferrous  oxide,  8*6  lime,  and  2*0  water.  It  occurs  in  brown  masses, 
containing  numerous  carities.  Streak  white.  Hardness  »  2*0.  Specific  gravity  = 
1-70.  Before  the  blowpipe  it  becomes  lighter  in  colour,  but  does  not  melt  With 
fluxes  it  gives  the  iron  reaction. 

Syn.  with  Scoboditb. 

or  8COSXA.     A  variety  of  Efidotb  (ii.  489). 

;OTXV.    Syn  with  Bucklandite,  or  lime  and  iron  epidote. 

^VBZTB.    An  arsenide  of  cobalt,  CoAs",  occuzring  at  Skutterud,  near 
Modum,  in  Norway  (i.  1042). 


SltixHoiUii,  SUvofoitz,    An  ardent  spirit,  prepared  in  Bohemia 
and  Hungaiy,  by  distilling  the  fermented  juice  of  plums. 


A  mineral  from  the  gabbro  of  Tuscany,  occurring  in  radiated 
masses,  cleaving  distinctly  parallel  to  the  faces  of  an  orthorhombic  prism  of  105®.  It  is 
white,  opaque,  with  pearly  lustre.  Hardness  a  4*5.  Specific  gravity  »  2*441.  Melts 
before  the  blowpipe,  with  intumescence,  to  a  white  enamel.  Dissolves  in  acids,  with 
separation  of  gelatinous  silica.  Contains,  according  to  Bechi  (SilL  Am.  J.  xiv.  64), 
42*2  per  cent,  silica,  35*0  alumina,  8*1  lime,  2*7  magnesia,  0*3  Bod»  and  potash,  and 
12*5  water:  probably  a  decomposed  zeolite. 

saCAZiT.  A  beautiful  blue  glass,  prepared  (chiefly  in  Saxony)  by  melting  roasted 
cobalt-ore  with  silica  and  potash.  The  ore  (arsenide  or  sulpharsonide  containin£| 
nickel,  copper,  and  iron)  is  first  roasted  to  such  a  degree  as  to  oxidise  the  cobalt  and 
leave  the  nickel,  iron,  and  copper  in  combination  with  arsenic  and  sulphur.  Four  or 
Ave  parts  of  this  roasted  ore  are  then  mixed  with  10  pts.  of  ground  calcined  quartz  and 
4  pts.  of  potassic  carbonate,  and  the  mixture  is  slowly  melted  in  pots  arranged  on  a 
furnace  resembling  that  used  in  glass-houses.  The  oxide  of  cobalt  then  unites  with 
the  fused  potassic  silicate,  forming  a  deep  blue  glass,  while  the  mixed  arsenides  and 
sulphides  of  nickel,  copper,  and  iron  fuse  and  collect  at  the  bottom  of  the  pot,  in  the 
form  of  a  brittle  metallic-looking  mass  called  speiss,  which  is  used  for  the  prepara- 
tion of  nickel.  The  pot  is  then  skimmed,  and  the  glass  is  ladled  out  and  poured  into 
cold  water,  by  which  it  is  split  into  innumerable  fragments.  The  broken  glass  is 
stamped  to  powder  and  ground  under  water  between  granite  stones,  in  a  vessel  through 
which  a  gentle  stream  of  water  is  constantly  flowing.  The  water  carrying  the 
powdered  smalt  in  suspension  is  made  to  pass  tlwmgh  a  number  of  depositing  vessels, 
so  arranged  that  the  overflow  of  each  shall  pass  into  the  next  Moreover,  each  of 
these  Tessels  is  larger  than  the  one  which  precedes  it,  so  that  the  time  during  which 
the  washings  are  retained  in  them  goes  on  progressively  increasing,  and  the  deposited 
particles  continually  increase  in  the  minuteness  of  their  subdivision,  the  ejlcui 
becoming  less  intense  the  greater  the  degree  of  subdivision  of  the  particles.  {^Millet's 
Etements  of  Chemisity,  3rd  edit.  ii.  555.  Por  further  details,  see  Ur^a  Dictionary  of 
Arts,  &C.  i.  784,  andiTani^w.  d.  Ckem,  vii.  1000.) 

Sziudt  is  essentially  a  potassio-cobaltous  silicate,  sometimes  approaching  nearly  to 
the  formula  (K*O.Co''0).6SiO*.  Its  composition  is,  however,  subject  to  considerable 
variation,  as  the  followmg  analyses  by  Ludwig  (J.  pr.  Chem.  Ii.  129)  will  show:— - 

Norwegian : 
deep-coloured. 
Silica 70*86 


Potash  and  Soda  . 
CobaltouB  oxide     . 
Alumina 
Ferrous  oxide 
Arsenic  Anhydride 


21-41 
6*49 
0*43 
0*24 

trace 


Water  and  Carbonic  Anhy-  >       q.- 
drido  .        .        ..J   

lOO-OO'  110-18  07*85 


Oertnan : 
deep-coioured. 
66-20 

German  : 

pale  ;  coarse. 

7212 

16-31 

2004 

6-75 

1-95 

8-64 

1*80 

1-36 

1*40 

«      • 

008 

0*92 

0-46 
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Natiye  oobaltous  arsenide,  (V'As'  (i.  1041). 

A  granular  actinolite  of  emerald-green  or  grass-green  ooloor, 
sometimes  occurrine  interarown  with  angite  of  similar  colour.  Mixed  with  garnet  it 
forms  the  rode  called  edogite,  and  occurs  also  in  gabbro  mixed  with  saussuriteorlabra- 
dorite. 


Sjn.  with  Ataoaxitb  (i.  429). 

A  term  sometimes  used  as  a  synonym  of  fuller' 8  earth ;  applied 
also  more  particularly  to  an  argillaceous  mineral  from  CiUy  in  Lower  Styria,  ana^sed 
by  Jordan,  and  another  from  Cond^  in  France,  analysed  by  Salv^tat.    (See  Siucatss 

OF  ALTTMiyiUM,  p.  269.) 

BMESXiZTS.  An  aluminic  silicate  from  Telkebanya  in  Hungaiy.  (SeeSiucATBS, 
loc.  cit.) 

SaSZXiACHZV.  The  name  given  by  Keinsch  (Bepert.  Pharm.  Ixxxii.  146)  to  a 
crystalline  substance  which  he  obtained  from  the  root  of  Smilax  CAina(L.). 

Syn.  with  Sabsa.pabillin  (p.  198). 

Syn.  with  Calamine,  or  native  carbonate  of  zinc  (L  713). 

Savon.  Seife. — In  ordinary  language,  the  term  soap  is  applied  only  to 
the  potassium-  and  sodium-salts  of  the  iat-acids — stearic,  palmitic,  oleic  acid,  &c., — 
produced  by  the  action  of  potash  and  soda  upon  the  fats ;  but  in  scientific  language, 
the  same  term  is  extended  to  all  the  metallic  salts  of  the  fat-acids,  among  which  the 
lime-soap  obtained  as  a  secondary  product  in  the  stearic  acid  manufacture,  and  the 
pharmaceutical  preparation  called  lead-soap  or  lead-plaster,  obtained  by  heating  olive- 
oil  with  oxide  of  lead,  may  be  particularised  as  being  of  practical  importance. 

The  ordinary  neutral  fats— such  as  tallow,  palm-oil,  olive-oil,  cocoanutroil,  &c. — are 
the  glyceryl-salts  or  glyceric  ethers  of  the  fat-adds  (see  G-lycbbides,  ii.  881);  and 
their  conversion  into  soaps,  or  saponification,  by  the  action  of  alkalis  or  other 
bases,  is  the  converse  of  the  process  of  etherification,  consisting  in  the  separation  of  the 
glyceryl  and  the  acid-radicle,  and  an  interchange  between  the  glyceryl  and  the  metal 
of  the  alkali,  resulting  in  the  formation  of  an  alkaline  salt  of  the  &t-acid — that  is 
to  say,  a  soap— and  glycerin:  thus  with  stearin  (neutral  glycerylic  stearate)  and 
potash: 

(C»H«0)'|o,    .    KVo.     .     (CHTJot  +  {C"H»0)'(q, 
(C'H')-    1"    *  H'i"^  H»     >"    *         K»       {"■ 

Stearin.  PotAstic  Glycerin.  Pouutlc  i>tearate 

hydrate  (3  at.).  (3  at.}. 

The  ordinary  method  of  saponifying  neutral  fkts  consists  in  boiling  them  with  solu- 
tion of  caustic  potash  or  soda.  Most  fats  require  long-continued  boiling  with  excess 
of  alkali  to  convert  them  completely  into  neutral  soaps;  some,  however  (as  lard,  beef- 
marrow,  and  oil  of  sweet  almonds),  may  be  saponified  by  agitation  with  caustic  alkali  at 
ordinary  temperatures.  Alkaline  carbonates  also  decompose  the  neutral  fats  when 
boiled  with  uiem ;  but  the  process,  when  conducted  under  the  ordinary  atmospheric 
pressure,  is  very  tedious,  and  does  not  yield  a  perfect  soap.  Complete  saponification 
mav,  however,  be  effected  by  boiling  neutral  fats  with  solutions  of  alkaline  carbonates 
under  increased  pressure,  as  in  the  apparatus  patented  by  Tilghman  (ii.  886),  in 
which  a  mixture  of  the  neutral  fat  and  alkaline  solution  is  forced  by  a  pump  through 
a  long  coil  of  iron  tubing  heated  to  350O— 400°  p^ 

The  fat-acids  (stearic,  oleic  acid,  &c.),  when  already  separated  from  glycerin,  are 
easily  saponified  by  the  action  of  alkaline  carbonates ;  in  this  manner  soap  is  exten- 
sively prepared  from  the  crude  oleic  acid  or  red  oil  (iv.  192),  obtained  as  a  bye-product 
in  the  manufacture  of  stearic  acid.  Besins  also,  which  are  chiefly  mixtures  of  acid 
compounds,  easily  decompose  alkaline  carbonates  and  form  soaps. 

As  the  neutral  £ats  occurring  in  the  vegetable  or  animal  body  are  not  simple  gly- 
oerides,  but  mixtures  of  severs!  compounds  of  that  class  (stearin,  palmitin,  olein,  &c*) 
it  follows  that  the  soaps  resulting  from  their  saponification  will  be  mixtures  of  the 
potassium-  or  sodium-salts  of  two  or  more  of  the  corresponding  fat-acids,  the  soap 
being,  eateru  paribus,  more  solid  in  proportion  as  the  acids  of  higher  melting-point  and 
atomic  weight  predominate  in  it. 

The  properties  of  soap  depend  also  in  great  measure  on  the  alkaline  base  contained 
in  it.  IPotash-soaps  are  deliquescent,  and  do  not  dry  up  when  exposed  in  solution 
to  the  air,  but  retain  so  much  water  as  to  form  a  soft  slimy  jeUy :  when  artificially 
dried  they  absorb  a  large  quantity  of  moisture,  and  likewise  become  converted  into 
a  jelly.  This  kind  of  soap  is  called  soft  soap,  in  contradistinction  to  the  soda- 
soap,  or  hard  soap.  The  latter  neither  retains  so  much  water,  nor  does  it  absorb 
BO  much  aa  to  render  it  soft ;  but  hardens  when  exposed  to  the  air,  and  with  a 
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eertun  amoimfe  of  water  forms  a  peifectlj  solid  mass,  in  which  it  is  difficult  to  mako 
impressioiDS  with  the  finger. 

100  parts  of  diy  potassic  oleate  absorb  from  the  air  162  parts  of  water. 
100      „        „        „        palmitate      „  „  85        „        „ 

100      „        „        „        Btearate        „         „  10        „        „ 

100      „        „        so^c  Btearate        „         „  7^      „         » 

SfA  soap  is  made  from  train-oil  and  the  drying  vegetable  oils,  such  as  linseed  oil, 
liard  soap  from  tallow,  and  the  non-diying  vegetable  fats  and  oils,  and  mixtures  of 
Uififle  with  rosin.    Kosin  by  itself  forms  a  soft  aoap,  either  with  potash  or  with  soda. 

Bveiy  kind  of  soap  found  in  commerce  contains  a  variable  quantity  of  water,  partly 
in  ^3iAini<HLl  combination.  Hard  soap  becomes  harder  by  drying,  so  that  at  last  it  can 
be  pulverised.  Potash-soap  decomposes  the  salts  of  sodium,  e.g,  common  salt,  or  sul- 
phate of  sodium,  forming  chloride  or  sulphate  of  potassium,  and  a  soda-soap.  It  is, 
indised,  in  this  indirect  manner  that  hard  (soda)  soap  is  sometimes  manufactured  in 
Germany. 

Soap  is  perfectly  soluble  in  alcohol  and  in  hot  water.  The  aqueous  solution  is  more 
tbi<^y  fluid  and  slimy  than  the  alcoholic  solution,  but  both  solidify  to  a  jeUy  at  a 
certain  stage  of  concentration  ;  opodeldoc  is  soap  mixed  with  alcohol  in  this  state  of 
coooentration.  Potash-soap  is  more  readily  soluble  in  water  than  soda-soap.  This  is 
better  seea  with  the  salts  of  the  pure  fatty  acids  than  with  ordinary  soap.  Stearate 
of  sodium  undergoes  hardly  any  cnange  when  brought  together  with  10  parts  of  water, 
whilst  stearate  of  potassium  is  converted  by  it  into  a  thick  jelly.  Oleate  of  sodium  is 
soluble  in  10  parts  of  water,  oleate  of  potassium  in  4  parts,  and  forms  a  jelly  even 
with  2  parts  of  water ;  palmitate  of  potassium  is  converted  by  10  parts  of  water  into 
a  stiff  transparent  jelly. 

Cold  water  does  not  dissolve  the  alkaline  oleates,  palmitates,  and  stearates,  which 
eonstitnte  ordinary  soap,  without  decomposition,  the  neutral  salts  being  thereby  resolved 
into  alkali  which  dissolves,  and  into  an  acid  salt  which  is  precipitated.  The  same 
decomposition  occurs  when  hot  solutions  of  soap  (particularly  weak  solutions)  are 
cooled. 

This  reaction  explains  why,  in  using  soap,  even  with  the  purest  water,  a  whitish 
turbidity  {soapsuds)  is  always  obtained;  the  alkaline  property  of  soapsuds  is  due 
solely  to  the  liberation  of  a  portion  of  caustic  potash  or  soda,  which  removes  the  fatty 
impurities  in  water. 

Suap  is  quite  insoluble  in  a  solution  of  comffum  salt  containing  more  than  1  part  of 
salt  in  400  of  water:  hence,  on  adding  a  certain  quantity  of  salt  to  the  contents  of  the 
soap-pan,  consisting  of  soap  already  formed  mixed  with  glycerin  and  excess  of  alkali, 
and  continuing  the  boiling  for  a  certain  time,  the  soap  ultimately  separates  completely 
from  the  watery  liquid,  and  rises  to  the  surface,  in  the  form  of  a  granular  mass  or  en  rd, 
while  the  glycerin  and  alkaline  salts  remain  dissolved  at  the  bottom  of  the  pan,  consti- 
tuting what  are  called  "  spent  leys,"  and  may  be  drawn  off  or  pumped  out.  The  soap 
may  then  be  ladled  out  or  run  off  into  iron  or  wooden  frames,  ana  left  to  cool  and  solidify. 

All  varieties  of  soap  are  not  separated  with  the  same  ease  from  their  solutions,  by 
means  of  salt.  Thus  soap  made  from  cocoanut-oil  requires  a  much  larger  quantity  of 
salt  to  separate  it  from  solution  than  soap  made  from  tallow,  the  former  being  soluble 
in  saline  solutions,  in  which  the  latter  is  perfectly  insoluble.  Bosin-soap  is  affected 
by  common  salt  in  the  same  manner  as  the  soaps  from  fat. 

The  same  results  as  those  obtained  by  the  use  of  common  salt  are  also  produced, 
although  in  a  less  enereetic  manner,  by  chloride  of  potassium  (which  acts  but  slightly), 
alkaline  carbonates,  sulphate  of  sodium  (also  very  weak  in  its  action),  acetate  of  potas- 
sium, and  sal-aounoniac  In  weak  caustic  ley,  soap  is  perfectly  soluble :  in  strong  ley, 
on  the  contrary,  or  when  the  concentration  of  the  ley  is  inoreased  by  boiling,  the  soap 
sqnrates  in  the  same  manner  as  from  a  solution  of  common  salt.  For  this  reason, 
soap-boilers  are  in  the  habit  of  usmg  weak  ley,  particularly  in  the  beginning  of  their 
opCTstions,  as  stronger  ley,  in  separating  the  soap,  would  prevent  the  necessary  amount 
ot  contact  amon^  the  ingredients,  and  very  much  retard  the  process  of  saponification. 

It  is  impossible,  .during  the  preparation  of  soap,  entirely  to  avoid  the  presence 
of  earths  and  metallic  oxides.  These*  consequentlv,  decompose  a  small  portion 
of  the  soap,  combining  with  the  fatty  acid,  which  they  take  from  the  alkali. 
Portions  of  lime  and  magnesia  constantly  accompany  the  caustic  ley,  and  are  brought 
with  it  into  the  boiling-pan,  and  the  sides  of  the  vessel  are  always  sufficiently  acted 
upon  to  impart  a  visible  trace  of  iron  or  copper  to  the  soap.  The  soaps  formed  with 
lime,  magnesia,  iron,  and  copper  are  not  soluble,  and  they  are  much  less  rapidly 
softened  by  heat  than  the  corresponding  alkaline  compounds.  They  are  disseminated, 
however,  in  such  a  minute  state  of  division  throughout  the  mass  of  hot  soap,  as  almost 
amounts  to  solution.  As  the  soaps  of  iron  and  copper  possess  the  colours  peculiar  to 
the  salts  of  those  metals,  the  whole  mass  of  soap  acquires  by  their  presence  a  uniform 


316  SOAP. 

greenish  or  blue  oolour,  partly  caused  bj  the  solphur  contained  in  the  ley  (particnlaulj 
in  soda-ley),  forming  sulphide  of  iron  or  copper.    When  a  soap  of  this  kind  is  allawed 
to  cool  rapidly,  the  cut  surface  presents  a  uniformly  coloured  appearance,  Bomething 
like  wet  slate.    If  the  mass,  however,  cools  slowly,  the  soaps  of  the  earths  and  metallic 
oxides  separate  from  the  great  bulk,  and  collect  into  larger  or  smaller  groups  in  different 
parts  with  a  certain  degree  of  regularity,  giving  a  marbled  or  mottled  appeamnoe  to  the 
cut  surface.    The  substances  whidi  impart  the  mottled  appearance  to  soap,  are  onlj  held 
in  suspension  in  consequence  of  its  thick  state  of  fluidity.    The  mottled  appearance  may 
therefore  be  entirely  removed,  and  white  soap  product,  by  adding  a  certain  quantity 
of  water,  so  that  those  substances  may  subside,  while  the  soap  is  still  in  a  perfectly 
liquid  state  in  the  boiUng-pan.    This  additional  quantity  of  water  is  not  again  separated, 
but  remains  with  the  soap.    Great  importance  was  formerly  attached  in  commerce  to 
the  mottled  appearance  of  the  soap,  as  affording  a  sure  indication  that  the  amount  of 
water  in  the  soap  cannot  exceed  a  certain  limit.    Methods  have,  however,  been  dis- 
covered of  imparting  any  kind  of  mottled  appearance  to  soap  containing  much  more 
water  than  the  ordinary  curd-soap,  by  mixing  mineral  colours  with  it  when  it  has  at- 
tained a  certain  stage  of  hardening.     The  dark-coloured  mass  formed  by  the  sub- 
sidence of  the  impurities  above  mentioned  is  technilly  called  "  niger  "  or  '*  nigre,"  and 
is  sometimes  used  for  mottling  other  soaps. 

Bard  Soaps* — These  soaps,  as  ah«ady  observed,  are  made  with  non-drying  oils,  or 
solid  fats,  and  soda.  Their  hardness  is  in  proportion  to  the  amount  of  stearic  and  pal- 
mitic add  which  they  contain.  Soda-soaps,  made  with  drying  oils,  such  as  linseed-oil, 
are  pasty,  and  easily  liquefied  by  a  small  quantity  of  water ;  in  fact,  they  approach  to 
the  character  of  soft  soaps  made  with  potash. 

The  most  important  kinds  of  hard  soap  are  those  made  with  tallow  and  with  olive- 
oil,  the  former  material  being  used  in  En^and  and  other  northern  countries,  the  latter 
in  the  South  of  Europe. 

The  following  description,  by  Mr.  Gobs  age,  of  the  English  method  of  making  hard 
soap,  is  taken  from  Richardson  and  Watts'  Chemical  Technolo^  (i.  [3]  679) : — 

'*  The  fatty  and  oily  materials  which  are  used  for  the  production  of  hard  soaps  in  this 
country  are  tallow,  palm-oil,  and  cocoanut-oil,  also  rosin,  the  whole  of  which  are 
saponified  by  soda. 

"  The  manufiicturer  provides  himself  with  solutions  of  caustic  soda  of  variouB 
strengths,  called  *  leys,'  these  being  obtained  by  boiling  together  a  solution  of  carbo- 
nate of  soda  and  slaked  lime,  running  off  the  first  solutions,  and  washing  the  residual 
carbonate  of  lime  with  several  afi^isions  of  water — the  last  liquors  thus  obtained  being; 
used  for  dissolving  a  fresh  batch  of  carbonate  of  soda. 

"  It  is  a  well-known  fact  that  lime,  in  whatever  proportion  it  may  be  used,  does  not 
effect  the  perfect  decomposition  of  carbonate  of  soda,  unless  the  latter  is  present  as  a 
weak  solution.  And  as  any  alkali  in  the  state  of  carbonate  which  may  be  introduced 
into  the  soap-copper  is  incapable  of  decomposing  the  neutral  oils  or  fats,  it  becomes 
wasted ;  therefore  the  manufacturer  uses  solutions  of  carbonate  of  soda  of  such  strength 
as  will  yield  leys  (solutions  of  caustic  soda)  having  a  specific  gravity  not  exceeding 
1090. 

"  Soap-pans  are  made  of  various  sizes,  some  being  as  large  as  15  feet  diameter  and  15 
feet  deep,  capable  of  yielding  25  to  30  tons  of  finished  soap  in  one  operation.  They  are 
at  the  present  time  constructed  of  wrought'iron  plates  joined  together  by  rivets.  The 
contents  of  these  pans  are  usually  caused  to  boil  by  the  injection  of  free  steam  trough 
a  number  of  small  holes  in  a  circular  bent  pipe,  which  is  in  connection  with  a  steam- 
boiler.  The  pans  are  also  sometimes  hetited  by  means  of  fires  placed  underneath  the 
lower  part,  or  by  steam-chambers  formed  round  the  lower  part  of  the  pans. 

"  The  manufacturer  charges  his  soap-pan  at  the  commencement  with  a  quantity  of 
neutral  oil  or  fat,  and  adds  to  this  weak  leys  having  a  specific  gravity  of  about  1*050^. 
He  causes  steam  to  be  injected  to  produce  ebullition  and  mixing.  If  the  process  goes 
on  properly,  the  oil  or  fat  which  was  previously  floating  on  the  surfiice  of  the  lejr 
becomes  speedily  combined  therewith,  producing  a  uniform  milky  emulsion, from  which 
no  watery  particles  separate  on  cooling.  If  this  combination  does  not  take  place,  the 
operator  adds  either  water  or  weaker  ley,  and  continues  the  boiling  until  the  perfect 
emulsion  is  produced ;  at  this  period  all  taste  of  alkali  in^e  compound  has  passed 
away — the  tongue  being  used,  m  place  of  turmeric-paper,  to  aseertam  the  presence  of 
free  alkali.  The  combination  of  the  oil  or  fat  with  the  mineral  alkali,  or  the  displace- 
ment of  the  glycerin,  having  been  thus  fairly  put  in  progress,  the  operator  makes 
repeated  additions  of  stronger  leys,  continuing  the  boiling  until  he  finds  the  presence 
of  free  alkali  in  the  compound ;  he  then  adds  more  oil  or  fiat^  or  some  rosin ;  he  also 
continues  to  make  repeated  additions  of  stronger  leys.  In  this  part  of  the  operation 
ho  takes  care  that  there  shall  be  no  excess  of  alkali  present  in  the  compound  at  the 
period  when  the  soap-pan  has  become  nearly  filled  by  the  repeated  addition  of  oils  or 
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Imto  and  lejra.  He  then  adds  common  salt  to  the  mixture,  which,  by  its  superior  affimjy 
for  vater,  as  compared  with  that  of  the  saponaceous  compound,  effects  the  decompo- 
sition of  the  emulsion,  and  causes  this  to  be  separated  into  soap  combined  with  a  defi- 
nite quantity  of  water,  but  not  having  its  fiill  proportion  of  all^ali,  and  a  solution  of 
eommon  salt,  which  latter  contains  the  glycerin  of  the  fats  or  oils  employed.  The 
soiip  floats  in  a  granulated  state  on  the  surface  of  the  solution,  which  is  then  calltd 
*  spent  leys/  and  should  contain  no  free  alkali.  After  a  few  hours  for  subsidence, 
the  exhausted  solution  or  spent  ley  is  withdrawn  £rom  the  soap-pan  finom  under  the 
imperfectly  made  soap,  and  is  rejected  as  worthless. 

**  The  workman  commences  his  second  operation  by  the  addition  of  some  weak  ley  to 
the  imperfect  soap,  and  by  boiling  he  brings  the  contents  of  his  pan  again  into  a  state 
of  homogeneous  mixture, — called  the  '  ck)se  state'  as  contradistinguished  from  the 
condition  in  which  the  soap  is  granulated  and  separated  from  the  liquid  contents  of  the 
pan ;  and  if  he  has  not  olreaaV  added  his  full  complement  of  oils  or  fats,  he  completes 
the  addition  of  these,  adding  also  strong  leys,  until  he  finds  the  mixture  has  acquired 
a  stiymgly  alkaline  taste.  He  then  adds  sufficient  common  salt  to  cause  the  separation 
of  the  soap  from  the  alkaline  solution,  and  boils  the  soap  for  some  hours  in  the  presence 
of  the  aDcaline  solution,  to  ensure  the  whole  of  the  fatty  matter  being  combined  with 
alkalL  If  it  is  intended  that  the  product  should  be  framed  as  a  '  curd '  soap,  it  is 
allowed  to  remain  quiescent  for  a  few  hours,  so  that  the  leys  may  subside ;  and  the 
soap  is  then  skimmed  off  and  transferred  to  the  *  frames,'  in  which  it  solidifies  by 
oooij^  and  is  then  divided,  by  cutting  with  wires,  into  slabs  and  bars  ready  to  be 
delivered  to  consumers.  If  the  soap  contains  rosin  as  ^art  of  its  acid  constituents,  it 
requires  a  further  operation  before  framing.  This  consists  in  melting  the  curd-soap 
(after  abstraction  of  the  alkaline  leys  from  the  lower  part  of  the  pan)  with  the 
addition  of  water,  and  boiling  the  mixture  by  steam  or  fire,  or  both  steam  and  fire,  so 
as  again  to  produce  a  homogeneous  compound,  containing  an  indefinite  proportion  of 
water,  and  allowing  this  compound  to  remain  quiescent  for  two  days,  when  a 
sepaiation  takes  place,  resulting  in  the  elimination  of  a  definite  compound,  containing 
about  65  p.c.  of  fatty  adds,  6*5  of  soda,  and  28*5  of  water.  This  forms  the  upper  stratum 
of  the  contents  of  the  soap-pan,  underneath  which  is  an  indefinite  compound,  technically 
called  '  nigre,'  i-^ontaining  a  much  larger  proportion  of  water.  Vthen  it  is  judged 
that  the  separation  of  these  compounds  has  been  well  effected  by  subsidence,  the  upper 
portion,  or  the  definite  compound,  is  usually  taken  out  of  the  soap-pan  by  ladling; 
and  transfeiied  to  frames,  to  solidify  by  cooling.  The  residual  portion,  which  contains 
an  excess  of  alkali  as  well  as  of  water,  is  boiled  up  with  salt  and  the  addition  of  fatty 
materials,  to  form  part  of  the  succeeding  boil  of  soap. 

"  The  nigre,  removed  as  above  described,  is  particularly  well  adapted  for  making 
mottled  soap.  For  this  purpose  it  is  treated  with  the  usnal  finishing  ley  for  a  mottled 
■oap,  and  boiled  till  it  is  fit  to  be  transvas^  into  the  frames.  The  quantity  of  nigre 
obtained  from  one  fitting  or  purifying  operation  is  not  enough  to  be  conveniently 
boiled  by  itself;  it  should  therefore  be  saved,  and  six  or  more  batches  operated  upon 
at  a  time.  Occasionally  a  portion  of  bone-fat  may  be  added,  and  the  soap  finishea  as 
ordinary  mottled  soap." 

The  method  of  making  olive-oil  soap,  as  practised  in  France  and  Italy,  and  the 
modem  Gennan  method  of  making  tallow-soap,  are  similar  in  principle  to  the  above. 
The  old  German  method  consisted  in  saponifying  the  tallow  with  potash,  and  converting 
the  resulting  potash-soap  into  a  soda^soap  by  decomposition  with  common  salt.  This 
method,  bron^t  to  great  peifection  by  long  experience,  enabled  the  manu&cturer  to 
prepare  an  excellent  soap  from  very  impure  materials ;  but  the  increasing  price  of  potash, 
and  the  cheapening  of  soda,  have  caused  it  to  be  nearly  abandoned  for  the  modem 
method  of  saponification  by  soda  alone.  For  details  of  these  methods,and  for  figures  and 
descriptions  of  the  machineiy  used  in  soap-making,  see  ChemtaU  Technology ^  vol.  i.  pt.  3. 

Coeoamtt-<n[  Soap;  Marine  Soap, — Cocoannt-oil  differs  in  constitution  from  other 
Tegetable  oils  and  &om  tallow,  and  its  reaction  with  saponifying  agents  is  also  quite 
peculiar.  Hie  soap  prepared  from  it  can  only  be  separated  from  solution  by  very 
strong  solutions  of  common  salt ;  in  fact,  it  is  soluble  m  dilute  brine,  and  is  therefore 
serviceable  for  washing  in  saltwater:  hence  the  name  Marine  Soap. 

Cocoanut-oil  soap  is  prepared  with  the  strongest  soda-ley,  of  specific  gravity  1*16 
(20^  Bm.),  and  by  using  perfectly  pure  and  caustic  ley,  and  avoiding  excess  as  much 
as  possible,  the  process  of  salting  out  may  be  dispensed  with.  The  saponification  is 
fseilitatad  by  the  addition  of  potash  to  the  soda. 

Pure  coooanut-oil  soap  haidens  much  too  quickly  to  exhibit  any  distinct  formation 
of  curd,  and  is  consequently  incapable  of  marbling  by  itself :  it  is  very  white,  translu- 
cent like  alabaster,  exceedingly  bght,  and  forms  a  good  lather,  but  always  possesses  a 
disagreeable  savour.  No  means  have  as  yet  been  made  known  to  remove  this  smell, 
although  it  appears  that  several  manufacturers  are  possessed  of  the  secret  An  important 
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property  of  coooanut-oil  soap  is  ita  power  of  combining  with  more  water  than  ciui 
ever  be  communicated  to  tallow-soap,  and  this  property  of  the  soap  frequently 
gives  rise  to  dishonest  traffic.  Coooanut-oil  actually  produces  no  greater  quantity 
of  soap  than  an  equal  weight  of  tallow,  but  the  soap  from  the  former  can  easily  be 
made  to  absorb  one-third  more  water  or  ley.  Ordinary  soap  treated  in  the  same 
manner,  or  containing  the  same  quantity  of  water,  would  be  so  soft  that  it  would 
yield  easily  to  the  pressure  of  the  thumb;  but  cocoanut-oil  soap  neither  exhibits 
any  want  of  consistence  or  softness,  nor  does  its  appearance  in  any  way  indicate  the 
fraudulent  practice  which  has  been  adopted  in  its  manufia^iture. 

A  remarkable  fact  observed  by  soap-boilers,  but  by  no  means  sat^isfactorily  ex- 
plained, is  that  ooooanut-oil  is  saponifiea  with  so  much  the  more  difficulty  the  more 
rancid  it  has  become. 

In  general,  coooanut-oil  is  not  saponified  alone,  but  is  employed  as  an  addition  to 
tallow,  &c.,  for  the  purpose  of  producing  quickly-solidifying  soaps  containing  a  large 
proportion  of  water,  which  could  not  be  obtained  from  tallow  alone.  It  is  even  poe- 
sible  to  prepare  soap  on  a  large  scale  in  a  fewhours,  without  salt,  and  almost  without  fire, 
by  the  use  of  coooanut-oil  and  tallow,  which  are  merely  warmed  together  widi  stzong 
ley  sufficiently  to  melt  the  &t»  and  kept  in  a  constant  state  of  agitation. 

The  different  kinds  of  cocoanut-oil  soap,  which  all  belong  to  the  class  of  soaps  con- 
taining a  considerable  quantity  of  water,  are  marbled  artificially.  Marbbng  or 
mottling  of  this  kind  is  not  dependent  upon  the  production  of  Curd  and  Flux^  Int  is 
simply  a  mechanical  effect,  carried  out  in  the  following  manner : — ^The  blue. or  red 
colour  (bole,  &c.)  is  rubbed  up  with  a  residue  of  the  soap,  or  better  with  a  separate 
portion  of  good  cocoanut-oil  soap,  until  the  whole  acquires  a  uniform  red  or  blue  colour. 
This  is  now  scooped  into  the  form  in  alternate  layers  with  the  colourless  soap,  and  by 
stirring  the  mass  together,  streaks  and  veins  are  produced  in  all  directions. 

CastoT'oU  Soap, — Castor-oil  is  readily  saponified  by  strong  soda-ley.  The  product 
is  white,  amorpnous,  and  translucent,  and  possesses  considerable  hardness,  even 
when  it  contains  as  much  as  70  per  cent,  of  water.  (S  o  e  b  e  r,  DingL  poly  t  J.  cxzxviii 
306.) 

Palm-oil  Soap. — ^This  soap  is  boiled  with  caustic  soda,  nearly  in  the  same  manner 
as  tallow-soap.  It  has  an  agreeable  but  powerful  smell,  and  a  yellow  colour  when 
the  oil  is  used  in  an  unbleached  state,  but  is  white,  with  a  vefy  slight  odour,  when 
the  oil  has  been  bleached.  Palm-oil  is  seldom  used  as  soap-stosk  *  without  the 
addition  of  some  other  fat :  3  lbs.  of  palm-oil  to  I  lb.  of  tallow  forms  a  good  soap. 
An  inferior  article,  called  "demi-palme,"  is  obtained  from  1  lb.  of  palm-oil  with  4  lbs. 
of  tallow. 

Palm-soap,  when  carefullv  prepared  from  pure  materials,  possesses  emollient  pro- 
perties, which,  combined  wita  an  agreeable  odour,  render  it  well  adapted  for  toilet  pur- 
poses. In  France  a  good  toilet-soap  is  prepared  from  a  mixture  of  9  parts  of  palm-oil 
and  1  part  of  cocoanut-oil;  and  a  demi-palme  soap,  also  for  the  toilet,  with  11 
parts  of  white  tallow,  3  parts  of  palm-oil,  1  part  of  cocoanut-oil,  and  1  part  of  puri- 
fied yellow  resin. 

Sosin  (or  Yellow)  Soap, — Colophony  at  the  boiling  temperature,  when  it  is  perfectly 
fluid,  combines  with  the  alkalis  much  more  rapidly  ana  with  greater  ease  than  ttiB 
&ts  themselves.  The  soap  separates  on  the  surmce,  when  an  excess  of  carbonate  is 
Dsed,  or  in  presence  of  common  salt,  as  a  thick  slimy  brown  mass,  smelling  strongly 
of  rosin,  and  containing  15*8  per  cent,  of  dry  soda.  The  amount  of  water  in  this  soi^ 
although  not  exceeding  27  to  30  per  cent.,  is  nevertheless  sufficient  to  communicate  to 
the  soap  a  smeary  viscid  consistence,  which  is  not  altered  by  long  exposure  to  the 
air.  The  attraction  of  the  soap  for  water  is  so  great,  that  it  becomes  liquid  on  expo- 
sure, after  having  been  previously  dried  artifid^y. 

Although  rosin-soap  by  itself  is  thus  unfitted  for  use,  an  excellent  and  perfectlv  firm 
product  is  obtained  by  its  combination  in  certain  proportions  with  tallow  and  pslm-oil 
soap.  The  amount  of  rosin  in  this  mixture  shoidd  not  exceed  one-third  of  the  fat;  16 
per  cent  of  rosin  makes  a  good  soap,  but  beyond  that  limits  the  soap  is  depreciated  in 
colour  and  firmness.  The  grease-stock  of  which  this  kiad  of  soap  is  generally  made 
consists  of  kitchen-fat,  bone-fat,  and  red  oiL 

The  best  plan  of  preparing  this  soap,  is  to  saponify  the  rosin  and  tallow  separately, 
and  to  mix  die  two  soaps  in  the  boiler,  where  they  are  retained  in  a  state  of  ebullition 
for  some  time,  until  a  uniform  mixture  has  been  effi)cted ;  salt  is  then  added,  and  the 
soap  brought  into  the  moulds.  It  is  not  advisable  to  mix  the  separate  soaps  in  the 
moulds,  which  is  a  plan  sometimes  adopted.  In  this  countiy  and  in  AjnericOy  whfre  rosin- 
soap  was  first  manufactured,  it  is  usual  to  add  the  rosin,  in  the  form  of  ooorae  powder, 
with  the  last  quantity  of  ley,  to  the  fattv  (palm-oil  or  tallow)  soap,  consequently 
before  the  boibngis  fiinished ;  and  to  boil  tLe  mixture  with  the  necessary  addUion  of 
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ley  ftr  eomplptiiig  the  fonnatioD  of  the  rennouB  compound.  Thi  point  is  attained 
'vhoi  a  cooled  specimen  presents  the  proper  oonsi8tenoe»  and  leaves  co  film  of  rosin  when 
used  for  iraahing  the  hands.  The  hoiling  finishes  with  the  addition  of  some  weak  ley 
to  the  soap,  which  has  already  separated  from  the  under-ley ;  this  addition  is  made  in 
order  to  facilitate  the  deposition  of  the  impurities  with  which  commercial  colophony  is 
always  mixed ;  the  soap  is  then  careftiUy  filled  into  the  moulds. 

Rosin-soap  thus  prepared  has  a  brownish  colour,  which  passes  into  that  of  yellow 
wax  when  palm-oil  is  used,  and  this  of  course  requires  no  previouB  bleaching.  It  is 
very  firm,  somewhat  rough  to  the  touch,  and  Tery  translucent.  The  best  quality 
exhibits  on  the  cut  surface  a  fibrous  stmcture  like  that  of  wood.  It  produces  an  excel- 
lent lather,  but  always  retains  the  smell  of  rosin.  The  low  price  of  rosin  renders  this 
6o^  cheap,  and  for  common  washing  purposes;  where  the  smell  is  not  an  objection,  it 
is  a  highly  useful  product. 

Sed  Oil  or  Oleic  Soap. — ^This  oily  acid  is  much  used  for  the  manufacture  of  soap,  the 
HipoDifieation  being  easily  effected,  inasmuch  as  the  acid  is  already  separated  from  the 
glycerin,  and  has  merely  to  enter  into  combination  with  the  alkali. 

It  may  be  prepared  by  boiling  1300  lbs.  of  soda-ley  of  18°  B.  in  the  kettle,  and 
treating  it  in  separate  portions  during  stirring  with  1000  lbs.  of  red  oil  or  oleic  acid. 

Oleic  acid  is  also  frequently  used,  together  with  tallow  or  beef-marrow — for  instance, 
3  pts.  of  oleic  add  to  2  pts.  of  the  neutral  fat — also  with  rosin. 

Campbell  Morfitt  has  patented  a  process  (1858,  No.  688)  for  preparing  soap  with 
red  oil  or  other  fat-add  and  carbonate  of  soda,  in  the  form  of  banlla,  Jkelp,  trona,  sai- 
9oda^  soda-ash,  bicarbonate  of  soda,  &c. 

The  red  oil,  or  other  fatty  acid,  is  poured  into  an  open  pan  with  a  fire  beneath,  or, 
preferably,  into  a  kettle  or  tub,  which  it  fills  to  one-third  of  the  depth,  and  agitated 
and  heated  by  steam  twirl.  If  it  is  desired  to  make  a  grade  of  soap  lower  than 
toilet-soap,  rosin  is  to  be  added  in  small  lumps  as  soon  as  the  oil  has  become  hot. 
The  proportion  of  rosin  may  range  from  5^>er  centb  of  the  fat-acid  used  and  upwards. 
When,  after  continued  heating  and  stimng,  the  rosin  becomes  entirely  dissolved, 
carbonated  alkaH,  finely  powdered,  is  to  be  added  portionwise  to  the  homogeneoua 
mixture  of  fat  and  rosin,  while  the  twirl  is  kept  slowly  revolving.  When  all  the 
alkali  is  in,  and  the  intumescence  has  subsided,  the  paste  will  begin  to  thicken,  and 
will  promptly  assume  the  condition  of  soap.  At  this  stage  it  is  shovelled  out  into  the 
frames,  and  left  to  settle. 

For  neutral  soaps,  the  quantity  of  carbonated  alkali  should  only  slightly  exceed  the 
chemical  equivalent  proportion,  and  must  be  determined  by  calculation  from  the  com- 
bining number  of  the  fat-acid  which  constitutes  the  "  stock.**  For  strong  soaps,  the 
aoantity  may  be  increased  several  per  cent,  beyond  that  proportion.  For  toilet-soapa 
tie  rosin  is  omitted. 

The  relative  proportions  of  fat,  rosin,  alkali,  and  water  in  this  soap  being  ad- 
justed at  the  beginning,  there  is  no  waste  ley  or  any  other  residue ;  and  the  soap 
IS  said  to  come  out-  promptly,  and  in  greater  perfection  than  can  be  readily  obtained 
by  the  usual  method  of  boiling  soap  upon  caustic  ley.  The  soap  is  always 
uniform  in  appearance  and  composition,  and  does  not  shrink  or  deteriorate  by 
time  and  atmospheric  influence.  It  wastes  slowly  in  water,  givee  a  rich  lather,  and 
whitens  the  clothes. 

Soft  Bam^m — ^The  substance  commonly  called  **  soft  soap**  is  a  more  or  less  impure 
solution  of  potash  soap  in  caustic  ley,  forming,  at  ordinary  temperatures,  a  trans- 
parent smeary  jelly.  If  an  attempt  were  made  to  separate  this  soap  from  the  ley  by 
means  of  salt,  the  potash-soap  would  be  converted  into  hard  soda-soap  by  the  chloride 
of  sodium. 

The  materials  employed  in  this  country  for  making  soft  soap  are  whale-oil,  seal-oil, 
linseed-oil,  and  tallow ;  on  the  Continent,  hemp,  linseed,  camelina-oil,  and  poppy-oil 
(which  belong  to  the  class  of  drying  oils,  and  do  not  become  solid  at  0°  C.)  are  used ; 
also  the  different  varieties  of  rapeseed-  and  train-oils,  which  do  not  dry  up,  and 
become  partially  solid  at  0^  C.  The  former  produce  a  softer  kind  of  soap,  the  lattei 
soap  of  firmer  consistence ;  it  is  therefore  usual  to  mix  the  oils  in  different  proportions) 
according  to  the  season  of  the  year,  choosing  the  drying  oils  in  the  winter,  and  the 
others  for  the  summer,  when  the  market-price  admits  of  this  selection  being  made. 

In  boiling  soft  soap,  the  weaker  leys  from  9®  to  11°  B.  (specific  gravity  1-06  to 
1*08)  are  first  used,  and  a  moderate  heat  is  applied,  and  kept  up  until  complete  com- 
bination is  effected, — ie.,  until  a  thick  sticky  fiuid  falls  in  streaks  from  the  stirrers ; 
this  ought  to  possess  a  shining  appearance,  and  although  it  may  be  somewhat  turbid, 
should  not  resemble  soap  separate  by  means  of  salt. 

As  soon  as  these  characters  dearly  appear,  the  clarification  is  commenced  by  the 
gradual  addition  of  stronger  ley.  This  is  kept  up  at  intervals  until  the  mass  of  soap 
assumes  the  appearance  of  a  transparent  slime,  a  drop  of  which  let  fiill  on  a  glaos  plate 
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remains  clear  on  cooUng  without  exhibiting  any  fatty  bolder,  which  wonld  indicate 
incomplete  saponification :  if,  on  the  other  hand,  there  is  an  excess  of  ley,  the  drop  ia 
grannkr  without  lustre,  and  a  grey  skin  gradually  spreads  oyer  its  whole  sorfaee. 
When  the  right  proportions  have  been  attained,  the  excess  of  water  is  removed  hy 
evaporation,  the  fire  being  increased  and  the  evaporation  accelerated  by  beating  the 
froth  with  stirrers,  so  as  to  renew  the  air  over  its  surface.    As  evaporation  proceeds*  the 
soap  becomes  thicker,  its  colour  becomes  darker,  and  less  froth  is  produced.    At  last 
the  froth  is  so  much  diminished  that  the  soap  sinks,  and  the  bubbles  are  so  &r  larger 
that  they  resemble  films  or  lamellae,  which  overlap  and  cover  each  other  upon  the 
8ur£Bu^.    This  is  what  the  soapboilers  term  the  laminatum,  and  the  noise  occasioned 
by  the  process  gives  rise  to  the  saying,  "  The  soap  talks."    The  soap  is  now  really 
finished,  but  another  specimen  or  test  is  taken  before  it  is  scooped  out  mto  the  moulds. 
When  this  no  longer  shows  any  opaque  zone,  after  having  cooled  for  some  time,  or 
only  in  a  very  slight  degree,  it  may  be  safely  concluded  that  the  proportions  in 
the  pan  have  been  properly  attained.    The  fire  is  then  extinguished,  the  soap  is  left 
for  some  time  longer  in  the  pan  to  cool,  and  packed  in  small  casks  for  sale. 

There  are  two  kinds  of  soft  soap  known  in  commerce,  the  composition  of  which  is  as 
follows : — 

First  Second 

I  quality.  quality. 

Fat-adds       ....        600  400 

Potash  ....        11*5  9*6 

\  Water,  &&     ....        88*6  60-6 

1000  1000 

Some  kinds  of  oil,  hempseed-oil  for  example,  impart  to  the  soap  a  green  colour, 
i  which  is  much  prized  by  consumers :  hence  it  is  often  artificially  product  by  mixing 

the  soap  with  indigo  precipitat<ed  by  potash  from  its  solution  in  sulphuric  acid. 

A  so-called  com  or  grain  is  sometimes  produced  in  soft  soap  by  the  addition  of 
tallow.    The  soap  then  retains  its  ordinary  character,  but  fine  granular  particles  of  a 
crystalline  structure  are  observed  in  it,  consisting  probably  of  salts  of  stearic  and 
;  palmitic  adds.    The  formation  of  this  grain  requires  a  certain  degree  of  heat^  and  can 

only  be  effected  in  the  colder  seasons  of  tht;  year,  at  temperatures  between  9^  and  15^  C. 
(48^  and  69^  R).  This  process  is  called  "figging;'*  it  is  practised  merely  from 
habit,  and  no  useful  object  is  gained  by  it.  Attempts  have  been  made  to  imitate  this 
useless  appearance  in  a  manner  calculated  to  injure  the  quality  of  the  soap.  Thus, 
for  instance,  slaked  lime  has  been  used,  with  the  production  of  a  lime-soap,  and  even 
starch  has  sometimes  been  mixed  up  with  the  soap. 

All  kinds  of  soft  soap  eidiibit  a  strong  alkaline  reaction,  and  are  diaracterised  by  a 
penetrating  disagreeable  odour,  which,  however,  does  not  necessarily  resemble  that  of 
the  fats  employed.  The  smell  is  most  perceptible  in  soaps  prepared  firom  train-oil, 
and  is  due  to  the  presence  of  potassic  yalerate. 

Soft  soap  is  usea  to  some  extent  for  washing  coarse  linen,  but  it  is  of  far  greater 
importance,  as  an  indispensable  and  powerful  detergent,  in  the  linen-bleaching  works. 

Soda  Soft  Soaps, — ^According  to  Gentele's  recent  experiments  on  a  large  scale,  the 
potash-base  of  soft  soaps  may  in  part  be  replaced  by  soda,  without  disadvantage  to 
the  resulting  soap.  The  product  has  the  characteristics  of  soft  soap,  but  contains  a 
little  more  water.  The  leys  must  be  free  from  salt  and  other  saline  impurities,  as 
they  prevent  the  clarifying  of  the  soap.  The  best  proportion  is  1  pt  of  soda  to  4  pts. 
of  potash'ley.  A  mixture  of  100  lbs.  of  red  oil,  50  lbs.  of  tallow,  and  3,750  lbs.  of 
hempeeed-oil  makes  a  good  stock  for  this  soap. 

All  the  soft  soap  {savon  vert)  made  in  Belgium  and  Germany  contains  about  equal 
proportions  of  soda-  and  potash-soaps. 

A  soft  soap  of  firm  consistence  (white  soft  8oap)  may  also  be  made  by  meltings 
together  75  pts.  of  taUow  or  tallow-oil,  and  25  pts.  of  cocoanut-oil,  and  boiling  the  mix- 
ture with  ley  till  the  paste  sharply  bites  the  tongue.  At  this  stage,  salt  solution  of 
20^  B.  is  added,  to  give  consistence  to  the  paste,  and  the  soap  on  cooling  is  then  re&ij 
to  be  barrelled. 

ToUet  Soaps. — These  soaps  consist  either  of  very  pure  ordinary  curd-soap,  or  of 
ifoaps  prepared  by  the  cold  process  (p.  314)  with  lard,  beef-marrow,  or  sweet-almond 
oil,  and  perfumed  in  either  case  with  various  essential  oils.  To  refine  an  ordinary 
soap — ^which  should,  of  course,  be  as  free  as  possible  from  colour  and  impurity — for 
toilet  purposes,  it  is  reduced  to  shavings,  and  melted  over  a  water-bath  with  rose  and 
orange-flower  water  and,  salt,  24  lbs.  soap  being  thus  mixed  vrith  4  pints  of  rosewater, 
4  pints  of  orange-fiower  water,  and  two  large  faandfulsof  salt.  The  next  day,  if  entirely 
cooled,  the  soap  is  cat  up  into  small  bars  and  dried  in  a  shady  place,  then  melted  anew 
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in  tlie  same  quantities  of  rose  and  orange-flower  water,  and  strained ;  afterwards  cooled 
and  dried  again.  This  done,  the  soap  will  be  free  from  bad  odoor.  It  mnst  be 
]K>wdered,  and  exposed  for  seyeral  days  to  the  air,  but  protected  from  dnst^  It  is 
then  ready  to  receiye  the  intended  pe^me,  and  to  be  moulded  and  pressed  into  the 
desired  forms. 

Another  method  is  to  melt  6  lbs.  of  best  white  soap  in  3  pints  of  water,  and  when 
liqakl  to  strain  it  through  a  linen  cloth.  It  is  then  placed  in  a  kettle  witii  a  pint  of 
water  and  a  tablespoonfcd  of  salt ;  a  brisk  fire  is  kindled  nnder  it ;  and  the  contents 
are  whipped  or  stiired  to  make  them  foam  and  froth.  The  fire  is  then  pnt  ont ;  the 
balling  continued  till  the  mass  is  sufficiently  inflated ;  the  Are  again  kindled ;  and  the 
kettle  kept  on  till  its  contents  swell  and  foam.  It  is  then  emptied  into  the  cooling 
frames,  and  after  solidification  taken  out,  cut  into  cakes,  and  pressed. 

The  perfumes  used  are  chiefly  volatile  oils — viz.,,  the  oils  of  roses,  bergamot,  mallow, 
laTctnder,  thyme,  rosemary,  lemon,  verbena,  vanilla,  bitter-almond ;  nitrobensene  is 
also  used  instead  of  the  last  mentioned  oil. 

Toilet-floaps  are  coloured  blue  with  nltamarine,  red  with  Vermillion,  brown  with  an 
alkaline  solution  of  burnt  sugar.  A  peach-blossom  tint  is  said  to  be  poduced  by 
adding  a  little  cream  of  tartar  to  soap  which  has  been  perfumed  with  bitter-almond 
cnL 

Toilet  Soft  Soapt  or  Shaving  Crtam^  is  made  by  gradually  beating  50  lbs.  of  lard 
with  76  Ibe.  of  caustic  potash-ley  marking  17^  Bm. 

Glyetrin  Soap,  which  is  used  as  a  toilet-soap  for  softening  the  skin,  is  made  by 
miadng  glycerin  with  ordinary  soap  when  transferred  to  the  frunes. 

Z^&  or  FToiani  Soap. — This  soap  is  prepared  by  threshing  or  agitating  a  solution 
of  soap,  to  which  one-fiifth  or  one-sixth  part  of  water  has  been  add^  with  a  rouser  or 
paddlewheel,  until  the  lather  has  risen  to  twice  the  height  of  the  soap-solution,  and 
then  transferring  it  to  the  moulds.  A  soap  is  thus  obtained  inflated  with  air,  which 
gives  it  sufficient  buoyancy  to  float  on  water. 

IVanspeff'ent  Soe^  is  prepared  by  drying  ordinary  soap  in  a  stove,  dissolving  it  in 
hot  alcohol,  leaving  the  solution  at  rest  to  allow  the  impurities  to  settle  down,  or 
lemoving  them  by  filtration,  the  filter  beine  supported  on  a  funnel  surrounded  with 
hot  water,  then  distilling  off  the  alcohol  tiu  the  residue  acquires  such  a  consistence 
as  to  solidify  when  cooled  in  metallic  moulda. 

WUeatad  Soapa. — Silicate  of  sodium  (soluble  glass)  is  a  compound  possessing 
considerable  detergent  power ;  in  fact,  the  alkali  contained  in  it  is  held  in  a  state  <^ 
feeble  combination,  similar  to  that  in  which  it  exists  in  soap  made  with  fat  When 
mixed  with  ordinary  soap,  it  forms  a  mixed  soap  of  greatly  reduced  price,  and  very 
Bsefol  as  a  cleansing  agent  for  domestic  use,  and  in  many  manufiEUStimng  processes. 
Some  of  the  so-called  silicated  soaps,  however,  are  mere  mechanical  mixtures  of  silicioua 
substances  (such  as  fine  sand,  alumina,  fiiller's-earth,  &c.)  with  ordinary  soap :  these 
are  comparatively  worthless. 

The  value  of  the  trae  silicated  soaps  was  recognised  at  the  Ghreat  International 
Exhibition  of  1862,  by  the  award  of  a  prize-medal  to  W.  Gossage  &  Sons,  for  "  Excel- 
lent Samples  of  Silicated  Soaps."  The  manufacture  of  these  soaps  is  now  carried  out 
(m  a  most  extensive  scale. 

For  hard  soaps,  the  soluble  glass  is  prepared  by  melting  together,  in  a  rever- 
beratoiy  fomace,  9  pts.  of  soda-ash  (containing  50  per  cent,  of  caustic  soda)  with  1 1 
pts.  of  clean  sand ;  and  for  soft  soaps,  equal  weights  of  carbonate  of  potash  and 
sand.  To  effect  solution,  the  glass,  after  being  drawn  off  into  moulds  and  quenched 
with  water,  is  either  ground  in  a  mill  and  then  boiled  with  alkaline  water ;  or  it  is 
placed  in  lumps  in  an  iron  vessel  having  a  false  bottom,  and  water  is  poured  into  the 
vessel  in  soffident  quantity.  The  mixture  of  the  soluble  glass  and  soap  is  effected  by 
a  mechanical  stirring  apparatus  worked  by  steam-power. 

When  it  is  desired  to  produce  a  compound  soap  having  less  detergent  power  than 
the  compound  soaps  obtained  by  mixing  genuine  soaps  of  ordinair  quality  with  solu- 
tions of  soluble  glass,  a  portion  of  the  alkali  contained  in  the  solution  may  be 
neutralised  by  combining  it  with  rosin  or  with  fatty  or  oily  acids.  The  combination 
is  efifocted  by  boiling  the  rosin  or  the  flitty  or  oily  adds  with  solution  of  soluble 
glass,  in  the  same  manner  as  rosin  and  other  soap-making  materials  are  combined  with 
alkali  in  the  ordinary  process  of  soap-making. 

Gossage  also  reduces  the  quantity  of  free  alkali  in  his  silicated  soap  by  neutralisiDg 
it  with  sulphuric,  hydrochloric,  sulphurous,  or  carbonic  acid,  addid  either  before  or 
after  the  incorporation  of  the  class  vrith  the  soap.  The  carbonic  and  sulphurous 
adds  are  passed  into  the  liquid  in  the  gaseous  form* 

BKIzed  Boapa  of  waiiaiia  klnda. — Numerous  proceases  have  been  devised  and 
patented  for  reducing  the  cost  of  soap  by  mixing  it  with  various  substances — e.g,  gelatin 
Vol.  V.  y 
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ground  bones,  deztnn,  oloaginous  seeds,  potatoes,  glne,  wool»  cotton,  &c,  some  of  which 
are  said  by  the  inventors  to  increase  the  detergent  power  of  the  soap ;  also  for  the 
so-called  saponification  of  various  kinds  of  animal  refuse  (such  as  stale  fish,  intestines, 
skins,  hoo£B,  &c.)  by  boiling  them  with  alkali ;  but  most  of  the  soaps  thus  prepared 
are  worthless  articles,  or  if  they  have  any  value  at  all,  it  is  simply  in  proportion  to 
the  amount  of  genuine  soap  made  from  &t  contained  in  them. 

The  late  Dr.  Normandy  patented  several  processes  for  the  preparation  of  **  salinated 
soap."  This  soap  contains  the  sulphates  and  carbonates  of  sodmm  and  potassium,  or 
sulphate  and  hydrosulphite  of  sodium,  added  while  the  soap  is  yet  in  paste.  One  pro- 
cess consists  in  adding  to  80  lbs.  of  soap,  28  lbs.  of  sulphate  of  sodium,  and  4  lbs.  of  car- 
bonate of  potassium,  or  2  lbs.  of  carbonate  of  potassium  and  2  lbs.  of  carbonate  of 
sodium.  Or,  if  the  substances  are  used  singly,  then  to  80  lbs.  of  soap  add  only  32  lbs. 
of  sulphate  of  sodium,  15  lbs.  of  carbonate  of  potassium,  or  10  lbs.  of  carbonate  of 
sodium.  As  this  soap  contains  an  exceaa  of  alkali,  it  may  perhaps  answer  well  for 
marine  use. 

The  addition  of  these  salts  renders  the  soap  harder,  and,  according  to  tJie  inventor, 
renders  it  possible  to  prepare  a  useful  soap  from  several  cheap  oils,  iniich  would  other- 
wise yield  a  soap  too  soft  for  ordinary  use.  Sulphite  and  hyposulphite  of  sodium  have 
also  the  property  of  removiz^  the  chlorine  which  bleached  fabrics  are  apt  to  retain, 
and  by  whidi  they  are  deteriorated. 

(For  further  details  respecting  these  mixed  soaps,  and  various  other  patent  soaps, 
see  Chemical  Technology,  i.  [3],  716.) 

Bailway  aod  IV^anron  Oreasa. — The  grease  or  soap  used  for  diminishing 
friction  on  the  axles  of  carriages  is  of  two  kinds.  The  one,  called  **  locomotive  grease," 
adapted  for  high  velocities,  is  prepared  by  heating  palm-oil,  or  a  mixture  of  pahn-oil 
and  tallow,  with  a  solution  of  sodic  carbonate,  wherebj^  an  imperfect  soap  is  produced. 
The  grease  thus  prepared  is  used  for  passenger-carriages,  and  lately  also  for  such 
goods  and  mineral  waggons  as  are  provided  with  axle-boxes. 

The  other  kind,  called  '*  antifriction  "  or  "  waggon-grease,'*  is  adapted  for  low  speed, 
and  is  used  for  waggons  having  no  axle-boxes.  It  was  originally  prepared  by  agitating 
.rosin-oil  (obtained  by  distillation  of  colophony)  with  milk  of  lime  in  a  pulpy  condi- 
tion ;  but  the  present  high  price  of  roein  has  compelled  manufacturers  to  employ 
several  cheaper  substitutes  for  it — such  as  para£Gm  residues  mixed  with  coal-tar, 
residues  from  candle-making,  cotton-seed  oil,  fish-oil  or  footes,  pitch-oil,  the  heavier 
parts  of  American  petroleum,  &c.    {Chemical  Technology,  i.  [3],  742 ;  [6],  556.) 

Jnalyeie  and  Valuation  of  Soap, 

The  value  of  soap  depends  mainly  on  the  amount  of  diy  soap  (the  diy  compoond 
of  dkali  with  the  fatty  acid)  contained  in  it,  and  this  is  easily  ascertained  by  ex- 
posing a  weighed  specimen,  in  the  form  of*thin  shavings,  to  the  heat  of  a  drying  stove 
or  over  oil  of  vitnol  till  its  weight  no  longer  diminishes.  The  residue  is  dry  soap^ 
and  the  loss  of  weight  is  hygroscopic  water,  or  water  which  has  been  purposely  added  to 
the  soap,  either  in  the  pan  after  it  has  been  brought  to  the  state  of  curd,  or  after  its 
transference  to  the  frames. 

To  determine  the  proportion  of  fkt-acid  and  alkali,  the  dried  soap  is  decomposed 
by  a  measured  volume  of  standard  sulphuric  acid,  and  the  fat-adds  and  rosin  which 
rise  to  the  surface  are  collected  on  a  weighed  filter,  washed  with  hot  water,  dried  in  a 
vacuum,  and  weighed.  The  weight  expresses  the  joint  amount  of  fiitty  and  rosin-acids 
in  the  soap.  Gold  alcohol  will  dissolve  out  the  fiittv  acid,  together  with  a  small 
quantity  of  roran,  and  the  filter  dried  in  a  vacuum,  and  weighed  again,  gives  approxi- 
mately the  amount  of  rosin. 

The  nature  of  the  fiit-acids  may  be  determined  by  their  consistency  and  melting- 
point.  If  oleic  add  |;reatly  predominates,  so  that  the  fat-adds  show  but  little  tendency 
to  solidify,  the  quantitative  estimation  may  be  fiicilitated  by  the  addition  of  a  weighed 
quantity  of  white  wax. 

The  quantity  of  sulphuric  add  neutralised  by  the  alkali  in  the  soap  is  deter- 
mined by  means  of  the  quantity  of  a  standard  solution  of  caustic  soda  required  to  neu- 
tralise the  excess  of  add  remaining  after  the  decomposition  (see  Aucaldcbtbt,  i.  117» 
261).  This  determines  the  quantity  of  alkali  in  the  soap;  and  the  total  amount  of 
water,  alkali,  and  fatty  adds  deducted  from  the  weight  of  soap  analysed,  gives  the 
quantity  of  foreign  matter  present^  which,  if  the  soap  is  unadulterated,  should  not 
exceed  I  per  cent. 

The  amount  of  alkali  in  soap  may  also  be  determined  by  incinerating  the  soap  in  a 
muffle.  The  residue  then  consists  of  sodic  or  potassic  carbonate,  which  may  be  weighed, 
and  the  quantity  of  alkali  thence  calculated  if  the  soap  is  genuine,  or  determined  by  the 
alkalimetric  method  if  other  substances  are  likewise  present. 
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Cailletet  (BulL  Soe.  ind.  de  Molhoiise,  xzix.  8)  haa  propofed  a  method  of 
analjais  by  which  onlj  one  weigfaing  is  required — viz.,  that  of  the  anantity  of  soap 
anJjsed.  The  soap  (10  grammes),  in  thin  shaTings,  is  deoomposed  by  a  measured 
Tolume  of  Bolphurie  add  of  known  strength  in  presence  of  a  measured  roliyne  of 
oil  cf  turpentine.  The  fatty  adds  thus  Ubezated  dissolve  in  the  oil  of  turpentine 
and  increase  its  volume,  and  this  increase,  multiplied  by  the  specific  gravity  of  the 
£at-edd,  determines  its  weight  The  amount  of  alkali  is  then  determined  in  the 
manner  jnat  described,  and  the  water  is  estimated  by  difierence :  this,  of  course,  im- 
I^es  that  the  soap  is  genuine,  otherwise  the  difference  will  indude  the  foreign  matter 
aa  weQ  as  the  water. 

The  standard  acid  is  prepared  by  mixing  189*84  grammes  of  the  strongest  sulphuric 
add,  H'SO*,  with  sufiSaent  distilled  water  to  make  up  the  volume  to  a  litre  at  16°  C. 
Of  tins  add,  10  cubic  centimetres  neutralise  1*2  grammes  of  soda  (Na'O),  and  are  therefore 
Boflident  to  deoompofie  10  grammes  of  soap,  the  amount  of  alkali  in  which  never  exceeds 
12  per  cent. 

10  cubic  centimetres  of  the  standard  add  and  20  cubic  centimetres  of  oil  of  turpentine 
are  ponred  into  a  tube  containing  60  cubic  centimetres,  and  divided  into  100  equal 
parts.  10  grammes  of  the  soap  in  thin  shavings  are  then  added,  the  tube  is  closed 
with  a  good  cork,  well  shaken  for  a  few  minutes  UU  the  soap  is  dissolved,  and  then 
left  at  rest  for  a  quarter  of  an  hour,  till  the  oily  solution  of  the  fat-adds  has  com- 
pletely s^Moated  from  the  watezy  liquid. 

The  volume  of  this  oily  solution  is  now  to  be  read  off,  a  deduction  of  half  a  division, 
or  ^  cubic  centimetre,  bang  made  to  allow  for  the  diminution  of  the  capadty  of  the 
tube,  and  consequent  rise  of  the  level  of  the  oil,  occasioned  by  the  thin  film  of  watery 
liquid  which  adheres  to  the  inner  surface  of  the  tube. 

In  an  experiment  made  with  olive-oil  ^soap,  the  total  volume  of  liquid  in  the  tube 
after  aeitadon  and  standing  was  79*6  divisions,  and  that  of  the  watery  liquid  26  divi- 
sions :  nence  the  volume  of  the  oily  solution  was  79*6  —  26*6  ^  63  divisions,  or  26*6 
cubic  centimetres.  Deducting  from  this  the  volume  of  tuipentine-oil  added,  the  re- 
nuunder  (  »■  6*5  cubic  centimetres),  is  the  volume  of  the  fat-adds  in  the  soap. 

To  determine  the  specific  gravity  of  these  f&t-adds,  10  grammes  of  the  same  soap 
weze  dissolved  and  decomposed  by  sulphuric  add ;  10  grammes  of  white  wax  were  then 
added.  The  union  of  this  wax  wiUi  the  separated  fatty  adds  was  promoted  by  heating, 
the  whole  then  left  to  cool,  and  the  cake  of  wax  separated  from  the  liquid,  dried  between 
filtering-iyaper,  and  weighed.  Its  weight  was  16*97  grammes,  which  diminished  by 
10  grammes,  tlie  wdght  of  title  wax  added,  gives  6*97  grammes  as  that  of  the  fat- 
adob  in  the  soap ;  and  this  divided  by  6*5  cubic  centimetres,  the  volume  of  the  fat- 
adds  obtained  fnm.  the  same  quantity  of  soap,  gives  0:918  for  the  specific  gravity  of 
these  fatty  adds.  B^  similar  experiments  wiui  different  kinds  of  soap,  the  specifle 
gravities  of  the  &t-acads  contained  in  than  were  found  to  be,  on  the  average : 

Spedflc  Gravity  of  Fot-Addt. 
Olive-oil  (Maneilles)  soap  0*9188 

Gocoannt-oil  soap 0*940 

Palm-oil  soap 0*922 

Tallow  soap 0*9714 

Soap  from  oldc  add         ......       0*9003 

When  roein-soap  is  shaken  up  with  dilute  sulphuric  add  and  oil  of  turpentine, 
scarcely  any  of  the  rosin  is  dissolved.  If  fiit-adds  are  likewise  present,  these  dissolve 
in  the  oil  of  turpentine ;  but  the  quantity  of  rosin  dissolved  is  only  suffident  to  increase 
the  volume  of  the  turpentine-oU  (20  cubic  centimetres),  by  Mf  cubic  centimetre.  The 
undissolved  rosin  collects  below  the  turpentine  as  a  bulkjr  layer,  so  that  in  this  way 
the  presence  of  rosin  in  a  soap  can  easily  be  detected. 

BdUe^t  Method. — One  gramme  of  the  soapisdecomposedin  a  small  beaker-glass  with 
ether  and  acetic  add.  Two  layers  of  liquid  are  then  quickly  formed,  the  upper  being 
an  ethereal  solution  of  the  fat-add  ^or  rosinV  and  the  lower  an  aqueous  solution  of 
alkaline  acetate  and  of  the  salts  contained  in  tne  soap,  whilst  insoluble  admixtures  are 
left  in  various  forms,  according  to  their  particular  nature.  The  two  liquids  are  sepa- 
rated by  a  tnpette;  the  ethereal  solution  is  evaporated  in  a  tared  glass  over  the  water- 
bath,  and  tne  residual  fftt-acid  (or  rosin)  is  weighed. 

The  walery  liquid  is  evaporated  to  dryness  in  a  platinum-dish,  the  rendue  is  ignited, 
and  the  amount  of  alkali  (remaining  as  chloride  and  sulphate)  determined  by  the  usual 
method. 

Graaef^s  Method, — The  soap,  cut  in  thin  shavings,  is  dissolved  in  alcohol  of  30  per 
cent,  the  quantity  of  solvent  used  being  such  that  100  grammes  of  soap  shall  yield  a 
litre  of  solution.    All  impurities  axe  then  left  behind,  together  with  a  certain  quantity  oi 
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Bodie  or  potassic  carbonate ;  10  cubic  centimetres  of  the  solution,  clarified  by  standings 
are  then  diluted  with  water,  and  precipitated  by  chloride  of  calcium.  The  precipitate, 
consisting  of  the  calcium-salts  of  t^e  fiit-aeids,  is  washed,  dried  at  100°  C,  and 
weighed.  100  parts  of  this  precipitate  correspond,  according  to  Grager,  with  100'5 
parts  of  anhydrous  soap,  that  is  of  sodic  stearate,  the  result  not  being  pereeptiblj- 
affected  by  the  iact  that  the  acid  of  soap  is  not  pure  stearic  acid,  but  likewise  oontains 
palmitic  and  oleic  acids. 

The  extreme  limit  of  water  in  genuine  hard  soap  is  20  per  cent,  for  mottled,  25  for 
white,  and  30  for  yellow  soap.  The  proportion  of  aUo&line  bases  is  mostly  from  8  to  9 
per  cent,  and  that  of  the  fat-acids  from  60  to  70  per  cent.  In  yellow  soap,  part  of 
the  fat  is  replaced  by  10  to  20  per  cent,  of  rosin,  and  soaps  made  from  ooeoanut-oil 
contain  a  much  larger  amount  of  normal  water  than  those  made  from  tallow  or  olire- 
oil.  But  the  above  proportions  may  be  regarded  as  standards  of  comparison ;  and  any 
deviation  from  them  indicates  a  deterioration  in  the  quality  of  the  soap,  either  from 
excess  of  water,  or  from  the  substitution  of  some  foreign  substances  for  the  nonnal 
constituent  of  the  soap.    (See  further  Chemical  Technology,  i.  [3],  729 ;  [5],  318.) 

SOAVBTOWB.  Soap-rock,  Pierre  de  Savon,  8e\fensiein,  Steatite  in  part — A, 
soft  massive  mineral,  occurring  in  veins  in  serpentine  at  the  Lizard  Point  in  Cumwall 
and  elsewhere.  It  is  brittle  after  drying,  has  a  greasy  lustre,  and  white,  yellowish, 
bluish,  or  reddish  colour ;  does  not  adhere  to  the  tongue.  Specific  gravity  ■>  2'20. 
fieforo  the  blowpipe  it  gives  off  water  and  bhickens ;  thin  splinters  fuse  with  difficulty 
on  the  edges,    l^erfectly  soluble  in  sulphuric  acid. 

Analyses. — a.  From  liizard  Point  (Klaproth,  Beitrage,  ii.  180;  v.  22). — h.  Prom 
the  same  (S  van  berg,  Pogg.  Ann.  liv.  267;  Ivii.  165). — c.  Gae  Grrease,  Cornwall 
(Haughton,  Phil.  Mag.  [31,  x.  253).— <2.  Kynance  Bay,  Cornwall  (H  aught  on). — 
e.  Frankenstein  in  Silesia :  Kerolite  (Maak,  Schw.  J.  Iv.  304).—/.  Svardsjoin  Dalarne, 
Sweden:  Piotvn  or  Saponiie  (S  van  berg,  loo,  cit.), — g,  h.  North  shore  of  Lake 
Superior:  ThalUe  (Smith  and  Brush,  he.  cit): 

Silica 

Alumina 

Ferric  oxide 

Magnesia. 

Lime 

Potash 

Soda 

Water 


a. 

b. 

c. 

d. 

e. 

/. 

• 

4500 

46-8 

4210 

42-47 

37-95 

50-89 

de 

9-25 
1-00 

80 
0-4 

7-67 
•     * 

6-65 

•    « 

1218 

•    • 

9-40 
2-06 

• 

24-75 

33-3 

80-67 

28-83 

1802 

26-52 

« 

•        •    . 

0-7 

•     • 

•    ■ 

•         a 

0-78 

• 

0-76 

«         • 

*    • 

«     . 

«         • 

•        • 

• 

18-()0 

11-6 

18-46 

19-37 

8 1-00 

10-50 

9- 

A. 

48-89 

45-60 

7-23 

4-87 

2-46 

209 

24-17 

24-10 

•        • 

1-07 

0-81 

0*45 

15-66 

20-66 

98-75     100-2      98-80      9732      9915    10015      99*22      9884 

These  analyses  cannot  be  reduced  to  any  single  formula:  indeed,  it  is  doabtfol 
whether  any  of  the  minerals  to  which  tbey  refer  are  definite  compounds. 

80APW0KT.  Saponaria  officinalis. — The  root  of  this  plant,  which  contains 
saponin  (p.  192),  is  used  for  washing  and  cleansing  dresses,  &c.  (See  Ur^s  Dictionary  of 
Arts,  iii.  719.) 

SOBA.  This  term,  in  scientific  language,  is  applied  to  the  anhydrous  protoixide  of 
sodium,  Ka^O,  or  the  hydrate,  NaHO,  but  in  technological  language,  it  denotes  also  the 
neutral  carbonate,  NaH)0'  or  NaH).CO'.  The  mode  of  occurrence  of  this  salt  in  nature 
and  its  properties  have  been  described  under  Cabbokatbs  (i.  702).  It  was  formerly 
prepared  from  the  ashes  of  marine  plants,  chiefiv  from  certain  species  of  salsola»  some 
of  which  (vis.,  Salsola  davifoUa  and  S.  Soda)  yield  an  ash  containing  more  than  40  per 
cent,  of  neutral  sodic  carbonate.  But  the  quantity  obtained  from  these  sources  at  the 
present  day  is  altogether  insignificant  compared  with  that  which  is  produced  from  com- 
mon salt  by  the  mode  of  decomposition  invented  byLablanc,  and  oonsiBting : 

1.  In  converting  chloride  of  sodium  into  etdphate  by  heating  it  toith  sulphuric  acid. 

2.  In  converting  the  stdphate  into  carbonate  by  heating  it  with  chalk  or  limesUme  and 
coal, 

A  brief  outline  of  this  process  is  given  under  CjkBBOifATBS  (i.  702),  and  a  full  account 
•of  it,  with  figures  and  descriptions  of  the  apparatus  used,  will  be  found  in  Richard- 
son and  Watts*s  Chemical  Technotoay,  (i.  [31,  204--295 ;  [5],  234—265).  In  the 
present  article  we  shall  enter  somewnat  more  mlly  into  the  theory  of  the  second  part 
of  the  process,  the  "  balling  process  "  as  it  is  called,  especially  with  reference  to  recent 
investigations. 

Dumas  suggested,  for  the  ejtplanation  of  Leblanc's  procesSi  a  theory  which  may  be 
expressed  by  the  equation: 

2Na«80*     +     3CaC0«     +     C»     «     2Na«C0»     +     Ca0.2CaS     +     lOCO. 
This  theory,  which  was  for  many  years  universally  received  as  correct,  supposes  that  the 
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"hhuk  ash  or  ImQ-socU  oontajiis  an  ozysnilphide  of  calcium,  Ca0.2CBS.  This  compound 
has  nerer  been  isolated,  bnt  its  existence  was  assumed,  because  it  was  believed  that  if 
the  calcinm  in  the  bell-soda  existed  as  oxide  and  sulphide  not  combined  together  in 
the  Ibnn  of  an  insoluble  ozjsnlphide,  the  carbonate  of  sodium  and  sulphide  of  calcium 
would,  when  brought  in  contact  with  water,  immediately  decompose  one  another, 
fiorming  sulphide  of  sodium  and  carbonate  of  calcium.  A  smiilar  theory  of  the  process 
W)ui  giren  by  Unger  (Ann.  Ch.  Pharm.  Ixxxi.  328),  who  assigned  to  the  supposed 
oxjsolphide  the  composition  Ca0.3CaS.  Kynaston  (Chem.  Soe.  Qu.  J.  xi.  155) 
snpposel  the  ball- soda  to  contain  an  insoluble  compound  of  sulphide  and  carbonate  of 
caldnm,  CaC0*.2CaS. 

G-ossage  howeyer  pointed  out,  in  the  specification  of  a  patent  obtained  in  1838  (Ko. 
7416),  that  the  undissolved  residue  remaining  from  the  lixiviation  of  black  ash  with 
water,  consists  almost  entirely  of  monosulphide  and  carbonate  of  calcium,  not  chemi- 
cally combined,  but  merely  mixed ;  farther,  that  this  monosulphide  of  calcium  is  per- 
fectly insoluble  in  water,  and  therefore  does  not  decompose  the  sodic  carbonate  wiien 
the  black  ash  is  treated  with  water,  such  decomposition  taking  place  only  in  so  far  as 
a  position  of  the  monosulphide  may  have  been  conyerted  into  a  soluble  polysulphide 
during  the  treatment  in  the  furnace. 

These  results  are  fiilly  confirmed  by  the  recent  experiments  of  Dubrunfaut  (Bull. 
Soe.  Chim.  1864,  i.  240),  Scheurer-Kestner  (ibid.  169),  Pelouze  (Compt.  rend. 
[1866],  liii.  314),  and  etpeciaUy  of  J.  Kolb  (Ann.  Ch.  Phys.  [4],  vii.  318;  Bull. 
Soe  Chim.  1866,  ii.  11). 

Dvbnm&nt,  by  heating  to  redness  a  mixture  of  1  at  sulphide  of  sodium  and  1  at. 
chalk,  obtained  exactly  1  at  sodic  carbonate  and  1  at.  calcic  monosulphide,  CaS. 

Kolb  treated  in  a  soda-furnace  two  series  of  mixtures  of  chalk,  carbon,  and  sodic  sul- 
phate, the  first  series  being  in  the  proportions  corresponding  to  the  equation  of  Dumas 
above  given — ^the  second  coiresponding  to  the  equation : 

Na«SO*     +     CaCO*     +     C*       -       Na*Ca«     +     CaS     +     4C0, 

in  which  it  will  be  observed  that  no  oxide  of  calcium  is  formed.  These  two  mixtures, 
when  calcined  and  afterwards  lixiviated  under  similar  conditions,  yielded  exactly  the 
same  results.  Hence  Kolb  concludes  that  the  action  of  charcoal  on  a  mixture  of  sodic 
sulphate  and  calcic  carbonate  in  equal  numbers  of  atoms  yields  sodic  carbonate  and 
calcic  sulphide,  easily  separable  by  lixiviation  at  ordinary  temperatures. 

In  this  operation  the  reduction  of  the  sodic  sulphate  by  the  carbon  may  be  explained 
in  two  ways: 

1.  According  to  the  ordinary  theory,  the  exchange  takes  place  as  represented  by  the 
equation: 

Na«SO«     +     CaCO*       «       Na«CO«     +     CaSO*, 

the  carbon  then  acting  on  the  calcic  sulphate  so  as  to  reduce  it  to  sulphide. 

2.  The  charcoal  may  be  supposed  to  exert  a  direct  reducing  action  on  the  sodic 
sulphate,  double  decomposition  then  taking  place  between  this  compound  and  the 
calcic  carbonata 

This  latter  view  is  confirmed  by  the  experiments  of  Kolb,  who  finds  that  a  mixture 
of  sodic  sulphate  and  chalk,  calcined  at  a  bright-red  heat,  yields  nothing  but  sodic 
sulphate  and  quicklime. 

The  reduction  of  the  sodic  sulphate  by  charcoal  might  take  place  in  two  ways,  viz. : 

(1)  Na«SO*     +     C*       -       Na«S     +     4C0 

(2)  Na«SO«     +     C«       =      Na'S     +     2C0*. 

Bnt  the  composition  of  the  ^sb  evolved  shows  that  the  reaction  takes  place  according  * 
to  the  second  of  these  equations,  and  accordingly  that  the  production  of  sodic  carbonate 
should  require  the  materials  to  be  in  the  proportions  dedxiced  from  the  ^nation : 

Na-SO*     +     CaCO"     +     C«       -       Na«CO«     +     CaS     +     2C0«. 

But  by  actual  experiment  with  these  proportions  in  the  soda-fornace,  it  is  found  that 
half  the  sodic  sulphate  remains  unalterea,  part  of  the  charcoal  being,  in  fact,  employed 
in  decomposing  the  chalk  according  to  the  well-known  equation : 

CaCO*     +     C       -       CaO     +     2C0 ; 

BO  that  the  action  of  the  carbon  is  divided  between  the  sodic  sulphate  a  chalk, 

in  the  manner  shown  by  the  equation : 

Na«80*     +     CaCO«     +     C»       =       Na«8     +     CaO     +     2C0«     +     2C0. 

The  chalk  being  decarbonised  at  the  same  time  that  the  sodic  sulphate  is  reduced,  it 
follows  that  the  carbonic  acid  of  the  chalk  cannot  contribute  to  the  formation  of  the 
sodic  carbonate.  Kolb  has  in  fact  shown,  by  a  series  of  analytical  experiments,  that 
the  formation  of  sodic  carbonate  and  calcic  sulphide  in  the  balling  furnace  is  produced, 
by  the  action  of  carbonic  add,  parly  resulting  from  the  reduction  of  the  sodic  sulphide, 
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partly  ezisting  in  the  guefl  of  the  fiunaoe.  Aoooidinglji  when  the  miztan  is  hmted  in 
crucibles,  so  £at  it  is  not  much  exposed  to  the  fnnuioe-gaBes,  a  highly  Bulphuretted 
soda  is  obtained,  whereas  when  it  is  heated  in  tubes  traversed  by  a  cozrentof  caibonie 
acid  gas,  a  yery  pure  sodic  carbonate  is  obtained. 

The  temperature  best  adapted  for  the  production  of  ball-soda  is  between  the  melting- 
point  of  bronze  and  of  silver.  Below  the  former,  the  reaction  is  incomplete ;  above 
the  latter  the  soda  is  "  burnt," — ^that  is  to  say,  the  sodic  carbonate  is  decomposed,  as 
shown  by  the  following  equation,  yielding  oxide  and  sulphide  of  sodium: 

NaK)0*    •«-€«.     NaH)    +    200 ;  and  NaK)     +     OaS    «-    Ka«     -i-    €aO. 

Kolb  has  also  analysed  a  series  of  samples  of  ball-soda  in  the  manufiBcture  of  which 
the  coal  had  been  replaced  by  wood-charcoal,  peat,  wood-shavings,  &c  All  these 
samples  yielded  similar  results,  whence  it  appears  that  the  proportion  of  carbouaceous 
matter  to  be  introduced  into  the  mixture  depends  wholly  upon  its  reducing  power, 
which  may  be  determined  beforehand  by  an  experiment  with  litharge. 

The  results  show  that  the  proportions  required  by  theory  are : 

Sodic  sulphate        ....     100*0  parts 

Chalk 70-4    „ 

Carbon  ......      2d*5    „ 

These  proportions  may,  however,  be  considerably  varied  without  sensibly  ^MtMi^g  the 
result. 

Jation  of  Air  and  Water  on  Black  Ash  or  Ball  Soda  (Kolb). — ^Diy  air  deprived  of 
carbonic  acid  has  no  action  on  ball-soda,  either  at  ordinary  temperatures  or  at  100® ; 
but  at  a  red  heat  it  converts  the  sulphide  of  calcium  into  sulphate,  which  in  the  sub- 
sequent lixiviation  reconverts  a  certain  portion  of  the  sodic  carbonate  into  sodic  sul- 
phate, and  therebv  diminishes  the  percentage  of  alkali  in  the  product 

Carbonic  anhydride  in  the  dry  state  has  no  action  on  black  ash  (it  does  not  act, 
indeed,  either  on  Kme  or  on  sulphide  of  calcium) ;  but  in  presence  of  moisture,  it  first 
oonveits  the  lime  into  carbonate,  and  then  acts  on  the  sulphide  of  calcium,  forming  car- 
bonate and  sulphydrate  of  calcium : 

CaS  +  HK)  +   C0«     -     CaCO»  +  H«8;  and  H«S  +   CaS     -     CaH«S«. 

When  black  ash  is  exposed  to  moist  air,  the  lime  contained  in  it  is  first  hydrated  by 
the  a(|ueou8  vapour,  and  afterwards  converted  into  carbonate.  At  the  same  time,  any 
sulphide  of  sooium  that  may  be  present  in  the  crude  soda,  is  converted  into  hyposul- 
phite, but  the  oxidation  does  not  go  any  further.  The  sulphide  of  calcium,  on  the 
other  hand,  is  oxidised  bv  moist  air,  less  quickly  but  more  completely,  being  converted 
into  calcic  sulphate,  whicn,  as  already  obserred,  decomposes  the  sodic  carbonate  during 
lixiviation,  and  thereby  diminishes  the  proportion  of  available  alkali. 

Another  cause  of  the  formation  of  calcic  sulphate,  and  consequent  deterioration  of 

the  ball-soda,  is  the  presence  of  iron  in  the  state  of  ferric  oxide  (not  sulphide),  which, 

^      in  presence   of  moist  air,  reacts  with  the  sulphide  of  calcium,  forming  lime  and 

sulphide  of  iron,  which  latter  becomes  oxidised  to  sulphate ;  and  this  again  in  its  turn 

reacts  with  the  sulphide  of  calcium,  fanning  ferrous  sulphide  and  caldc  sulphate: 

Fe«0«.2S0»  +  2CaS     -     2FeS  +  2CW90*  +  O. 

The  same  series  of  actions  therefore  recommences  ind^nitely,  so  that  a  very  small 
quantity  of  ferric  oxide  is  sufficient,  under  the  infiuence  of  moist  air,  to  convert  a  laige 
quanti^  of  calcic  sulphide  into  sulphate.  Hence  the  ball-soda  eOiould  not  be  left 
exposea  to  the  air  longer  than  is  necessary  for  the  partial  hydration  of  the  lime  con- 
tained in  it-,  so  as  to  facilitate  its  disintegration. 

AeiUm  of  Water.  ^"Bj  subjecting  a  given  weight  of  ball-soda  to  the  action  of  vari- 
able quantities  of  water  for  different  times  and  at  different  temperatures,  Kolb  has 
obtained  the  following  results : — 

1.  A  given  quantity  of  crude  soda  yields  veiy  different  proportions  of  caustic  soda 
and  sodic  sulphide,  according  to  the  quantity  and  temperature  of  the  water  with  which 
it  is  treated,  and  the  time  of  digestion. 

2.  The  degree  of  causticity  of  the  resulting  solution  is  not  sensibly  affected  by  the 
quantity  of  water  used,  but  increases  with  the  time  of  digestion  and  with  the  tempera- 

i  ture. 

3.  The  proportion  of  sodic  sulphide  increases  with  the  quantity  of  water,  andmore 
particularly  with  the  time  of  digestion  and  the  temperature. 

4.  The  decrease  in  the  quantity  of  sodic  carbonate  not  only  corresponds  with  the 
quantity  of  caustic  soda  formed,  but  is  also  affected  by  the  variation  in  the  quantity  of 
sodic  sulphide :  hence  it  would  appear  that  the  latter  is  formed  at  the  expense  of  the 
carbonate 
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ft.  The  qnantitiefl  of  caustic  aoda  and  sodic  solphidedo  not  appear  to  bear  any  definite 
lelation  to  one  another. 

Kolb  has  likewise  examined  the  action  of  water  on  pnre  snlphide  of  calcium,  alone, 
and  inpreeeDce  of  sodic  carbonate,  canatie  soda,  and  lime.    The  resolts  are  as  follows: 

«^  The  qnantitT  of  cakic  snlphkle  dissolTed  or  decomposed  bj  wmlsr  is  Tvrj  snail, 
bat  increases  witn  the  tempeiatnrB  and  the  dniation  of  the  digestion. 

iSL  Lime  has  no  sensible  influence  on  the  solubility  of  calcic  sulphide ;  but  a  small 
qnantitjr  of  caustic  soda  stops  the  solution  almost  entuely,  especiallj  at  common  tempo- 
z^itnres. 

y.  The  decomposition  of  sodic  carbonate  by  calcic  sulphide :  Na'CO'  +  CaS  » 
Na^  +  CaCO*,  which  is  considerable  in  Teiy  dilute  liquids,  diminishes  on  concen- 
tration, and  ceases  altogether  in  a  solution  saturated  with  sodic  carbonate. 

8.  The  presence  of  caustic  soda  in  small  quantity  (or,  what  comes  to  the  same  things 
of  lime)  prerents  the  action  of  calcic  sulphide  on  sodic  carbonate. 

The  accordance  of  these  last  results  with  the  observed  action  of  water  on  ball-soda 
sfKbrds  a  strong  ai^^oment  against  the  supposition  that  this  substance  contains  an  ozy- 
soli^ide  of  calcium. 

The  following  table  exhibits  the  composition  of  black  ash,  as  determined  by  different 
analysts.  The  arrangement  of  the  basylous  and  acid  elements  in  compounds  is  of 
course  to  a  certain  extent  theoretical:  thus,  in  the  first  three  analyses,  the  oxide  and 
snlphide  of  calcium  are  regarded  as  combined  into  an  oxysulphide^  whereas  in  the  last 
thiee  they  aze  giyen  sepantd^y : 


Conytosiiion  of  Black  Jsh. 

Ca$§ei. 

Giatgow, 

Seweaait. 

Unger. 

Brown. 

Rlchardfoo. 

Sulphate  of  Sodium 

1-99 

1-16 

3-64 

Chloride  of  Sodium 

2*54 

1-91 

0-60 

Alominate  of  Sodium   . 

1           •           • 

2-35 

Carbonate  of  Sodium    . 

.    28-57 

35-64 

9*89 

Hydrate  of  Sodium 

.     1112 

0-61 

26-64 

liime   ••«••< 

1     .     * 

6-30 

Carbonate  of  Calcium  . 

.     12-90 

2917 

15*67 

Oxysulphide  of  Calcium 
Sulphides  of  Iron. 

.     34-76 

113 

35-67 

2-46 

4-92 

1-22 

Silicate  of  Magnesiom . 

4-74 

3-74 

0-88 

Ultramazine 

>     •     . 

0-29 

Carbon         .... 

1-69 

800 

4-28 

Sand   ...... 

2-02 

4-28 

0-44 

Moisture 

218 

0-70 

217 

99-86 

100-20 
Liverpool. 

lOO-OO 

R] 

rnatton. 

Murphf.  MotprattandDiaaoii. 

Carbonate  of  Sodium       .        .    i 

16-879 

41-489 

28-89 

Chloride  of  Sodium 

2-528 

1-308 

807 

Sulphate  of  Sodium 

0-395 

0-748 

0-82 

Silicate  of  Sodium  . 

1182 

1*162 

8-27  canstic  soda. 

Aluminate  of  Sodium 

0-689 

0-392 

0-40 

Sulphide  of  Calcium        .        .    2 

8-681 

33-193 

25-86 

Carbonate  of  Calcium     . 

3-816 

0-857 

14*22 

Bisulphide  of  Calcium     . 

0-485 

Hyposulphite  of  Calcium 

1162 

Sulphite  of  Calcium 

2-178 

Caustic  Lime .... 

9-270 

9*820 

9-24 

Magnesia       .... 

0-254 

.      • 

2-03  as  silicate. 

Sulphide  of  Iron    . 

0-371 

Ferric  Oxide  and  Phosphate  > 
of  Calcium.                         .{ 

2-658 

3020} 

6-28 

Alumina         .... 

1132 

1-020) 

Charcoal         .... 

7-007 

4-724 

Sand 

0-901 

2-259 

Ultramarine   .... 

0-959 

Moisture        .... 

0-219 
0-205 

•     . 

0-99 

10 

99-492 

100-02 

NaAl-(S0*)«.12H«0.— Occurs  native  on  the  island  of  MUo  at 
the  Solfatara  near  Naples,  and  near  Mendoza,  on  the  east  of  the  Andes.    (See  Sul- 

FHATSfi.)  ' 
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80BA  CO WBftAB.  A  sodio-feiric  sulphate  found  in  the  alum-slate  of  Hodum 
in  Norway.    (See  Sulphates.) 

80BA  SPOBVBODiB.    Sjn.  with  Ouqoclisb  (It.  198). 

SOBA^&nnk  A  mixture  of  caustic  soda  and  quicklime,  used  chiefly  for  nitoo- 
gen-determinations  in  oiganic  analysis  (i.  245). 

SOUAUCTB.  a  sodio-aluminic  silicate,  containing  chlorine,  occurring  in  dodeca- 
hedrons and  other  forms  of  the  monometric  system,  with  dodeeahedial  cleavage; 
sometimes  in  twin-crystals,  haying  the  form  of  a  hexag)nal  prism,  arising  &om  the 
combination  of  two  dodecahedrons  ;  also  massive.  Hardness  =  5*5 — 6.  Specific 
gravity  2*26 — 2-37.  Lustre  vitreous,  inclining  to  greasy.  .  Colour  grey,  greenish, 
yellowish-white,  and  sometimes  blue.  Subtransparent — sabtranslucent.  Fracture 
conchoidal — uneven.    Before  the  blowpipe  it  melts  to  a  colourless  blistered  glass. 

Analyses  (the  chlorine  being  reckon^  as  chloride  of  sodium) :  a.  From  Vesuvius : 
colourless;  specific  gravity  «-  2*136  (Bammelsberg,  Mineralch.  p.  702).—^.  "From 
the  same :  green ;  very  rare ;  small  dodecahedrons  with  cubic  faces,  occurring  in  a  lim€>- 
stone  with  vesuvian  and  nephelin. — e,  Lamo  near  Brevig  in  Norway :  blue,  in  ebeoUte 
(Bork,  Fogg.  Ann.  Ixxviii.  413). — d,  Fromtbe  Ilmen  mountains  near  Miask :  blue,  in 
elseolite;  specific  gravity  »  2*288  (E.  Hofmann  and  G.  Rose,  iHd,  zlvii.  377). — 
e.  Lidifiel<C  Maine :  blue,  in  elseolite  (Whitney,  ibid.  Ixz.  431)  : 


a. 

b. 

c. 

4. 

tf. 

Silica 

• 

3812 

88*76 

38*86 

38-40 

37*46 

Alumina    . 

• 

81-68 

34*62 

80*82 

82-04 

30-93 

Lime  (and  MgO) 

.     . 

•          • 

1-65 

0-32 

Soda. 

. 

18-49 

2M8 

16*39  ♦ 

18-24 

18-33 

Fotash 

Sodium      . 

. 

4-37 

1*67 

4*67 

4*63 

4*55 

Chlorine    . 

. 

6-69 

2*55 

7*00 1 

7*10 

6*97 

99*35 

98*78 

99*29 

100*73 

98*24 

These  analyses  may  be  represented  by  the  formula  NaC1.9i(NaAr'SiO^).  (compare 
the  formula  of  haiiyne,  iii.  15),  the  sodium-chloride  and  the  silicate  being  ciystallised 
together  isomorphously  in  varying  proportions. 

Sodalite  occurs  in  mica-slate,  granite,  trap,  basalt,  and  volcanic  rocks.  In  Green- 
land it  is  found' in  mica-slate,  together  with  felspar,  hornblende  and  eudialyte. 

SOBAMZIIB.  Olive-eoUmred  Sodium-compound.-^'When  a  quantity  of  sodium 
which  evolves  from  water  100  measures  of  hydrogen  gas,  is  heated  in  ammoniacal  gas, 
it  absorbs  tranquilly  between  142  and  163  measures,  setting  100  measures  of  hydn^n 
free,  and  assuming  first  a  blue  and  afterwards  a  green  colour.  The  compound  is 
olive-green  and  fusible,  and  manifests  the  same  relations  as  the  conespondinff  potas- 
sium-compound (iv.  695).  (Gay-Lussac  and  Thenar d,  Eecherches,  i  354;  BuDavy, 
PM.  Trans.  1810,  p.  24.) 

Sodamide  appears  to  be  capable  of  uniting  with  sodic  oxide.  When  a  mixture  of 
oxygen  and  ammonia  gases,  tne  latter  being  in  excess,  is  passed  over  sodium,  sodamide 
alone  is  formed,  and  at  a  lower  temperature  than  with  pure  ammonia  ffas;  but  if  the 
quantity  of  oxygen  is  increased,  a  fused  ruby-coloured  mass  is  obtained,  consisting  of 
a  compound  of  sodic  amide  and  oxide.  This  compound  is  permanent  in  ammonia  gas, 
even  at  300^,  but  becomes  decolorised  when  air  or  oxygen  is  passed  over  it,  and 
leaves  a  white  substance,  apparently  consisting  of  sodic  hydrate. — Potassium  treated  in 
like  manner  yields  a  similar  compound,  but  of  a  deep  blue  colour.    (W  ey  1.) 


EOVXmC.  NH«Na,  or  rather  N«H«Na*?  (Weyl,  Pogc.  Ann.  cxxi. 
697;  Jahresb.  1864,  p.  163.)— This  compound  appears  to  be  formed  when  lumps  of 
pure  bright  sodium  are  placed  at  one  end  of  a  bent  tube,  a  quantity  of  silver-chloride 
previously  saturated  with  ammonia  gas  at  the  other,  the  tube  then  sealed,  the  end  con- 
taining the  silver-chloride  heated  in  a  chloride-of-calcium-batb,  and  the  other  end 
immened  in  cold  water.  The  sodiimi  then  swells  up,  and  is  converted  into  a  liquid, 
whidi  is  copper-red  by  perpendicularly  reflected,  greenish-yellow  by  obliquely  reflected 
light,  blue  in  thin  films  by  transmitted  light.  As  the  silver-chloride  cools,  and  thn 
ammonia  gas  is  reabsorbed,  the  sodammonium  decomposes  and  pure  sodium  remains 
behind,  having  a  dull  surface  and  spongy  texture.  By  again  heating  the  ulver-chloride 
the  compound  may  be  reproduced  any  number  of  times. 

A  sodammonium-amalgam  appears  to  be  formed  by  exposing  in  like  manner  to  the 
action  of  ammonia  gas,  a  pulverulent  amalgam  of  nearly  equal  parts  of  sodium  and 
mercuzy.    After  two  houra  action,  the  portion  of  the  mass  in  contact  with  the  surface 

*  Including  0*61  potMh.  t  Bj  dlflereucc. 
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of  the  tube  ezhibita  a  metallic  lustre  and  bronze-red  colour^  while  the  interior  is  dull 
and  brick-red.  This  product  can  likewise  exist  only  in  an  atmosphere  of  ammonia, 
being  reeohred  in  a  few  hours  after  the  cooling  of  the  silver-chloride,  into  ammonia, 
free  meieaiy,  and  a  sodium-amalgam  containing  less  mercury  than  the  original  amal- 


Poiauammimiumf  N'HfK'?,  is  prepared  like  sodammonium,  and  exhibits  similar 
properties. 

Other  metallammottiums  may  be  produced  by  the  decomposition  of  sodium-  or  potass- 
ammonium.  Thus  when  a  mixture  of  a  metallic  chloride  or  oxide  with  an  equivalent 
quanti^  of  sodium  is  exposed  in  the  manner  above  described  to  the  action  of 
ammoniargas,  the  gas  is  fint  absorbed  by  the  metallic  chloride  (or  oxide)  and  after- 
wards by  the  sodium,  the  sodammonium  thus  formed  flowing  over  the  metallic  salt, 
and  reacting  upon  it  without  much  rise  of  temperature.  With  a  mixture  of  barium - 
chloride  and  sodium  the  reaction  appears  to  be : 

N»H«Na  +  2NH»  +  Ba"a«  -  N^«Ba"  +  2NH«Naa 

Sodimm^  Bjiram-  Cblorids  of 

oium.  moDium.         Sodunmoiiluiii. 

Barammtmhtm  forms  a  deep  blue  liquid  having  a  metallic  lustre. — Copper-,  Mer* 
eurjf',  and  Sili/er'afMnonium  axe  obtained  in  like  manner  from  the  respective  chlorides, 
and  rme-4immonfum  from  the  oxide.  These  compounds  are  likewise  very  unstable, 
bein^  resolved,  even  in  the  sealed  tube,  into  metal  (which  appears  grey,  dull  and 
destitute  of  coherence)  and  ammonia.  If  in  the  arrangement  just  described  the 
metallic  chloride  be  replaced  by  an  ammonium-salt^  a^.  NH^Cl  or  (NH*)'SO\  similar 
xeaotioiiB  take  ^|Ace,  and  the  h^  becomes  filled  with  a  blue  liquid  mixed  with  excess 
of  ammonia.  This  blue  liquid,  which  is  also  formed  by  the  action  of  potassic  hydrate 
on  potasaammonium,  appears  to  consist  of  ammonium  itself,  N^'.  It  is  even  more 
unstable  than  the  metallammoniums,  being  resolved  into  ammonia  and  hydrogen,  partly 
even  before  the  reaction  between  the  ammonium-salt  and  the  sodammonium  is  completed. 

T^gtrasodammanium.  NNa*? — Monosulphide  of  sodium  brought  in  contact,  in  a 
sealed  tube,  with  liquid  ammonia,  is  converted  (with  transient  formation  of  liquid 
ammonium)  into  an  orange-yellow  substance,  which  soon  decomposes,  leaving  a  white 
snbstanoe  still  containing  ammonia.  This  residue  gives  off  ammonia  on  exposure  to 
the  air,  and  the  odour  of  ammonium-sulphide  when  heated.  It  is  perhaps  fonued  in 
the  manner  represented  by  the  equation : 

4Na«S  +  8NH»  -  (NNa*)«S  +   3(NH*)«8. 
Teirc^iasaammtmium  appears  to  be  formed  in  a  similar  manner.    (Weyl.) 

SOnmi.  Jitfmie  Weight  23.  Symbol  Na  (from  Natrium),  Soda^  the  alkali 
containing  this  element,  was  formerly  confounded  with  potash,  but  was  proved  to  be  a 
distinct  substance  by  Duhamel  in  1736,  and  subsequently  by  Maiggraf  in  1758. 
H.  Davy  first  obtained  the  metal  in  the  year  1807. 

Sodium  is  a  veiy  abundant  element  and  very  widely  diffused.  It  occurs  in  large 
quantities,  as  chloride,  in  rock-salt,  sea-water,  salt-springs,  and  many  other  mineral 
waters;  abundantly  also  as  nitrate,  forming  beds  several  feet  thick  on  the  dry  pampas 
of  Peru  ;  more  rarely  as  carbonate,  borate,  and  sulphate,  either  in  spriugp, 
lakes,  &c,  or  in  the  solid  state ;  as  sodio-aluminic  fluoride  in  cryolite ;  and  as  silicate 
combined  with  earthy  silicates  in  cbabasite,  analcime,  natrolite,  thomsonite,  eudialite, 
albite,  soda-spodumene,  labrador,  nepheline,  hauyne,  sodalite,  brewidte,  cancrinite,  and 
achmite ;  in  very  small  quantity  also  in  bole,  pitchstonc,  pumice-stone,  obsidian,  ittnerite, 
and  pinite.  Traces  of  sodium-salts  are  found  in  coal,  in  all  kinds  of  limestone  and  dolomite, 
and  in  talc,  asbestos,  and  other  minerals.  In  the  vegetable  kingdom  it  occurs  as 
sulphate,  iodide,  and  chloride,  and  combined  with  vegetable  acids,  especially  in  plants 
growing  in  or  near  the  sea ;  in  the  animal  kingdom,  combined  with  carbonic,  phospnoric, 
sulphuric,  hydrochloric,  and  various  organic  acids. 

Preparation  of  the  Metal.  The  preparation  of  sodium  is  similar  to  that  of  potas- 
sium. Davy  flrst  obtained  it  by  the  electrolysis  of  the  hydrate;  Ghiy-Lussac  and 
Th^nard  afterwards  prepared  it  by  decomposing  that  compound  with  metallic  iron 
at  a  white  heat ;  and  Brunner  showed  that  it  may  be  prepared  with  much  greater 
facility  by  distilling  a  mixture  of  sodic  carbonate  and  charcoal. 

The  preparation  of  sodium  by  this  last-mentioned  process  is  much  easier  than  that 
of  potassium,  not  beinff  complicated,  or  only  to  a  slight  extent,  by  the  formation  of 
secopdazy  products.  Within  the  last  few  years  it  has  been  considerably  improved  by 
Deville  and  others,  and  carried  out  on  the  manufacturing  scale,  sodium  being  now 
employed  in  considerable  quantity  as  a  reducing  agent,  especially  in  the  manufacture  of 
aluminium  and  magnesium  and  in  the  silver  amalgamation  process  (p.  285). 

The  flodic  carbozute  used  for  the  preparation  is  prepared  by  calcining  the  cxystallisod 
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noutnl  carbonate.  It  miist  be  thoronffaly  dried,  thea  pomided,  and  mixed  with  • 
slight  excess  of  pounded  charcoal  or  cocl.  An  inactive  bubstance,  vis.  ponnded  challc* 
is  also  added  to  keep  the  mixtnre  in  a  pasty  condition  daring  the  openition,  and  prR- 
vent  the  fused  sodic  carbonate  from  separating  from  the  charooaL  The  following  are 
the  proportions  recommended  by  DeviUe : 


For  Leboraiory  Operation*, 
Diy  sodic  carbonate  717  parts 

Charcoal      ....    175   „ 
Chalk 108    „ 


For  Mam^aetwHng  Operathns. 
Dry  sodic  carbonate     .  80  kilogr. 

Coal 13    „ 

Chalk .        .  '      .        •        .      Z    „ 


These  materials  must  be  vieiy  intimately  mixed  by  pounding  and  sifting,  and  it  is 
adyantageons  to  calcine  the  mixture  before  introducing  it  into  tiie  distilling  apparatus, 
provided  the  calcination  can  be  effected  by  the  waste  heat  of  a  ftunace ;  the  mixture  is 
thereby  rendered  more  compact,  so  that  a  mnch  larger  quantity  can  be  introduced  into 
a  vessel  of  given  size. 

The  distillation  is  performed,  on  the  laboratory  scale,  in  a  mercuxy  bottle  heated 
exactly  in  the  manner  described  for  the  preparation  of  potassium. 

For  manufacturing  operations,  the  mixture  is  introduoed  into  iron  cylinders,  which 
are  heated  in  a  reverberatoiy  furnace,  and  so  arranged  that,  at  the  end  of  the  distUlation, 
the  exhausted  charge  may  be  withdrawn  and  a  fresh  chaoge  introduced  without  dis- 
placing the  cylinders  or  putting  out  the  fire.  The  receivers  used  in  mthar  case  are 
exactly  the  same  in  form  and  dimensions  as  those  employed  in  the  preparation  of 
potassium  (iv.  693). 

When  the  process  goes  on  well,  the  sodium  collected  in  the  receivers  is  for  the  most 
part  perfectly  pure,  the  carbonised  products  which  give  so  much  trouble  in  the  prepa- 
ration of  potassium  being  produced  m  veir  small  quantity  only,  if  at  aU.  Nevertheless 
a  small  quantity  of  somewnat  impure  sodium  always  remains  attached  to  the  inner 
surface  of  the  receivers ;  hence  when  a  receiver  has  been  used,  the  plates  shonid  be 
separated  and  scraped  before  they  are  used  again ;  and  the  matter  scraped  oS,  being 
received  under  naphtha,  may  be  collected  after  a  while  and  will  yield  by  distillation  a 
considerable  quantity  of  sodium.  Lastly,  the  pure  metal  obtained  by  this  and  by  the 
first  distillation  is  melted  under  a  thin  layer  of  naphtha,  which  is  decanted  as  soon  as 
the  sodium  becomes  perfectly  fluid,  and  the  metal  is  then  run  into  moulds  like  those 
used  for  casting  lead  or  zinc. 

The  degree  of  heat  absolutely  required  for  the  reduction  of  sodium  is  not  mnch 
higher  them  for  the  reduction  of  zinc ;  bat  the  distillation  goes  on  better  and  a  larger 
product  is  obtained  when  the  temperature  is  raised  considerably  higher.  The  quantity 
of  sodium  obtained  in  a  well  conducted  operation,  is  about  one-thud  of  the  weight  of 
the  calcined  mixture. 

[For  a  detailed  descnption  of  the  manufkcture  of  sodium,  with  figures  of  the 
apparatus,  see  Chemical  Technology,  i.  [4],  5  and  [6],  125.] 

Properties, — Sodium  has  a  high  lustre,  and  usually  a  silver- white  colour ;  according 
to  Long  however  (Chem.  Soc  Q.  J.  xiii.  123),  its  surface  when  perfectly  clean  and 
metallic  is  of  a  beautiful  rose  colour,  which  is  best  seen  when  a  ray  of  light  falling  on 
a  surface  of  the  metal  is  reflected  bade  from  a  second  surface  and  again  reflected  from 
the  first. 

The  s|>ecific  gravity  of  sodium  is  0*9348  (Davy);  0-97223  at  15^  (Gay-Lussac 
and  Thenard) ;  0*985,  reduced  to  a  vacuum  and  compared  with  that  of  water  at  3*9 
(Schroder,  Jahresb.  1859,  p.  12).  It  is  rather  hard  at  —  20^  very  ductile  at  0^  of 
the  consistence  of  wax  at  common  temperatures,  semifluid  at  50^:  melts  completely  at 
97-6<>  (Begnault,  Jahresb.  1856,  p.43Xat  95-60(Bunsen,  Oid.  1863, p.  178).  When 
a  few  grammes  of  sodium  are  melted  in  a  sealed  tube  fllled  with  coal  gas,  then  left 
to  cool  till  a  few  solid  points  appear  on  the  surface,  and  the  remaining  liquid 
suddenly  poured  off  by  inclining  tne  tube,  the  solidified  portion  remains  in  shining 
octahedral  crystals  belonging  to  the  dimetric  system  and  having  the  plane  angles  at 
the  apex «i 50®  (Lone).  Soditmi  is  less  volatile  than  potassium  (Davv;  Oay-Lussac 
and  Thenard);  rauier  more  80  (Mitscherlich).  Its  v&pour  is  colourless.  Sodium 
is  an  excellent  conductor  of  heat  and  electricity. 

Sodium  when  exposed  to  the  air  oxidises  like  potassium,  but  not  quite  so  rapidly. 
When  heated  in  the  air  it  bums  with  a  yellowish  flame,  forming  protoxide  and  dioxide 
of  sodium.  When  heated  in  oxygen  gas  till  it  no  longer  increases  in  weight,  it  is 
wholly  conyerted  into  dioxide.  When  dropt  upon  cold  water,  it  decomposes  a  portion 
of  the  water,  liberating  hydrogen  and  running  about  on  the  surfsuM  with  a  nissing 
noise,  but  the  gas  does  not  take  fire  unless  the  water  be  previously  heated. 

Sodium  is  a  monatomic  metal  belonging  to  the  group  which  includes  the  other  alkali- 
metals  and  silver.  With  chlorine,  bromine,  iodine  and  fluorine,  it  forms  the  compounds 
KCl,  EBr.  ice. ;  with  oxygen  it  forms  a  protoxide  Na'O,  the  oorrcbponding  hydrate 
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KaHO,  and  a  dkaide  NaK)* ;  with  sulfur,  a  piotaralphide  Na^S,  a  imlphjrdrate  NaHS, 
and  aeTeral  polyanlphidefl. 

SOSIZUBBt  AX&OTTB  OF.  These  alloys  closely  resemble  those  of  potassium,  and 
are  pirepared  in  like  manner  by  fusing  sodium  with  the  respective  metals.  The  amalgam 
of  Bodivtm  (iii.  889)  is  much  used  as  a  reducing  or  hydrogenating  agent.  M.  Scholz 
(J.  pr.  Chem.  Ittit.  441),  by  adding  sodium  to  mercury  in  such  quantity  that  the 
product  solidifies  completely  on  cooling,  then  pressing  out  the  excess  of  mercury,  fiising 
the  rpmsining  amalgam,  and  leaving  it  to  cool  slowlv,  obtains  a  sodium-amalgam, 
crystallised  in  fine  prisms,  often  an  inch  long,  which  may  be  kept  in  well  closed 
▼easela  without  sensible  oxidisation,  and  are  easily  pulverised.  By  farther  addition  of 
mercury,  this  amalgam  may  be  brought  to  a  more  or  less  fluid  state. — ^F.  Muhlhauser 
(Z«tBchr.  Ch.  Phafm.  1864,  p.  720)  heats  sodium  under  naphtha  to  90°,  and  allows 
mercuiy  to  flow  into  it  in  a  fine  stream.  The  sodium  then  swells  up  and  ultimately 
forms  a  solid  mass,  which  may  be  left  to  cool  under  naphtha. 

Bespecting  the  alloys  of  potassium  and  sodium,  see  Potassiuv  (iv.  695). 

SOnsnSIv  AVTZaiOVZBa  of.  Prepared  by  direct  combination  of  its  dementi. 
Secembles  antimonide  of  potassium  (i.  317)- 

BOAXmCv  AXSavma  of.  This  alloy,  which  is  used  fi>r  the  preparation  of  the 
arsenides  of  ethyl,  methyl,  &c,  is  prepared  by  gently  heating  finely  pulverised  metallic 
anoiic  in  a  furnace  having  a  good  draught  till  it  begins  to  fume,  and  then  introducinff 
smaU  pieces  of  sodium  from  time  to  time  till  the  mixture  begins  to  assume  a  fluid 
omsisteDce,  which  effect  takes  place  when  a  quantity  of  sodium  has  been  introduced 
about  equal  to  that  of  the  arsenic.  As  the  product  is  highly  combtustible  it  is  neces- 
sary to  exclude  the  air,  for  which  purpose  the  arsenic  is  placed  in  a  porcelain  crucible 
enclosed  within  a  hessian  crucible,  both  being  provided  with  closely  fitting  covers, 
which  must  only  be  removed  to  introduce  the  sodium,  or  to  stir  the  mixture  with  an 
iron  rod.  The  action  is  very  violent  and  attended  with  vivid  incandescence.  The 
alloy,  which  has  a  crystalline  fracture  and  silver-white  colour,  must  be  kept  in  closely 
stoppered  bottles  filled  up  with  sand.  It  decomposes  water  with  evolution  of  arsen- 
etted  hydrogen,  an  effect  which  takes  place  even  in  damp  air:  hence  it  must  be 
handled  with  caution.    (Landolt,  Ann.  Ch.  Phaim.  Ixxxix.  201.) 


I  OF.  NaBr.  This  salt^  produced  by  saturating  hydro- 
bromic  acid  with  soda,  or  by  decomposing  ferrous  bromide  with  sodic  carbonate,  crystal- 
lises by  evaporation  at  temperatiues  above  80°,  in  anhydrous  cubes,  at  lower  tempera- 
tures in  oblique  rhombic  prisms  containing  NaBr.2HK>  (M  itscherlich).  The  specific 
gravity  of  the  anhydrous  salt  refened  to  water  at  17*5°  as  unitjr  is  3'079  (Kr  emers, 
Jahresb.  1857,  p.  69).  It  dissolves  easily  in  water  and  in  alcohol  The  following  table 
exhibits  the  specific  gravities  and  expansions  by  heat  of  solutions  of  various  str^igths. 
(Kremers»  Jahresb.  1858,  41.) 

Volumes  of  Aqueous  Bromide  qf  Sodium  at  different  ten^eraturea  (vol.  at  19-5^  s  1). 


QnantUyorMUio 
100  part*  of  water 

j             20-4 

42*6 

69-3 

88-1 

SpectSc  gravity  of 
■olaUT'O  at  19-ft<*. 

j           M450 

ISfOS 

1188S 

1*6096 

0° 
19-5 
40 
60 
80 
100 

0-99380 
1-00000 
1-00852 
101858 
103021 
104347 

0-99189 
1-00000 
1-00980 
1-02832 
1-03178 
104421 

0-99067 
1-00000 
1-01032 
1-02108 
1-03249 
1-04453 

1-00000 
101076 
1-02164 
1-03298 
1-04477 

A  saturated  aqueous  solution  boils  at  121°.    (Kremers.) 

SOBZUaiv  CB&OSmB  OF.  NaCl.  Common  salt,  Oidvnary  salt,  Boch-ealt, 
Sea-mlt.,  formerly  called  Muriate  cf  Soda,  This  compound  is  formed  by  the  direct  union 
of  its  elements,  sodium  taking  fire  in  chlorine  gas.  It  may  likewise  be  obtained  pure 
by  neutralising  hvdrochloric  add  with  soda  or  sodic  carbonate  and  evaporating.  It 
occurs  very  abundantly  in  nature,  both  in  the  solid  state,  as  rock-salt,  forming  extensive 
beds  in  rocks  of  various  ages, — and  in  solution  in  sea-water,  salt-lakes,  and  brine- 
sprines;  in  smaller  proportion  also  in  river  water. 

In  Europe  common  salt  usutdly  occurs  in  the  new  red  sandstone,  or  associated  with 
red  marl,  but  it  is  not  confined  to  those  rocks.  In  Durham,  Northumberland,  and 
Lewestershire,  salt-springs  arise  from  the  carboniferous  series ;  in  the  Alps,  some  salt- 
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works  are  supplied  from  oolitic  rocks :  the  extensive  mines  of  Cardona  in  Spain  avo 
referred  to  the  greensand  formation,  those  of  Wieliczka  in  Poland  to  tertiary  rocks. 
Salt-springs  occur  also  in  volcanic  regions.  In  the  United  States  the  brine  comes 
mostly  from  Silurian  sandstones.  Salt  occnrs  also  as  efflorescences  over  the  dry 
prairies  of  the  Rocky  monntiiins  and  California ;  and  in  most  desert  and  semi-desert 
Tf^ons  there  are  numerous  salt  lakes. 

The  principal  salt  mines  of  Europe  are  at  Wieliczka  in  Poland ;  at  Hall  in  the 
Tyrol,  and  along  the  range  through  Beichenthal  in  Bavaria,  Hallein  in  Salcburg,  Hal- 
stadt^  Ischl  and  Ebensee  in  Upper  Austria,  and  Aussee  in  Stjrria ;  at  Stassfurth  near 
Magdeburg;  in  Hungary  at  Marmoros  and  elsewhere ;  in  T^an^lvania,  WaUachia, 
Gallicia  and  Upper  Silesia ;  at  Vic  and  Dreuze  in  France ;  in  the  vallev  of  Oardona  and 
elsewhere  in  Spain  ;  at  Bex  in  Switzerland ;  at  Northwich  and  elsewnere  in  Cheshire ; 
and  near  Belfast  in  the  north  of  Ireland.  At  Wieliczka  the  salt  deposit  is  500  nulee 
long,  20  miles  broad,  and  not  less  than  1200  feet  thick ;  at  Cardona,  the  salt  forms  hills 
300  and  400  feet  high.  Near  Northwich,  the  principal  deposit  of  rock-salt  in  England, 
the  mineral  occurs  in  magnesian  limestone,  in  two  beds  situated  one  above  the  other, 
separated  by  about  30  feet  of  clay  and  marl,  intersected  by  small  veins  of  salt;  the  two 
beds  together  being  about  60  feet  thick,  300  vards  broad,  and  a  mile  and  a  half  long. 

Rock-salt  occurs  also  near  lake  Oroomiah,  the  Caspian,  &e.,  forming  hills  andext^mded 
plains ;  in  Algeria  abundantly ;  in  Abyssinia ;  in  India,  in  the  province  of  Lahore^  and  the 
valley  of  Cashmere  ;  in  Scinde,  where  there  is  said  to  be  an  immense  bed  of  it,  20  miles 
lon^  15  miles  broad,  and  averaging  three  feet  in  thickness ;  in  China  and  Asiatic  Russia ; 
in  Pern  and  other  countries  of  South  America.  In  the  United  States  salt  has  been 
found  forming  beds  with  gypsum  in  Washington  ooun^,  Virginia,  and  in  the 
mountains  of  Oregon.    (Dana,  ii.  9). 

The  mode  in  which  salt  is  obtained  from  these  deposits  depends  very  much  on  the 
locality,  the  depth  of  the  deposit,  the  j^rice  of  fuel,  &c.  In  some  places,  as  at  Wieliczka 
and  in  Cheshire,  it  is  a  mining  operation  and  is  carried  on  by  means  of  shafts  and 
horizontal  galleries.  At  Cardona  in  Spain,  where  the  great  body  of  the  salt  forms  a  ru^od 
precipice  400  to  500  feet  high,  there  is  no  excavation,  but  the  salt  is  procurea  by 
working  down  perpendicularly  as  in  an  open  quarry. 


Analyses  of  Rock-salt, 


Chloride  of  Sodium 
„         Potassium 
„          Calcium 

Sulphate  of  Sodium 
„          Calcium 
Carbonate  of  Calcium 

„           Magnesium 

Clay,  Ferric  oxide,  and    } 

other  insoluble  matter  ( 

Wle- 
lictka. 

Berchtet- 
graden. 

Hall. 
Tyrol. 

HalUUdt, 
Austria. 

SchwIU 
bisc,Hall. 

Wilbelmi- 
gWck. 

Vic 

10000 

• 

trace 

•  • 

•  ■ 

99*85 
trace 
trace 
015 

99*43 
trace 
0-25 
012 

0-20 

•  a 

•  • 

•  • 

9814 
trace 

1-86 

•     • 

99*63 

0-09 
0*28 

98-36 

0*03 
0*55 
0*52 
013 

0-58 

99*30 

0*50 
0-20 

10000 

100-00 

10000 

10000 

10000 

100-00 

10000 
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30 
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Rock-salt  is  sometimes  so  ptire  and  white  that  it  requirffl  no  prflparation  bat 
grinding  to  convert  it  into  snow-white  culinary  salt ;  this  is  the  case  with  the  salt  of 
Cardona,  and  with  some  of  that  occnrring  in  Cheshire  and  other  localities.  More 
friequentlj,  howerer,  it  is  coloured  red  or  brown  from  the  admixture  of  clay  or  bitumen, 
and  pazticolarly  of  the  kind  of  infusoria  that  are  now  found  inhabiting  salt  lakes :  it  then 
reqnires  to  be  purified  by  solution  and  recrystallisation.  Frequently  also,  instead  of 
sinking  a  shaft  to  the  bed  of  salt  and  mining  it,  the  superior  strata  are  pierced  by 
a  bore  only  a  few  inches  in  diameter,  by  which  water  is  sdmitted  to  the  bed,  and  the 
brine  formed  is  drawn  off  by  a  pump. 

Sait  weiis  or  apringB,  which  may  be  artificially  constructed  in  the  manner  above 
described,  are  also  frequently  found  ready  formed  in  nature  wherever  a  spring  during 
its  coarse  has  come  in  contact  with  a  bed  of  rock-salt.  These  however  are  rarely  so 
highly  saturated  as  the  artificial  wells,  although  this  is  actually  the  case  with  that  of 
Ltonebnrg,  which  contains  25  per  cent,  of  saline  matter ;  but  they  are  for  the  most  part, 
only  slightly  impregnated,  or  nave  become  weakened  by  subsequent  sddition  of  fresh 
water.  This  difference  in  the  strength  and  the  composition  of  the  saline  constituents 
of  salt  springs  may  be  seen  from  the  following  table  (p.  334). 

The  water  of  the  stronger  springs  is  at  once  evaporated  by  heat  to  procure  the  salt, 
and  in  England  and  other  countries  where  cheap  niel  can  be  obtaineo,  the  same  plan 
is  adopted  with  the  weaker  springs ;  but  in  G-ermany,  where  ftiel  is  scarce  and  dear, 
the  more  dilute  saline  waters  cannot  be  profitably  worked  in  this  way.  The  water  is 
therefore  first  concentrated  by  a  process  called  graduation,  which  consists  in  exposing 
the  brine,  diffused  over  a  lar;^  suzfiice,  to  the  air.  This  is  effected  by  pumping  it  to 
a  height^  and  then  allowing  it  to  trickle  slowly  over  lam  stacks  of  Aggots,  pled  in 
suitable  buildings,  screened  from  rain,  but  freely  exposed  .o  the  prevailing  wind.  After 
this  process  has  been  repeated  eight  or  ten  times,  the  solution  acquires  a  density  of  about 
1*40,  and  is  suflciently  ooncentmted  to  allow  the  evaporation  to  be  finished  by  heat.  In 
the  first  evaporating  pan  an  insoluble  double  sulphate  of  calcium  and  sodium  is  deposited, 
partly  in  the  form  of  mud  or  whiot,  as  it  is  called  in  Germany,  parUy  as  a  haid  scale, 
which  adheres  to  the  bottom  of  the  pans  {Pfannm$teiny  A  specimen  of  this  panstone 
from  Sehonebeck  gave  by  analysis : 

NaCL      Na^SCH.      K'SO*.      CaSO^    Mg80«.    MgCO*.    A^SQS  and  F«BO>.    SiO>.    HH). 
44-28      20-67        213      27'38      1*64      0*41  003  002   344 »  100 

When  the  liquor  reaches  a  density  of  1'236  it  is  decanted  into  another  pan  and  evapo- 
rated, the  crusts  of  salts  being  removed  as  they  form. 

The  ^pearanoe  of  the  salt  varies  according  to  the  rate  at  which  the  evaporation  is 
conducted.  When  the  brine  is  boiled  down  rapidly,  it  ftimishes  the  mealy  fine-grained 
salt  used  for  the  table ;  slower  evaporation  yields  the  hard  crystallised  salt,  generally 
used  for  salting  fish. 

Separation  of  Salt  from  Sea-wattr. — It  is  seldom  that  artificial  evaporation  is  em- 
ployed for  separating  the  salt  from  sea-water;  where  it  is  practised,  the  same  mode  is 
adopted  as  with  the  brine  springs ;  sometimes,  as  in  Siberia,  frost  is  made  subservient 
to  this  object — ^for  salt  water  separates  on  freezing  into  ice  (containing  no  salt),  and  a 
strong  saline  ley.  Dr.  Kane  states  that  if  the  cold  is  sufficiently  intense,  the  water  which 
is  obtained  on  melting  the  ice  is  fit  for  drinking.  This  plan  is  pursued  in  Prussia, 
Sweden,  and  other  northern  countries,  where  the  sea-water  is  frozen  in  reservoirs,  and 
the  concentrated  brine  liquor  is  boiled  down  to  salt.  The  salt  obtained  by  Hiis  plan, 
however,  is  not  pure,  as  the  following  analyses  by  Hess  will  prove. 

Irkowtik.  Selen-        Ouit-  Okhotsk. 

Constituents.  gulsk.      konuk. 


Ui  crystil-  Snd  cnriUl-  3rd  crytUl- 
litation.       Utatlon.       Untion. 

Chloride  of  Sodium     .  .  91*6  74*7  763  860  '    776  791 

Aluminium  .  26  65  12  3-6  6*2  78 

„         Calcium     .  .  1-1  1-4  38  09  09  07 

Magnesium  20  3*6  3*6  20  17  0*8 

Sulphate  of  Sodium     .  .  2-8  13*8  126  75  13*6  11-6 

„          Calcium    .  .   _. .    _. .^  2-5        

1000  1000  1000  1000  1000  1000 
The  evaporation  oi  sea-water  is  effected  wholly  or  partly  by  the  infiuence  of  the  air 
and  sun,  in  what  are  termed  in  some  localities  Salterns  or  Brine-pans.  Hayling 
Island,  near  Portsmouth,  has  been  celebrated  for  many  centuries  for  its  manufacture 
of  salt,  carried  on  in  this  way  during  the  summer  months.  The  brine-pans  vaiy 
in  size  up  to  a  quarter  of  an  acre,  in  which,  in  favourable  weather,  the  sea-water 
becomes  brine  in  about  seven  days.  It  is  then  pumped  by  windmills  into  reservoirs  or 
pits,  whence  it  is  run  into  sheet-iron  pans,  and  is  boiled  for  twelve  hours,  during  which 
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it  18  skimmed  to  Temore  impurities.  The  crystals  of  salt  begin  to  appear  towards  the 
eod  of  the  day,  and  are  shoTelled  out,  hot  and  wet^  into  wooden  troughs  with  holes  in 
tbe  bottom  to  allow  the  Utters  to  ran  off. 

A  somewhat  similar  plan  is  pnrsned  at  Lymington  in  Hampshire,  bnt  the  brine  is 
there  ran  through  a  senes  of  salterns  before  it  is  pumped  into  the  boiling-pans.  The 
drajnings  from  Sie  troughs  drop  on  upright  stakes  of  wood,  on  which  stalactitic  masses 
aeenmulate  in  ten  or  twelve  days,  weighing  from  60  to  80  lbs. ;  these  masses  are  called 
Salt  eats.  The  residual  liquor  called  Bitters^  Bittem,  or  Bittern  liquor^  is  employed  in 
the  msnufiteture  of  the  carbonate  or  sulphate  of  magnesium. 

For  many  centuries  salt  was  also  obtained  from  sea-water  in  the  Firth  of  Forth  and 
other  places  on  the  east  coast  of  this  country,  by  evaporating  it  in  large  shallow  iron 
pons,  salt  works  of  this  kind  in  former  days  being  mven  as  donations  to  abbeys. 

In  warmer  latitudes,  as  on  the  shores  of  the  Mediterranean,  the  evaporation  is 
carried  on  entirely  under  the  influence  of  the  sun  and  air  in  a  series  of  shallow  ponds, 
called  tatt-gardeAB,  in  which  the  water  is  spread  over  a  very  large  surface.  As  the 
evaporation  goes  on,  salt  is  depoated  in  the  pools  fiuthest  from  the  sea^  while  the 
neai«r  ones  are  constantly  receiving  fresh  supplies  of  salt  water. 

In  the  salt  works  of  the  Meditorranean,  the  greater  part  of  the  snr&ce  is  about  afoot 
below  the  main  level  of  the  sea.    The  ponds  are  divided  by  small  banks  of  earth  two 
feet  high  and  from  one  to  two  feet  thick.    The  salt  water  is  admitted  by  a  small  flood- 
gate and  circulates  by  means  of  openings  in  the  banks.    It  enters  with  a  density  of 
1*025,  and  continues  to  increase  in  density  by  evaporation  under  the  influence  of  thadry 
winds,  until  it  attains  a  density  of  1*143.    Its  volume  is  then  reduced  to  one-sixth  of 
its  first  proportions.     It  now  begins  to  deposit  sulphate  of  calcium,  till  the  density 
reaches  1*210.    It  is  then  conveyed  by  means  of  pumps,  worked  by  horse  or  steam 
power,  to  reservoirs  slightly  more  elevated,  the  bottoms  of  which  are  generally  composed 
of  hard  day  well  beaten  in,  where  the  precipitation  of  the  salt  takes  place.   The  volume 
is  by  this  time  reduced  to  one-tonth  of  its  original  bulk.    From  the  density  of  1*210, 
representing  26^  on  Beaum^'s  hydrometer,  up  to  1'286,  equal  to  32^  on  the  same  scale, 
the  evaporation  takes  place  in  the  open  air,  the  liquid  constantly  depositing  chloride  of 
sodium  almost  pure^  which  goes  into  the  market  without  further  preparation.  In  order 
to  obtain  it  care  is  taken  to  run  off  the  liquor  marking  32^  B.,  which  covers  the  bed 
of  salt  about  two  inches  thick.    It  is  then  collected  by  means  of  shovels,  and  thrown 
into  heaps  called  in  the  south  of  France  Caniells,  and  in  Italy  Cumuli.    It  is  then 
allowed  to  drain,  after  which  it  is  ready  for  sale.    The  salt  thus  obtained  is  called 
bay -salt. 

The  mother-Hquor  or  bittern  is  used  as  a  source  of  bromine.  It  also  contains 
considerable  quantities  of  sulphato  of  sodium,  and  of  the  sulphates  and  chlorides  of 
magnesium  and  potassium.  The  mode  of  treating  it  so  as  to  obtain  these  salts,  espe- 
cially the  chloride  of  potassium,  has  been  brought  to  great  perfection  by  B  alar  d.  (See 
PoTAS8iirx-SAi.T8,  iv.  717,  also  Suxfha.tbs.) 

The  following  table  shows  the  nature  and  amount  of  the  impuritieB  in  several  kinds 
of  ccnnmercial  salt. 


Analysis  of  Common  Salt. 


Sch«o»- 
b«ek. 

fBvtk. 

Dflirm* 
b«rg. 

Lodvlgt- 
haU. 

CkMhlm  LymiBf. 

ten* 
titnA.      Cat  ntt 

St.  Halo. 
Sta^aU. 

8t.17b«r. 

Cfldla. 
Stm-aaU. 

C&loride  01  Sodlam . 

M       Calcium    . 

M  Magnesium 
Salpbato  of  Sodiu.-n  . 

„      Potanhim . 

^       Calcium     . 

^  Mafuetium 
Silicate  of  Sodium  . 
Nitrate  of  Sodium  . 
Inaol.  natter,  ferric 
oxide,  alumina,  ftc. 
Wator 

9fi*402 

OOBO 

6*414 
0*789 
0  471 
.    • 

I- 

a*Mi 

97*094 

6*345 

0890 
0-727 
0180 

•  • 

•  • 

•  • 

1*%4 

96061 

6-818 

• 

1*277 
0*279 

•  e 

•  • 

0*015 
2155 

99-45 
0*65 

96*850 
0*085 
0*075 

i>550 

98*80 
0-50 

•  • 

6-10 

0-50 

.      . 

•  • 

• 

•  • 

96*00 

o-so 

•  . 

2*35* 
0*45 

.    . 

•  • 

»    . 

89-04 

2*38 
1*44 

trace 
0  98 

0-02 
trace 

0*28 

6*10 

0-90 

trace 

0*33 

trace 

am 

6*30 
100*34 

100-000 

1C0*0C0 

100000 

loo-ooo 

99*900 

99-90 

99*10 

100*25 

Properties. — ^Pure  chloride  of  sodium  has  an  agreeable  saline  taste.  It  crystallises 
ftom  aqueous  solution  by  evaporation  at  ordinary  or  higher  temperatures,  in  colourless 
transparent  cubes,  which  are  anhydrous.  Bock-salt  is  often  found  crystallised  in  cubes, 
octahedrons,  and  intermediate  forms,  and  occasionally  in  tetrakis-hexahedrons  (ii.  127) ; 
it  exhibits  perfect  cubic  cleavage.    Specific  gravity  2*1 — 2*57.    Hardness  a  2*6.    It 
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often  O0CQT8  in  large  crystalline,  transparent,  and  oolonrless  masses,  possessinff  perfect 
diathermancy,  that  is  to  say,  it  is  equally  penrious  to  heat-rays  of  every  degree  of 
refrangibility  (p.  61).  An  aqueous  solution  of  sodic  chloride  exposed  to  a  tempera- 
ture of -about  —10^  deposits  the  salt  in  hexagonal  plates  contuning  NaGL2H*0; 
but  as  the  temperature  rises,  the  water  of  crystallisation  is  expelled,  and  the 
ciTstals  fall  to  pieces,  being  converted  into  a  heap  of  minute  cubes.  The  anhydrous 
salt,  when  rapidly  crystallised,  contains  mechanically  enclosed  water,  and  consequently 
decrepitates  in  the  fire.  Some  specimens  of  rock-salt  from  Wieliczka  decrepitate 
when  thrown  into  water^  owing  to  the  escape  of  condensed  gas,  consisting,  according 
toILKo8e,ofCH». 

Chloride  of  sodium  melts  at  a  red  heat,  and  forms  a  crystalline  mass  on  cooling.  It 
is  somewhat  less  volatile  than  chloride  of  potassium,  but  like  that  salt,  volatilises  at  a 
low  red  heat  in  open,  but  not  in  covered,  vessels  ^H.  Rose) ;  at  a  white  heat  it  vola- 
tilises, even  in  closed  vessels.  Heated  with  potassium,  it  ^Ids  chloride  of  potassium, 
and  metallic  sodium  (Davy).  When  heated  to  redness  with  silica,  it  yields  silicate  of 
sodium  and  hydrochloric  acid  gas,  the  decomposition  taking  place  rapidly  in  presence 
of  aqueous  vapour.  With  oil  of  vitriol  it  gives  sulphate  of  sodium  and  hydrochloric 
acid  gas.  According  to  BerthoUet,  it  also  evolves  a  small  quantity  of  hydrochloric  add 
gas  by  distillation  with  oxalic  add,  but  not  with  acetic  acid.  In  solution  it  is  decom- 
posed by  excess  of  lead-oxide,  into  soda  and  subchloride  of  lead,  Fb'Cl'  (Scheele), 
also  by  nitrate  of  ammonia.  (Karsten.) 

Anhydrous  chloride  of  sodium  dissolves  in  about  3  pts.  of  cold  water,  and  is  scarcely 
more  soluble  in  boiling  water.  Fuchs  states  that  100  pts.  of  water  dissolve  37  pts.  of 
it  at  all  temperatures;  but,  according  to  Gay-Lussac  and  Poggialc,  the  solubility 
increases  slightly  with  rise  of  temperature,  as  shown  by  the  following  table : 


100  parts  of  water  at 


n 

M 

n 

n 

t» 

If 

If 

0<>    dissolve  of  NaCl 

Poggialc. 
36*62 

G«7-LaMac. 

pan 

14 
60 
100 

86-87 

•      • 

36-6i 

86 
37 

1071 
110 

40-36 

40-38      „ 

ition  increases  with  its  i 

strength  as 

follows  (Gerlac 

10              16 

20 

26 

26-396 

10734        11116 

1-1611 

11928        1*2043 

Jahresb.  1869,  p.  43) : 

Quantity  of  NaCl  in>         . 

100  pts.  of  solution.  ( 

Spedflc    gravity  off  -i.^oM 

solution  at  16°.        J  ^^^^^ 

The  number  26-396  represents  the  quantity  of  anhydrous  sodium-chloride  in  a  saturated 
solution  at  16^.  For  an  extended  table  by  Gerlach  of  the  specific  gravities  of  salt- 
solutions  of  various  strengths  and  at  various  temperatures  from  0^  to  100^,  see  Chemieal 
Technoloffy,  vol.  i.  part  6.  See  also  Schiff  (Jahresb.  1868,  p.  39) ;  and W.  Schmidt 
(ibid.  1869,  p.  128). 

The  following  determinations  of  the  variations  in  volume  of  salt-solutions  at  difieient 
temperatures  are  by  Kremer  s  (Jahresb.  1867,  p.  68) : 

Volumes  o/Ajueous  Chloride  of  Sodium  at  different  temperatures  (voL  at  19*6^1-1). 


QuaniUyofialtIn 
100  pu.  water. 

4-7 

• 

10-0 

19*4 

90-6 

90-9 

ai-4 

OO 

0*99639 

0*99476 

0-99371 

10 

0-99783 

0-99716 

0-99674 

0-99644 

0*99620 

0*99604 

19-6 

100000 

100000 

1-00000 

100000 

1-00000 

1-00000 

30 

100327 

100381 

100410 

1-00436 

1-00466 

1-00464 

40 

1-00710 

1-00790 

1-00840 

100878 

1-00910 

1-00928 

60 

1*00160 

1-01246 

101309 

1-01363 

1*01891 

1-01412 

60 

1-01646 

1-01748 

1-01817 

1-01860 

1-01898 

1*01919 

70 

1-02201 

102303 

102364 

102400 

1-02431 

1*02464 

80 

1-02809 

1-02889 

102946 

102971 

102993 

1*03006 

90 

103466 

1-03624 

1-03660 

1-03676 

1-03681 

1*03691 

100 

1-04179 

104209 

104217 

1-04214 

1-04211 

104190 

f 


SODIUM:  DETECTION  AND  ESTIMATION.         837 

Hie  freezing  and  boiling-points  of  the  eolation  rise  with  the  degree  of  concontration 
in  the  manner  shown  in  the  following  table  (Karsten): — 
Per  cent,  of  salt  1  6  10  16  20  25  29 

Fiwaing-point .  0*76^      878°      7-44°      10-99O       14-420    17-77*> 

BoJling-point    .       100-2lo  lOllO^  102'38o   103'99O     106-46°  107*27°      108'83 

For  more  extended  tables  see  Chemical  Technology,  vol.  i.  part  6. 

Chloride  of  sodium  is  precipitated  from  its  aqueous  solution  by  passing  hydrochloric 
add  into  the  liquid  till  it  is  saturated ;  this  reaction  is  recommended  by  Margueritte 
fat  sepaiadiig  the  salt  from  brine-liquors.  Chloride  of  sodium  is  insoluble  in  pure 
t^BobsA,  bat  is  taken  up  in  considerable  quantity  by  dilute  spirit. 

Chloride  of  sodium  unites  with  other  metallic  chlorides,  forming  crjrstallisable  double 
flahs ;  these  are  described  with  the  chlorides  of  the  seyeral  metals. 

BOmrUWrn,  SETBCTZOIT  AVB  SSTIMATXOV  or.  l.  Blowpipe  Be- 
aeUons. — Sodium-oompounds  impart  an  intense  yellow  colour  to  the  outer  blowpipe- 
fiame,  which  quite  conceals  the  coloration  produced  by  any  other  metaL  Alcoholic 
Boiotions  of  sodium-salts  bum  with  a  yellow  flame.  The  spectrum  of  sodium  is  dis- 
tinguished by  a  single  bright-yellow  line,  coinciding  with  the  dark  solar  line  D. 

%  Reactions  in  ^ution. — Sodium-salts  are  even  more  generally  soluble  than  potas- 
sium-salts. They  give  no  precipitate  with  platinum^chtoride,  tartaric  acid-,  or  perchloric 
acid,  and  no  crystals  of  alum  with  mdphate  of  aluminium,  SUicoftuoric  acid  gives  a 
gelrtinoos  precipitate  in  concentrated  solutions. 

Acid  mctantimonaie  of  potassium  (i.  326)  gives  a  white  precipitate  of  metantimonate 
of  eodinm,  flocculent  at  first  if  the  solution  is  not  very  dilute,  but  soon  becoming 
dTstalline.  It  is  produced  immediately,  in  solutions  containing  not  less  than  1  pt.  of 
so^nm-salt  in  300  pts.  of  liquid.  In  more  dilute  solutions  the  precipitation  is  gradual, 
and  the  metantimonate  of  sodium  is  deposited  in  ciystals  on  the  sides  of  the  vessel, 
the  eSect  being  apparent  after  12  hours,  even  in  solutions  containing  not  more  than 
y^  pt.  of  sodium-salt.  The  solution  of  sodium  to  be  tested  should  be  neutral  or 
slightly  alkaline,  for  free  acid  would  separate  antimonic  acid  from  the  reagent  It  must 
also  be  free  from  salts  of  lithium,  ammonium,  and  the  earth-metals,  all  of  which,  when 
diluted  to  a  certain  extent,  yield  precipitates  of  similar  character. 

3.  Estimation  and  Separation. — Sodium  is  estimated  as  sulphate  or  chloride,  in  the 
manner  already  described  for  potassiimi  (iv.  699). 

Sodium  is  separated  from  all  the  metals  of  Groups  i.  and  ii.  (Analysis,  i.  217),  by 
Bulphydric  acid  and  sulphide  of  ammonium ;  from  the  alkaline  earth-metals  by  car- 
bonate of  ammonium ;  from  magnesium  by  baryta-water ;  from  potassium  by  phitinic 
chloride  and  alcohol ;  from  lithium  by  the  solubility  of  lithium-chloride  in  alcohol  and 
ether. 

The  separation  of  sodium  from  potassium  is  best  effected  when  the  metals  are  in  the 
form  of  dilorides.  The  amount  of  potassium  being  ^determined  from  the  weight  of  the 
ehloroplatinate,  that  of  sodium  may  frequently  be  estimated  by  difference.  To  estimate 
the  sodium  directly,  the  filtrate  from  the  potassium-salt  most  be  evaporated  to  dryness 
at  a  very  gentle  heat,  and  the  residue  ignited  in  a  platinum  crucible  till  the  sodic 
ehloroplatinate  and  the  excess  of  platinic  chloride  are  entirely  decomposed;  this  decom- 
poaifion  is  facilitated  by  adding  a  few  crystals  of  oxalic  acid  during  the  ignition.  The 
chloride  of  sodium  thtus  formed  is  dissolved  out  by  water,  evaporated  to  dryness,  ignited, 
and  weighed.  Removing  the  plat'num  by  sulphydric  acid  does  not  gi\re  good  results 
(H.  Bose).  The  indirect  method  of  analysis  (i.  224)  may  also  be  advantageously 
applied,  in  many  cases,  to  the  estimation  of  potassium  and  sodium  when  they  occur 
together. 

4.  Atomic  Weight  of  Sodium. — Berzelius  found  that  100  pts.  of  sodium-chloride, 
NaCl,  gave  by  precipitation  244  6  pts.  silver-chloride;  the  atomic  weight  of  sodium 
thence  deduced  is  23'17*  Fenny  (Phil.  Trans.  1839,  p.  13),  by  determining  the 
quantity  of  sodtc  nitrate  produced  by  decomposing  a  given  weight  of  sodic  chloride  with 
nitric  acid,  obtained,  as  a  mean  of  seven  closely-agreeing  experiments,  Na  =  23'0. 
Pelouze  (Ann.  Ch.  Fharm.lvi.  202)  found,  as  a  mean  of  three  experiments,  that  100  pts. 
of  silver  required  for  precipitation  64'144  pts.  sodium- chloride :  whence  Na  «  22*97. 
Dumas  (t^.  cxiii.  31;,  as  a  mean  of  seven  experiments  of  a  similar  kind,  found 
Na  =  23-01 ;  and  Stas  found  Na  »  23'06.  The  atomic  weight  of  sodium  may  there- 
fore be  taken  as  23. 

BOSXVBSf  FZiVOSIBB  OF.  NaF.  Obtained  by  saturating  hydrofluoric  acid 
with  carbonate  of  sodium.  It  crystallises  in  white  anhydrous  cubes  or  octahedrons, 
soluble  in  26  pts.  of  cold,  and  not  much  more  soluble  in  hot  water;  the  solution  attacks 
glass.    The  fluoride  is  insoluble  in  alcohol. 

Bodio-hydrie  fluoride,  NaF.HF,  crystallises  by  spontaneous  evaporation  from  a  solu- 
tion of  sodic  fluoride  supersaturated  with  hydrofluoric  acid,  in  small  rhombohedrons. 

VojuV.  '  Z 
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haymg  the  an^e  of  the  terminal  edges  «  74**  80',  sad  often  united  in  twin%  having 
oP  for  the  face  of  junction.  (Marignac,  Jahresb.  1 857,  p.  1 28.) 
•  A  sulphato-Jluoride  of  sodium,  NaF.Na*SO^  was  found  by  Marignac  (iind.  1859, 
p.  106)  to  separate  from  the  mother-b'quor  obtained  in  the  preparation  of  sodium-fluoride 
with  hydrofluoric  acid  containing  a  little  sulphuric  acid,  in  small  hexagonal  plates, 
which  could  be  recrystaUised  firom  water  without  decomposition. 

Fluoride  of  Sodium  and  Aluminium,  Cryolite,  SNaF.AIF'  (i.  159).— This  minez^  is 
now  used  for  the  preparation  of  soda. 

SOBHTBK*  BTOBATB  of.  NaHO  or  Na*O.H*0.  Cauatie  Soda,  EydraUd 
Oxide  of  Sodium  f  Mineral  Alkali,  Natronhydrat. — This  compound  is  formed  whf'n  the 
protoxide  or  the  dioxide  of  sodium  is  brought  in  contact  wi^  water,  the  action  being 
attended  with  rise  of  temperature,  and,  in  the  latter  case,  with  evolution  of  oxygen. 
It  is  prepared,  like  caustic  potash,  by  decomposing  sodic  carbonate  with  lime ;  3  pts.  of 
crystallised  sodic  carbonate  are  dissolved  in  15  pts.  of  boib'ng  water,  and  a  quantity  of 
cream  of  lime,  prepared  by  slaking  1  pt.  of  lime  with  3  pts.  of  water,  is  added  by  small 
portions,  the  whole  being  boiled  for  some  time,  and  treated  as  for  potash  (iv.  700). 
The  hydrate  thus  obtained  may  be  purified  by  alcohoL  To  obtain  pure  caustic  soda 
without  the  use  of  alcohol,  Grager  (J.  pr.  Chem.  xcvi.  165)  treats  the  carbonate,  pre- 
viously purified  BO  far  as  to  retain  only  a  trace  of  chloride,  with  carbonate  of  silver, 
then  boils  it  with  calcined  marble,  and,  lastly,  filters  the  solution  through  a  fdnnel,  the 
throat  of  which  is  stopped  with  lumps  of  marble  and  pulverised  marble,  previously 
washed  with  distilled  water. 

In  preparing  caustic  soda  from  the  carbonate  on  the  large  scale,  it  is  of  importance 
to  recover  all  the  soda  which  remains  difiused  through  the  lime-mud.  In  some  manu- 
factories the  mud  is  washed  repeatedly,  and  the  weak  liquors  are  used  either  for 
dissolving  fresh  portions  of  carbonate,  or  for  diluting  the  black  aah-liquor ;  in  other 
works  the  lime-mud  is  filtered  in  the  following  manner: — A  shallow  tank  of  stone  or 
flags  is  so  built  that  the  bottom  inclines  towards  one  part,  from  which  a  pipe  leads 
away  the  filtrate :  rows  of  porous  firebricks  are  set  lengthways,  three  inches  apart  in 
the  bottom  of  the  tank,  and  upon  these  are  laid  in  cement  porous  quarls,  whioi  form 
1  be  filtering-bed.  The  lime-mud  is  run  on  to  this  bed  and  allowed  to  filter  for  some 
time,  after  which  a  few  inches  of  water  are  gently  run  on  to  the  pasty  mass,  so  as  not 
to  disturb  the  particles.  When  this  is  properly  managed,  the  water  forces  a  strong  ley 
out  of  the  precipitate,  without  much  diminution  of  its  strength.  The  filtering-bed  may 
also  be  constructed  of  large  stones,  gravel,  and  fine  sand. 

Caustic  soda  is  now  made  in  large  quantity  from  black  ash-liquors.  For  this 
purpose  the  liquors  are  concentrated  in  a  fishing  or  boat-pan  80  feet  long,  8  feet  wide, 
and  2^  feet  deep  at  the  greatest  depth,  up  to  a  specific  gravity  of  1  '40,  at  a  temperature 
of  260"^  or  270°  F.,  whiht  a  little  nitrate  of  sodium  is  added  to  oxidise  the  sulphate  of 
sodium  in  the  black  ash.  The  separating  salts  are  fished  out,  and  the  liquor  is  run 
into  settlers,  where  more  salts  deposit  during  the  cooling.  The  liquor  is  now  run  into 
a  hemispherical  cast-iron  pot  (about  5  feet  diameter  at  the  top,  and  5}  feet  deep,  in- 
cluding a  cast-iron  ring  about  2^  feet  high),  and  more  nitrate  of  sodium  is  added.  It 
is  boiled  in  this  pot  from  12  to  24  hours,  during  which  a  further  deposit  of  salts  takes 
place,  which  are  fished  out.  The  liquor  is  then  transferred  into  another  similar  pot, 
called  the  "  finisher,"  and  boiled  until  it  contains  60  per  cent,  of  soda,  during  which 
more  nitrate  of  sodium  is  added,  while  a  thick  scum  which  forms  on  the  surface  is 
skimmed  off.  When  the  concentration  is  complete,  the  fire  is  withdrawn,  and  the  melted 
mass  allowed,  to  settle,  after  which  it  is  run  off  into  iron  casks,  or  on  to  plates,  to 
solidify. 

Anott  proposes  to  produce  a  caustic  soda  from  sulphide  of  sodium,  with  the  aid  of 
the  oxides  of  iron  or  manganese.  Hunt  recommends  the  boiling  of  the  solution  of  sul- 
phide of  sodium  with  oxide  of  zinc  or  black  oxide  of  copper.  Gossage  has  patented  the 
manufacture  of  caustic  soda  from  silicate  of  sodium  by  decomposition  with  lime, 
and  proposes  to  employ  the  resulting  calcic  silicate  as  manure.  Any  of  the  other 
methods  described  for  the  preparation  of  caustic  potash  may  also  be  applied  to  soda. 
F.  O.  Ward  proposes  to  prepare  it  from  albite,  in  the  same  manner  as  potash  from 
orthoclase,  by  calcining  the  mineral  with  lime  and  fiaor-spar.  According  to  another 
method,  patented  by  Newton,  felspar  is  heated  with  calcic  phosphate  and  lime,  all  in 
powder,  at  a  low  red  heat,  whereby  calcic  silicate  and  alkaline  phosphate  are  produced; 
and  when  the  mass  is  lixiviated  with  water,  the  lime  decomposes  the  alkaline  phosphate, 
reproducing  calcic  phosphate,  while  the  alkali  remains  in  solution. 

Cryolite  is  now  employed  as  a  source  of  soda  on  the  manufacturing  scale  in  several 
places  on  the  Continent  (Copenhagen,  Harbuig,  &c);  the  old  process  was  to  treat 
the  finely-ground  cryolite  with  sulphuric  ^cid,  but  this  plan  is  now  entirely  abandoned. 
The  cryolite  is  ground  to  powder  and  mixed  with  lime,  and  either  calcined  or  boiled 
with  as  much  water  as  will  form  a  milk.    The  boiling  must  be  continued  for  several 
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"WIieD  the  mixtme  hu  been  calcined,  the  mass  mnst  be  exhausted  with  water. 
The  hjdroflnQEic  add,  alumina,  and  lime  form  an  insoluble  oompoond,  while  thecanstk) 
soda  remains  in  solution.    The  followiog  equation  shows  the  change : — 

AIF«.3NaF  +  SCa^HH)*     -     3NaH0  +  AT'H'O*  +   3Ca'T«. 

Hjdnte  of  sodium  is  a  white,  opaque,  brittle  substance,  haying  a  fibxDus  texture,  and 
Bpeofic  grsTity  —  2*00  (D  alt  on).  It  melts  below  redness,  but  is  less  volatile  at 
a  xied  heat  than  hydrate  of  potassium.    It  colours  the  blowpipe-flame  intensely  yellow. 

OrywtaOimd  Sodie  Hydrate. — Soda-ley  of  specific  grayity  1-385,  cooled  to  0^,  yidds 
laxge  glassj  oyBtalB  of  a  hydrate  containing  2NaH0.7H'0,  or  Na*0.8H*0.  It  melts 
at  6^,  fonning  a  liquid  of  specific  gravity  1'405 ;  absorbs  carbonic  acid  rapidly  from 
the  air,  water  more  slowly ;  giyes  off  half  its  water  in  a  yacuum  oyer  oil  of  yitriol.  It 
cxTStalliBes  also  vezy  i>ure  firom  a  solution  of  caustic  soda  containing  sulphate  or  chlo- 
ride of  sodium  (Hermes,  Pogg.  Ann.  cxix.  170).  According  to  G.  Bose  (Jahreab. 
1863,  p.  179),  the  ovstals  are  monociinic,  exhibiting  the  combination  oP  .  ooP.  +  P. 
— P  .  -¥  2Pao .  [  QoPoo  1 ;  tabular  by  predominance  of  oP.  Angle  ooP :  ooP  (clinod.) 
*■  98^;  oF:the  dinocuagonal  prismatic  edge  »  104°;  2Poo  :  the  same  b  137^; 
dp  I  ooP  »  98^  (approximately)! 

8oda-Utf. — Prepaied  as  aboye  from  the  carbonate,  or  by  dissolying  the  solid  hydrate 
or  anhydrous  BOdic  oxide  in  water.  It  is  a  colourless,  caustic  liquid.  A  saturated 
solntioa  at  common  temperatures  has  a  specific  grayity  of  1*500  (Dalton) ;  boils  at 
130^,  and  contains  36*8  per  cent  of  soda.  1 00  pts.  of  water  dissolye,  at  18°,  60*53  pts. 
of  hydrate,  or  41-43  pts.  of  dry  soda;  at  32^  72*91  hydrate  or  45*72  dry  soda ;  at  55°, 
100  hydrate  or  63-53  dry  soda;  at  70°,  116*75  hydrate  or  71*98 dry  soda;  and  at  80°, 
127'02  hydrate  or  78*3  dry  soda  (Osann) : — 

Amimnt  qf  Anhydrous  Soda  (Na*0)  in  a  SdluHon  qf  CausHc  Soda,  according  to 

Tiinnermann. 


Specfflc 

Pot  cent* 

Specific 
grsTity. 

Per  cent. 

Specific 
gravltj. 

Per  cent. 

Specific 
gravity. 

Per  cent. 

1*4285 

30-220 

1-3198 

22*863 

1-2392 

15*110 

1-1042 

7-253 

1-4193 

29*616 

1-3143 

21*894 

1-2280 

14-50 

1-0948 

6-648 

1-4101 

29011 

1-3125 

21-758 

1-2178 

13-901 

1-0855 

6-044 

1-4011 

28*407 

1-3053 

21*154 

1-2058 

13-297 

1-0764 

5*440 

1-3923 

27*802 

1-2982 

20-550 

11948 

12-692 

1-0675 

4*835 

1-3836 

27-200 

1-2912 

19-945 

1-1841 

12-088 

1-0587 

4*231 

1-8761 

26-594 

1-2843 

19-341 

11734 

11-484 

1-0500 

3-626 

1-3668 

25-989 

1-2775 

18*730 

1*1630 

10-879 

10414 

8*022 

1-3586 

25*385 

1-2708 

18-132 

1-1528 

10-275 

10330 

2-418 

1-3505 

24-780 

1-2642 

17-528 

1-1428 

9-670 

1-0246 

1-813 

1-3426 

24*176 

1-2578 

16*923 

11330 

9-066 

1-0163 

1-209 

1-8349 

23-572 
22-967 

1*2516 

16-379 

1-1233 

8-462 

10081 

0-604 

1-3273 

1-2453 

15-714 

11137 

7-857 

1-0040 

0-302 

(See  also  Bichter^s  Tables,  Stochiwnetrie,  iii.  332;  Dalton's  Elements,  ii.  315). 

The  reactions  of  caustic  soda  are  the  same  as  those  of  potash,  excepting  that  it 
g^yee  no  precipitate  with  platinie  chloride,  tartaric  acid,  or  perchloric  acia.  It  is  very 
extensiyety  used  for  makmg  soap,  and  indeed  for  all  purposes  for  which  a  caustic 
allcafi  is  required,  as  it  is  cheaper  than  potash,  weight  for  weight,  and,  moreover,  as  its 
combining  number  is  lees,  a  smaller  quantity  sxiffices  to  do  a  given  amount  of 
work. 

•OMVMEf  ZOBIBB  OV.  Nal. — This  salt  is  contained  in  the  mother-liquors  of 
keh>.  It  may  be  prepared  by  dissolving  iodine  in  a  strong  solution  of  soda,  evaporating, 
and  slightly  calcining  the  residue  to  decompose  the  iodate  formed  at  the  same  time. 
It  oystallises  from  aqueous  solution,  at  20°  and  upwards,  in  anhydrous  cubes ;  at  lower 
temperatures  in  hexagonal  plates  containing  NaL2H^0.  The  anhydrous  salt  melts 
when  heated,  and  volatilises  at  a  higher  temperature,  giving  off  part  of  its  iodine.  It 
is  deliquescent,  easily  soluble  in  water  and  in  alcohol;  100  pts.  water  at  14°  diesolre 
173  pts.  of  it.  The  following  relations  between  the  specific  gravity  and  strength  of 
the  aqueous  solution  have  been  determined  by  Kremers  (Jahresb.  1858,  p.  40), 
the  specific  gravities  being  referred  to  water  at  19*5°  as  unity  : — 

KS.oft^°         ^-^         «>-2  79*  118-6 

8peeific  gravity  of  solution      1-1752       1-3362        1*4962        1*6659 

22 


149-7 
1-8047 
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The  following  table  exhibits  the  expanflion  of  solutions  of  sodium-iodide  at  different 
temperatures  (Kremers,  Jahresb.  1859,  p.  49) : — 

Volumes  of  Aqueous  Sodium-Iodide  at  different  temperatures  (toI.  at  19*5^  »  1). 


Quantity  of  Salt  in 
100  pti.  of  Water. 

31-8 

64-5 

99-9 

188-0 

Specific  gravity  at 
19-50 

i-asM 

1-4155 

1*5942 

1-760S 

OO 
19-6 
40 

•60 
80 

100 

0*99272 
1-00000 
1-00942 
102021 
1-03267 
104612 

009030 
1-00000 
101104 
102264 
103514 
104840 

0-98934 
1-00000 
1  01^69 
102366 
1-03614 
104917 

0-98918 
100000 
101179 
1-02382 
103621 
1-04887 

k  saturated  aqueous  solution  of  sodium-iodide  boils  at  141°  (Kremers). 

A  compound  of  sodic  iodide  and  iodate,  3NaI.2NaIO'.20H'O,  crystallises  in  hexa- 
gonal tables,  oR  .  ooR  with  +  R,  -  J  R,  &c  Angle,  oR  :  +  R  -  116<»  7' ;  oR  -.-J  B 
»  133"^  10'.    (Marignac,  Jahresb.  1857,  p.  124.) 

SOSSVnC,  OZZBS8  Ol*.    Sodium  forms  a  protoxide  and  a  dioxide. 

The  protoxide,  Na'O,  or  anhydrous  soda,  is  produced,'  together  with  the  dioxide, 
when  sodium  bums  in  the  air,  and  may  be  obtained  pure  by  exposing  the  dioxide  to  a 
very  high  temperature,  or  by  heating  sodic  hydrate  with  an  equivalent  quantity  of 
sodium :  NaHO  +  Na  »  KaH)  +  H.  It  is  a  grey  mass,  haying  a  conchoi'dal  fracture, 
melts  at  a  red  heat,  volatilises  with  difficulty,  is  a  non-conductor  of  electricity.  Specific 
gravity  «  2  806  (Karsten). 

Dioxide  or  Peroxide  of  Sodium,  NaH)',  is  obtained  by  igniting  sodium  in  oxygen- 
gas  till  its  weight  becomes  constant.  It  is  of  a  pure  white  colour,  bat  becomes  yellow 
when  heated,  and  white  again  on  cooling.  'When  exposed  to  the  air,  it  slowly  deli- 
quesces, and  after  a  while  resolidifies  as  carbonate.  On  mixing  it  with  water,  great 
heat  is  produced,  and  a  small  quantity  of  gas  is  evolved  (arising  from  the  local  heating 
of  the  peroxide).  A  small  heap  of  it,  when  moistened,  becomes  yellow  with  heat,  and 
ffives  off  a  considerable  quantity  of  oxygen.  If,  on  the  contrary,  it  be  thrown  into  water 
m  the  state  of  powder  by  small  portions  at  a  time,  it  dissolves  with  very  little  evolu- 
tion of  gas,  and  forms  a  solution  of  dioxide. 

A  solution  of  the  dioxide  evaporated  over  a  water-bath,  gives  off  oxygen  slowly  at 
first,  but  rapidly  as  the  solid  residue  begins  to  separate ;  but  if  evaporated  slowly  over  oil 
of  vitriol  at  common  temperatures,  it  yields,  without  evolution  of  oxygen,  large  hexa- 
gonal tabular  crystals  of  a  hydrate,  containing  Na*0'.8H^0. 

These  crystals,  when  left  to  effloresce  over  oil  of  vitriol  for  nine  days,  lost  three- 
fourths  of  their  water,  and  yielded  another  hydrate  containing  Na*0'.2HK). 

Iodine  decomposes  sodic  dioxide,  forming  an  oxyiodide  and  liberating  oxygen: 

Na«0«     +     I«       =       Na«I'0     +     O. 

The  dioxide  absorbs  carbonic  oxide,  forming  sodic  carbonate : 

Na«0«     +     CO       =«       Na*CO«. 

With  carbonic  anhydride,  the  same  compound  is  formed,  and  1  at.  oxygen  set  ftee, 
With  nitric  oxide  it  forms  sodic  nitrite : 

Na«0*     +     2N0       -       2NaN0«. 
With  nitrous  oxide  the  same  salt  is  formed,  and  2  at.  nitrogen  given  off: 


NaW 


2N«0 


2NaN0« 


N«. 


(A.  Vernon  Harcourt,  Chem.  Soc.  J.  xv.  267.) 

BOBZimC,  OXTXOnZBB  or.  Ka*I*0,  or  Nal.NalO  ?->Produced,  as  above 
mentioned,  by  the  action  of  iodine  on  sodic  dioxide.  It  dissolves  in  acidulated  water 
with  separation  of  iodine : 

Na«I»0     +     Ha       -       NaHO     +     NaQ     +     P. 

SOSXlTMf  BVXiPRXSBB  OTm  Sodiam  forms  with  sulphur  a  number  of  com- 
pounds corresponding  exactly  with  the  sulphides  of  pot-assium  (iv.  707),  and  prepared 
in  the  same  manner.  The  protosulphide,  Na'S,  crystallises  in  large  octahedrons,  and 
forms  a  large  number  of  sulphosalts,  most  of  which  are  crystallisable.    Hydrate  and 
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cubonaifi  of  aodinm  react  with  anlphur,  both  in  the  wet  and  in  the  dry  way,  in  the 
eame  manner  as  hydrate  and  carbonate  of  potassium. 

rB&&UXZSH  OF>    Analogous  to  telluride  of  potassium. 

The  term  "  soil"  is  applied  to  the  upper  stratum  of  the  earth's  crust, — that 
which  is  available  for  the  growth  of  plants.  A  soil  consists  of  mineral  substances 
reanlting  firam  the  decomposition  or  weathering  of  rocks,  mixed  with  organic  matter — 
the  so-called  humous  guostancea — produced  by  the  decay  or  putrefaction  of  plants 
whi^  have  grown  upon  it^  and  in  cultiyated  soils,  with  the  various  substances,  organic 
and  inorganic^  added  in  the  form  of  manure.  The  stratum  immediately  below  the 
caltiTable  soil,  consisting  of  disintegrated  rock,  not  touched  by  the  spade  or  plough, 
and  reached  only  by  the  deeper-rooting  plants,  is  called  the  '*  subsoiL" 

The  soil  is  the  source  whence  plants  derive  the  whole  of  their  mineral  food.  All 
plants  require  for  their  nutrition  phosphoric  acid,  sulphuric  acid,  alkalis,  lime,  magnesia, 
and  iron:  many  species  require  silica;  those  which  grow  on  the  senshore  require 
sodium-salts  and  metallic  iodides.  All  the  compounds  required  for  the  nutrition  of 
plants  are,  in  a  certain  sense,  of  equal  value :  if  one  of  them  is  wanting  in  the  soil,  or 
present  only  in  a  form  which  cannot  be  taken  up  by  the  roots,  the  plant  will  not 
flourish. 

The  organic  constituents  of  the  soil  serve  as  sources  of  carbonic  acid  and  ammonia. 
The  ammonia  is  produced  by  the  putrefaction  of  nitrogenous  matters — the  carbonic 
acid  by  the  oxidating  action  of  air  penetratiog  the  soil  on  the  carbon  of  the  humous 
aubstanoes.  The  carbonic  acid  thus  produced  not  only  serves  as  a  source  of  carbon 
to  the  growing  plants  but  likewise  assists  in  the  disintegration  of  the  mineral  con- 
stituents of  the  soil,  by  dissolving  the  earthy  phosphates  and  decomposing  the 
felspathic  minerals.  Chloride  and  nitrate  of  sodium  and  ammoniacal  salts  likewise 
dissolve  the  phosphates  of  calcium  and  magnesium,  and  thus  contribute  to  diffuse 
them  through  the  soil. 

It  was  formerly  supposed  that  the  constituents  of  a  soil  could  not  be  taken  up  by 
the  roots  of  plants,  unless  they  were  in  the  state  of  solution  ;  but  later  researches  have 
shown  that  ttda  is  not  the  case,  but  that  soils,  especially  those  which  contain  abundance 
of  decayed  vegetable  matter  or  humus,  have  the  power  of  absorbing  the  acids,  alkalis, 
and  salts  which  filter  through  them  in  the  state  of  solution,  aod  retaining  these 
substances  in  a  state  of  loose  combination,  in  which  they  are  ready  to  be  taken  up  by 
the  roots  of  plants. 

In  1845  S.  S.  Thomson  (Agr.  Soc.  J.  zi.  68)  observed  that  when  solutions  of 
sulphate  or  carbonate  of  ammonium  are  filtered  through  soils,  the  first  portions  of  the 
filtrate  contain  only  traces  of  ammonia,  but,  in  the  case  of  the  sulphate,  a  considerable 
quantity  of  gypsum.  Huxtable,  about  the  same  time,  found  that  dunghill  water 
filtered  through  a  loamy  soil  loses  its  colour  and  odour. 

These  observations  were  further  extended  by  Way  (Agr.  Soc  J.  xi.  313),  who 
showed  that  certain  constituents  of  farmyard  manure,  when  brought  in  contact,  in  the 
state  of  solution,  with  arable  soil,  lose  their  solubility,  and  unite  in  a  peculiar  manner 
with  the  soiL  Caustic  ammonia,  and  sulphate,  nitrate,  and  chloride  of  ammonium, 
treated  in  aqueous  solution,  with  excess  of  soil,  give  up  their  ammonia  to  it  completely  ; 
while  the  sulphuric,  nitric,  or  hydrochloric  acid  unites  with  other  bases  (generally  lime) 
contained  in  the  soil,  forming  soluble  salts  which  filter  through.  A  similar  absorptive 
power  is  exerted  by  the  particles  of  a  soil  on  potash,  whether  in  the  caustic  state,  or  in 
the  form  of  potassic  sulphate,  nitrate,  or  chloride.  Solutions  of  sodium  and  magnesium- 
salta  likewise  give  up  their  bases  to  the  soil.  Phosphates,  however,  are  not  a&cted  by 
the  soil  in  the  same  manner  as  sulphates,  nitrates,  and  chlorides,  inasmuch  as  from 
solutions  of  sodic  phosphate,  or  from  a  solution  of  guano-ash  in  dilute  sulphuric  acid, 
the  phosphoric  acid,  as  well  as  the  base,  is  withdrawn  by  the  particles  of  the  soil. 
Way  likewise  found  that  putrid  tirine,  the  retting  water  of  flax,  and  sewage-water,  are 
deprived  by  contact  with  soil,  of  their  ammonia,  potash,  and  phosphoric  acid. 

The  absorptive  power  of  a  soil  for  potash,  ammonia,  and  phosphoric  acid  can  scarcely 
be  regarded  as  a  aefinite  chemical  action,  inasmuch  as  it  is  exerted  in  an  equal  degree 
by  soils  of  the  most  various  composition  :  a  soil  abounding  in  clay,  with  a  small  proper^ 
tion  of  lime,  possesses  it  in  the  same  degree  as  a  lime-soil  containing  a  small  free  por- 
tion of  clay ;  it  is,  however,  considerably  affected  by  the  quantity  of  humus  present  in 
the  soil. 

The  absorptive  power  of  arable  soil  depends  very  much  on  its  degree  of  porosity;  a 
dense  heavy  day-soil  and  a  loose  sandy  soil  possess  it  in  the  least  degree,  and  it  is 
most  strongly  eidubited  by  those  soils  which  have  a  light  porous  structure,  like  wood  or 
charcoal ;  in  fact,  it  is  similar  to  the  surface-attraction  exerted  by  charcoal  on  colouring- 
matters,  the  attracted  particles  not  entering  into  a  new  chemical  combination,  but 
retaining  their  original  properties.  When  a  salt,  such  as  sulphate  of  ammonium 
or  potaasinm,  gives  np  its  base  to  the  soil,  the  acid  separated  therefrom  enters  into 
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combination  with  lime  or  magneBia  contained  in  the  soiL  The  attractiye  font  of  the 
earthy  particles  for  the  alkali  would  probably  not  be  sufficient  in  itself  to  separate  it 
from  the  sulphuric  or  nitric  acid,  but  the  decomposition  takes  place  when  assisted 
by  the  additional  attraction  of  the  lime  or  magnesia  for  the  sulphuric  or  nitric  acid. 

Absorption  of  nutriment  from,  the  soil  is  effected  by  the  extremities  of  the  roots, 
which  must  therefore  be  in  immediate  contact  with  the  nutritive  particles,  and  hence 
the  necessity  of  sufficient  porosity  in  the  soil  to  enable  the  roots  to  spread  and  ramify 
in  all  directions  through  it.  "  The  effect  produced  by  breaking  up  the  ground  with  the 
plough,  spade,  hoe,  harrow,  and  roller,  depends  upon  the  fact  that  the  roots  of  plants 
go  in  search  of  their  food,  that  the  nutritiTe  substances  haye  no  locomotion  of  Uieir 
own,  and  cannot  of  themselres  leave  the  places  in  which  they  are.  The  root,  as  if  it 
had  eyes  to  see,  bends  and  stretches  in  the  direction  of  the  nutriment;  so  that  the 
number,  thickness,  and  direction  of  its  filaments  indicate  the  precise  spots  where  they 
have  obtained  food«"  (Liebig,  TJte  Natural  Laws  of  Su^tandry,  London  1853, 
chapter  ii.) 

Analysis  of  Boils.* — ^The  method  at  present  adopted  fbr  the  analysis  of  soils  is 
essentially  the  same  as  that  described  by  Sprengel  and  Otto  in  SprengeFs  "  Boden- 
kunde ; "  depending  on  the  principle,  that  in  order  to  judge  of  the  fertility  of  a  soil,  it 
is  necessary  to  determine  not  only  what  are  its  elementaiy  constituents,  but  likewise 
the  manner  in  which  they  are  combined.  With  this  view,  Sprengel  and  Otto  treated 
a  sample  of  the  soil  successively  with  water,  dilute  hydrochloric  acid,  strong  sulphuric 
acid,  and  by  fusion  with  an  alkaline  carbonate.  The  constituents  of  the  soil  soluble 
in  water  were  supposed  to  be  actually  available  as  plant-food;  those  which  were 
soluble  in  dilute  acids  as  available  for  tnat  purpose  after  being  subjected  to  the  action 
of  carbonic  acid  and  the  humous  adds  of  the  soil ;  the  rest  as  available  only  after 
the  soil  had  been  subjected  for  a  considerable  time  to  atmospheric  influences,  assisted 
by  the  mechanical  operations  of  tillage.  This  mode  of  proceeding  was  originally 
based  upon  the  supposition  that  the  constituents  of  the  soil  which  are  to  nourish  the 
plant  must  be  presented  to  it  in  the  state  of  solution,  a  view  which,  as  already  observed, 
can  no  longer  be  regarded  as  correct.  Still,  as  the  several  constituents  must  be 
brought  into  the  state  of  solution  before  they  can  be  distributed  through  the  soil,  and 
be  t^LEin  up  by  its  particles  in  the  state  of  physical  aggregation  above  described,  the 
separation  of  the  soil  into  portions  soluble  in  water  and  acids,  and  an  insoluble  portion, 
is  still  capable  of  affording  useful  information  as  to  its  nutritive  properties. 

a.  Constituents  soluble  in  Water. — ^An  average  sample  of  the  soil  having  been  obtained, 
and  freed  from  stones  and  the  coarsest  particles  by  sifting,  the  original  plan  was  to 
heat  a  considerable  quantity  of  it  (1000  to  2000  grms.)  with  water  neany  to  the  boiling- 
point,  then  filter ;  wash  the  residue  as  completely  as  possible  with  hot  water;  evaporate 
the  entire  liquid  to  about  the  volume  of  the  water  first  employed ;  filter  again  to 
separate  any  deposit  that  may  have  formed ;  then  determine  the  volume  of  the  ffitrate ; 
and  employ  measured  quantities  of  it  for  estimating  the  several  constituents. 

The  total  amount  of  the  constituents  soluble  in  water  is  obtained  by  evaporating 
a  measured  quantity  of  the  solution  to  dryness,  and  weighing  the  residue  when  it  no 
longer  loses  weight  at  100^.  The  dry  residue  is  then  gently  ignited  for  some  time  in 
contact  with  the  air,  and  weighed  after  drying  over  oil  of  vitriol,  the  loss  of  weight 
thus  determined  being  reckoned  as  organic  matter,  nitric  acid,  and  ammonia, 
supposing  the  presence  of  the  two  latter  substances  to  have  been  previously  ascertained 
by  qualitative  analysis.  The  ignited  residue  is  then  treated  with  hydrochloric  acid, 
and  evaporated  to  dryness ;  the  remaining  substance  is  exhausted  with  dilute  hydro- 
chloric acid,  and  the  undissolved  silica  separated  by  filtration. 

The  filtrate  is  next  treated  with  chlorine-water,  and  ammonia  is  added,  whereby  a 
precipitate  is  formed  containing  alumina,  ferric  oxide,  manganic  oxide,  and 
phosphoric  acid,  together  with  a  portion  of  the  lime  and  magnesia,  in  case  the 
quantity  of  phosphoric  acid  is  considerable.  This  precipitate  is  collected  and  weighed, 
and  its  several  constituents  are  separated  and  estimated  in  the  manner  already 
described  with  reference  to  the  ash  of  organic  bodies  (i.  419).  If  its  quantity  is  too 
small  for  the  estimation  of  all  the  constituents,  the  phosphoric  acid  should  at  least  be 
determined. 

The  filtrate  from  the  last-mentioned  precipitate  is  mixed  with'oxalate  of  ammonium 
to  separate  lime.  If  this  base  is  present,  the  solution  cannot  contain  any  more 
phosphoric  acid ;  it  is  then  to  be  filt^ed  and  evaporated,  the  residue  ignited  to  expel 
ammoniacal  salts,  then  dissolved  in  water,  and  treated  by  the  mbSbX  methods  for 

*  Sprengeri  Bodenkunde^  1R37.  p.  370 — Freienius,  Anleitungzur  qtumiitativen  Analyse^  4.  Atifl. 

p.  518.— Wd'hUr,  Uebttngnt  in  Her  Anaiyte^  1853,  p.  167 E.  Wolff,  AnUihmg  xw  Untertuckmng 

ImtAofrtkMck.  wtdUiger  Stqff!,,  IMl,  p.  71.— Fraai,  Die  Natmr  der  Landwirtk*ekcfi.  1867.  i.  ISft  — 
W.  Mayer,  Ergemuue  lamdviitAsck.  u.  aertcittur-ekenuseke  VermcMe,  MUnchen,  lipft  I.  S.  127.~ 
Boatalnsault,  Compt.rend,  xl»LII26.*H.  Ro»e.Ckimie  Anahftiqut^  ii.  ^M.^Handb,  d,  Chem^  Ste 
Aull.ll,t»J««. 


1 


SOILS. 


848 


•epUBting  the  magneiia,  potash,  and  soda.  If,  on  the  other  hand,  the  alkaline 
earths  have  been  wholly  precipitated,  together  with  phosphoric  acid,  in  the  liquid 
filtered  from  the  silica,  phosphoric  acid  may  still  be  present  in  the  filtrate  containing 
the  alkalia  In  that  case  the  phosphoric  acid  may  be  separated  by  methods  already 
described  (£▼.  649). 

Separate  quantities  of  the  aqneons  ertract  of  the  soil  are  nsed  fbr  estimating  sul- 
phuric acid  by  chloride  of  barium,  and  chlorine  by  nitrate  of  silTer.  Carbonic 
acid,  if  present,  is  estimated  in  a  portion  of  the  extract  CTaporated  to  a  small  bulk, 
by  the  method  giyen  under  Alxaukkfbt  (i.  119). 

It  is  evident,  howerer,  that  an  aqueous  extract  prepared  as  abore,  by  boiling  with 
distilled  water,  cannot  afibrd  an  exact  representation  of  that  solution  wmch  isactnallY 
formed  in  the  soil  by  rain-water,  under  the  varying  atmospheric  conditions  to  which 
the  soil  is  exposed  in  the  course  of  a  season.  To  obtain  such  a  solution,  an  instrument 
called  a  "lyaimeter"  is  employed,  consisting  of  a  square  box,  usually  made  of  zinc^ 
open  at  top,  closed  at  bottom,  and  having  an  internal  area  of  exactly  one  square  foot. 
At  the  depth  of  six  inches  from  the  upper  edge  is  placed  a  perforated  bottom ;  .the 
niace  above  this  is  filled  with  earth,  and  tne  box  is  sunk  in  the  ground  to  the  level  of 
the  upper  edge.  All  rain-water  which  fidls  on  this  square  foot  of  surface  must,  there- 
fore, either  evaporate  or  filter  through  the  six-inch  layer  of  soil  and  collect  in  the  box 
below.  The  instrument  is  taken  up  and  emptied  every  three  months,  or  oftenerif  the 
amount  of  rain  is  greater  than  usuaL 

The  following  table  contains  the  results  of  several  analyses  by  Zoller  of  drainage- 
wator  collected  in  the  lysimeter: — 1.  From  manured  lime-soil  with  vegetation. — 
2.  Bough  day-eoil  wiUi  vegetation. — 8.  Sough  day-soil  without  vegetation. — 
4.  Manured  day-soil  without  vegetation. — 6.  Manured  clay*soil  with  vegetation  : — 


Lytinuter  Waters,  according  to  Zoller. 

A  millloD  parti  of  water 

1 

s 

s 

4 

6 

cootaiii: 

SoUd  residue  at  100<> . 

472-82 

264-64 

292-64 

306*20 

291*60 

Ash  therein 

817*62 

176-74 

194-78 

214-60 

21216 

Potash 

6-60 

2-37 

203 

6-46 

3-82 

Soda. 

711 

6-60 

7*43 

23-74 

602 

Lime.        •        • 

146-86 

67-60 

70-80 

68-41 

92-34 

20-62 

8-80 

1-32 

2-93 

612 

Ferric  oxide 

1-32 

6*36 

8-26 

6-76 

4-30 

Chlorine    • 

67-49 

9-62 

20-87 

39*46 

35-27 

Phosphoric  anhydride 

2-23 

Sulphurio           n 

17-47 

2713 

27-82 

29-30 

83-49 

Silicio                 ff 

10*46 

11-35 

17*46 

9*60 

9-34 

fi.  EtHmoHon  of  the  constUuenta  eolvhU  in  dilute  Hi/drochlorie  Arid, — ^This  is  the 
most  important  part  of  a  soil-analysis,  inasmuch  as  it  shows  the  total  amount  of  those 
constituents  of  we  soil  which  are  readily  available  as  plant-food.  It  was  formerly 
made  on  the  residue  left  after  exhausting  the  soil  with  boiling  water;  but  as  this  mode 
of  extraction  is  no  longer  regarded  as  of  much  importance,  it  is  now  more  generally 
made  upon  the  soil  in  its  original  state,  after  mechanical  separation  of  the  stones  and 
coarser  partides. 

A  quantity  of  the  soil  (60  to  100  grms.^  is  mixed  with  water  to  a  thin  jMste  in  a 
flask,  and  hydrochloric  add  is  graduidly  aaded,  as  long  as  any  effervescence  is  thereby 
produced ;  the  whole  is  then  warmed  for  a  time,  with  frequent  agitation,  then  filtered, 
and  the  insoluble  residue  thoroughly  washed.  The  filtered  solution  is  evaporated  to 
<^«^ness.  after  addition  of  a  little  nitric  acid ;  the  silica  is  separated  by  filtration  and 


the  alkalis.  A  separate  portion  serves  for  the  estimation  of  carbonic  acid,  and 
another  for  that  of  ferrous  oxide,  supposing  this  oxide  to  be  present  in  the  soil 
together  with  ferric  oxide.  For  this  latter  purpose,  Fresenius  adopts  Margueritte^s 
method  with  potassic  permanganate  (i.  263 ;  iv.  384),  whidi,  however,  is  not  applicable 
i^en  organic  matter  is  present.  In  this  case  it  is  best  to  digest  the  soil  with  hydro- 
chloric add  in  an  atmosphere  of  carbonic  anhydride,  then  nearly  neutralise  the  free 
add  with  sodium-carbonate,  and  add  levigated  barium-carbonate  m  excess,  whidi  will 
throw  down  the  whole  of  the  ferric  oxide,  leaving  the  ferrous  oxide  in  solution.    The 
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liqud  if  then  filtered  la  an  atmosphere  of  carbonic  anhydride ;  and  the  iron  in  the  filtmte 
is  brought  to  the  state  of  ferric  oxide  bj  chlorine-water  or  nitric  acid,  and  precipitated, 
in  that  form  bj  ammonia. 

7.  Portion  insoluble  in  dilute  Hydrochloric  Acid, — This  portion  of  the  soil  generaUjr 
consists  of  day  and  sand,  mixed  with  other  minerals.    By  heating  a  portion  of  it 
(5  to  10  grms.)  with  several  times  its  weight  of  strong  sulphuric  acid,  tiU  the  greater 
part  of  that  add  is  Tohitilised,  the  clay  is  decomposed,  the  other  constituents  remaining^ 
for  the  most  part  unaltered.    The  whole  is  left  to  cool,  the  nearly  dry  residue  is 
treated  with  dilute  hydrochloric  acid,  and  the  bases  are  determined  in  the  filtered 
solution   in  the  way  already  indicated  (0).      From  the  undissolved  residue,   the 
pulverulent  silica  separated  from  the  clay  may  be  dissolved  out,  though  with  coosider- 
able  difficulty,  by  repeated  boiling  with  strong  solutions  of  sodic  carbonate.    There 
then  remains  a  mixture  of  sand  and  other  minerals  not  deoomposible  by  oil  of  vitriol, 
the  nature  of  which  may  generally  be  determined  with  sufficient  accuracy  by  the 
microscope. 

8.  Estimation  of  Organic  Matter, — ^The  total  quantity  of  organic  matter  in  a  soil, 
oonsistingof  remains  of  plants  aud  products  of  decay  (the  so-called  humous  substances), 
may  be  roughly  estimated  from  the  loss  of  weight  which  the  dried  soil  undergoes  when 
exposed  to  a  low  red  heat  not  strong  enough  to  decompose  the  earthy  carbonates. 
Many  soils,  however,  especially  those  containing  clay,  give  up  a  certam  portion  of 
water  ouly  at  a  red  heat ;  moreover,  ammonia  and  nitric  acid  may  be  included  in  the  loss 
of  weight  obtained  on  ignition.  Hence  it  is  better  to  determine  the  amount  of  carbon 
in  the  soil  by  combustion  with  oxide  of  copper,  deducting  from  the  amount  of  carbonic 
anhydride  thus  obtained  that  which  exists  in  the  soil  in  the  form  of  carbonates,  or  making 
the  combustion  on  a  portion  previously  freed  from  carbonates  by  treatment  with  dilute 
acid.  Another  method  is  to  digest  6  grms.  of  the  soil  with  10  c.  c.  water  and  16  c.  c. 
oil  of  vitriol,  allow  the  disengaged  carbonic  anhvdride  to  escape,  then  add  6  grms.  of 
acid  potassic  chromate,  heat  the  liquid,  and  collect  the  carbonic  anhydride  thereby 
evolved.    (Wolff.) 

e.  Estimation  of  Nitrogen. — ^The  entire  quantity  of  nitrogen  existing  in  a  soil,  in  the 
form  of  ammonia,  of  nitric  acid,  and  of  organic  compounds,  maybe  estimated  by  com- 
bustion with  oxide  of  copper,  as  in  Dumas's  method  (i.  242).  To  determine  the  nitrio 
acid,  Wolff  exhausts  600  grms.  of  the  soil  with  cold  water;  evaporates  the  filtrate  to 
80  c.  c. ;  mixes  it  with  a  little  potash-ley,  and  boils  till  ammonia  i»no  longer  evolved ; 
then  reduces  the  nitric  acid  in  the  residual  solution  with  zine;  and'  estimates  it  in  the 
form  of  ammonia  (iv.  88,  89). 

No  exact  method  has  yet  been  discovered  of  determining  the  quantity  of  ammonia 
existing  in  a  soiL  W.  Mayer  fotmd  that  even  when  ammonia  was  added  to  a  soil,  it 
could  not  be  recovered  with  certainty  by  boiling  with  soda-lev. 

The  following  tables  exhibit  the  proportions  of  carbon  and  nitrogen'found  in  several 
soils: — 


San 

.J.  .«4I>  M#  C 

1 

Scotch  wheat-ioili  (Anderion). 

(Rlttbauien). 

Upper  soil. 

SubMil. 

1 
2 
8 

4 
5 

Carbon 
percent 

Nitrogen 
per  cent. 

Mid-Lothian   . 
East  Lothian   . 
Perthshire  .     . 
Morayshire 

Carbon 

per  cent. 

Nitrogen 
percent. 

Carbon 
per  cent. 

Nifcrogm 
per  cent. 

1-416 
1148 
1-637 
2-163 
1-890 

0-107 
0-116 
0-126 
0-113 
0089 

4-610 
1-981 
2-660 
0-714 

0-220 
0130 
0-210 
0074 

1-306 
1-663 
2080 
0-390 

0-973 
0160 
0170 
0048 

Russian  Black  Earth  from  the  Government  of  Tamhow  (Petcoldt). 
In  100  pts,  of  Earth  dried  at  116<'— 120^. 

Lou  by  ignition.  Nitrogen. 

Manured  arable  soil 18*18  0*17 

Unmanured  subsoil 9-48  0-33 

Unmanured  arable  soil 8-28  0-30 

COWZTB.    Syn.  with  Cobttnduic. 

C^H'^H)  (?).— A  base  produced  by  the  action  of  hydrochloric 
acid  on  solanine.  A  solution  of  solanine  in  cold  concentrated  hydrochloric  add 
assumes  at  first  a  reddish  or  violet^  then  a  yellow  colour,  aud  afterwards  yields  a  red- 
brown  precipitate  containing  the  hydrochlorates  of  two  new  bases  sparingly  soluble  in 
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aleoboL  From  the  alcoholic  solntion  of  the  precipitate,  ammonia  thiowfl  down  a  yellow 
gelatinoiie  mass,  which,  after  treatment  with  hot  alcohol  (to  zemore  solanine  and 
Bolaziidine),  is  reeolred,  hy  repeated  digestion  with  ether,  into  a  base  soluble  with  yellow 
eolonr,  and  another  nearly  insoluble  in  ether. 

The  aolnble  base  appears  to  be  impure  solanidine.  The  other,  solanicine,  which 
diBBohres  only  in  2,000  pts.  of  ether,  and  is  yery  slightly  soluble  also  in  water  and  in 
alcohol,  may  be  obtained  by  slow  eyaporation  of  its  ethereal  solution,  in  slender 
needles  or  crystalline  flocks.  It  melts,  with  decomposition,  aboye  260° ;  is  coloured 
z<ed  by  eoncentrated  acids ;  and  forms  amorphous,  yellow,  nearly  neutral  salts,  easily 
aoluhle  in  water  and  in  aJcohol,  but  insoluble  in  ether.  The  aeep  yellow  solutions 
haye  an  astringent  bitter  taste,  and  are  precipitated  by  concentrated  hydrochloric 
add.  The  MLroeMorate  has  the  composition  G^H'"N*0.2HC1 ;  the  chlwoplatinaU  is 
C?*H'«NK).2HCLPt»''Cl*.    (Zwenger  and  Kind,  Ann.  Ch.  Pharm.  cxxiii.  341.) 

fiolanicinA  giyes  by  analysis  (mean)  83-01  per  cent.  C,  10*83  H,  8*87  N,  and  2*29  O, 
agreeing  nearly  with  the  formula  C*«H'«NH),  which  requires  83*  10  C,  1080  H,  3*88  N, 
and  2*22  O.  If  it  contained  2  at.  hydrogen  more,  or  if  solanidine  contained  2  at.  hydro- 
gen less,  it  might  be  supposed  to  be  formed  from  solanidine  by  abstraction  of  HH);  but 
neither  of  these  suppositions  agrees  well  with  the  analytical  results.  The  foimulae  of 
solanine  and  all  its  deziyatiyes  require  further  inyestigation. 

SO&Aamm.  C*H**NO  (?). — a  base  produced,  together  with  glucose,  by  the 
action  of  acids  on  solanine.  It  was  discoyered  about  the  same  time  by  Zwrnger  and 
Kind  (Ann.  Ch.  Pharm.  cix.  244),  and  by  0.  Gmelin  {ibid.  ex.  167),  tlie  latter  of 
whom  regards  it  as  non-nitrogenous  (p.  346).  It  is  best  prepared  by  boiling  solanine 
with  dilute  hydrochloric  acid,  washing  the  precipitated  hydrodilorate  of  solanidine  with 
water,  recrystallising  it  from  alcohol  mixed  with  ether,  precipitating  the  alcoholic 
solution  by  ammonia,  and  recrystaUisiog  the  precipitated  base,  first  from  alcohol,  then 
from  ether.     (Zwenger  and  Kind.) 

Solanidine  di{>solye8  easily  in  alcohol  and  in  ether,  but  is  nearly  insoluble  in  water. 
It  crystallises  from  alcohol  in  long  colourless  silky  needles,  from  ether  in  thicker 
oystals,  exhibiting,  when  magnified,  the  form  of  four-sided  prisms.  The  solutions  haye 
a  bitter  somewhat  astringent  taste  (Zwenger  and  Kind).  The  alcoholic  solution 
ffiyes  a  yellowish-brown  precipitate  with  iodine  (Kromayer).  When  quickly  heated 
It  melts  aboye  200°,  and  sublimes  almost  without  decomposition ;  when  slowly  heated, 
it  decomposes  more  easily.  From  the  solutions  of  its  salts  it  is  precipitated  by  ammonia, 
or  the  fixed  alkalis,  in  the  amorphous  state.  It  is  not  docomposoa  by  boiling  potash- 
ley,  and  does  not  reduce  chloride  of  gold,  nitrate  of  silver,  or  an  alkaline  cupric  solution. 
With  moderately  strong  sulphuric  acid,  it  gradually  forms  a  dark-red  solution,  con- 
taining two  new  bases  precipitable  by  water.  With  more  dilute  sulphuric  acid,  espe- 
cially on  addition  of  alcohol,  it  exhibits  (like  solanine)  a  transient  bluish-red  colouring, 
by  which  small  quantities  of  it  may  be  recognised. 

Zwenger  and  Kind  found  in  solanidine  (mean  of  three  analyses),  80*92  per  cent. 
carbon,  11  15  hydrogen,  3*79  nitrogen,  and  4*10  oxygen.  The  formula  C**H^'NO 
requires  80*87  carbon,  11*06  hydrogen,  3*77  nitrogen,  and  4*31  oxygen. 

oalts  of  Solanidine. — Solanidine  has  a  somewhat  stronger  alkaline  reaction  than 
solanine,  and  forms  both  neutral  and  acid  salts,  mostly  ciystallisable,  bitter,  sparingly 
soluble  in  water  and  in  acids. — The  hydrochhrate,  C^H^'NO.HCl,  deposited  from  the 
solution  of  the  base  in  alcohol  containing  hydrochloric  acid,  and  recryst^illised  by  slow 
eyaporation  from  alcohol,  fcMins  rhombic  prisms  with  end-faces ;  slightly  soluble  in 
water  and  in  hydrochloric  acid,  easily  in  alcohol,  and  volatiliHing  without  decomposition 
when  heated.— The  chloroplatinate,  2C«*H*'N0.2HCl.Pt»^Cl«,  separates  in  yellowish 
flocks,  when  a  solution  of  solanidine  in  alcohol  containing  hydrochloric  acid,  is  mixed 
with  platinic  chloride  and  poured  into  cold  water. — The  nitrate,  prepared  like  the 
hydrochlorate,  crystallises  in  tufts  of  needles. — The  sulphate  is  easily  soluble  in  alcohol, 
lees  easily  in  water,  and  separates  partly  in  slender  needles,  partly  as  an  amorphous 
powder,  apparently  a  mixture  of  the  neutral  and  acid  sulphates.  (Zwenger  and 
Kind.) 

BO&AVnra.  C*»H"NO'«  (?).— An  organic  base  discovered  in  1820  by  Desfosses 
(J.  Pharm.  yi.  374),  in  the  berries  of  the  black  nightshade  {Solanum  nigrum),  and  sub- 
sequently obtained  from  seyerul  other  species  of  solanum;  e.g.,  from  the  berries  of 
Solanum  verbascifolium,  from  the  berries  and  (in  small  quantity)  from  the  tubers  and 
green  parts  of  the  potato  (8.  tuhirosvm),  but  especially  in  the  flowers,  stalks,  and 
berries  of  the  woody  nightshade  {8.  Du/camara),  and  in  the  shoots  or  germs  which 
potatoes  throw  out  when  kept  in  cellars  during  winter  (0068  per  cent,  according  to 
J.  Wolff  and  Blanchet).  Solanine  has  been  investipited  by  Desfosses  {loc.  cif.), 
by  Payen  and  Cheyallier(J.  chim.  nied.  i.  517),  O.  Henry  (J.  Pharm.  xyiii.  661; 
XE.  54),  Otto  (Ann.  Ch.  Pharm.  yii.  loO,  xxyL  232),  and  others,  and  more  recently  by 
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MoitiBBier  (ihitL  i.  868),  Zwenger  and  Kind  {ibid.  dx.  244;  exrin.  129),  end 
O.  Gmelin  (toii.  csz.  167).  The  results  of  these  seyeral  investigations  exhibit  manj 
points  of  difirarenoe,  possibly  because  the  eiystaUisable  bases  obtained  from  differoit 
species  of  solanum  are  not  really  identical,  or  beeaose  many  of  the  products  fxamined 
were  impure. 

Preparation. — 1.  From  Potaio-shooU, — ^The  £resh  shoots  are  boiled  in  water  slightly 
acidulated  with  sulphuric  acid ;  the  rapidly  expressed  liquid  is  precipitated,  while  rtiU 
warm,  by  ammonia ;  the  dried  precipitate  is  exhausted  with  boiling  alcohol;  and  the 
solanine,  which  separates  almost  completely  on  cooling,  is  several  times  oystallised 
from  alcohol,  till  it  dissolves  in  hydrochloric  acid  witi^ont  turbidity.  Fresh  rather 
short  potato-shoots,  not  too  much  developed,  yield  the  largest  quantity  (Beuberg, 
Ann.  Ch.  Pharm.  xxx.  226.  —Zwenger  and  Kind). — Ab  sokinine  is  easily  resolved,  by 
heating  with  acids,  into  solanidine  and  sugar,  caro  must  be  taken  not  to  use  the  add  too 
strong  or  in  too  luge  quantity.  Acetic  acid,  which  does  not  decompose  solanine,  would 
perhaps  be  better  adapted  for  the  preparation  than  sulphuric  or  hydrochloric  add. 
According  to  Kromayer  (Arch.  Pharm.  [2],  cxvi.  114;  Jahresb.  1868,  p.  450X 
solanine  is  most  easily  obtained  by  predpitatin^  the  expressed  juice  of  the  potato* 
germs  with  lime,  without  using  add,  and  exhausting  the  predpitate  with  alcohol. 

2.  From  Potato-tubers. — ^The  potatoes  rubbed  to  a  pulp  are  digested  in  water  eon* 
tainine  sulphuric  acid ;  the  filtrate  is  boiled  to  separate  albumm ;  the  liquid  again 
filterea,  ana  predpitated  with  milk  of  lime;  and  the  predpitate  treated  with  aloohoL 

8.  From  tne  berries  of  Solanum  nigrum,  &c — ^The  ripe  berries  are  pressed ;  the 
juice  \a  predpitated  by  ammonia,  and  the  gre^  pulverulent  precipitate  is  purified  by 
recrystalnaation  from  alcohol,  with  aid  of  animal  charcoaL — ^Peschier  dissolvefl  the 
impure  predpitate  in  acetic  add,  predpitates  the  filtrate  with  ammonia,  and  then  treats 
it  with  boiling  alcohol. — ^Payen  and  Chevallier  exhausted  the  dried  berries  of  SoUmum 
wrbasctfolium  with  alcohol,  treated  the  extract  which  remained  on  evaporation  with 
water,  and  predpitated  the  aqueous  solution  with  magnesia,  whereby  impure  solanine 
was  obtained. 

Properties. — Solanine  ffrom  potato-shoots)  is  slightly  soluble  in  cold,  easily  in 
hot  alcohol,  and  crystallises  therefrom  in  slender  silky  needles,  which  under  the 
microscope  present  the  appearance  right-angled  four- sided  prisms.  It  is  nearly 
insoluble  in  water  and  in  ^er.  From  its  solution  in  adds,  it  is  completely  separated 
by  alkalis  as  a  white  gelatinous  predpitate.  It  has  a  slightly  bitter  and  somewhat 
burning  taste,  and  faint  alkaline  reaction.  It  is  very  poisonous,  two  or  three  grains 
being  suffident  to  kill  a  rabbit  in  a  few  hours, — ^first,  however,  producing  paralysis  of  the 
hinder  extremities.  The  same  symptom  has  been  observed  in  oxen  after  eating  potato- 
shoots.  It  melts  at  about  235^'  to  a  yellowish  liquid,  solidifying  to  an  amorphous 
mass.  At  a  stronger  heat»  it  emits  the  odour  of  burnt  sugar  (Zwenger  and  Kind). 
When  a  very  small  quantity  of  it,  in  the  state  of  fine  powder,  is  heated  on  a  piece  of 
platinum-foil  having  in  the  middle  a  hemispherical  depression  covered  with  a  small 
watch-glass,  it  sublimes  in  a  network  of  slender  needles.  (Helwig^  AnaL  Zdtschr. 
iu.  43.) 

The  analyses  of  solanine  by  different  chemists  exhibit  great  diversity,  as  the  following 
table  wUl  show: — 


From  SokmwM  Dulcamara. 

Prom  Potato-$koctta 

Carbon    . 
Hydrogen 
Nitrogen 
Oxygen 

nenry. 

760 
91 
81 

12-8 

MoIiiMler. 
60-9 

8-7 

3-6 
26-8 

Blanchet. 

62*0 
8-9 
1-6 

27-6 

0.  Gmelin*     Zwenger  u.  Klad* 

62-2               6001 

8-7                 8-40 

1-87 

291               30-22 

1000  1000  100-0  100-0  100-00 

HeniVs  analysis,  which  differs  widely  from  all  the  rest,  may  be  represented  by  the 
formula  C"fl»»A«0'»;  Blanchet's  by  C^H^'NO^  or  C«H"NO»».  Moitissier  deduces 
from  his  own  analysis  the  formula  C**H^NO^*  or  .G»H»NO^  Zwenger  and  Kind's 
results  may  be  represented  by  the  formula  C^H'^NO^*,  requiring  60-21  per  cent  carbon, 
8-28  hydrogen,  1*63  nitrogen,  and  29*88  oxygen.*  O.  Gmelin  found  variable  quantities 
of  nitrogen  in  solanine,  and  is  of  opinion  that  the  pure  substance  is  free  from  nitrogen : 
he  deduces  from  his  analyses  the  formula  0*H^**.  But  the  basic  character  of 
solanine  renders  it  most  probable  that  it  contains  nitrogen. 

J>ecompoeitums, — 1.  Solanine,  subjected  to  dry  distillation,  yields  solanidine  together 

*  Zwenger  and  Kind  g1?e  for  loUnfne  the  formuU  (^JP^NC^^  for  idanldtae  C^fl^^O*,  and  for 
•oliroiciDe  C^JfP*NO^  the  first  two  of  which  are  Inadmiisible,  because  the  sum  of  the  hydrogen-  and 
nitrogen-etoms  in  each  of  thrm  Is  uneren.  Moreover,  they  do  not  reprewnt  the  numtiers  obtained  by 
analjsia  tot  solaiiiDe  and  solanidine  so  closely  as  the  formnis  C43H7>MOi«  and  C^H^iNO. 
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vith  mad  empyreiuiiatie  products. — 2.  It  U  not  decomposed  by  boiling  oote«^/ey. — 
3^  It  zednces,  when  heated,  a  solution  of  arffmtio  nitrate  or  auric  ckhncU,  but  not  an 
•Jlraline  snpnc  solution. 

A^  Solanine,  warmed  or  boiled  with  dUute  sulphuric  or  hydrochloric  acid,  eaiily  splits 
pp  into  solanidine  and  glucose,  the  sulphate  or  hydiochlorate  of  solanidine  separating 
in  tlie  crystalline  form,  while  the  sugar  remains  dissolved.  The  decomposition  is 
likewise  produced  by  oxalic,  but  not  by  acetic  acid.  According  to  Zwenger  and  Kind, 
Hie  leaction  is : 

C«H»»NO"  +  3H*0  »  C**H*>NO  +   8C»H»K)«. 

Solanine.  SoUnidine. 

Afioording  to  0.  Gmelin  it  is : 

C«H"0>»  +  8H*0  +  0»  -  C"^<K)«  +  8C^»H)«. 
Solanine.  Solanidine. 

The  absorption  of  oxygen  here  supposed  is,  howerer,  contraiy  to  the  analQTf  of  all 
x^eactions  of  this  kind.  W.  Delf  f  s  (Chem.  Centr.  1859,  p.  800)  remarks  that  Gmelin's 
analTsis  of  solanine  may  represented  by  the  formula  CJ^H'H)',  and  his  analysis  of 
•olanidine  (81*9  and  820  per  cent.  C,  and  10*6  to  10*8  H),  by  the  formula  C'^H^O, 
according  to  which  the  reaction  would  be : 

0»H«0'  -  C"H»0  +  C«H'«0«. 

If  this  formula  were  correct,  solanine  (or  rather  solanin)  would  be  a  glucoside  homo- 
logous with  SBsculin,  C"H"0',  arbutin,  C»*H»•0^  salicin,  C>»H"0%  senegin,  C'*H"»0«, 
and  ^zhaps  smilacin,  C^^H'^O'.  But,  as  already  observed,  it  is  more  probable  that 
folanine  and  solanidine  contain  nitrogen. 

5.  A  oold-prepared  solution  of  solanine  in  more  concentrated  mdphurio  or  hydro- 
etdoric  acid,  deposits  on  standing  a  bulky  yellowish  precipitate  containing  the  salts 
of  solanicxne  and  another  base  (p.  345),  formed  firom  solanidine  by  the  action  of  the 
strongadd.  (Zwenger  and  Kind.) 

0.  with  strong  nitric  acid,  solanine  fbrms  a  colourless  solution,  which  exhibits  after 
a  while  a  transient  red  oolour,  and  ultimately  deposits  a  brown  resin.  (Zwenger 
and  Kind.) 

7.  Solanine  quickly  absorbs  Tspourof  tocftne,  forming  iodosolanine,  which  is  brown, 
permanent  in  the  air,  and  dissolves  with  brown  colour  in  water.  An  ai^ueous  solution 
of  sulphate  of  solanine  likewise  assumes  a  dark-brown  colour  on  addition  of  aqueous 
iodine.  According  to  Kromayer,  an  alcoholic  solution  of  solanine  mixed  with  a  large 
quantity  of  iodine-water,  turns  red-brown  but  remains  clear,  whereas  a  solution  of 
solanidme  similarly  treated  yields  a  yellow-brown  precipitate. 

8.  According  toMoitissier,  solanine  (from  Solanum Dulcamara),  heatKi  in  a  sealed 
tube  wi^e^^^  iodide,  yields  hydriodate  of  ethylsolanini^,  from  which  the  base 
[C*"H^O*H*)NO»,  according  to  Moitissiex's  formula  of  solanine]  is  separated  by 
ammonia  as  a  mass  of  interlaced  microscopic  needles  soluble  in  aleohoL  Its  salts  are 
eaoly  soluble,  gummy,  and  poisonous.  In  like  manner  amylic  iodide  conyerts  solanine 
into  amylsolanine,  and  ethylsolanine  into  ethyl-amylsolanine.  According 
to  O.  Gmelin,  on  the  other  hand,  solanine  (from  potato-shoots)  does  not  foam  any  sub- 
stitution-oompound  with  ethylie  iodide,  even  when  the  two  are  heated  together  for  a  long 
time,^  the  resulting  resinous  mass,  when  dissolved  in  water  and  treated  with  ammonia, 
yielding  nothing  but  solanine.  Moitissier  found,  in  his  ethylsolanine,  62-2  per  cent, 
carbon  and  8*8  hydrogen,  which  agrees  exactly  with  Gmelin's  analysis  of  solanine  itself. 

Salts  of  Solanine.— Solanine  forms  both  add  and  neutral  salts,  all  of  which  are 
easily  soluble  in  water.  The  neutral  salts  haye  a  faint  add  reaction,  and  bitter, 
strongly  burning  taste ;  they  dissolve  easily  in  alcohol,  remaining  as  gelatinous  masses 
on  evaporation,  and  are  nearly  insoluble  in  ether.  The  dilute  aqueous  solutions  of 
solanine-salts,  excepting  the  acid  sulphate,  gradually  decompose,  more  quickly  when 
heated,  and  deposit  solanine.  (Baumann,  Arch.  Pharm.  xxxiv.  23. — Zwenger 
and  Kind.) 

^*^eUUe  of  solanine  cazmot  be  obtained  in  the  solid  stat^  without  decomposition 
(Zwenger  and  Kind). — ^The  chromate  crystallises  in  dark-yellow  needles. — The 
gaUate  is  a  soluble  amorphous  mass. — The  gallotannate  crystallises  in  needles,  slightly 
soluble  in  cold,  easily  in  hot  water.    (Baumann.) 

The  hydrochlorate,  C"H"NO'«.nCl,  is  obtained  by  dissolving  the  base  in  alcohol 
and  hydrochl<»ic  add,  and  repeated  precipitation  with  ether,  as  a  gelatinous  pre- 
dpitate,  which  dries  up  to  a  ffummy  mass.  The  alcoholic  solution  of  this  salt  mixed 
with  platinic  chloride,  and  then  with  ether,  deposits  the  chloroplaiinate,  2C«»H"N0'». 
2HGl.Pt^Gl^  as  a  yellow  flocculent  pi^dpitate,  which  roav  be  purified  by  repeated 
solution  in  alcohol  and  predpitation  with  ether.  It  is  soluble  in  hot  water,  still  more 
soluble  in  alcohol.    (Zw e n g er  and  Kind.) 
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The  hydrqferroeyanate  is  precipitated  in  white  flocks  <m  iniidiig  a  Bolntion  of  my 
eolanine-salt  with  ferrocyanide  of  potassium. — ^The  mdlitate  is  soluble  in  water,  the 
neatral  solution  depositing  solanine  when  eyaporated. — ^The  mticate  crystallises  in 
slender  easily  soluble  needles.    (Baumann,  Arch.  Pharm.  xTxiii.  23.) 

The  oxaiate,  2C«H"N0'«.C*H«0«.H«0,  is  obtained  by  evaporating  a  solntion  of 
solanine  in  aqueous  oxalic  acid,  in  white  crystalline  crusts  mixed  with  amorphous  salt: 
its  aqueous  solution  deposits  solanine  when  boiled.  It  gives  off  its  water  at  100^. 
(Zwenger  and  Kind.) 

The  phosphate  is  obtained  by  precipitation  as  a  white  crystalline  powder. — ^The 
tueeinate  czystallises  in  easily  soluble  slender  needles. 

mOJUkXOXMKO  and  BO&AMOSTBAXIO  JkCTDBk    Bee  Potato-fat  (iv.  723). 

80&AWM*  The  most  important  plant  belonging  to  this  genus  is  the  potato 
(Solanum  tuberosum,  iv.  720). 

Solanum  Dulcamara.  —The  stalks  of  this  plant,  which  are  used  in  medicine  under 
the  name  of  bitter-sweety  or  Sitpites  Dulcamara,  contain  picroglycion  or  dulca- 
mar  in  (iv.  642),  together  with  solanine  and  other  substances. 

Solanum  L^copersioon.—  The  leaves  of  this  plant  are  said  to  contain  an  alkaloid 
soluble  in  water.  The  deep  red  somewhat  acid  fruits,  called  love-apples  or  toma* 
toes,  contain  a  free  acid— malic  acid  according  to  former  statements,  citric  acid 
accoiding  to  Bertagnini  (Jahresb.  1860,  p.  562);  probably  also  solanine,  together 
with  volatile  oil,  uncrystalliBable  sugar,  &c.   (See  Enz;  Jahresb.  1862,  p.  514.) 

Various  other  species  of  solanum,  especially  the  fruits,  are  said  to  contain  solanine 
together  with  malic  acid  (?) :  e.g.,  8.  mummoeum,  S,  nigrum^  and  8.  verbascifolium. 

BOJUkM  OX3L.  A  name  applied  in  commerce  chiefly  to  the  heavier  portions  of 
petroleum  and  shale-oil,  the  ligoter  portions  being  caUed  photogen,  hydrocarbon,  ^cc 
(See  Pahaffin,  iv.  346.) 

SO&FATASAS.  Craters  of  extinct  volcanos,  which  give  indications  of  their 
former  activity  by  still  emitting  vapours  and  gases  of  various  kinds,  sometimes 
depositing  sulphur,  sal-ammoniac,  and  other  solid  minerals,  on  the  walls  of  cavities 
in  the  craters. 

BO&VATAaUTB.  The  name  given  by  Shepard  (SiU.  Am.  J.  xvi.  203)  to  soda- 
alum,  on  account  of  its  occurrence  in  the  solfatara  near  Naples. 

BOXiVTXOW.  The  liquefaction  of  a  solid  or  gaseous  body  by  contact  with  a  liquid, 
the  solid  or  gas  being  diffused  uniformly  through  the  liquid,  and  not  separating  when 
left  at  rest.  The  liquid,  which  thus  takes  up  or  absorbs  a  solid  or  gas,  is  called  the 
solvent  or  menstruum ;  and  the  product  of  the  action,  as  well  as  the  action  itself, 
is  called  a  solution. 

The  product  formed  by  the  union  of  liquids  one  with  the  other  is  usually  called  a 
mixture,  if  the  two  liquids  are  capable  of  uniting  in  any  proportions  whatever,  as  is 
the  case  with  water  and  alcohol,  or  alcohol  and  ether;  and  a  solution,  when  each  of 
the  liquids  is  capable  of  taking  up  only  a  limited  quantity  of  the  other.  When  two 
such  liquids  are  brought  together  in  such  proportion  that  neither  can  dissolve  com- 
pletely in  the  other,  two  layers  are  generally  formed,  each  containing  an  excess  of  one  of 
the  liquids.  Thus,  when  water  and  ether  are  mixed  in  equal  volumes,  two  layers  are 
formed  after  a  while,  the  upper  consisting  of  ether  holding  water  in  solution,  the  lower 
of  a  solution  of  ether  in  water. 

The  solution  of  gases  in  liquids  has  already  been  considered  under  Gases,  Absobf- 
TiON  OF,  ii.  790 ;  the  present  article  relates  to  the  solution  of  solids. 

Bespecting  the  difference  between  solution  and  definite  chemical  combination,  see 
Ghkmical  Affinitt  (i.  851). 

The  solution  of  a  solid  in  a  liquid  is  usually  attended  with  a  fall  of  temperature, 
arising  from  the  conversion  of  sensible  into  latent  heat,  which  always  accompanies  the 
passage  of  a  body  from  the  solid  to  the  liquid  state  (Heat,  iii.  79).  In  some  cases, 
however,  the  actual  solution  of  a  solid  is  preceded  by  the  formation  of  a  definite 
chemical  compound,  and  is  then  attended  with  rise  of  temperature :  thus,  anhydrous 
baryta  or  lime,  and  many  anhydrous  salts,  when  brought  in  contact  with  a  certain 
quantity  of  water,  are  first  convejted  into  definite  hydrates,  and  become  veiy  hot ;  but 
Uie  subsequent  solution  of  these  hydrates  in  a  laiger  quantity  of  water  is  attended  with 
reduction  of  temperature.  The  solution  of  one  liquid  in  another  tekes  place  without 
change  of  temperature,  excepting  when  a  definite  compound  is  first  formed,  as  on 
nixing  oil  of  vitriol  with  water,  in  which  case  heat  is  evolved.  (See  Heat,  iii.  79, 109 ; 
also  GmelivLS  Handbook,  ii.69. — Favre  and  Silbermann,  Compt.  rend.  xxiv.  1081 ; 
Jahresb.  1847-48,  p.  53.— Favre,  Compt.  rend.  1.  1150;  Iii.  316;  Jahresb.  1860, 
p.  33. — Pohl,  J.  pr.  Chem.  Ixxxii.  254;  Jahresb.  1860,  p.  36. — Hausraann,  Jahresb. 
1864,  p.  97). — On  the  depression  of  temperature  consequent  on  the  dilution  of  saline 
solutions,  see  J.  Regnauld  (Instit.  1864,  p.  158;  Jahresb.  1864,  p.  99). 
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Tlie  manner  in  wUch  the  solnbility  of  a  solid  in  a  liquid  is  related  to  tKe  chemical 
composition  of  the  two,  has  not  yet  been  reduced  to  any  definite  laws.  As  a  general  rule, 
it  may  perhaps  be  stated  that  solids  dissolve  with  the  greatest  facility  in  those  liquids 
vhidi  they  most  resemble  in  composition.  Thus,  metallic  salts  are  for  the  most  part 
more  soluble  in  water  than  in  al^hoi  or  ether ;  whereas  fats,  resins,  and  many  other 
CKganic  bodies,  dissolve  more  easily  in  alcohol,  ether,  benzene,  oils,  &c.  than  in  water. 
But  solids  of  strictly  analogous  constitution  dissolve  in  the  same  liquid  with  very 
different  degrees  of  &cility.  ThuSi  sulphuric  acid  forms  a  great  number  of  salts  which 
are  soluble  in  water,  and,  on  the  other  hand,  baryta,  lime,  and  magnesia  form  soluble 
salts  with  many  acids ;  but  barytic  sulphate  is  one  of  the  least  soluble  salts  known, 
and  calcic  sulphate  is  but  slightly  soluble  in  water,  whereas  magnesic  sulphate  is 
Tery  soluble. 

The  facility  with  which  a  solid  dissolves  in  a  liquid  is  not  always  proportional  to 
the  amount  which  the  liquid  is  ultimately  capable  of  dissolving,  for  it  depends  in  a 
great  measure  on  the  physical  condition  of  the  solid,  and  on  the  manner  in  which  it  is 
brought  in  contact  with  the  liquid.  Pulverisation,  by  increasing  the  number  of  points 
of  contact,  of  course  facilitates  solution.  If  the  solid  is  placed  at  the  bottom  uf  the 
liquid,  it  dissolves  with  comparative  slowness,  because  the  solution  formed  immediately 
azonnd  the  solid,  being  heavier  than  the  supernatant  liquid,  remains  at  the  bottom,  and 
piTOtects  the  solid  from  the  farther  action  of  the  liquid :  the  solution  will  therefore  be 
&cilitated  by  stirring  the  liquid,  or  by  heating  it  at  the  bottom,  so  as  to  produce 
upward  and  downward  currents.  In  many  cases  it  is  best  to  suspend  the  solid  in  the 
Qpptf  part  of  the  liquid  in  a  basket,  or  perforated  box,  so  that  the  solution  as  it  forms 
may  fiul  to  the  bottom,  and  enable  fresh  liquid  to  come  in  contact  with  the  solid.  This 
jAajo.  is  adopted  in  many  manufacturing  operations,  as  in  lixiviating  ball-soda,  crude 
nitre^  borax,  &c. 

Many  substances,  when  immersed  in  a  solvent,  absorb  a  certain  quantity  of  it,  and 
aie  converted  into  tenacious  lumps  very  difficult  to  dissolve ;  this  is  especially  the  case 
with  resinous  bodies.  In  such  cases,  it  is  often  advantageous  to  mix  the  body  with  an 
insoluble  substance,  such  as  sand  or  pounded  glass,  to  prevent  the  caking  together,  and 
enable  the  solvent  to  penetrate  more  easily  to  all  parts  of  the  solid. 

The  solubility  of  a  solid  in  a  liquid  increases,  for  the  most  part,  with  rise  of 
temperature;  and  for  each  particular  temperature  there  is  a  certain  limit,  called  the 
point  of  saturation,  beyond  which  the  liquid  is  incapable  of  taking  up  any  more 
of  the  solid.  The  rate  of  increase  is  very  different  for  different  substances,  and  does  not 
appear  to  be  reducible  to  any  regular  law.  Even  the  general  law  of  increased 
solubility  with  rise  of  temperature  admits  of  many  exceptions  :  thus,  lime-water  satu- 
rated at  0^  contains  nearly  twice  as  much  lime  as  can  be  dissolvod  by  the  same  quantity 
Df  water  at  100^.  Calcic  sulphate  also  is  more  soluble  in  cold  than  in  boiling  water,  and 
quite  insoluble  in  water  at  120^;  sodic  sulphate  is  more  soluble  in  water  at  33^  than 
at  other  temperatures,  either  above  or  below,  and  has  about  the  same  degree  of  solubility 
at  0^  as  at  100°.  Many  other  salts  also  exhibit  a  point  of  maximum  solubility  at 
some  particular  temperature,  generally  above  the  boiling-point  of  water.  (Hbat,  iii. 
79.) 

A  saturated  solution  of  a  salt  at  any  particular  temperature  may  be  obtained,  either 
by  heating  an  excess  of  the  siJt  with  water  to  a  higher  degree,  and  leaving  th^ 
solution  to  cool  to  the  required  temperature,  or  by  immersing  an  excess  of  the  salt  in 
cold  water  and  slowly  heating  the  liquid  to  the  same  point. 

In  the  case  of  salts  which,  like  saltpetre,  do  not  contain  water  of  crystallisation,  and 
of  many  hydrated  salts,  the  saturated  solution  contains  the  same  quantity  of  salt,  by 
whichever  method  it  is  prepared.  But  when  certain  hydrated  salts— especially  those 
which,  like  sodic  sulphate  and  neutral  sodic  carbonate,  are  capable  of  crystallising  with 
more  than  one  proportion  of  water — are  dissolved  to  saturation  in  hot  water,  and  the 
solutions  are  left  to  cool  slowly  and  quietly  in  a  closed  vessel,  they  often  retain,  after 
cooling  to  a  certain  temperature,  a  much  lai^er  quantity  of  the  salt  than  the  eume 
quantity  of  water  would  be  capable  of  taking  up  if  originally  placed  in  contact  with  the 
salt  at  that  temperature.  Such  solutions  are  said  to  be  supersaturated.  They 
retain  their  excess  of  salt  so  long  as  they  are  left  at  perfect  rest,  and  not  cooled  too 
low;  but  if  stirred  or  agitated,  or  brought  in  contact  with  air  containing  particles  of 
dust,  or  with  a  crystal  of  the  same  salt,  or  cooled  down  to  a  certain  temperature,  they 
suddenly  deposit  the  excess  of  salt  in  crystals,  exhibiting  at  the  same  time  a  considerable 
rise  of  temperature.  This  sudden  crystallisation,  if  not  produced  by  cold,  appears  to 
depend  essentiallv  on  contact  of  the  solution  with  small  solid,  perhaps  crystalline 
particles ;  for  it  is  not  produced  by  passing  air  previously  purified  by  oil  of  vitriol 
through  the  solution,  or  by  agitation  with  a  glass  rod  previously  purified  from  dust 
by  ignition  (Lowel,  Ann.  Ch.  Pharm.  Ixxvi.  227;  Jahresb.  1860,  p.  294;  1851, 
p.  331 ;  1852,  p.  358.— Lieben,  tbid.  1854,  p.  322).  According  to  V iolette  (Compt 
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rend.  Ix.  831,  973;  Jahresb.  1865,  p.  74)  and  De  Gernes  (Compt  rend.  Iz.  888; 
Izi  847 ;  Jahresb.  1865,  pp.  74,  78),  the  sudden  crystallisation  is  in  all  eases  induced 
only  by  contact  with  a  crystal  of  the  same  salt,  possessing  the  same  form  and  degree 
of  hydration  as  the  errstals  vhich  separate  oat;  and  in  the  case  of  Uiose  supersaturated 
solutions  which  crystallise  suddenly  on  exposure  to  the  air,  it  is  due  to  the  presence  d 
minute  particles  of  that  salt  floating  in  the  air.  From  an  experiment  of  De  Gernes,  it 
appears  that  microscopic  crystals  of  sodie  sulphate  may  be  obtained  by  passing  air, 
even  in  the  open  country,  through  pure  water,  and  evaporating  the  water  on  a  glass 
plate.  Jean n el  (Compt.  rend.  Ixi.  412;  hdi  87;  Jahresb.  1865,  pp.  77,  79),  how- 
ever, denies  the  necessity  of  contact  with  the  salt  actually  containea  in  the  solution. 
He  finds,  indeed,  that  a  supersaturated  solution  of  sodic  acetate  may  be  made  to  crps- 
tallise  by  contact  with  any  solid  substance  (a  piece  of  paper,  for  example),  and  a  solu- 
tion of  sodic  tartrate  by  contact  with  a  clean  dry  glass  rod.  He  attributes  the 
phenomenon  of  supersaturated  solutions  chiefly  to  the  fact,  that  the  salts  in  question 
are  capable  of  forming  in  hot  water  peculiar  hydrates,  which  under  certain  circum- 
stances remain  permanent  after  the  solution  has  cooled  to  a  certain  point,  but  are,  for 
the  most  part,  broken  up  by  contact  with  a  solid  body,  and  especially  with  a  particle 
of  the  dissolved  salt.  (Respecting  supersaturated  solutions  of  sodic  carbonate  and 
sulphate,  see  Carboka,tbs,  L  795,  and  Sulphates.) 

When  two  or  more  salts  are  dissolved  in  water,  and  no  new  salt  separates  out  by 
double  decomposition,  the  quantity  of  each  held  in  solution  by  a  given  quantity  of 
water  is  generally,  but  not  always,  less  than  if  either  salt  were  dissolved  separately. 
In  this  case  the  quantities  contained  in  a  saturated  solution  are  the  same,  whether  the 
two  salts  are  dissolved  simultaneously  in  the  water,  or  the  water  is  first  saturated 
with  the  one  salt,  and  then  brought  in  contact  with  an  excess  of  the  other,  a  portion 
of  the  first  salt  then  crystallising  out.  A  saturated  solution  of  common  salt  shaken  up 
with  sal-ammoniac  takes  up  a  large  quantity  of  the  latter,  and  deposits  some  of  the 
sodic  chloride  in  cubes ;  a  saturated  solution  of  sal-ammoniac  also  takes  up  common 
salt,  and  deposits  sal-ammoniac  in  dendritic  forms.  When  a  solution  of  common  salt 
saturated  at  ordinary  temperatures  ts  mixed  with  a  saturated  solution  of  sal-ammoniac, 
a  mixture  is  formed,  without  change  of  temperature,  which  is  capable  of  taking  up  a 
certain  quantity  both  of  common  salt  and  of  sal-ammoniac.  On  warming  the  satu- 
rated mixture  with  cemmon  salt,  a  small  quantity  is  also  taken  up,  and  separates  out 
again  on  cooling.  If,  on  the  other  hand,  sal-ammoniac  be  added  during  the  warming 
of  the  mixture,  it  at  first  dissolves,  forming  a  clear  solution ;  if  a  larger  quantity 
be  added,  this  also  dissolves,  but  separatee  a  considerable  quantity  of  common  salt ; 
and  as  the  liquid  cools,  the  common  salt  redissolves,  and  the  sal-ammoniac  which  had 
been  taken  up  by  the  hot  liquid  crystallises  out.  Similar  relations  are  exhibited  by 
mixtures  of  sal-ammoniac  and  chloride  of  potassium,  of  the  latter  with  chloride  of 
sodium  or  barium,  and  apparently  also  by  nitrate  of  ammonium  and  nitrate  of  sodium. 

Many  salts  dissolve  in  water  to  the  same  amount,  whether  the  water  is  shaken  up 
with  an  excess  of  mther  of  them  alone,  or  simultaneously  with  a  second  salt ;  but  the 
quantity  of  this  second  salt  dissolved,  is  smaller  than  if  the  first  were  not  present 
Thus  a  saturated  solution  of  potassic  chloride,  or  nitrate,  dissolves  only  a  small  quantity 
of  potassic  sulphate ;  and  if  a  saturated  solution  of  the  latter  be  shaken  up  with  either 
of  the  preceding  salts,  a  large  quantity  of  potassic  sulphate  separates  out. 

Lastly,  a  given  quantity  of  water  can  in  some  cases  dissolve  a  larger  quantity  of  a 
salt  (A)f  if  previously  saturated  with  another  salt  (^),  and  at  the  same  time  take  up  an 
additional  quantity  of  the  second.  In  this  case  the  quantities  taken  up  are  different 
according  as : 

a.  A.  quantity  of  water  saturated  with  a  salt  A  are  shaken  up  with  an  excess  of  S, 

$.  Water  previously  saturated  with  B  is  saturated  with  A. 

y.  The  water  is  shaken  up  with  an  excess  of  the  two  salts  simultaneously. 

For  example,  with  sal-ammoniac  {A)  and  saltpetre  (B),  dissolved  in  water  at  18J^, 
the  following  quantities  are  taken  up  in  the  three  cases  by  100  pts.  of  water: 

a.  ^.  *       y. 

Sal-ammoniae        .        .        37*98  44*33  39*84 

Saltpetre       .        .        .        37'68  30*56  38*62 

In  solutions  containing  three  salts,  still  more  complicated  relations  are  observed, 
and  in  all  cases,  the  effects  produced  are  such  as  indicate  the  formation  of  double 
salts,  and  the  division  of  the  acids  among  the  several  bases.  (Chemical  AFFDnrr,  i.  863 ; 
Hdndw.  d,  CKem.  ii.  2**  Aufi.  ii.  [1],  554. —  GmdiiCa  Handbook^  ii.  71.) 

On  the  questions  whether  certain  salts  dissolve  in  water  in  the  anhydrous  or  hy« 
drated  stat^  see  Schiff,  Ann.  Ch.Pharm.  cvii.  293 ;  Jahresb.  1858,  p.  37.— Wiillner, 
Pogg.  Ann.  dii  529;  ex.  564 ;  Jahresb.  1858,  p.  45;  1860,  p.  47.— Aiidorf^  Jahresb. 
1862,  p.  22. 


\ 


SOMERVILLTTE-  SOOR  AN JEE,  85 1 

On  the  wappoaed  inflaenoe  of  grayity  on  the  homogeneity  of  solntiont :  GmtiinU 
Btndbooky  i.  111.— Debus,  Jahresb.  1863,  p.  310. — Gale,  Jahresb.  1855,  p.  269. — 
I«iebeD,  Ann.  Ch.  Phann.  ci.  77 ;  Jahieeb.  1857i  p.  67. 

On  the  soliibiiities  of  di£Bnent  Baits,  and  the  relations  between  the  strength  and 
■pedfie  grenty  of  saline  solutions,  see  Michel  and  Krafft^  Ann.  Ch.  Fhys.  [3], 
zlL  471 ;  Jahresb.  1854,  p.  295. — Eremers,  Fogg.  Ann.  Ixxxv.  37,  246  ;  Ixxxvi.  375 ; 
zai.  497;  xer.  110;  xcn.  39;  xcvii.  1 ;  zcix.  25,  58, 435 ;  ciii.  57 ;  ciy.  133 ;  Jahresb. 
1852,  pp.  14,  305;  1854,  p.  294;  1855,  p.  294;  1856,  p.  274;  1857,  p.  67;  1858, 

5.  39. — Oerlach,  Jahresb.  1859,  p.  42. — Allnard,  Ann.  Ch.  Pharm.  czxxiii.  292; 
ahiesb.  1864,  pi  98. — G.J.Mulder,  Jahresb.  1863,  p.  92.— Girardin,  Jahresb. 
1865,  p.  67. 

On  the  solubility  of  certain  salts  in  aqueous  alcohol:  A.  Girardin,  Ann.  Ch. 
Phys.  [4],  ▼.  129;  Jahresb.  1865,  p.  64. 

On  uie  solubility  of  a  substance  in  a  mixture  of  iis  different  solvents :  Girardin, 
Compt.  rend.  zlv.  142;  Jahresb.  1862,  p.  57. 

On  the  expansion  of  saline  solutions:  Kremers,  Pogg.  c.  894;  cy.  860;  criii. 
115;  C3d.  60;  cxir.  41 ;  Jahresb.  1857,  p.  68;  1858,  p.  41 ;  1859,  p  48 ;  1860,  p.  46 ; 
1861,  p.  60.— Gerlaeh,  Jahresb.  1859,  p.  46.— Sorby,  Phil.  Mag.  [4],  zyiii.  81 ; 
Jahresb.  1859,  p.  50. 

On  the  boiling-points  of  saturated  solutions:  Eremers,  Jahresb.  1856,  p.  275. 

On  the  temperature  and  tension  of  the  vapours  given  off  from  saline  solutions : 
Babo,  Jahresb.  1847-48»  p.  93 ;  1857,  p.  92.— Wiillner,  Pogg.  Ann.  ciii.  529  ;  ex. 
887,  564 ;  Jahresb.  1858,  p.  42;  1860,  p.  47.— E.  Gerland,  Pogg.  Ann.  cxxiv.  179; 
Jahresb.  1865,  p.  71. 

On  the  influence  of  pressure  on  solubility :  Sorby,  Proc.  Boy.  Soc  zii.  538;  Phil. 
Mag.  [4],  zzvii  145;  Jahresb.  1863,  p.  96. 

On  the  index  of  refraction  of  saline  solutions:  Beer  and  Eremers,  Pogg.  Ann. 
ci.  133 ;  Jahresb.  1857,  p.  691. — Grailich  and  Handl,  Wien.  Akad.  Ber.  xxv.  515  ; 
Jahresb.  ibid.  —  Eremers,  Pogg.  Ann.  cvi.  586. — Pichot,  Compt  rend,  xlviii. 
1118;  Forthomme,  Ann.  Ch.  Phys.  [3],lx.  307. 

On  the  molecular  rotatory  power  of  certain  saline  solutions :  Arndtsen,  Ann.  Ch. 
Phys.  rs],  liv.  403 ;  Jahresb.  1858,  p.  49. 

On  tne  influence  of  temperature  on  the  colour  of  saline  solutions :  Glad  ston  e,  Phil. 
Mag.  J[4]  xiv.  423;  Jahresb.  1857,  p.  71.— Babo,  Jatoesb.  1857,  p.  72.— Schiff, 
Ann.  Ch.  Pharm.  ex.  203 ;  Jahresb.  1859,  p.  52. 

On  the  coloration  of  saline  solutions  at  various  degrees  of  dilation:  Gladstone, 
PhiL  Mag.  [4]  xvi.  66 ;  Jahresb.  1858,  p.  47. 

On  the  influence  of  coloured  saline  solutions  on  the  spectrum  {ibid.). 

On  the  freezing  of  saline  solutions :  Dufour,  Jahresb.  1860,  p.  44. — Fritzsche, 
N.  Petersb.  Acad.  Bnli.  vi.  385,  495;  Jahresb.  1863,  p.  97.— Ru dor ff,  Pogg.  Ann. 
cxvi.  55,  cxxii.  837 ;  Jahresb.  1862,  p.  20;  1864,  p.  94. 

On  the  diffusion  of  saline  solutions,  see  Liquids,  Diffusion  of,  iii.  705. 

A  variety  of  mellilite  from  Vesuvius  (iii.  870). 

An  earthy  mineral,  consisting  mainly  of  calcic  and  aluminie 
phoephates,  occurring  on  some  of  the  small  islands  of  the  Antilles,  chiefly  on  Sombrero. 
It  contains,  according  to  Phipson  (Chem.  Soc  J.  xv.  277;  Chem.  News,  ix.  28), 
65  per  cent,  tricalcic  phosphate,  17  aluminie  phosphate,  and  9  water,  besides  calcic 
sulphate,  carbonate,  &c. — a  composition  which  may  be  approximately  represented  by 
the  formula  8(3Ca"O.P*O»).(2APO».8P*O*).20H«O.  Accoiding  to  Julie  n,  however, 
(Chem.  News,  ix.  16),  it  is  not  of  constant  composition. 

SOancITB.  Syn.  with  Nbphxlik,  from  Somma  (iv.  30). 

80VCBV8*  Souf-thistle. — A  genus  of  cichoraccous  plants.  Sonchiu  arvensis, 
gathered  during  flowering-time,  yields  86  0  per  cent  water,  and  1*19  ash ;  the  plant 
also  contains  a  bitter  principle,  wax,  resin,  a  small  quantity  of  free  acid,  &c. 
S,  olerttceus  yields,  at  flowering- time,  90*0  per  cent,  water,  and  1*48  ash.  The  ashes  of 
the  two  species  were  found  by  C.  Sprengel  (J.  techn.  Chem.  ix.  17 ;  x.  86)  to  contain, 
besides  alumina  and  ferric  oxide : 

K20.      Na«0.       CaO.     MgO.      SIO«.      SO*.       P«0».       CI. 
8.  arvensis     .      21*9       13*7      27*0      4*6      30      151        8*6      6*0  »  99-9 
8.oleraeert8    .      29*3      18*6      18*8      1*6      2*8        6*1       15*3      7*4   »  99*9 

SOVOSA  OVSK.  A  Idnd  of  lac  produced  by  the  puncture  of  a  coccus  in 
Mimosa  cerifera,  a  tree  growing  in  Mexico.  It  appears  to  have  been  long  used  in 
Mexico  as  an  irritant. 

The  root  of  Morinda  citrifolia  (iii.  1048). 
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SORBAMZBB.    C«H»NO  =  ^^^  \  N.— Ad  amide  produced  by  the  action  of 

dry  ammonium-carbonate  on  crude  sorbic  chloride,  or  of  aqueous  ammonia  on  sorbie 
ether  at  120^.  It  forms  white  easily  fusible  needles,  soluble  in  water  and  in  alcoboL 
(Hofmann.) 

SOSBAVnbZOB  or  PhenyUsorbamide,  C^"(C*H*)NO,  is  produced  by  the  action 
of  aniline  on  sorbic  chloride,  as  an  oil  which  solidifies  in  the  crystalline  form.  (Hof- 
mann.) 

BOSBZC  ACZS.    C'H'O'  =  ^^^|o.    (A.W.Hofmann,Chem,SocQn.  J. 

xii.  43.) — A  monobasic  acid,  produced  by  isomeric  transformation  of  parasorbic  acid, 
a  volatile  oily  acid  obtained  from  mountain-ash  berries.  When  the  liquid  which 
remains  after  partially  saturating  the  juice  of  the  unripe  berries  with  milk  of  lime,  is 
left  to  stand  till  all  the  neutral  calcic  malate  is  deposited  from  it  (iii.  789),  and  then 
distilled  in  a  copper  vessel,  ultimately  with  addition  of  a  little  sulphuric  acid,  an  acid 
distillate  is  obtained,  from  which,  after  saturation  with  sodic  carbonate  and  evapora- 
tion, a  brown  oil  is  separated  by  sulphuric  acid ;  and  by  dissolving  this  oil  in  ether, 
leaving  the  ether  to  evaporate,  and  rectifying,  a  transparent  colourless  oil  is  obtained, 
consisting  of  parasorbic  acid,  C*H*0',  which  when  gently  heated  with  solid  caustic 
potash,  or  boiled  for  some  time  with  strong  hydrochloric  acid,  is  transformed  into 
crystaliisable  sorbic  acid,  having  the  same  composition. 

Sorbic  acid  is  easily  purified  by  recrystallisation  from  hot  water;  it  dissolves  easily 
also  in  alcohol  and  ether,  and  crystaUises  from  a  boiling  mixture  of  1  vol.  alcohol 
and  2  vols,  water,  in  white  needles  an  inch  long.  It  is  inodorous,  melts  at  134*5^, 
volatilises  without  decomposition,  and  decompof^es  carbonates.  With  phosphoric  chloride 
it  yields  sorbic  chloride,  C*H'OCL  Heated  with  hydrate  of  barium,  it  yields  a  volatile 
aromatic  hydrocarbon,  together  with  carbonate  of  barium. 

Sorbate  of  Ammonium  crystallises  in  long  needles :  its  concentrated  solution  ia 
precipitated  by  chloride  of  calcium  and  by  most  salts  of  the  heavy  metals,  but  not  by 
chloride  of  barium,  strontium,  or  magnesium.— The  potassium-  and  sodium-salts  crys- 
tallise with  difficulty.— The  6<2nMm-«a//,C'»H'*Ba"0«,  and  the  calcium-salt,  C'«H'«Ca''0\ 
crystallise  in  silvery  scales. — The  sUveV'Salt,  C*H'AgO',  is  a  white  crystidline  pre- 
cipitate. 

Ethylic  Sorbate  or  Sorbic  ether,  C«H'(C*H*)0«,  produced  by  passing  hydrochloric 
acid  gas  into  an  alcoholic  solution  of  the  acid,  or  by  the  action  of  alcohol  on  sorbic 
chloride,  is  a  liquid  having  an  aromatic  odour,  like  tnat  of  benzoic  ether,  and  boiling 
at  196-5<>. 

Parasorbic  JLeld«  OH*0*. — This  acid,  prepared  as  above,  is  when  freshly  dis- 
tilled, a  transparent  colourless  liquid,  of  specific  gravity  1  '068  at  15°.  Its  vapour,  in  the 
concentrated  state,  has  a  repulsive  almost  intoxicating  odour :  it  is,  in  fact^  the  source 
of  the  peculiar  pungent  odour  which  the  juice  of  mountain-ash  berries  evolves 
when  partially  saturated  with  lime.  It  boils  constantly  at  221°,  but  a  portion  of  it  is 
always  converted  during  distillation,  even  in  a  stream  of  hydrogen,  into  a  yellow 
resinous  substance.  It  is  faintly  acid,  dissolves  in  moderate  quantity  in  water, 
forming  an  acid  solution,  and  in  all  proportions  of  alcohol  and  ether.  Its  solutions 
in  ammonia,  potash,  soda,  baryta-water,  and  lime-water,  dry  up  to  amorphous 
residues;  it  dissolves  in  alkaline  carbonates,  but  without  expelling  the  oarbonio 
acid. — Nitrate  of  silver  added  to  the  ammoniacal  solution  forms  a  white  gelatinous 
precipitate,  C*H'AgO',  which  blackens  on  exposure  to  light. 

80&BZC  CBZiO&ZBB.  Chloride  of  Sorbyl,  C'H'OCL— Produced  by  the  action 
of  phosphoric  chloride  on  sorbic  acid  or  its  potassium-salt.  It  is  converted  by  water 
into  the  acid,  by  alcohol  into  ethylic  sorbate,  by  ammonia  into  sorbamidei  by 
aniline  into  phenyl-sorbamide. 

Ethylic  sorbate. 

ACXB.    An  acid  produced  by  heating  sorbite  with  tartaric 
acid  to  100°.     (Berthelot) 

80BBZTB.  Sorbin.  C«H"0«.  (Pelouze,  Ann.  Ch.  Phys.  [8],  xxxv.  292.)--An 
unfermentable  sugar,  isomeric  with  gra|)e-  and  milk-sugar,  existing  in  the  ripe  juice  of 
mountain-ash  berries.  The  expressed  juice  of  the  berries,  gath^ed  towards  Uie  end 
of  September,  produces  deposits  and  vegetations  when  left  to  itself  for  13  or  14 
months,  and  at  last  becomes  clear  again  ;  and  the  clear  liquid,  decanted  and  evaporated 
to  a  thick  syrup,  yields  repeated  crops  of  crystals,  which  are  obtained  pure  by  two 
crystallisations  with  help  of  animal  charcoal. 
Sorbite  forms  very  fine,  regular,  transparent  crystals,  which,  according  to  Berthelot, 
~mg  to  the  trimetric  system,  and  are  for  the  most   part  rhombic  octahedrons: 
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^oo  .Poo  .  with  oP ;  oy«p  oP  the  angle  Poo  :  f  oo  -S8«>4»';Poo  rPoo  -  37^7'.  The 
fbooB  between  oP  and  Poo  are  tnmcated  by  mP«>  (znJ^oo  :  Poo  —  164<'  20*).  The 
ctystals  haT8  a  specific  gravity  of  1*654  at  15° ;  they  grate  between  the  teeth,  and  are 
as  sweet  as  cano-enfiar.  Optical  rotatory  power,  for  the  traneition-tint  «  46*9^  at  7°, 
only  slightly  Tariaole  with  the  temperature,  and  just  as  great  in  a  recently  prepared 
scdotioii  as  m  one  that  has  been  kept.    (Berthelot,  C%tm.  organ,  ii.  252.) 

Sorbite  dissolves  in  about  ^  pt.  cold  water ;  the  saturated  solution  has  a  specific 
gravity  of  1*372  at  15°.    It  is  insoluble  in  cold,  slightly  soluble  in  boiling  alcohoL 

Sorbite  forms  with  chloride  of  aodium,  a  compound  czystallising  in  cubes. — ^Aqueous 
soibite  dissolves  hfdraU  of  calcium  and  hydrate  of  biarium.  The  solution  of  the 
limner  deposits  flocks  when  heated,  decomposition  occurring  at  the  same  time. — 
Aqueous  sorbite  dissolves  oxide  of  lead ;  it  does  not  precipitate  basic  acetate  of  lead, 
but  on  addition  of  ammonia  throws  down  a  white  precipitate,  which,  while  being 
dried,  smells  of  caramel,  and  contains  79*4  per  cent,  lead  (Pe louse). — Aqueous 
sorbite  also  dissolves  cupric  hydrate. 

Sorbite  when  heated  gives  off  acid  water,  and  is  converted  after  some  time,  at 
150O — 180°,  into  a  dark-red  mass  consisting  of  sorbitic  acid  (Pelouze's  sorbic 
acid).    When  quickly  heated  on  pladnum-foU,  it  melts  and  bums  away  with  a  smell 
of  canuneL    Hot  nitric  acid  converts  it  into  oxalic  acid  (Pelouze).    Oxidising 
agents  also  produce  racemic  acid  from  sorbite  (Dessaignes,  Bull.  Soc.   Chim. 
1861,  p.  82).    It  is  not  altered  when  heated  with  dilute  acide ;  it  is  coloured  reddish- 
yellow  hj  oU  of  vitriol,  charred  on  heating.    When  heated  for  several  hours  with 
fuming  JufdrocJdoric  add,  it  is  converted  into  humous  substances  in  the  same  way  as 
glucose  (p.  315).    ^Berthelot,  Ckwn,  organ,  ii.  252.)    Sorbite,  heated  to  100<>  with 
tartaric  acid,  yields  a  small  quantity  of  a  substance  belonging  to  the  class  of 
saocharidfis  (p.  316),  whose  calcium-salt  reduces  potaraio-cupric  tartrate  (Bert helot). 
It  tarns  brown  when  heated  with  potaeh-lev,  and  evolves  a  smell  of  caramel.    Heated 
vith  lime,  hydrate  of  barium,  or  oxide  of  lead,  it  behaves  in  the  same  way.     The 
solution  of  cupric  hydrate  in  aqueous  sorbite,  and  aqueous  solution  of  sorbite  mixed 
with  potasaio'cuprio  tartrate,  deposit  cuprous  oxide  when  warmed  or  left  to  stand. 
Sorbite  is  not  fermentable  with  yeast  (Pelouze),  not  even  after  being  heated  with 
acids ;  but  when  left  to  stand  in  contact  with  cheese  and  chalk,  at  40^,  it  suffers  a 
decomposition,  which  gives  rise  to  a  large  quantity  of  lactic  acid,  alcohol,  and  butyric 
add,  without  previous  formation  of  a  fermentable  sugar.   (Berthelot.) 

BOSBXno  JLOIB.  Pelouze's  Sorbic  Acid, — An  acid  obtained  by  heating  sorbite 
for  some  time  to  150^ — ISO^'.  On  dissolving  the  residue  (which  is  insoluble  in  water, 
aqueous  acids,  or  alcohol),  in  aqueous  ammonia  or  potash,  a  dark-brown  solution  is 
obtained,  firom  which  hydrochloric  acid  throws  down  amorphous  dark-red  flakes; 
these  contain,  after  drying  between  120^  and  150^,  57*96  per  cent.  C,  5*51  H,  and 
36*53  O,  corresponding,  according  to  Pelouze,  with  the  formula  C^W^O^*,  Their 
solution  in  ammonia-water  gives  oolourpd  precipitates  with  metallic  salts ;  with  lead- 
salts  one  containing  51*35  per  cent,  lead-oxide,  C^W^O^KZPbO,  according  to  Pelouse. 

■OBSra  AVOVYABZA.  Pyrus  Aucuparia.  MountavMuh,  Rowan-tree. 
Borhitr.  V ogdheerbaum, — ^A  pomaceous  tree,  the  unripe  berries  of  which  contain 
Urge  quantities  of  free  vegetable  acids — ^viz.  citric,  tartaric,  and  malic  acids ;  the 
last  is  most  abundant  when  the  berries  have  a  rose-red  colour ;  previously  to  this,  the 
tartaric  add  predominates,  and  later  in  the  season  the  malic  add  likewise  disappears. 
The  juice  of  the  berries  contains  also  a  non-fermentable  sugar,  viz.  sorbite,  to- 
gether with  fermentable  sugar ;  for  the  juice  even  of  unripe  berries  has  been  found 
to  pass  into  spontaneous  fermentation,  and  to  j^ield,  from  100  vols.,  4  vols,  of  spirit 
containing  50  per  cent,  alcohol.  After  the  spirit  there  distils  a  milky  liquid,  which, 
after  a  few  days,  deposits  a  small  quantity  of  a  stearoptene  in  small  shining  crystals 
(Liebig).  Brandy  is  prepared  ^m  the  juice  of  the  ripe  berries  in  the  Tyrol,  in 
North  Germany,  and  other  places. 

The  juice  likewise  contains  a  pungent-smelling  oily  acid  (parasorbic  acid,  p.  352), 
which  may  be  separated  by  distillation  after  the  malic  acid  has  been  predpitatc^i  by 
lime. 

The  flowers  of  the  mountain-ash,  and  the  bark  of  the  stem  and  root,  are  said  to 
yield,  by  distillation  with  water,  products  containing  hydrocyanic  acid ;  the  bark  also 
tannin  and  a  bitter  principle.    (Gossmann.) 

C*H'0.    The  hypothetical  radicle  of  sorbic  acid. 


A  mineral  resembling  pit-coal  in  appearance,  forming 
three  layers   in  trap  near  Sordawala  in  Finland,  and  associated  with    magnetic 
pyrites,  at  Bodenmais  in  Bavaria.    Hardness  -  2*5.    Specific  gravity  »  2*53 — 2*58, 
Vol.  V.  A  A 
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Gives  off  water  when  heated,  and  melts  to  a  black  bead  befbie  die  blowpipe. 
Partially  decomposed  by  adds.  Analysed — a,hj  Nordenskiold  (Schw.  J.  zzxL 
148) ; — b.  by  Wandesleben  (N.  Jahrb.  Fharnu  i.  82) : 

PfO*.  8I0>.  A1S03.  F6*0>.  FeO.  MgO.  H*0. 

a.  2-68        49-40        13-80         .     .  18*17        10-67        4'38     »     9910 

b.  2-26        47-70        16-65        24*32  .    .         1021         .     .     »     9814 

The  presence  of  phosphoric  acid,  and  the  nnoertainty  as  to  the  state  of  oxidation  of 
the  iron,  render  it  impossible  to  reduce  these  resnlts  to  a  definite  formula. 

SORGHO.  Sorghum  saccharatum,  Eolcus  taccharaius.  Sugar-sorgho. 
Chinese  sugarcane.  Imphee.  Kao-lien.* — ^A  sugar-producing  grass,  resem- 
bling maize  in  external  appearance.  It  appears  to  haye  been  first  obtained  by  the 
Jesuit  missionary  Du  Halde,  from  the  Chinese  province  Le  Chuen ;  the  seed  was  sent 
to  France  in  1851,  where  the  plant  was  cultiyated,  chiefly  by  Vilmorinaud  Beaun^gard, 
and  exported  in  1854  to  the  United  States,  where  numerous  experiments  were  made 
with  reference  to  its  utility  lor  the  manufacture  of  sugar,  and  in  agriculture  as  a 
substitute  for  the  ordinary  green-crops.  Its  chemical  composition  has  been  inrestigated 
by  Gossmann  and  other  (£emist8 ;  but  it  does  not  appear  certain  that  all  the  experi- 
ments have  been  made  on  the  same  species  of  plant. 

The  stem  or  cane  freed  from  leayes  contains,  according  to  Gossmann,  78*9  per  cent, 
water,  10*2  soluble  oonstituents,  8*2  cellnlosei  0'4  to  0*6  insoluble  salts  and  c  eras  in. 
This  last  is  a  waxy  substance  distributed  unequally  oyer  the  surface  of  the  plant,  but 
most  thickly  on  those  parts  which  are  ooyered  by  the  sheaths  of  the  leaves ;  when 
mixed  with  tallow  it  is  said  to  make  excellent  candles.  By  charring  the  defoliated 
cane,  Gossmann  obtained  0*71  per  cent,  inorganic  constituents.  The  residue,  which  was 
alkaline,  consisted  of  calcic  and  magnesic  phosphates,  caldc,  magnesic,  potaasic,  and 
Bodic  carbonates  and  chlorides,  and  silica;  the  potash  was  in  larger  proportion  than 
the  soda. 

The  leayes,  which  contain  no  sugar,  leaye  when  burnt,  2-07  per  cent,  inorganic 
oonstituents,  chiefly  consisting  of  silica,  lime,  and  magnesia,  and  contain  27  per  cent, 
moisture. 

The  ash-constituents  of  the  entire  plant  haye  been  determined  by  J.  ElwerL  The 
plants  used  in  this  inyestiffation  belonged  to  a  species  of  sorgho,  called  broom-cornf 
cultiyated  in  America,  and  mstinguished  from  the  Chinese  sugar-cane  by  its  longer  and 
much-cUvided  panicle.  100  kilogrames  of  the  green  plant,  equiyalent  to  15*5  kilo- 
grammes of  the  dry  plants  yield  1*879  kilogrammes  ash,  consisting  of — 

K»0.         Ks«0.       CaO.  CL         80».       F«0».        CO«.  8IK).  X.* 

20*8        4*7        21*4        2*2        1*9        8*0        14*1         16*6        10*5    *  99*6 

Of  these  there  are  soluble  in  water — 


R<0. 

Na'O. 

CI. 

80«. 

P«0«. 

SIO«. 

20*8 

4*7 

2-2 

1-9 

8*4 

33 

soluble  in  hydrochloric  acid:  214  CaO,  141  CO*,  4*6  I»0*;  insoluble:  13*2  sUica, 
and  10*5  sand. 

The  juice  obtained  by  pressing  the  plant  tastes  yeiy  sweet,  has  a  greenish-yellow 
colour,  turbid  appearance,  faint  acid  reaction,  and  a  specific  gravity  of  about  1-07 
(9°  to  9^0  B.)  at  190.  It  boils  at  101^— lOl'S®  and  between  60°  and  70°  begins  to 
deposit  an  albuminous  ooagulum,  without  however  clarifying  completely,  an  effect 
which  takes  place  only  after  prolonged  boiling.  When  left  to  itself,  at  20°  to 
25°,  it  soon  begins  to  ferment.  When  evaporated,  it  leaves — after  the  albuminous 
constituents  have  been  skimmed  off — a  transparent.,  viscid,  sweet  residue,  which 
exhibits  no  trace  of  crystals,  and,  if  somewhat  unripe  plants  have  been  used,  gives  the 
reactions  of  starch.  From  perfectly  ripe  canes  Gossmann  obtained  nothing  but 
cane-sugar,  and  that  to  the  amount  of  9  to  9*56  per  cent  According  to  Reihlen  and 
Fehling,  the  juice  of  broom-corn,  not  quite  ripe,  contains  4  per  cent,  cane-sugar,  and 
10  per  cent,  unciystallisable  sugar.  Liidersdorn  found  in  the  juice  of  the  Chinese  sugar- 
cane, 7*5  per  cent,  sugar,  consisting  of  equal  parts  of  cane-sugar  and  fruit-sugar ;  and 
Bergemann  found  in  it  no  cane-sugar,  but  11*3  per  cent,  fruit-sugar.  Hence,  and  from 
the  elaborate  experiments  of  Dr.  Jackson  (Polyt»  CentralbL  neue  Folge,  xii.  1649), 
it  appears  that  the  plant,  in  its  earlier  stages  of  development^  contains  only  grape- 
sugar,  together  with  starch;  but  when  it  ripens,  all  the  starch  disappears,   and 

*  Henry  S.  0 1  c  o  1 1,  Sorgho  amd  Imphee^  the  new  Chinese  and  4fi'^can  Sugareane*^  New  York, 
jg57._  Vilmorin,  Becherchet  de  worgho  mcr(,  1854..^tanibur7,  The  Chineee  Svgar-eame, 
))«w  York,  1867.  —  James  F.  C.  H  y  d  e,  T%e  Chintte  Sugarame,  Boston,  18&7.  —  J.  L  o  ▼  r  i  n  y , 
The  Chhteu  Sngarcanet^  PhilMlel^ia.  1888. — A.  Gb'ssmann,  Joatnt.  /.  LaadwirVuchqJt„  von 
Hennebers,  neue  Folge,  1.  994  (18M)..Habich.  Poiyt.  CentraibL  1898,  p.  1647— Ldrfler,D«  Chi. 
mesiedu  Zueherrohr,  Braontchwelg.  1859.~ifafufv.  tf.  Chem.  Tiii.  68. 
t  Sand  with  trwet  of  iron. 
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BOtiiui^  but  eme-ngar  is  present  Of  indifferent  substaooes,  the  juice  oontains  mucous 
aitaqgttuous  natten,  chlorophyll,  gum,  and  albuminous  compounds.  The  quantity  of 
the  latter,  though  not  rery  great,  is  sufficient  to  conyert  the  whole  of  the  cane-sugar 
into  ghieoee^  and  to  reeolve  Uie  latter  into  aloohd  and  carbonic  anhydride,  Acoorduig 
to  Loffler,  the  juioe  also  contains  two  peculiar  yegetable  acids. 

Oloott  found  in  the  juice  15*2  per  cent 'sugar,  1*0  salts  and  oiganic  constituents 
(albamin,  T^getable  fibre,  gum,  chlorophyll,  &c.),  and  83*8  water.  The  salts  were 
foond  to  eonaist  of  0*760  potassic  carbonate,  acetate,  chloride,  and  sulphate,  0*218 
add  calcic  and  magnesic  phosphates,  and  0*012  silicic  hydrate,  mixed  with  ferric  and 
manganic  oxides. 

The  ash  of  the  juice  contains,  according  to  Goesmann,  0*0015  per  cent  silica,  together 
vith  the  following  constituents  soluble  in  water: — 0*219  calcic  and  magnesic  phos- 
phates, with  traces  of  iron;  0*310  alkali,  chiefly  potash;  0*69  sulphuric  anhydride, 
0-065  chlorine,  and  0*079  phosphoric  anhydride  (  »  0*742).  The  juice  probably  also 
eootains  small  quantities  of  exalic  and  tartaric  acids. 

The  expressed  plants  (beffosse),  which  may  be  used  for  paper-making,  contain, 
according  to  01cott>  1*6  per  cent  ash,  consisting  of — 

K«SO«.    Na«SO<.      CaO.       MgO.         SO».         P^O'.  CI.  SIO«.  X.« 

8*10       9*60      11*80      9*30      28*70      14*42      3*70      14*40      0  68  «   100 

The  seed  of  sorgho  is  yellowish,  and  yields  a  white  flour,  used  in  Marseilles  and 
Iiyona  for  the  finer  sorts  of  bread  and  biscuits.  It  is  rich  in  starch  and  fat,  and 
cootains,  aeoordiiig  to  Oloott,  from  10  to  12  per  cent  nitrogenous  substances,  and  60  to  66 
per  cent  starch.  The  seeds  boiled  with  12  to  15  pts.  water  form  a  elutinous  paste ;  when 
exhausted  with  ether,  they  yield  a  not  inconsiderable  quantity  of  fat  From  50  to  60 
grammes  of  the  ground  seeds  Gossmann  obtained  several  grammes  of  solid  fatty  acid. 

When  animals  are  fed  on  the  seed,  their  bones  gradually  acquire  a  red  colour. 

The  glumes  (fioral  leaves)  and  stems  of  sorgho  contain  red  colouring-matters,  which 
may  he  used  for  dyeing  silk  and  wooL 

SFAllAXra.  A  hydrated  magnesic  silicate  occurring,  together  with  wollastonite, 
at  Capo  di  Bore,  near  Rome.  It  is  amorphous,  has  a  conchoioal  to  splintery  fracture, 
bluish-red  colour,  and  slightly  waxy  micaceous  lustre.  Hardness  a  2*5.  (rives  off 
water  when  heated,  and  melts  before  the  blowpipe  to  a  glassy  enameL  Dissolves 
in  strong  hydrochloric  add,  the  silica  easily  gelatinising.  (Contains,  according  to 
y.  Kobell  (J.  pr.  Ghem.  xxx.  467),  56*00  per  cent  sUica,  0*66  aJumina,  30*67 
magnesia,  0*66  mrrous  oxide,  and  11*34  water  (»  99*33),  which  may  be  represented, 
approximately,  either  by  53l^*0.6SiO*4H*0  -  Mg"8i<0*.4Mg''SiO'.4HK),  or  by 
6S^''0.7SiO».4H*0  -Mg''Si«0».5Mg"8iO«.5H«0. 


.     Tugghada, — A  resin  much  used  in  Northern  Sweden  for  chewing, 

and  said  to  keep  the  teeUi  dean  and  the  mouth  cool.  It  collects  in  lumps  on  the  stems 
of  pine-trees,  and  is  difficult  to  separate  from  the  pine-resin,  which  it  resembles.  It  is 
separated  from  adhering  bark  by  kneading  under  warm  water. 

This  resin  is  brownish  without,  with  a  rose-red  tinge,  yellowish-brown  within, 
becomes  darker  and  reddish  on  exposure  to  the  air.  It  is  brittle  at  ordinary  temperd- 
tures,  and  when  chewed  softens  at  first,  exhibiting  a  sour  and  balsamic  taste ;  by 
continued  chewing  it  becomes  rose-red  and  brittle.  It  contains  a  small  quantity  of 
a  viscid  volatile  oil,  quite  distinct  from  oil  of  turpentine,  which  may  be  separated 
by  distillation  with  water ;  also  several  resins,  and  a  crystallisablo  easily  alterable 
add,  which  may  be  extracted  by  water.  This  acid  is  soluble  in  alcohol,  forms  soluble 
salts  with  the  alkalis  and  alkaline  earths;  precipitates  ferric  chloride  completely; 
forms  a  dingy-green  predpitate  with  cupric  acetate,  sulphur-yellow  with  basic  acetate 
of  lead,  even  in  dilute  solution ;  with  the  neutral  acetate  also  in  concentrated  solution  ; 
white  with  nitrate  of  silver. 

The  resin,  a'fter  exhaustion  with  water,  dissolves  completely  in  alcohol  of  specific 
eravity  0*84,  but  not  completely  in  ether ;  water  added  to  the  alcoholic  solution  throws 
down  a  powder,  which  can  no  longer  be  masticated.  Potash  unites  with  the  resin, 
forming  with  one  portion  of  it,  a  compoiud  insoluble  in  excess,  with  the  remainder 
a  soluUe  compound;  the  latter  resin  is  also  soluble  in  ammonia.  (Berlin,  Ann. 
Ch.  Pharm.  lii.  404.) 

SVAJrXOXiZTB.  Von  Kobell's  name  for  certain  varieties  of  tetrahedrite  contain- 
ing mercury. 

SFAVXOSiXTmv.  A  non-azotised  colouring-matter,  occurring,  according  to 
Sane,  in  small  quantity  in  litmus  (iii.  731). 

*  Ferric  oxide,  carbonic  anhydride,  and  loti. 

Aa2 
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Breithanptf 8  name  for  a  raiiely  of  calcspar  from  Kew  Jeney, 
which,  according  to  Jenzsch  (Pogg*  Ann.  xevi.  145),  has  a  epedfie  gravity  2*81, 
hardness  3*5,  and  contains  80  per  cent,  calcic  carbonate,  together  with  the  carbonates 
of  magnesinni,  manganese,  iron,  and  zinc,  and  5*3  per  cent,  calcic  fluoride. 

BPASTA&ZTEL  Native  oxide  of  zinc,  usually  coloured  red  hy  admixture  of 
manganic  oxide.    (See  Zijxc.) 

SFA&TBZVa.  C'^H*^*.  (Stenhouse,  Ann.  Ch.  Pharm.  IxxyUi.  15  ;  Pharm. 
Centr.  1861,  p.  439  ;  Chem.  Ghiz.  ix.  117.— Gerhardt,  Traiti/iY.  236.— £.  J.  Hills, 
Chem.  Soc.  J.  xv.  1 ;  Gm.  xiii.  151.) 

History, — Sparteine  was  discovered  in  1851  hj  Dr.  Stenhouse,  while  investigating 
the  Spariium  ScopariwUj  or  Common  Broom.  The  formula  proposed  by  Stenhouse 
was  subsequently  modified  on  theoretical  grounds  by  Gerhardt^  but  a  re-examination 
by  Mills  showed  that  Stenhouse's  formu^  doubled  represents  the  true  composition 
of  sparteine. 

PreDaroHon. — 1.  An  aqueous  decoction  of  broom  is  concentrated  to  about  a  tenth  of 
its  bulk,  and  set  aside  in  a  cool  place  for  twelve  hours ;  and  the  gelatinous  mass  which 
forms  is  thrown  on  a  filter,  and  washed  with  cold  water.  The  solutions  contain  the 
sparteine,  while  scoparin  in  an  impure  state  remains  on  the  filter.  The  filtrate 
is  distilled  with  excess  of  soda,  when  a  colourless  basic  oil  slowly  collects  at  the  bottom 
of  the  aqueous  liquid  in  the  receiver.    (Stenhouse.^ 

2.  The  plant  is  exhausted  with  water  faintly  aciaulated  with  sulphuric  acid ;  the 
extract,  concentrated  by  evaporation,  is  distilled  with  soda  until  the  distillate  has  no 
longer  a  bitter  taste  or  alkaline  reaction ;  the  distillate,  acidified  by  hydrochloric  acid, 
is  evaporated  to  dryness  on  a  water-bath ;  and  the  mass,  slightlv  moistened,  is  then 
distilled  with  solid  hydrate  of  potassium.  Ammonia  is  then  given  off,  followed  by 
the  base  in  the  form  of  a  thick  oil.  The  base  is  dehydrated  by  gentle  heating  with 
sodium  in  a  current  of  dry  hydrogen.  When  completely  dry,  the  sodium  remaining  ia 
removed,  and  the  base  is  finidly  purified  by  rectification.    (Mills.) 

i^(>per^tf.— Sparteine  is  a  colourless,  transparent,  viscid  oil.  Its  specific  gravity 
does  not  appear  to  have  been  determined,  but  it  is  heavier  than  water.  It  has  a  peculiar 
odour,  whico  is  more  unpleasant  after  rectification.  It  has  a  very  bitter  taste.  It  boils 
at  288^.  (The  high  boiling-point  suggests  the  idea  of  its  being  a  diamine).  It 
neutralises  acids,  but  the  salts  formed  crystallise  with  difficulty.  It  is  a  narootie 
poison  of  the  nicotine  character,  but  inferior  in  energy.  One  drop  dissolved  in  acetic 
acid,  and  administered  to  a  rabbit,  first  produces  excitement ;  but  this  is  followed  by 
stupor,  lasting  for  five  or  six  hours.  Four  grains  are  sufficient  to  kill  a  large  rabbit. 
It  readily  forms  double  salts  with  the  chlorides  of  the  heavy  metals. 

Sparteine  dissolves  sparingly  in  water,  but  may  be  separated  by  adding  chloride  of 
sodium  to  the  solution.  Most  of  its  physical  properties,  including  its  vapour-density, 
have  yet  to  be  determined. 

DeDomposiiiofia. — 1.  Sparteine  becomes  brown  on  exposure  to  the  air  for  a  few  days  at 
ordinary  temperatures,  and  more  rapidly  while  boiling. — 2.  Boiled  with  hydrocii<me 
acidt  it  is  decomposed,  yielding  a  solution  having  an  odour  of  mice  (Stenhouse). 
On  the  other  hand.  Mills  concentrates  weak  solutions  of  sparteine  by  saturating  witji 
hydrochloric  acid^  and  evaporating  to  dryness  on  the  water^bath. — 3.  Nitric  acid 
decomposes  sparteine,  yielding  a  substance  which,  when  treated  with  chloride  of  Itme^ 
affords  chloropiciin. — 4.  Bromine  converts  sparteine  into  a  brown  resinous  substance, 
much  heat  being  developed  during  the  reaction. 

Salts  of  Sparteine. — The  chloride,  bromide,  and  iodide  are  amorphous  and  unfit 
for  analysis.     (Mills.) 

The  oxalate  forms  acicular  crystals,  which  are  difficult  to  obtain. 

Chloroplatinatc,  C>*H»N«.2HCl.Pt"01«.2H«O.— This  salt  precipitates  as  a  yellow 
crystalline  powder  when  a  solution  of  tetrachloride  of  platinum  is  added.to  a  solution  of 
bparteine  in  hydrochloric  acid.  It  crystallises  readily  from  a  solution  in  hot  hydro- 
chloric acid. 

Chloroaurate,  0»H«*N".2HCl.Au*'Cl".— Sparteine  also  forms  double  salts  with  iodide 
and  chloride  of  sine. 

Substitution-derivatives  of  Sparteine, 

Iodide  of  Rthylspartcine,  [C'*H"(C«H»)NTP.— Equal  volumes  of  sparteine,  alcohol, 
and  iodide  of  ethyl  are  to  be  heated  together  in  sealed  tubes  for  an  hour  to  100^.  The 
mixture  becomes  dark-coloured,  and  deposits  the  ethylated  compound  in  crystals.  They 
are  sparingly  soluble  in  cold,  readily  in  hot  alcohol,  and  excessively  soluble  in  hot 
water  (Mills).      Oxide  of  silver  transforms  the  iodide  of  ethylsparteine  into  the 
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njdimta  of  etbj-lapafteine,  on  traabnent  vith  alcohol  and  iodida  of  «t}lTt,  in 

tobea,  yield*  iodids  of  dielhjl«partBine,[C"H»(C'H')'N'n*.    (Mill«.) 

'■' ■-■•-•-- '  '' — '-■   -     ■■- ■■ —  -■--  -i-  -re  reeaarcCM  that  Bp    ' 

SB  with  flo  maQT  of 
>lk»loida  mod  fdM  of  thoae  fbnoed  b;  deBtmctiie,  diBtlllalion,  nothing 


of  S^arititu. — It  ai^eara  from  the  abore  reeaaniiiea  that  Bparleii 
teTtiiHj  diamine,  haviug  the  formala  (CH")''!!',  but,  as  with  ao  maiiT  of  thn  natural 
>lk»loida  mod  also  of  thoae  fanned  b;  deBtmctiie,  diBtillalion,  not   '         •  '    ■■     ■ 
known    of    the    hydrocarbon   group   irhich    replace*   the   hjdiogea 


I    the    typical 

c.  a.  W. 


U9AMTI.UM,     A  genu  of  pIsDtE  Mong  to  the  p«ipilionac«onB  group  of  the 
legominoas  order.    So,  motuiperimim  is  eatd,  by  Lorenzo  and  Moreno  (J,  "  ' 
DwdL  ix.  747)i  to  yield  a  eryrtalliBe  snbstance,  a  parti  in,  analogous  to  salicin. 


legominoas  order.    So,  motuiperimim  is  eaid,  by  Lorenzo  and  Moreno  (J,  Chiin. 
loedL  ix.  747)i  to  yield  a  eryrtalliBe  snbstance,  s  parti  in,  analogous  to  salicin. 
Tlie  common  broom  {^artium  teaparium,  L.,  Cytiitu  tamariut.  Link)  has  b 


Esmined  by  several  chemiila.  CBdet(J.  Pharm.  i.  432)  found  in  the  floversBTolalils 
«il,  bt,  a  ligbt-yelloir  coIonring-niBtter.  and  s  pacnliar  aubatance  mluble  in  water 
aixl  alcohol,  and  baring  the  taate  and  smell  of  the  plant;  Beinach  (Jabrb.  pr.  Fharm. 
Til  HlJfoDDd.  in  the  floirerB  and  green  parts  of  tlie  plant,  a  cngtalliBBble  bitif  r  prindpls. 
S  t  enho  u  Be  (Phil.  Trana.  1B51,  p.  i22)  obtained  from  the  plant  a  ciysbilline  eolouring- 
matter,  scoparin  (p.  308),  and  aTotatile  base,  sparteine;  both  these  subatancea  are 
meet  aboiu&nl  in  plants  which  have  grown  in  sunny  sitnations.  According  to 
G.  Sprengel  (J.  techn.  Cheto.  T.  129),  100  pts.  of  the  green  plant  yield  O'Slfi  pL  of 
ash  £t«e  irom  carbonic  acid,  and  containing  27'6  per  cent,  potash,  10  eoda,  241  lime, 
4-3  magnesia,  13-0  alumina,  5-7  ferric  oxide,  0-7  manganic  oiide,  6'7  silica,  14  chlorine, 
0-1  sulphuric  anhydride,  and  I2'3  pbosphoric  anhydride. 

The  root  of  the  common  broom  has,  according  to  Seinsch,  a  decided  liquorice-taste, 
vith  irritating  aftei-taate- 

SVKAB  VTSZTHa,     Byn.  vith  MuCASin  (iii.  102). 

•Vaozno  OSAVXTT.  Bj  thia  term  la  undemtood  the  weight  of  a  body  as 
conjured  with  that  of  an  equal  Wnme  of  another  body  assamed  as  a  BtaadKrd.  It  is, 
ot  course,  necesBary  that  the  atandard  shall  .be  readily  obtainable  in  a  pure  state ; 
distilled  water  is  therefore  employed  for  solids  and  liquids,  and  atmoapheric  air  for 
Bssee  and  Tapoun.  In  certain  sdentiflc  investigations  it  ii  not  unfrequent  to  use 
hydrogen  as  tiie  unit  of  density  A>r  gases  and  Tapoois.  In  this  cssti  it  is  usual  to 
make  the  experimental  comparison  with  air,  and.  subaeqnently  reduce  it  to  that  of 
bydngen  1^  calcDlstioD. 

As  the  Tolnmes  of  solids,  liquids,  and  gaaes  are  aAdad  by  heat,  it  is  absolutely 
neceeeuy  to  f)erform  the  operations  at  known  temperattuei.  It  is  usual  in  this  conn tiy 
to  nuke  the  experiment  at  S0°  F.  (=  lS-6°  C.)  in  the  cans  of  solids  and  liquids;  and 
with  gaeee,  to  make  the  experiment  at  tbe  temperature  of  the  j\jg^  -j^^ 

air  at  the  time,  and  reduce  the  observed  volume,  by  calculation, 
to  the  lemperatuTP  of  \6-6°.  With  vapoun  the  experiment  muat 
be  made  at  a  t«mperataro  suffldentJy  elevated  to  ensure  tbeir 
obeying,  within  certain  limits,  the  Ihitb  of  permanent  gases. 
The  standard  temperatore  in  Fnnce  is  Dsually  0°  for  gases,  and 
4°  (the  point  of  maiinmm  density  of  water)  far  solidsand  liquids. 

We  shall  consider  the  methods  of  determining  the  Bpeciflc 
gravities  of  solids,  liquids,  vapours  and  ganea  under  Bpparat« 

SrMino  OBirmBS  ov  Solois. 
To  detertnine  ths  specific  gravi^  of  a  solid,  it  is  only 
neccBssiy,  iiv  addition  to  its  neight,  to  know  that  of  an  equal 
bulk  of  water.  The  method  to  be  selected  will  depend  npou  the 
chemical  and  physical  characters  of  the  anbetonce.  We  shall 
consider  the  following  instances,  which  include  all  those  which 
are  likely  to  occur  even  in  the  invectigatiouof  the  most  trouble- 
some organic  snbstsncee  :— 

1.  Thi  siAttanee  ii  solid,  heaeiir  than  icater,  and  intohMi  m 
that  Ivaid. 

2.  lia  tuhttance  u  telid,  and  inxlubU  in,  but  ItgUer  ilia^t 

3.  TXs  mbitanei  if  totid,  heamtr  than  teater,  but  in  frag' 
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I.  IXs  Mitttana  u  totid,  ioMitr  OoH  KuMr.  and  intoltibli  in  fiUt  lifutd. 

a.  By  the  HydTotttttio  Balance, — Tba  moot  nsnal  and  genersllj  applicsUo  metbod  i» 
bj  the  one  of  a  hjdroBtatic  balance.  The  Babatance  is  fint  to  be  weigfa^  aeenratelr, 
in  the  dbqaI  mumer.  It  is  then  to  be  attached  bj  a  allp-knot  to  a  honehair,  and 
BUBpended  from  the  ahort  pan  of  a  baloni^e,  na  in  fiff.  7fiO.  A  veuel  of  diatilled  water 
being  bo  placed  that  the  nibatance  will  hang  tnelj  in  il,  the  Bnbalance  will  apprxr  to 
be  lighter  than  before,  the  losa  of  weight  being  exactly  the  aiune  a«  the  weight  of  a 
Tolnme  of  water  aqnal  to  tliat  of  the  Bubatance.  In  ouer  words,  a  bodr  immeraed 
in  water  not  only  diapliicea  ita  own  voloine,  bat  also  loaea  a  portion  of  ita  wei^U; 
exactly  equal  to  that  of  the  water  diaplacod.  U  the  arms  of  the  balance  are  equal 
.  in  length,  it  will  only  be  neceaaair  to  place  weights  in  the  ahort  pan  ontil  the  equili- 
briom  ia  restored,  to  get  all  the  data  necessary  to  enable  the  spedEc  gravity  to  be 
compnted.  If  the  arma  are  nneqnal  in  length,  it  will  be  necessary  to  adjust  tho 
weights  in  the  othei  pan  ontil  [he  snbalance  is  eonnterpoiaed.  To  calculate  the 
density,  it  ia  only  necesiaiy  to  divide  the  weight  in  aii  by  the  loss  of  weight  in  water. 
Great  care  must  be  taken  during  the  operation  that  the  substance  is  always  but- 
„  _.,  rounded  by  water,  that  it  does  not  tooch  the  udes  of  the  vessel,  and 
"ff-  ^01.      t^j  ^  aiisbubblea  adhere  to  it 

b.  By  Ifieholtmia  Hydrometer.    Sea  HTDBOJomoi  (iii  211). 

c.  By  Ikt  Fiatt, — A  flask  with  ■  wide  mouth  and  hollow  iboppm, 
enlaced  at  its  npper  eztremilj,  and  having  a  marit  at  a  (Jrg.  Tfil),  ia 
to  be  filled  to  the  maA  with  water,  and  ita  weigM  is  to  be  ascertained. 
The  level  of  the  Liqoid  can  easily  ba  teglilat«d  ^  the  aid  of  a  small  roll 
of  flltering-paper.  The  stopper  having  been  removed,  the  anbatanee, 
the  weight  of  which  ia  known,  is  to  be  dropped  in.  The  Btappa  ia 
then  to  be  replaced,  care  being  taken  that  no  air-bnbblea  either  adhere 
"»  the  substance,  or  lis  between  the  stopper  and  the  water ;  the  level  of 
Lbs  water  having  been  again  adjusted  to  the  mark,  the  weight  is  to  be 

I  ascortained.    To  calculate  the  reautt,  we  most  add  the  weight  of  the 

Bubst&nce  to  the  weight  of  the  flask  of  water,  sad  from  the  number  so 

obtained  deduct  ths  weight  of  the  flask,  &c,  as  obtained  after  inaeitiitg 

the  mbstance.    The  difference  will  be  the  weight  of  a  qoantitj  of 

tr  eqoal  in  bulk  to  the  eabstance.    It  is  then  only  necessary  to  divide  the  original 

weight  of  tho  Bubstance  by  the  nuniber  so  obtained. 

d.  Froeeu  by  nMottaiitff  tht  voliau  of  llu  mittaMK. — The  substance  is  tobewelf^ed 
in  air,  and  Iliui  dropped  into  a  graduated  tube  t^.  7fi2),filled  to  thezfi^of  ihescale 
witJi  water.  Ths  graduatJona  indicate  grains  (or 
-^V'  ^^^'  grammas)  of  water.   It  is  BTident,  therefore,  that 

when  the  anbatance  ia  inserted,  ths  liquid  will 
rise  in  the  tube,  and  indicate  at  onc£  the  weight 
of  a  balk  of  WHtsT  equal  to  that  of  the  subataaea. 
It  is,  Ihersfore,  only  neeeasary  to  divide  the 
weight  in  air  by  the  weight  of  an  equal  volume  of 
water,  as  indicated  by  the  inatruoient,  to  obtain 
■n  ^iproiimation  to  the  speciflc  gravity. 
2.  7^  a^ilanet  ii  talid,  and  inialiibie  in, 
but  Uglter  than  water. 

a.  The  solution  of  this  problem  is  excetnvelf 
rimple.  Only  three  data  are  required,  namely : 
ths  veidit  in  air  of  the  light  substance  <>  P ; 
the  weight  in  aater  of  a  piece  of  lead,  or  other 
heavy  substance  snffident  to  sink  it,  e  F ;  and 
the  weight  in  water  of  the  light  substance,  and 
the  lead  attached  to  each  otfasr.  -  F*.  We 
have  then    the  density   D   by  ths  following 


D- 


F"-P^ 


Or,  in  words,  deduct  from  the  waight  of  the 
heavy  substance,  in  water,  the  weight,  in  watw, 
of  the  light  and  heavy  lubstanea  attached ;  add 
to  the  ranainder  the  weight  of  the  Light  sab- 
stacee  in  air  ;  and  divide  the  wei^t  of  the  light 
mbstance  in  air  by  the  number  so  obtained :  th« 
result  ia  the  denei^. 
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&.  The  piroeeas  hj  Um  iladc  i*  aho  applicable  to  this  case.  A  Teasel  capable  of  being 
cloaed  "by  a  stopper  being  taken  and  weighed  fall  of  water,  the  light  sabatance^  if  its 
^jaical  cooditioa  permit,  may  be  inserted  after  weighing ;  a  qnantitj  of  water,  equal 
in  bulk  to  the  snbrtanoe,  will  then  overflow ;  on  replacing  the  stopper,  and  re-weighing, 
all  tha  neoeasary  data  will  be  obtained,  the  calcnlation  being  made  as  in  1  «.. 

3.  T%e  substance  is  solid^  heavier  than  water,  hut  infragmmts. 

The  pcoeeas  by  the  flask  is  especially  applicable  to  this  case.  The  opeiation  and  cal- 
culation are  precisely  as  in  1  c. 

4.  Tke  substance  is  solid,  heavier  than  water,  but  soluble  in  it. 

It  is  sometimes  possible  to  Tarnish  it  Tery  thinly,  so  as  to  preTent  the  access  of  the 
wniter,  and  to  determine  the  speciflc  graTity  by  the  process  la.  A  serioos  error  may, 
howeTer,  creep  in  if  the  Tarnish  shoi^d  penetrate  any  interstices  in  the  substance.  It 
iSk  therefore,  u  eTOiy  way  preferable  to  use  the  method  1  a,  substitating  for  the  water 
a  liquid  in  which  the  substance  is  insoluble*  making  in  the  calculation  a  correction  for 
the  d«»naity  of  the  liquid.  Oil  of  tuipentine,  or  benzene,  will  answer  for  most  cases  of 
this  kind. 

The  calculation,  which  is  extremely  simple,  is  as  follows  : — From  the  weight  of  the 
Bobstanee  in  air,  deduct  the  weight  in  the  liquid ;  this  gives  the  weight  of  a  Tolume 
of  the  liquid  equal  to  that  of  the  substance.  Theu,  to  obtain  the  weight  of  a  bulk  of 
fBoter  equal  to  that  of  the  substance,  we  say :  As  the  specific  graTity  of  the  liquid,  is  to 
the  specific  gravity  of  water,  so  is  the  weight  of  a  bulk  of  the  liquid  equal  to  that  of 
the  substance,  to  uie  weight  of  a  bulk  of  water  equal  to  that  of  the  substance.  The 
wdgfat  in  air  of  the  substance  is  then  to  be  divided  by  the  latter  number.  Or,  more 
amply,  calling  the  weight  of  the  substance  in  air  P,  and  the  weight  in  the  liquid  K,  the 
weight  of  a  bulk  of  the  liquid  equal  to  that  of  the  substance  will  be  P  —  F"  »  F*; 
and  cttlUns  the  density  of  the  liquid  8,  and  that  of  the  water  S',  we  obtain  the  weight 
F^  of  a  Tiuume  of  water  equal  to  that  of  the  substance  by  the  expression : 

P^S* 

-8--^ 

The  density  D  of  the  substance  therefore  becomes : 

D-   4. 

The  operation  may  also  be  made  by  the  fiasl^  a  correction  for  the  density  of  the  liquid 
used  being  mtrodaiwd  into  the  calculation. 

5.  The  substance  is  solid,  but  soluble  in  and  lighter  than  water. 

The  process  by  the  flask  is  specially  adapted  to  this  compazatiTely  rare  case. 
Besisene  or  turpentine  is  to  be  substituted  for  water,  and  the  experiment  is  to  be 
conducted  as  in  1  e.  To  obtain  the  weight  of  a  bulk  of  water  equal  to  that  of  the 
substance,  we  say :  As  the  specific  graTity  of  the  liquid  is  to  the  weight  of  the  liquid  dis- 
placed, so  is  the  speciflc  gravity  of  water  to  the  weight  of  a  bulk  of  water  equal  to  that 
of  the  substance.  The  weight  of  the  substance  in  air  divided  by  the  latter  number,  of 
eouree  gives  Uie  density  required. 

Spbcific  GRATrrxBS  of  Liquids. 

a.  By  the  Hydrometer.    See  Htdbombtbr  (iii.  205). 

b.  By  the  mecific  Gravity  bottle. — The  speciflc  graTities  of  liquids  may,  for  ordinary 
purposes,  be  determined  by  means  of  the  common  speciflc  gravity  bottle  (Jy.  763). 
As  ordinarily  constructed  ij  instrument-makers,  it  consists  of  a  jpy^.  753. 
Tery  thin  glass  flask,  having  a  hollow  stopper  made  from  ther- 
mometer tube,  carefully  fitted  bv  grinding.    It  is  so  constructed 
that,  with  the  stopper  in  its  place  before  adiustment,  it  holds  a  little 
less  than  1000  grains  of  wator.  Enough  of  the  under-surface  of  the 
stopper  is  then  removed  by  grinding  to  allow  of  the  bottle  holding 
exactly   that  quantity  at  a  temperature  of  15'5^  =  60^  F.     A 
counterpoise  is  also  supplied  having  exactly  the  weightof  the  bottle. 
By  this  arrangement  specific  gravities  may  be  readily  obtained 
without  calculation.    If  the  bottle  holds  1000  grains  of  water,  it 
win  hold  1850  grains  of  monohydrated  sulphuric  acid,  850  grains 
of  benzene,  &c.,  these  numbers  at  once  expressing  the  ratios  of  the 
densities. 

It  is  evident  that  the  adjustment  of  the  bottle  to  a  capacity  of 
1000  grains  of  water  has  no  advantage  except  that  of  saving  the  necessity  of  a  very 
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short  calcalation.  Such  a  piece  of  appanitiis  has  disadTantages  which  tut  more  tfiaa 
counterbalance  so  slight  a  oonyenience.  In  the  first  phice^  it  requires  a  quantity  of 
liquid,  which  is  often  more  than  is  at  the  disposal  of  the  operator.  In  the  next  place, 
it  has  the  serious  drawback  that,  if  the  temperature  of  the  balance-case  be  higher  than 
that  of  the  liquid,  expansion  of  the  latter  takes  place,  and  it  rises  in  the  tnbe  and 
escapes  down  the  sidos  of  the  flask.  If,  on  the  other  hand,  the  temperature  of  the 
balance-case  be  lower,  contraction  ensues,  and  a  void  space  is  formed  below  the 
stopper,  which  cannot  always  be  easily  filled  up.  Moreover,  volatile  liquids  escape  by  the 
aperture,  rendering  exact  weighing  excessively  difficult.  It  would  also  be  impassible, 
in  such  an  apparatus,  to  determine  the  density  of  a  liquid  at  a  standard  tempezatuie 
either  above  or  below  that  of  the  air  at  the  time  of  mft^iy^g  the  experiment. 

All  the  above  objections  are  obviated  by  the  use  of  the  fiask  snown  in^.  764.    It 
is  essentially  the  same  as  that  described  in  treating  of  the  method  of  determining  the 
Fio  764        "P^A^  gravities  of  solids  by  the  fiaSc,  but  furnished  with  a  light  well- 
^'        '       fitting  stopper  having  no  aperture. 
^  If  it  be  required  to  determine  the  density  of  a  very  volatile  liquid  at 

(say)  4^,  it  is  only  necessary  to  fill  the  fiask,  a  little  above  the  mark 
a,  first  with  pure  distilled  water,  and  subsequently  with  the  liquid  to 
be  examined.  After  filling,  it  will  be  necessary,  both  with  water 
and  with  the  liquid,  to  keep  the  fiask  in  a  bath  cooled  to  4^,  until 
the  required  temperature  is  obtained;  the  level  at  a  may  then  be 
adjusted  by  the  aid  of  a  piece  of  filtering-paper.  The  stopper  having 
been  inserted,  the  apparatus  is  to  be  allowed  to  acquire  the  temperature 
of  the  laboratory,  so  as  to  prevent  errors  in  weighing,  whicn  might 
arise  &om  the  deposition  of  moisture.  The  only  effect,  as  regards  the 
liquid,  will  be  its  rise  in  the  tube,  its  escape  being  impossible  owing  to 
the  enlargement.  Volatilisation  is  idso  provided  against  by  the 
stopper. 

n,  on  the  other  hand,  the  determination  is  to  be  effected  at  a  tem- 
perature above  that  of  the  atmosphere,  the  level  is  to  be  adjusted  at 
the  proper  moment,  and  the  apparatus  may  then  be  allowed  to  cool. 
The  liquid  will  then  descend  in  the  tube  at  a ;  but  no  source  of  error  is  introduced  if 
the  stopper  be  removed  for  an  instant  to  allow  of  the  ingress  of  a  proportional  volume 
of  air,  and  even  this  precaution  is  imnecesssiy  save  in  r^ned  experiments. 

When  the  quantity  of  liquid  to  be  operated  upon  is  very  small,  a  vessel  of  the  above 
form,  but  of  sufficiently  small  site,  may  easily  be  constructed  at  the  blowpipe-lamp. 
Of  course  the  fiask  will  then  be  only  in  one  piece ;  and  if  the  liquid  under  examination 
be  voktile,  a  small  cork  can  be  inserted,  because,  as  the  fiuid  is  only  allowed  to  rise  to 
the  mark  on  the  neck,  there  will  be  no  fear  of  errors  arising  from  contact^  and  conse- 
quent absorption  or  chemical  action. 

Another  method  of  determining  the  specific  gravities  of  liquids,  consists  in  weighing 
a  piece  of  glass  or  platinum,  first  in  water,  and  then  in  the  liquid ;  the  weights  of  equu 
volumes  of  the  two  liquids  can  thus  be  obtained  with  accuracy,  even  when  working 
upon  comparatively  small  quantities.  It  is  not  often,  however,  that  this  method 
possesses  any  great  advantages  over  the  others  previously  described. 

For  ^eiiil  considerations  on  specific  gravity,  as  connected  with  atomic  volume,  see 
the  artide  Atoioo  Yolxtxb  (L  440). 

SpBOino  Gravitibs  of  Gasxs. 

The  determination  of  the  specific  gravity  of  a  gHS,  so  eminently  simple  in  theory,  is 
in  practice  an  operation  of  the  greatest  delicacy.  It  is  easy  enough  to  obtain  moderate 
aoeuiBcy,  but  results  worthy  to  be  depended  on  can  only  be  procured  l^  taking  a 
number  of  minute  precautions: — 1.  In  the  first  place,  it  is  important  that  the  balloons 
in  which  the  gases  are  to  be  weighed  should  be  of  such  capacity  that  any  minute 
error  in  weighing  (such  as  a  deci-nulligramme)  shall  bear  but  a  veiy  small  proportion 
to  the  weight  of  the  gas,  even  if  the  latter  be  hydrogen  itself. — 2.  Great  care  must  be 
taken  that  the  film  of  moisture  which  deposits  upon  the  glass  of  the  balloon  is  the 
same  in  weight  when  weighing  the  gas  that  it  was  when  weighing  the  air.  This  is  a 
point  of  great  difficulty,  and  its  neglect  may  give  rise  to  serious  errors. — 3.  The  absolute 
dryness  of  the  gas  and  the  air,  with  the  weight  of  an  equal  volume  of  which  it  is  to  be 
compared,  must  also  be  ensured. — 4.  The  temperature  must  be  most  carefully  noted,  and 
should  be  as  nearly  as  possible  the  same  during  all  the  weighings,  so  as  to  avoid  correc- 
tions.— 5.  A  similar  remark  applies  to  the  pressure  of  the  atmosphere,  and  consequently 
to  the  elastic  force  of  the  gas. — 6.  The  balance  should  be  of  such  delicacy  that  the  errors 
of  weighing  have  no  appreciable  influence  upon  the  result* — 7.  Every  possible  care  must 
be  taken  that  the  air  and  gas  are  absolutely  pure. 
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Then  41%  three  prifici^  cases,  which  occur  in  laboratoiy  pncticei  in  which  it 
beeomeB  necessary  to  determine  gaseous  densities : — 1.  In  the  first,  it  is  merely 
neceesaiy  to  ascertain  the  specific  grayity  of  a  gas  produced  in  a  reaction,  with  a  view 
to  eontiQiling  or  ascertaining  its  atomic  weight. — 2.  it  is  often  required  to  determine  the 
specific  gravity  of  coal-gas  for  technical  purposes. — 3.  It  is  sometimes  required  to 
determine  the  specific  gravity  of  a  gas  with  every  precaution,  so  as,  in  fact,  to  obtain 
a  standard  result.  In  the  first  and  second  cases,  the  process  of  Bunsen  is  unquestion- 
ably the  best  to  be  employed ;  in  the  third,  it  would  be  proper  to  use  that  of  Regnault. 
We  shall  consider  both  of  these  methods,  premising  that  for  minute  details  it  will  be 
proper  to  consult  the  original  works.  (Bunsen' s  Gasometry,  translated  by  Boscoe. 
Wadton  and  Maberly. — ^Regnault,  Beiatwndeaexphtenceaenir^priseaparordredeMM 
2iinutr€  det  travaux  publics,  et  sur  la  proportion  de  la  Coinmissum  CentraU  des 
JUmckines  a  wmeur,  pour  dSterminer  lu  principales  lois  et  les  donnies  numeriques  mti 
entreHt  dona  te  caleid  dea  Machines  a  vapeur,  Mhmoires  de  VAcadimit  Royals  des 
JSkienees  dt  VLMtitut  de  France. — ^Alao  Jami  n,  Cours  de  Physique,  iL  166.) 

Bunsen*  s  Method. 

For  the  purpose  of  determining  the  specific  gravity  of  a  gns,  Bunsen  employs  a  light 
glass  fiaak  (Jiff.  755),  of  200  or  300  cubic  centimetres  capacity,  with  a  long  nanow 

Fiff.  755. 


h 


— — ■*  ^ 


neck,  having  a  millimetre  scale  etched  upon  it.  It  is  famished  with  an  accurately- 
fitting  gilass  stopper.  The  aperture  of  the  neck  is  only  about  the  thickness  of  a 
straw.  Before  filling  the  flask  with  gas,  a  small  piece  of  fused  chloride  of  calcium 
is  dropped  in,  and  made  to  crystaUise  on  the  side  of  the  fiask,  by  allowing  a  drop 
of  water  to  come  in  contact  with  it,  and  then  warming  the  ghiss  until  it  has  dis- 
solved. On  cooling  it  will  ciystallise.  This  is  to  enable  the  sas  to  be  dried  in 
the  flask  itself.  The  flask  is  to  be  filled  with  mercuiy  by  the  aid  of  a  small  funnel 
reaching  to  the  bottom.  It  is  then  to  be  inverted  in  the  mercurial  trough, 
A  A.  The  gas,  saturated  with  moisture,  but  otherwise  in  a  state  of  purity,  is 
then  to  b&  allowed  to  enter  the  flask.  It  is  not,  however,  to  be  quite  filled, 
but  the  entry  of  gas  is  to  be  so  regulated,  that  the  mercuiy  in  the  neck  shall  re- 
main a  few  millimetres  above  that  in  the  trough.  The  whole  is  then  to  be  allowed 
to  remain  until  die  gas  has  acquired  the  temperature  {t)  of  the  laboratory,  at  the  atmo- 
spheric pressure  P.  The  volume  V  of  the  gas,  and  the  height  p  of  the  mercury  in  the 
flask  above  that  in  the  trough,  are  then  to  be  observed  through  the  telescope  of  the 
cathetometer.  The  actual  volume  of  the  gas  at  t  and  P  is  found  by  consulting  a  pre- 
viously prepared  table,  indicating  the  capacity  of  the  flask  at  each  of  the  millimetre 
marks  on  the  neck.  Calling  the  observ^  volume  so  obtained  V^,  the  volume  V^,  at 
0^  C.  and  760  mm.  pressure,  becomes : — 

Vr  {P  -  P) 


y. 


760  (1   +  0-00367  t) 


The  flask  is  (ben  to  be  weighed,  to  obtttfn  the  weight  G^  of  the  corrected  Tolmoe  V^. 


36d 


SPECIFIC  GRAVITY 


1^-766. 


It  is  neoesflary,  in  oider  to  do  this  without  bringing  the  hands  in  contact  with  the  flask 
(which,  by  wanning  it^  wonld  alter  the  rolnine),  to  make  use  of  the  lever  apparatus 
represented  in  the  en^Ting  at  cf.  At  the  end,  /,  a  hollow  cork  is  fiuRfcened  contain- 
ing the  stopper,  but  it  is  so  placed  that  while  its  superior  extremity  enters  the  flask 
for  a  short  distance,  it  does  not  dose  it,  because  the  wedge  d^  by  raising  the  end  r, 
keeps  the  end  /  depressed.  When,  therefore,  the  fladk  is  to  be  doeed,  preparatoiy  to 
the  weighing,  the  wedge  <{  is  to  be  taken  away,  and  the  finger-plate  c,  being  pressed 

upon  the  stopper,  enters  and  closes  the  flask. 
The  pin  o  is  men  to  be  withdrawn,  and  the 
flask,  along  with  the  lerer  e/,  removed  from 
the  trou^.  The  lever  appcmitns  can  then 
be  detached  from  the  stopper,  so  as  to  allow 
of  the  flask  being  placed  on  the  pan  of  the 
balance.  Previous  to  the  weighing,  it  is 
neceasazy  to  dean  the  eztramily  of  the  flask 
with  the  most  scrupulous  care.  It  is  to  be 
allowed  to  repose  on  the  balance  until  it  has 
had  time  to  attain  the  temperature  t^  of  the 
balanoe-case  at  the  pressure  P^;  it  may  then 
be  weighed.  The  number  so  obtained  we 
shall  aJl  Q.  The  glass  stopper  having  been 
removed,  it  is  to  be  replaoM  by  the  drying- 
tube  6  (fig.  766).  It  is  then  necessary  to  put 
the  apparatus  under  the  bell-glass  of  an  air- 
pump,  and  exhaust  and  readmit  the  air 
until  all  the  {;as  has  been  replaced  by  it. 
The  stopper  is  again  to  be  inserted  after 
remoTal  of  the  dr^g-tube,  and  the  flask  is 
to  be  reweighed.  TMs  weight  is  called  G-^* 
The  weifi^t  Q^  of  the  volume  of  gas  F, 
measured  in  the  flask  becomes : 


G^a  -  6?  —  (?i  + 


^iPi 


773  X  760  X  (1  +  0-00367<i) ' 

The  number  778  is  the  volume  in  cubic  centimetres  of  a  gramme  of  dry  air  at  OS 
and  under  a  pressure  of  760  millimetres  in  the  latitude  of  Berlin. 
The  spedfie  gravity  (^)  may  then  be  found  from  the  expression 

J>  -  778  ^. 

For  a  method  of  determining  the  speeiflc  gravitjr  of  a  gas,  by  ascertaining  the  time 
of  its  efihsion,  as  compared  with  the  time  of  effusion  of  air,  the  reader  is  referred  to 
Bunsen's  work  above  dted. 

Segnavlfs  Method, 

Begnault,  in  his  magnificent  work  on  the  steam-engine  above  dted,  gives  an 
elaborate  account  of  the  methods  employed  by  him  to  determine,  with  the  utmost 
possible  accuracy,  the  specific  gravities  of  the  more  important  gases.  These  methods 
are,  however,  fiir  too  complex,  and  re(|uire  too  elaborate  apparatus  to  be  employed  in 
the  laboratory,  when,'  as  in  ninety-mne  cases  out  of  a  hundred,  the  object  in  yiew 
is  simply  to  confirm  the  formula  of  a  gas  which  is  under  investigation.  The  process 
is  nevertheless  so  perfect^  and  the'  results  so  trustworthy,  that  it  would  be  highly 
improper  to  omit  a  condensed  account  of  it. 

Kegnaolt  uses  lar^e  balloons  capable  of  holding  ten  litres.  The  balance,  when  loaded 
with  a  kilogramme  m  each  pan,  indicates  readily  half  a  milligrumme.  In  order  to  do 
away  with  numerous  uncertain  corrections,  arisins  from  variatioDs  in  the  tcmperatun', 
pressure,  and  hygrometric  state  of  the  air,  the  balloon  in  which  the  gases  are  weighed 
IS  counterpoised  by  another  balloon  of  equal  bulk,  the  same  kind  of  glass,  and 
of  nearlv  equal  weight.  In  order  to  determine  the  volume  of  air  displaced  by  the 
balloon  in  wnich  the  gases  are  to  be  weighed,  it  is  to  be  filled  with  water,  and  then 
weighed  in  water  of  the  same  temperature.  The  balloon  is  then  to  be  removed 
and  weighed,  after  wiping,  upon  a  strong  balance.  It  is  plain  that  the  diflerence 
between  the  two  weighings  is  the  same  as  the  weight  of  water  displaced  by  the 
external  volxune  of  the  balloon.  It  is  then  necessary  to  obtain  a  counterpoise  of 
predsely  similar  external  volume,  or,  in  other  words,  which  displaces  the  same  volume 
of  air.  For  this  purpose  a  balloon  is  selected  a  little  smaller  than  the  first, 
induding  its  stopcock.  The  latter  is  merely  closed  with  a  cap  ending  in  a  hook,  per- 
mitting it  to  be  suspended  from  the  balance-pan.  Its  volume  is  then  ascertained,  and  if 
less  than  that  of  the  balloon  in  which  the  gases  are  weighed,  a  tube  closed  at  each  end, 


■^neled,  are  thai  to  b«  mpeatled  buMoUi  the  ackle-puii  of  ft  b«l*nw,  in  ttie  b 
show  in  ^.767.  ^  „y 


The  flaak,  a,  haa  a  etopoock  connneted  iritli  a  threo-wnj  tabe,  allowing  it  to  be  pnt 
in  eoiDBimieatioli  with  a  gaaholdec,  an  uf-pnmp,  and  a  maDOm«trio  ^foratna,  which 
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Tbe  Btopcocks  sra  tluiD  to  be  bo  tuned  u  Co  place  tiie  b>1]  .  . 
with  tbe  air-pomp  ool;,  and  the  lutter  is  to  ba  irorked  until  u  perfect  a  Tacaam  as 
posaibla  is  obtaioed.  Tbp  gas  is  then  aUoved  to  eater  from  the  receiver  B  but  slovlf, 
so  as  to  ensare  ita  complete  denccHtiou  on  passing  through  the  tubes  TT.  Tb«ie 
lubes  maj  be  charged  with  pamice  moistened  with  Btjphnric  add,  or  with  fragments  of 
chloride  of  caldam,  or  with  pieces  of  hydrate  of  poCaasium,  aceordiuf  to  the  uatare  of 
tiie  gna.  Lest  anj  trace  of  air  should  remain  in  the  balloon,  the  exhanation  ai>d  re- 
filling are  to  be  repealed  antil  it  is  certain  th&t  nothing  but  the  pure  gna  is  contained 
in  it.  Before  filling  tba  exhausted  globe  tor  the  Ust  time,  ths  aheet-iron  cue  repre- 
sented in  the  engmving  is  to  he  chained  with  fnu^nents  of  ic«;  the  taps  N,  M,  and  C 
then  being  turned,  the  gas  is  allowed  to  enter.  When  the  globe  is  full,  the  tap  N  is  to 
be  closed.  The  tube  at  F  not  having  as  jet  been  slipped  on,  a  momentar;  commani- 
catian  ma;  be  made  with  the  atmosphere  by  rapidl;  opening  and  cloeiog  N.  The 
elastic  fbrw  of  the  gas  may  therefore  be  known  by  mere  inspection  of  Ihs  baiometw. 
The  cock  N  being  finally  closed,  aod  the  system  of  tubes,  &c.  disconnected,  the  balloon 
is  to  be  carefully  wiped  with  a  cloth  sufficiently  damp  to  prersnt  electrical  eicitatim, 
which  would  cause  serious  errors  in  the  weighing.  The  globe  is  then  to  be  sospcoded 
on  the  balance,  and  after  two  hoiirs'  lepose  is  to  be  weighed.  This  dela^  ia  impsiB- 
fSg.  TS9.  tiTe,  beeanae  so  large  a  volnme  of  gas  does  not  immediately 

acquire  the  temperature  of  the  baUoce-cnse.  Moreorer,  as 
long  as  the  air  of  the  balance-ease  and  the  balloon  are  of 
different  temperatnrea,  eucrenta  are  liable  to  form,  which 
would  interfere  with  ths  weighings ;  finally,  the  deUy 
allows  the  normal  amonitt  of  moisture  to  condense  on  the 
balloon.  As  soon  as  weighings,  taken  at  inttrrala  of  a  few 
minutes,  irt  p«rfeetly  constant,  the  balloon  is  to  be  replaced 
in  th>i;«se,aiid  sgwn  •ummndedwithice.  The  gas  is  then 
to  be  moored  by  the  plunp  precissly  na  before.  In  order 
to  ascertain  the  elastic  foice  of  the  residoal  gaa,  the  tabe 
connected  with  the  manometer  B  is  to  be  attached  at  P. 
He  tobe  must,  of  course,  be  prevented  from  collapsing  by  a 
spiral  of  wire  contained  in  it,  or  it  may  be  made  of  lead, 
llie  barometric  manometer  is  seen  in  section  on  a  largm 
•cols  inyi;,  7fi9.  The  tube  A  B  is  merely  a  barometer  of 
30  mm.  interior  diameter.  The  cistern  in  which  it  is  in- 
Tected  is  divided  into  two  parts  by  means  of  the  diaphragm 
Dm.  The  tube  CD  is  a  glass  tnbe  of  similar  diameter 
to  AB,  but  contracted  at  the  top  to  allow  of  the  attach- 
ment of  the  leaden  tube  ab.  The  presaore  of  the  atmo- 
sphere may  at  any  time  be  ascertained  by  pouring  in  mer- 
cury nntil  it  stands  above  the  diaphragm,  and,  after 
lowering  the  screw  V  nntil  its  lower  extremity  Just  tonches 
the  mercury,  meamring,  by  means  of  the  eathetometer,  the 
distance  between  the  upper  part  of  the  screw  and  the  level 
of  the  mercury  in  the  tnbe.  By  adding  the  previonsly 
ascertained  length  of  the  screw  to  the  reault  of  the  catheto- 
netrie  measurement,  ths  length  of  a  column  of  mercniy 
balancing   the    ■tmoapberic   preMure   is   accurately   ob' 

The  gas  having  been  dnaUy  remored  from  the  balloon,  a 

eommonication  is  to  be  established  between  the  latter  and 
the  tobe  CD,  in  the  manner  indicated  in.<^.  7fia.  Tbedif- 
f^nce  in  level  between  the  two  tubes  having  been  care- 
fully measured  by  means  of  the  cathelometer,  the  elastic 
force  of  the  gas  remaining  in  the  balloon  is  at  once  ob- 
tained. The  thermometer  T  indicates  the  temperatoro  at 
the  time.  The  elastic  force  of  the  residual  gas  hiving 
been  ascertained,  the  tap  is  to  be  closed,  the  connecting 
Inbe  removed;  and  after  wiping,  &c,  with  the  same 
precsntions  as  before,  the  balloon  ia  to  be  weighed.  The 
di^rence  between  the  weighings  (P~p)  gives  the  weight 
of  the  gas  whidi  at  0°  Gils  the  balloon  at  the  atmospherie 
pressure  H,  diminished  by  the  elastic  force,  A,  of  the  residual 
gas.  The  weight  of  the  gas  at  the  normal  temperatara  and 
preaaUR  thai  becomes : 

,,  7S0 
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Spmific  Gbatitibs  of  Vafoubs,  OB  Vafoub-Bknsitibb. 

The  deteimination  of  the  Tapour-density  of  a  substance  being  the  most  serere  check 
that  can  be  obtained  on  the  results  of  analysis,  it  necessarily  becomes  a  process  of 
constant  occnirenoe  in  laboratories  of  research.  All  substances  that  volatilise  without 
decomposition,  at  temperatures  that  can  be  accurately  measured,  can  have  their  atomic 
weights  determined  in  this  manner,  but  the  process  to  be  employed  will  depend  upon 
«  number  of  variable  conditions. 

It  is  not  intended  in  this  article  to  describe  all  the  processes  which  have  been 
devised  at  various  times  to  meet  special  cases,  but  it  will  be  proper  to  consider 
those  which  have  been  found  of  geneml  applicability  and  sufficient  accuracy. 

There  are  certain  precautions  which  must  be  observed  in  all  cases  where  the 
vapour-density  of  a  substance  is  to  be  detennined ;  these  will  be  described  in  the  first 
instancft. 

Gatend  precatUions  to  be  observed  previoue  to  determining  Vapour^dentiHee. — 1.  It  is 
essential  that  the  substance  be  entirely  volatile  without  decomposition.  It  some- 
times happens  that  the  substance,  although  possessing  this  first  and  most  essential 
quality,  is  nevertheless  so  readily  oxtdisable,  that  it  cannot  be  distilled  in  a  vessel 
etmtaining  air  or  oxygen  without  fonning  oxidised  products,  which  are  comparatively 
fixed.  It  is  easy  in  most  cases  to  overcome  this  difficulty,  by  filling  the  balloon  with 
hydrogen  previous  to  employing  the  method  of  Dimias,  presently  to  be  described.  It 
even  happens,  at  times,  that  the  substance  is  (like  isoprene^  so  readily  oxidisable  at 
ordinaxT  temperatures,  that,  even  when  the  vapour-density  is  determined  by  a  process 
which  does  not  allow  of  its  coming  in  contact  with  air  or  oxygen  at  a  high  tempera- 
ture, a  portion  of  the  substance  is  imable  to  assume  the  gaseous  form.  This  may 
generally  be  avoided  by  preparing  the  substance  only  a  short  time  before  the 
operation,  or  by  rectifying  it  over  sodium  immediately  previous  to  inserting  it  into 
the  bulb  or  tube,  presently  to  be  described. 

2.  It  is  veiy  important  that  the  substance  shall  be  entirely  £ree  from  bodies  of  higher 
or  lower  boiling-point.  In  the  first  cose,  the  density  will  generally  come  out  too  high, 
and  in  the  secona  too  low.  If,  therefore,  the  substance  to  be  experimented  on  be  one  of 
an  homologous  series,  and  be  contaminated  with  any  of  its  congeners,  it  is  absolutely 
necessary  5iat  it  be  subjected  to  an  elaborate  fractional  distillation,  or  other  method  of 
purification,  before  being  examined. 

S.  The  substance  must  be  perfectly  dry.  It  is  obvious  that  the  presence  of 
comparatively  small  portions  of  water  will  lower  the  density  of  most  organic  vapours 
to  an  extent  sufficient  to  destroy  all  confidence  in  the  result  as  a  means  of  checking  a 
formula. 

There  are  a  few  more  precautions,  of  a  somewhat  less  general  character,  but  they 
will  be  considered  in  describing  the  various  processes. 

The  methods  which  we  shall  describe  are  the  following : 

1.  The  process  of  Ghay-Lussac 

2.  „  „       Dumas. 

3.  „  „       H.  Ste-Clsire  Deville  and  Troost 

4.  „  „        Eegnault. 

We  shall  also  incidentally  consider  the  following  special  cases: — 

a.  The  substance  is  liquid,  and  boils  below  100^. 

„  „    above  100°,  but  below  ISO®' 

,,  „     above  160°  but  below  300°. 

solid,  and  boils  below  300^. 

liquid  or  a  fusible  solid,  and  boils  above  300°,  but  below  350^» 
boils  above  350°,  but  below  440°. 
above  440°,  but  below  860° 
above  860°  but  below  1040°. 
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1.  7%«  proceM  o/ Gay  -  Lus  s  ac. 

a.  The  substance  is  liquid ^  and  boils  below  100°. — This  simple  and  beautiftil  process 
consists  in  ascertuning  the  volume  (  V)  occupied  by  a  given  weight  ( IF)  of  a  substance 
when  heated  to  the  temperature  T,  at  a  known  pressure  P.  For  this  purpose  a  small 
iron  pan  is  to  be  supported  over  a  charcoal  furnace  or  a  powerful  gas-lamp.  A  glass 
gas-jar  {c)  divided  into  cubic  centimetres  is,  after  drying,  to  be  filled  with  mercury, 
and  inverted  in  the  trough.  A  small  glass  bulb,  containing  a  known  weight  of  the 
Lquid,  is  then  to  be  ^ass^  up  into  the  gas-jar.  It  is  of  great  importance  that  this 
bulb  should  be  as  thin  as  possible,  so  that  it  may  not  fiiil  to  burst  bv  the  mere 
expansion  of  the  liquid.    For  this  purpose  it  is  also  necessary  that  the  bulb  be 
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Lt  both  Eodt  U  tlua  ts  b«  lowtmd  ora 

ii  of  the  cjMnAtx  bf  nwana  t 
metal  piece  g  hsTing  three  p 
ticnu,  BDd  also  bj  meuui  of  the  roa 
a  b,  eorjnng  &  op  ft.  The  loiab 
pBBMa  tbraagb  one  of  tbiee  aper- 
tom  in  the  snn  <  t,  w\dch  lildtm 
on  the  npri^t  rod  e  /,  Bttkched  ta 
the  iron  pot  at  k.  The  arm  ■  i  also 
aliens  two  themometen,  (  and  f, 
to  be  supported  by  moaiu  of  pierced 
corka  at  diBerent  heig^ta  in  the 
(7lindeF.  The  am  I  m  Bopporta 
a  doable-poiated  aoew  of  known 
lei^th,  the  nw  of  wbidi  will  be  de- 
Bcnbed  preaentlj.  Ibe  cjlioder  ia 
now  to  be  filled  with  WBt«r  up  to  the 
linn  d  p,  and  heat  is  to  b«  applinl 
by  mcaDB  of  the  cirralar  bonier,  q  r. 
The  liqoid  in  the  cylinder  vill  now 
gndnall;  Ineraaae  in  temperature, 
and  at  a  certun  point  the  bulb  will 
bnrat,  and  the  mercoiT  vill  b^in 
alowlj  to  descend  in  the  gaa-jar. 
Soon  aftsT  the  water  entera  into 
ehullitioD,  it  will  be  found  that  the 
Tapoor  will  ceaae  to  expend  anj 
farther.  He  Tolume  V  maj  then 
be  noted,  as  iIbo  the  temperatnie  T, 
and  the  height  of  the  barompler. 
Bat  to  obtain  the  tme  elastic  force, 
P.  of  the  vaponr,  it  will  be  npcMi- 
uuy  to  aacertain  the  height  of  the 
meicnryin  the  jar  above  that  in  the 
trough,  and  to  dedoet  this  value 
from  the  height  of  the  baiDmetar. 
For  this  pnrpoae  the  milled  head  r,  of  the  double  pointed  eciew  n  o,  ia  to  be  tnmed 
until  it  eiaetlj  touches  the  anr&ce  of  the  mercury  in  the  trough.  By  meana  of  a 
eatbetometor,  the  difference  between  the  height  of  the  mercncy  in  the  gaa-iar  and 
the  upper  point  of  the  screw  can  be  sccnmtelT  determined.  It  ia  obvicnu  Uat  the 
elastic  force  of  the  vapour  maj  b«  found  bj  adding  to  Ihr  reading  of  the  cathetometer 
the  length  of  the  screw  n  o  and  deducting  the  sum  from  the  height  of  the  barometer. 
Of  coarse  the  Talnes  moat  be  reduced  to  0°  pierioos  to  ealculsting  the  resulta. 

Another  method 
■cenratoly  the  divia 

The  acrew  n  a  ia  tbi-a  to  be  adjusted  to  the  level  of  the  memuy  in  the  pot.  The 
water  in  the  cylinder  is  now  to  be  removed  as  far  as  poHsible  with  a  siphon,  and 
the  last  portions  by  the  aid  of  flltering-paper.  The  metal  will  then,  of  eoa»r,  be 
found  to  have  receded  from  the  point  of  the  screw.  More  metal  ia  now  to  be  added, 
until  it  exactly  tonchen  the  point  of  the  screw  again.  The  exact  point  to  which  thia 
level  rcschea  on  the  gas-jar  ia  to  be  noted.  The  distnnce  between  them  two  points, 
being  deducted  from  the  height  of  thet^ometer,  gives  the  elastic  force  Pof  the  vapour 
at  the  trmperature  T. 

A  more  genetxllj  convenient  fbrm  of  apparatus  for  detennining  vapour- dousities  by 
Oay-Lnsiuic's  method,  and  one  which  requira  a  much  smaller  quantity  of  mercuiy,  is 
represented  in  flg.  76L.  It  consiata  of  a  cylinder  of  rather  thin  glass,  aic  d.  in  etaape 
like  a  very  Urge  test-tube :  it  may  be  about  16  or  18  inchea  loug,  and  6  or  6  in  dia- 
meter. At  the  lower  and  closed  end  it  is  rounded,  and  art  must  be  taken  that  it  is 
thin  enough  to  stand  the  application  of  heal,  and  jet  strong  enough  to  bear  the  weight 
of  the  mercury  and  the  rest  of  the  apparatus  which  will  have  to  be  inserted.  A  small  and 
rather  Ught  gaa-jar  <,  divided  into  half  cubic  centimetres,  is  supported  at  its  lower  end 
by  an  iron  cup/,  attached  to  a  rod  ga  of  the  same  metal.  Intheengravinf^  itisrcpre- 
Senled  in  the  act  of  being  lowered  into  its  place.  The  upper  end  of  the  jar  is  kept 
steady  by  the  ring  1  which  alides  on  the  rod  ff  g.  The  cylinder  is  retained  in  its 
Tmtical  poaitioD  by  the  ring  ■  sliding  on  the  maasive  retott'Stand  k  k.  Tfae  rod  ^  a 
and  the  thermometer  t  are  supported  by  the  arm  la,  also  attached  to  the  retort-etand. 
"Die  cylinder  being  charged  np  to  the  line  n  r  with  mercuiy,  (he  gas-jar,  filled  vuh 
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in>j  be  applied  bj  mraaa  of  a.  BoDBen'H  burner. 

Orrat  care  mast  be  taken,  in  _. 

j»osji»gtiobnlbniiintotlifl«ia-  *■  ' 

jar,  lo  prevent  &»ctnre.  Tha 
most  eoaveiiient  my  of  ac- 
complishiog  thiF,  is  to  pUce 
Uie  lower  end  of  the  j&r  id  s 
mercurial  lxoDgh,aodto  incline 
it  [o&D  angleof  about4&''.  The 
bulb  is  then  to  be  held  betireen 
the  thnmb  and  tvo  first  fingers, 
tlie  tail  towards  Qie  palm  of 
tbe  Iiand;  it  u  t^en  to  b« 
pnsanted  to  the  openiuf;  of  the 
goa-jar,  aod  when  ioaerted  is  to 
be  let  go ;  it  will  then  Mceud  to 

The  elastic  force  of  the  gae 
can  be  vecy  readily  determined, 
owing  to  the  transparency  of 
the  cylinder.  With  this  appa- 
Xstns  the  height  of  tbe  colnnm 
of  oil  or  water  mast  be  ascer- 
tuned,  and  reduced  bj  calcnla- 
tJOQ  to  a  corresponihng  value 
in  Di!liime(j«s  of  mi^rcuiy.  The 
elastic  force  of  tbe  rapour  is 
then  finuid  by  adding  this 
number  to  the  height  of  iJie 
barometer,  and  deducting  tlie 
height  of  the  mercuiy  in  the 

gas-jar  sboTe  the  lerd  of  the  IZ>~^ 

mercury  in  the  outer  cylinder.  l-~'~~-    -i — 

By  proceeding  accordiog  to  nthei  of  the  methods  deecribad.  we  aacertain  the  volume 
vhich  a  known  vetght  of  substance  orcnpips  at  a  given  temperature  and  prewure,  and 
it  only  remains  to  determine  the  weight  W  of  the  same  volume  V  of  air  at  tbe 
same  tempemtare  T  and  presBUte  F.  This  may  be  aacertaiDed  by  means  of  the 
following  formula : 

laerm.  V. '- .  ^ 

"*  1  +  0-(Kl367  T  760 
Tbe  aipreMion  1  +  000387  T  for  tbe  teroperatnrea  at  which  the  apeciflc  gravities  of 
gatet  are  uausllj  determined,  has  been  calculated  by  several  physicista,  and  miiy  be 
found  in  works  on  physics ;  and  an  especially  elaborate  table  of  this  deEcription,  for 
evCTy  tentb  of  a  dra*8  between  —  2°  and  +  40°,  may  be  found  in  Koscoe's  trans- 
lation of  Bonsi>u's  Gatomitry,  But  it  is  evident  that  vapour-denaitien  nre  almost 
always  determined  at  temperatures  more  elevated  than  this :  the  author  of  this  arlicla 
ba^  therefore,  calculated  the  more  comprehensive  Bxpression  .- —  —  for  all 

the  temperaturea  at  which  a  vapour-density  ia  likely  to  be  determined  b^  Qay-Lussac's 
process — viz..  &om  1°  to  ISO".  This  table  wiU,  ftom  the  time  which  it  will  Bare  in 
calculating,  be  found  invaluable  to  those  who  have  many  determi nations  of  this  clsaa 

b.  Tit  tuUfanee  it  liquid,  and  binln  oJotK  100°,  but  belea  160°. — Theproofssof  Gny- 
LuBsnc  ia  quite  capable  of  meeting  thia  case,  but,  instead  of  water,  it  will  be  ueceestLrj 
to  substitute  nears-foot  oil,  or  BpennBj;eti.  Daring  the  operation  the  oil  must  be 
stirred  by  the  aid  of  a  small  stirrer  attached  to  a  wire.  An  oil  does  not  remsia 
eolonrless  if  heated  for  a  long  time  to  150°,  it  ie  advisable  to  make  tbe  experiment  in 
such  a  position,  that  a  good  light  from  a  window  or  lamp  may  be  brought  behind  it, 
BO  SB  to  illuminate  the  divisions  on  the  gas-jar  and  thermometer.  In  other  respecla 
tha  opetation  may  be  conducted  in  the  same  manner  as  that  lost  described. 
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T. 

T. 

T. 

T. 

T. 

0-99834 

31 

0-89786 

61 

0-81708 

91 

0-74964 

121 

0-892*9 

0-99271 

32 

0-89490 

62 

0-81464 

92 

0-74768 

122 

0-89073 

O'flsgn 

33 

U-89197 

6! 

0-81221 

93 

0-74554 

123 

0-68899 

0-98653 

34 

r  .8906 

64 

O-80979 

94 

0-74351 

124 

0-68726 

0-98198 

35 

088617 

66 

0-80740 

05 

0-74148 

126 

0-68552 

0-978*6 

36 

66 

0-80601 

96 

0-73947 

128 

0-88380 

0-97495 

37 

0-88044 

67 

0-8028* 

97 

0-73747 

127 

0-88209 

047148 

38 

0-87761 

68 

0-80028 

98 

0-73548 

128 

0-68038 

0-96803 

39 

0-87479 

69 

0-79794 

99 

0-73350 

129 

0-67869 

10 

0-96460 

40 

0-87199 

70 

0-79661 

100 

0-73153 

130 

0-677O0 

11 

0-98120 

41 

0-88921 

71 

0-79329 

0-72957 

131 

0-67632 

0-96782 

42 

0-86646 

72 

0-79099 

0-72762 

132 

0-67366 

0-96446 

43 

0-86370 

73 

0-78870 

103 

0-72568 

1S3 

0-67199 

1« 

0-96113 

44 

0  86097 

74 

0-78642 

lOt 

0-72376 

134 

0-67031 

15 

0-94782 

46 

0-86826 

76 

0-78418 

106 

0-72184 

135 

0-66870 

16 

0-94464 

46 

0-86656 

76 

0-78191 

106 

0-71093 

138 

0-66706 

0-94127 

47 

0-86289 

77 

0-77S67 

107 

0-71803 

137 

0-666*3 

0-93803 

48 

0-86022 

78 

0-77746 

108 

0-7iei6 

138 

0-66380 

0-9  34  82 

0-84768 

79 

0-77523 

109 

0-71*27 

139 

0-66219 

0-93162 

50 

0-84496 

80 

0-77304 

110 

0-71 240 

140 

0-86059 

0-92844 

61 

0-84234 

81 

0-77086 

0-71066 

141 

0-85899 

23 

0-9262B 

62 

0-83974 

0-76887 

112 

0-70870 

142 

0-667*0 

33 

0-92218 

63 

0-83716 

83 

0-76651 

0-70(186 

MS 

0-65682 

21 

091906 

64 

0-83460 

84 

0-76436 

0-70503 

114 

0-66424 

25 

0-91*96 

66 

0-83205 

85 

0-76222 

116 

0-70321 

115 

0-66268 

26 

0-91289 

56 

0-82962 

88 

0-76010 

116 

0-70140 

116 

0-66112 

27 

0-90984 

57 

0-8270O 

87 

0-76798 

117 

0-89960 

1*7 

0-8*967 

3S 

0-90682 

68 

0-8246O 

88 

0-76588 

118 

0-89781 

US 

0-64803 

29 

0-90381 

69 

0-82201 

89 

0-76379 

119 

0-89603 

119 

0-6*648 

30 

0-90082 

60 

0-81964 

90 

0-76171 

120 

0-69425 

160 

0-61193 

2.  Tluproet$to/I)attma. 

I.  Tie  mbttanctit  liquid,  and  boSt  above  160°,  but  bdoa  %W. — Ths  pioceoa  be«( 

jYo  -7^2  ada^ed  for   determining  ttie  vsponiM^DsittM   of 

"'  liqaids  boiling  betireen  the  nboTe  tempentorei  ii 

that  of  IhimsB.     For  this  purpose  it  ia  proper  to 

employ  glass  balloons,  havicg  a  capncitj  of  from 

100  toSSOcabiecentimelreii;  the  BJEe  irill  depend,  to 

»  great   extent,  npoo  the  quantity  of  substance  at 

the  dieposBl  of  the  operator.     It  is,  howerer,  ab- 

Bolutflj  necesMirj  to  have  mora  substance  than  ia 

sufficient  to  fill  the  balloon  with  its  vapour.    It  ia 

also  proper  to  nse  larger  balloons  as  the  deasity  ct 

thevaponris  lover;  alhervise  the  difibreDce  between 

the  weight  of  the  balloon  filled  with  vapoor,  and 

when  filled  with  air,  will  bp  so  small  as  to  render 

exceasiTety  accurate  weigliiiig  necessary,  in  order  to 

preFent  error.  Dumas' methodofdelcrminingvaponr- 

densities  is  quite  capable  of  yielding  accurate  resnlls 

in  the  cases  e  and  b;  but  it  mjuires  more  substance, 

lermit  of  the  densitv  beioe  dptermlned   at  more  than  one  temperature, 

ig  a  separate  eipenment  in  each  case.     The  process  of  Goj-Lussic,  on 

I,  permits  numerous  eiperrments  with  one  small  specimeu  of  substance 

temperature  within  crrtaiu  ranges,  and  thus  enables  the  operator,  in  ■ 

le,  to  BCCumulala  information  regaiding  certain  physical  properlies  of 

tch  it  is  often  very  desirable  to  know— such,  for  eiample,  as  the  lowest 

t  which  the  substance  under  study  begins  to  obey  tbe  laws  of  pennoneat 
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Fig.  763. 
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haviiig  been  eeleeted,  and  its  neck  haWng  been  drawn  ont  to  a  mcxlerdtely  fine  point, 
it  u  to  be  thoronghlv  dried.  This  may  be  done  by  exhausting  it  repeatedly,  and 
allowing  it  to  fill  each  time  with  air  dried  by  passing  oyer  a  column  of  chloride  of 
ealdom.  The  balloon  is  then  to  be  weighed,  the  same  precautions  being  taken  as  in 
the  case  of  gases.  As  much  fluid  is  then  to  be  inserted  as  it  is  judged  will  be  more 
than  enough  to  fiU  it  with  Tspour.  An  iron  pot  V  {Jig,  762),  having  been  filled  with 
melted  taUow  or  neat's-foot  oU,  is  to  be  supported  in  any  convenient  way  over  a  char- 
coal furnace,  or  a  powerful  gas-burner.  For  all  ordinary  experiments,  the  air- 
thermometer  h  B  may  be  replaced  by  a  mercurial  one  passing  through  a  cork  at  K. 
The  ears  s  and  8  of  the  pot  V  support  two  rods,  t  p  and  t'  j/.  The  former  has  sliding 
upon  it  a  bent  arm,  c  d^  capable  of  being  fixed  at  any  height  by  the  8crew  r.  Two  rings, 
e/asidg  A,  serve  to  support  the  balloon  A ;  they  may  be  adjusted  by  the  screws  t  /. 
The  taUow  being  heated  to  nearly  the  boiling-point  of  the  substance,  the  balloon  is  to 
be  lowered  gradually,  until  the  point  a  projects  only  about  half  or  tliree-qnorters  of  an 
inch  above  the  tallow.  When  the  temperature  reaches  the  boiling-point,  the  vapour 
b^;in8  to  escape,  rapidly  at  first,  but  more  and  more  gently  afterwards,  and  finally 
ceases.  The  absolute  cessation  of  the  evolution  of  the  vapour  may  be  asceitained  by 
bringing  a  piece  of  cold  metal  near  the  point  a.  The  liquid  which  condenses  in  the 
neck  is  to  be  chased  away  with  a  piece  of  red-hot  charcosil.  The  temperature  should 
be  allowed  gradually  to  rise,  until  it  is  20  or  30  degrees  above  the  boiling-point  of  thn 
substance.  The  heat  must  then  be  so  regulated  as  to  allow  the  bath  to  remain  as 
nearly  as  possible  at  the  same  temperature,  while  the  point  df  the  balloon  itr  being 
sealed.  This  latter  operation  is  most  conyeniently  effected  bv  the  aid  of  a  Kerapath*s 
blowpipe,  attached  to  a  fiezible  tube  of  sufficient  length  to  allow  of  ample  freedom  of 
movement.  A  common  mouth-blowpipe  and  spirit-lamp 
will  suffice  when  the  gas-apparatus  is  not  at  hand. 

As  soon  as  it  is  deemed  that  the  point  is  perfectly 
closed,  the  temperature  of  the  bath  and  the  height  of  the 
barometer  are  to  be  noticed ;  the  screw  r  may  then 
be  loosened,  and  the  balloon  raised  completely  from 
the  bath  ;  the  point  a  should  then  be  turned  downwards, 
so  that  the  condensed  liquid  may  fiow  into  it.  It  should 
now  be  carefully  watched,  to  see  if  any  air-bubbles  rise 
through  it,  indicating  incomplete  sealing.  If  no  leak  be 
observed,  the  balloon  may,  after  cooling,  be  thoroughly 
cleaned,  placed  on  the  balance-pan,  and  allowed  to 
remain  long  enough  to  become  constant  in  weight.  The 
exact  weight  having  been  ascertained,  the  point  a  is  to  be 
inserted  below  the  surface  of  the  metal  in  the  mercurial 
trough,  and  a  file-mark  having  been  made  on  it,  the  point 
is  to  be  snapped  off.  The  mercury  will  then  rush  in,  and, 
if  the  operation  has  been  completely  successful,  will,  with 
the  condensed  liquid,  entirely  fill  the  biilloon.  In  most 
eases,  however,  a  bubble  of  air  will  remain,  indicating 
that  the  whole  has  not  been  expelled  from  the  balloon  by 
the  vapour.  It  is  absolutely  essential  that  the  volume 
of  this  residual  air  should  be  accurately  ascertained.  For 
this  purpose  the  mercury  and  condensed  liquid  are  to  be 
transferred  to  a  cylinder,  divided  into  cubic  centimetres, 
and  placed  in  a  vertical  position.  A  mirror  then  being  held 
behind  the  cylinder,  and  in  contact  with  it,  the  operator 
places  himself  in  such  a  position  that  the  line  on  the 
cylinder  which  coincides  with  the  level  of  the  mercury, 
or  rather  that  of  the  condensed  liquid,  also  coinddes  with 
the  centre  of  the  refiection  of  the  pupil  of  the  eye  as  seen 
in  the  mirror.  The  balloon  is  then  to  be  refilled  entirely 
with  mercury,  and  the  contents  are  to  be  again  transferred 
to  the  graduated  cylinder,  and  the  volume  ascertained  as 
before.  It  is  obvious  that  the  second  reading  will  give  a 
greater  value  than  the  first,  and  that  the  difference 
between  the  two  readings  will  indicate  the  volume  of  the 
residual  air. 

The  above  process  for  the  determination  of  the  residual 
air  takes  a  considerable  time,  owing  to  the  slowness  with  which  the  mercury  escapes 
from  the  small  aperture  in  the  neck  of  the  balloon,  and,  where  numerous  determinatioiiN 
of  vapour-density  have  to  be  made,  causes  great  delay.  The  writer  of  this  article 
has  therefore  devised  the  following  method  of  proceeding,  which,  in  addition  to  extreme 
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mmplidly  and  accuracy,  bis  the  adT&ntage  of  occapyiDg  only  a  few  aeeonda  (Phil.  Trent. 
1867,  p.  460).    The  point  of  the  ballooo  haying  been   broken  off  under  merenrj. 
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and  the  metal  having  entered  the  globe,  the  latter  is  to 
be  placed  on  a  straw  ring  (as  in  fy.  763,  p.  869),  beneath 
a  bniette  divided  into  cubic  centimetres  and  fractioDS.  The 
screw  a  of  the  compression-stopcock  is  then  turned,  so  as  to 
allow  a  slow  stream  of  metal  to  flow  into  the  balloon  until 
the  condensed  liquid  exactly  reaches  the  orifice.  The  quantity 
of  mercury  required  for  the  purpose  at  once  indicates  the  resi- 
dual air.  The  compression-8top(X>ck  shown  in^.  763  is  seen  in 
section  in>f^.  764.  It  is  capable  of  withstanding  a  very  con- 
siderable pressure  of  mercury,  and  is  so  manageable  that  the 
smallest  portion  can  be  added  at  will.  A  block  of  wood,  abed, 
has  a  square  hole  mortised  in  it^  through  which  passes  the 
Tulcanised  tube  efgk,  attached  at  «/to  the  lower  orifice  of 
the  burette.  A  piece  of  hard  wood,  i  k,  also  passee  through 
the  mortise,  and  is  retained  in  its  place  by  the  flange  t.  To 
close  the  orifice  it  is  only  necessrtry  to  turn  the  milled  head  /  of 
the  screw ;  the  piece  i  will  then  be  pressed  against  the  vulcanised 
tube,  and  close  it. 

From  the  data  obtained  in  an  experiment  conducted  as  above, 
the  vapour4ensity  {D)  may  be  calculated  in  a  few  minutes  with 
sufiicient  accuracy  for  most  purposes,  by  the  aid  of  the  following 
fonnula : — 

(F-  dK 
P  =  the  diflerence  in  weight  between  the  globe  filled  with 
air  and  when  filled  with  vapour. 

V  =  the  capacity  of  the  balloon  in  cubic  centimetres. 
fit  s»  the  weight  of  one  cubic  centimetre  ot  air  at  the  tempera- 
ture at  which  the  balloon  filled  with  air  was  weighed. 

nt  B»  the  weight  of  one  cubic  centimetre  of  air  at  the  tempe- 
rature of  sealing  the  globe. 
The  values  of  w,  and  «,'  (in  grammes)  may  be  obtained  at  once  from  the  following 
table,  calculated  for  each  degree  cenfigrade  from  0°  to  300°: — 

Weiaht  of  one  Cubic  Centimttre  of  Atmospheric  Air  at  different  Temperatures,  from  0*»  to 
^  800®  at  760  mm. 


^ 


0<> 

0^001293 

1 

0'00}288 

26° 

0001181 

61<> 

2 

0001284 

27 

0*001177 

62 

3 

0001279 

28 

0001173 

63 

4 

0001276 

29 

0001169 

64 

6 

0001270 

30 

0001166 

66 

6 

0001266 

31 

0001161 

66 

7 

0001261 

32 

0001167 

67 

8 

0001257 

33 

0*001164 

68 

9 

0001252 

34 

0001160 

69 

10 

0*001248 

36 

0001146 

60 

11 

0001243 

36 

0001142 

61 

12 

0*001239 

37 

0001138 

62 

13 

0001234 

38 

0001134 

63 

14 

0*001230 

39 

0*001131 

64 

15 

0'001225 

40 

0-001128 

66 

16 

0001221 

41 

0001124 

66 

17 

0001217 

42 

0-001121 

67 

18 

0001213 

43 

0001118 

68 

19 

0*001209 

44 

0001114 

69 

20 

0001206 

46 

OOOUll 

70 

21 

0*001201 

46 

0001108 

71 

22 

0001197 

47 

0001105 

72 

23 

0*001193 

48 

0-001102 

78 

24 

0001189 

49 

0*001098 

74 

25 

0-001186 

60 

0001096 

1  76 

0*001091 

76« 

0*001011 

101° 

0*000943 

0-001088 

77 

0*001008 

102 

0*000941 

0001084 

78 

0001006 

103 

0000938 

0001081 

79 

0-001002 

104 

0*000936 

0*001077 

80 

0*001000 

106 

0000988 

0*001074 

81 

0*000997 

106 

0-000931 

0001070 

82 

0*000994 

107 

0-000928 

0-001067 

83 

0*000992 

108 

0-000926 

0001063 

84 

0  000989 

109 

0-000923 

0001060 

86 

0-000986 

110 

0000921 

0*001067 

86 

0*000983 

111 

0000919 

0001068 

87 

0000980 

112 

0*000916 

0001060 

88 

0000977 

113 

0*000914 

0-001047 

89 

0000974 

114 

0-000911 

0*001044 

90 

0*000972 

116 

0*000909 

0001041 

91 

0-000969 

116 

0000907 

0001038 

92 

0^000967 

117 

0000906 

0*001036 

93 

0000964 

118 

0000903 

0001032 

94 

0-000962 

119 

0000900 

0*001029 

96 

0-000969 

120 

0-000898 

0001026 

96 

0*000966 

121 

0000896 

0001023 

97 

0000963 

122 

0-000894 

0001020 

98 

0-000961 

123 

0000891 

0001017  , 

99 

0000948 

124 

0-000889 

0001014  . 

1 

100 

0000946 

126 

0000887 
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We^a  of  one  Cubic  QeniimetreofMmospherieAir  at  different  Temperaturef,from  0®<6 

300^  at  760  mm.    (continued.) 


126 

0-000884 

161 

0000813 

196 

0000762 

231 

0-000699 

266 

0-000664 

127 

O-0O0882 

162 

0-000811 

197 

0-000761 

232 

0000698 

267 

0000653 

128 

0-000880 

163 

0000809 

198 

0000749 

233 

0-000697 

268 

0-000652 

129 

0*000878 

164 

0-000807 

199 

0000748 

234 

0-000695 

269 

0-000651 

130 

0-000876 

165 

0-000806 

200 

0000746 

235 

0-000694 

270 

0*000650 

131 

0-000874 

166 

0000804 

201 

0-000744 

236 

0-000692 

271 

0000648 

132 

0-000871 

167 

0*000802 

202 

0-000743 

237 

0-000691 

272 

0000647 

138 

0-000869 

168 

0-000800 

203 

0000740 

238 

0000690 

278 

0-000646 

134 

0-000867 

169 

0-000798 

20^ 

0;000789 

239 

0-000689 

274 

0*000645 

135 

0-000865 

170 

0-000796 

205 

0-000^87 

240 

0-000688 

275 

0-000643 

136 

0*000863 

171 

0-000794 

206 

0000736 

241 

0-000686 

276 

0-000642 

137 

0-000860 

172 

0-000793 

207 

0-000734 

242 

0-000685 

277 

0000641 

138 

0-000858 

173 

0000791 

208 

0-000733 

243 

0000683 

278 

0-000640 

139 

0-000856 

174 

0000789 

1209 

0-000731 

244 

0000682 

279 

0-000639 

140 

0000854 

175 

0-000788 

1210 

0000730 

245 

0-000681 

280 

0-000638 

141 

0000852 

176 

0000786 

211 

0000728 

246 

0000679 

281 

0-000636 

142 

0-000850 

177 

0-000784 

212 

0-O00f27 

247 

0-000678 

282 

0000635 

143 

0-000848 

178 

0-000782 

213 

0-000725 

246 

0000677 

283 

0-000684 

144 

0-000846 

179 

0-000781 

i2U 

0-000724 

249 

0-000675 

284 

0-000633 

145 

0-000844 

180 

0000779 

215 

0000722 

250 

0000674 

285 

0000631 

146 

0-000842 

181 

0-000777 

216 

0000721 

261 

0000673 

286 

0-000630 

147 

0000840 

182 

0000776 

217 

0-000719 

252 

000(5672 

287 

0000629 

148 

0-000838 

183 

0-000774 

218 

0000718 

263 

0-000670 

288 

0-000628 

149 

0-000836 

184 

00007;f2 

i2"l9 

0000716 

264 

0-000660 

289 

0000627 

150 

0-000834 

185 

0-000770 

220 

0-000716 

255 

0-000668 

290 

0000626 

151 

0000832 

186 

0;000769 

1221 

0-000713 

256 

0000666 

291 

0*000625 

152 

0-000830 

187 

0000767 

222 

0-000712 

257 

0-000665 

292 

0000624 

153 

0000828 

188 

0-000765 

223 

0000710 

258 

0-000664 

293 

0000623 

154 

0-000826 

189 

0-000763 

224 

0000709 

259 

0  000663 

294 

0000622 

155 

0-000824 

190 

0000762 

225 

0000708 

260 

0000662 

295 

0000621 

156 

0-000822 

191 

0000760 

226 

0000706 

261 

0-000660 

296 

0000620 

157 

0000821 

192 

0-000768 

227 

0000705 

262 

0000659 

297 

0000619 

158 

0000819 

193 

0-000757 

228 

0  000703 

263 

0000668 

298 

0000618 

159 

0000817 

194 

0-0007^5 

229 

0000702 

264 

0-000657 

299 

0*000617 

160 

0000815 

195 

0000764 

230 

0-000701 

265 

0000655 

300 

0000616 

Bat  the  formula  last  given  does  not  afford  results  of  sufficient  exactness  for  very 
delicate  experiments,  inasmuch  as  it  does  not  include  some  necessary  corrections,  the 
most  important  being  0iP9  for  the  expansion  of  glass.  Regnault's  formula,  on  the 
other  hand,  includes  all  the  corrections  required,  and  possesses  also  the  merit  of  sim- 
plicity. The  weight  P  of  the  balloon  having  been  ascertained,  and  the  temperature  t 
of  the  balanceH^se,  a^d  the  height  {H)  of  the  barometer  having  been  noted,  it  is 
evident  that  the  weigh^  Pt  of  the  air  in  the  balloon  will  be : 

p  -  0-0012932  V.' ^^^^^^^  ,    .  ^^; 

*^  1    +   000367  <       7^0 

F  being  the  ci^pacity  of  the  balloon  in  cubjic  centimetres. 

The  point  of  the  balloon  having  been  sealed,  and  the  heiglit,  IT,  of  the  barometer, 
and  the  apparent  temperature,  T,  of  the  bath  having  been  taken,  it  will  be  necessary 
to  find  the  true  temperature,  T,  which  corresponds  to  it.  It  must  be  remembered  that 
only  a  ^mall  portion  of  tlje  tub<^  of  t|ie  thermometer  is  heated  in  the  bath.  It  is  there^ 
fore  proper>  to  have  a  small  thermometer  so  placed  that  its  bulb  is  in  contact  with  the 
tube  of  tji^  principal  thermometer,  and  at  the  height  of  about  one-half  of  that  portion 
of  the  mercurial  column  which  projects  above  the  oil  or  tallow  of  the  bath,  and  the 
division  $  of  the  principal  thermometer,  which  should  be  two  or  thr^e  centimetres  above 
the  bath.     It  may  then  be  admitted  that  (  T—  0)  represents  the  portion  of  the  mercurial 

column  at  the  average  temperature  t    This  portion  would  dilate  by  (T—  ^) .  ----    it 
heated  from  /  to  T,     The  true  temperature  7"  is  therefore  found  by  adding  to  thf 
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apparent  tempenttnre,  T,  the  number  of  degreee  indicated  by  the  expression  (7*—  $) 

_I1-.  But  the  temperature  T",  as  indicated  by  a  mercurial  thermometer,  must  be 
6380 

exchanged  for  the  corresponding  temperature  T",  as  indicated  by  an  air-thermometer ; 
this  may  be  obtained  without  experiment  from  the  following  table,  founded  on  the  ex- 
periments of  Begnault : — 

Table  far  the  Conversion  of  the  Decrees  (T)of  a  Mercurial  Themumeter  into  the  cor* 

responding  Values  {ir)ofecn  Air  Thermometer, 


r. 

T'. 

r. 

r*. 

r. 

T\ 

r. 

r*. 

100° 

100° 

169-68 

170 

239-90 

240 

301-08 

300 

109-98 

110 

179-63 

180 

250-05 

260 

311-45 

810 

119-95 

120 

189-65 

190 

260-20 

260 

321-80 

320 

129-91 

130 

199-70 

200 

270-38 

270 

332-40 

330 

139-85 

140 

209-76 

210 

280-62 

280 

343-00 

340 

149-80 

160 

219-80 

220 

290-80 

-290 

354-00 

350 

159-74 

160 

229-86 

230 

The  balloon  haying  been  sealed,  and  well  cleaned,  its  weight  (F)  is  to  be  determined ; 
the  weight  of  the  vapour  will  therefore  be  P^{P-^), 

The  residual  air,  v,  having  been  found  in  the  usual  manner,  and  the  temperature  t" 
and  pressure  H^  noted,  its  weight  p'  may  be  ascertained  by  means  of  the  expression : 

©'  «  00012932  grm  .  v 1 ~  .  — 

^  ^  I   +    0-00367<"      760 

The  weight  of  the  vapour  becomes,  therefore,  (F-P  +  p  -p'). 

But  it  is  evident  that  to  obtain  the  true  volume  of  the  vapour  we  must  deduct  the 
volume  of  the  residual  air  at  the  temperature  of  sealing  the  balloon,  which,  even  as 
corrected,  we  shall  for  simplicity's  sake  call  T.  The  volume  tf  of  the  residual  air  at  2* 
andi^'wiUbe: 

,  „      1   +   000367.7       /r 
*    "  ^^  1   +  0-00367.  r    if' 

Calling  the  coefficient  of  expansion  of  glass  A:,  we  have  for  the  volume  of  the  vapour 
Atarandi?'[F  (1   +  kT)  -  »*].    The  density  of  the  vapour  will  therefore  be : 

F  -  P  +  p  ^  p* 


0-0012932rm   +  kT)  '-  vl ^ ;5..-^. 

*•    ^  '  -"l  +  0-00367.  r    760 

or,  at  full  length : 

F  -  P  +    ( 0:M12932 (^  ^     .^\ 

\  7flOn    4-    0003670  f 


760(1    +   0-0036: 

1  +  000367  n 


[f(1   ^   kT)^v'    ^   000367ri 
^  '  1   +   000367*-^ 


0*0012932 


760(1   +   0003677) 


.ff. 


For  very  Ml  details  regarding  the  calculations  in  vapournlensity  determinations,  see 
Brown  (Chem.  Soc  J.  [2],  iv.  72). 

As  the  expression ^  ^^^ — -.  can  be  taken  at  once  firom  the  table  given  under 

1  +  0-00367  .  T  * 

section  6,  the  calculation  is  by  no  means  a  long  one. 

If  the  height  (H^  of  the  barometer  has  been  taken  in  inches,  it  can  be  reduced  at 
once  to  millimetres  from  the  following  table,  extracted  from  the  writer's  Handbook  of 
Chemical  Manipulation : — 


Table  for  the  Contfersion  of  Inches  into  Millimetres, 


Incbet. 

HiUinetrei. 

Inches. 

26-39954 

6  .  ' 

2  . 

60-79908 

7  . 

3  . 

76-19862 

8  . 

4  . 

.   101-5982 

9  . 

6  . 

.   126-9977 

Millimetres. 
152-3972 
177-7968 
203-1963 
228-5959 
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Tbe  coeffiri?Dt  of  expanBion  of  glau  majr  b«  SBcertauiDd,  for  tampcntDTM  IwtWMUl 
<P  and  360°,  b;  iupection  of  ths  following  tabU  (RegnanU): — 

Bet«eenO°udlOO° K  -  0-00O0276 

„  150 0-0000284 

„  aoO 0OO0O291 


„  300 O'OOOOSOS 

„  3£0 0-0000313 

In  laboistories  wttcm  tiponr-dennties  are  ftvqnsntlf  being  dMarmlned,  it  will  b« 
found  of  gnat  advantage  to  krap  copies,  not  ocl;  of  all  tb»  data  obtaioed  in  nich 
ezperimeDta  as  tha  above,  but  ako  of  each  step  in  the  calculations ;  to  that,  in  tba 
event  of  real  or  supposed  wrur,  tha  piiDt  at  which  it  has  occnned  can  be  det«:ted  at 

When  the  qoantit/ of  the  residual  air  is  small,  and  the  atmoapberic  pressure  is  not  far 
from  7C0  mm.,  its  weight  ma;  be  obtained  with  sufficient  aocuiacy  t^  mulliplying  tbe 
number  opposite  the  temperature  in  the  table  on  p.  370  by  the  nimiber  of  cubic  centi- 

d.  lilt  ttibitanct  it  tolid,  and  boils  Moa  300°. — Tbe  last-described  method  is  quita 

Xble  of  medjng  tbe  case,  it  being  onlj  necessaij  to  fose  tbe  inbstance  so  as  to 
r  of  ita  being  inGerled  in  the  balloon. 

3.  IlbpriMruo/Devillsanif  Troost. 
t.  Til*  itdietanet  a  fivid  or  a  faeible  lolid,  and  boiU  above  300°,  but  hdoo  350°.— 
The  chief  difficulty  in  determining  the  vapour-densities  of  subatancps  boiling  beyond 
tbe  range  of  the  mercurial  thermometer  baa  been  the  accurate  determination  of  the 
tempemtute.  MM.  DeviUp  «nd  Troost  (Ann.  Chim.  Phya.  [3],  Iviii.  267)  have 
most  ingeniously  and  Huccesiifully  oveicume  tbis  difficulty,  by  heating  the  bulloous  in 
the  vapour  of  subEtancea  of  olevated,  but  accurately  known,  boiling-points.  It  is 
evident  that  witb  homogeneous  subataiiceB  tbe  tempernture  of  their  vapours,  in  contact 
with  the  boiling  substxDPes,  is  invariable  as  long  as  tbe  pressure  remains  constant. 
Thup.  under  these  circnmstatioos,  a  thermometer  snrronnded  by  steam  escaping  from 
boiling  water,  will  always  indicate  100°,  The  same  phenomena  present  themselTSS 
with  bodies  requiring  much  higher  tcmparatures  for  vaporisation ;  tbe  substances 
moat  conveaient  for  the  purpose  are  mercury  boiling  at  360^,  sulphur  at  440°,  cadmium 
at  860°,  and  zinc  at  1040°,  In  tbe  case  now  under  considemtion,  it  la  sufflcieBt  to  uss 
mercuiy  the  boiling-point  of  which  ia  3S0°. 

The  appamtus   required  is   of  the  simplest  description.     It  Consists  of  as  iron 

cylinder,  CCKK  {fig.  766),  22  centimetres  high  and  12  ceDtimatiea  in  diameter.  It  msy 

very  convettiently  be  constructed  out  of  a  merciuy-bottle.    It  is  to  be  closed  with  an 

Fig.  166.  iron  cover,  GG,  pierced 

'  in  its  centre  to  allow  of 

the  passage  of  the  neck 

of  the  balloon,  B.    The 

latter  reets  upon  a  ring 

of  metal,  PP,  aupported 

'    on  point*  fixed  to  tha 

interior  of  the  cylinder. 

prevent  the  heal  radiiited 
■easel  from  rfaching  tho 
fastened  dowD  by  means 
T.  The  tube,  T,  inserted 
ider,  serves  to  carry  awRy 
le  vapour  of  tbe  mercurj 
loyed. 

'csi-nted  in  ihe  figure,  is 
15  used  only  for  tempera- 
ild  soften :  for  eubslances 
which  can  be  determined 
iry,  it  will  bo  qnito  snffi- 
f  ordinary  glass.  It  will 
leat  the  tube  T  by  means 
?.  as  shairn  in  Ihe  figuro. 
^as-bumer,  or  amall  char- 
coal chauffer,  will  be  quite  suflicient  when  tho 
Tspour  of  mercury  is  employed  ss  the  healing  medium. 

Tha  writer  of  this  article,  who  has  had  occasion  veij  frequently  to  employ  this 
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process,  makes  use  of  the  apparatus  shown  in  ^,  766.  A  small  glae-pot^  a  a,  is  to  be 
ground  at  its  mouth,  to  fit  accurately  the  iron  plat«  h  h.  The  latter  is  pierced 
with  two  holes — one  serving  to  give  egress  to  the  neck  e  of  the  balloon,  and  fche  other 
to  admit  the  bent  iron  tube  d  d,  which  serves  to  carry  away  and  condense  the  vapour 
of  the  mercuzy.  The  gland  e  e,  bent  twice  at  right  angles,  has  two  screws  //,  which 
attach  it  to  the  ears  of  the  pot.  The  gland  is  pierced  with  three  holes,  two  serving  to 
admit  the  pressure-screws  ff  ff,  and  one  to  permit  the  passage  of  the  neck  of  the 
balloon.  A  ring  gas-burner  (A)  serves  to  heat  the  apparatus.  The  substance  to  be 
ejumiined  having  been  inserted  in  the  balloon, «,  and  a  few  pounds  of  mercury  having 
been  placed  in  me  pot,  the  balloon  is  to  be  put  in  iU  place^  the  neck  passing  throogh 

Fig.  766. 


a  cork,  the  upper  portion  of  which  projects  as  short  a  distance  as  possible  above  the 
cover  of  the  pot.  A  small  quantity  of  linseed-meal  luting  may  be  laid  on  the  cover 
before  fastening  it  down  with  the  screws.  Although  the  cork  and  luting  will  be 
destroyed  during  the  operation,  they  serve  quite  well  for  one  experiment.  Another 
iron  tube  may  very  conveniently  be  made  to  slip  over  the  tube  d  d,  so  rbU}  conduct 
the  condensed  mercury-vapour  to  a  convenient  receptacle.  The  neck  of  the  balloon 
must  be  kept  very  hot  during  the  operation,  by  the  aid  of  pieces  of  red-hot  charcoal. 
When  no  more  vapour  escapes  from  the  orifice  of  the  balloon,  it  is  to  be  sealed  in  the 
same  manner  as  in  vapour-density  determinations  by  Dumas's  method.  It  is  scarcely 
necessary  to  add  that  the  value  of  k,  in  the  formula  on  p.  372,  is  too  considerable  to 
be  neglected  in  determinations  conducted  at  this  elevated  temperature. 

It  will  save  some  trouble  to  remember  that  at  350^  the  value  of  the  expression 

, L_-_   is  0000666. 

1  +  000367  T 

f.  The  substance  bails  above  860^,  but  below  440^. — Glass  globes  may  be  employed 
for  a  temperature  of  440^  without  any  fear  of  softening.  600  or  600  grammes  of 
sulphur  are  to  be  used  in  the  apparatus  described  on  pp.  373  and  374,  and  200  or  30<* 
grammes  are  to  be  distilled  over  in  each  operation.  The  apparatus  is  not  injured 
by  the  sulphur,  and  lasts,  therefore,  for  an  indefinite  time. 

ff.  The  substance  boils  above  440^,  but  below  860^. — When  the  vapour-density  is  to  be 
determined  at  860^,  it  will  be  necessary  to  employ  cadmium- vapour  for  the  purpose  of 
heating  the  balloon.  The  apparatus  shown  in/y.  766  must  be  employea,  and  the 
tube  7  must  be  kept  very  hot  by  means  of  a  combustion-furnace  filled  with  charcoal. 
Two  or  three  kilogrammes  of  cadmium  may  be  used,  but  only  300  or  400  grammes  need 
be  distilled  over  in  each  operation.  It  is  necessary  to  employ  porcelain  balloons  at  the 
temperature  of  860° ;  they  are  loosely  closed  during  the  operation  by  the  smaU  porcelain 
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stopper  F  {Jiff,  765,  p.  373),  which  permits  the  esicape  of  the  Ti^wur  of  the  substance 
uiiaer  examination.  The  opening  is  dosed  at  the  end  of  the  experiment,  by  dincting 
the  flame  of  the  oxjh7drogen>browpipe  over  the  stopper;  the  opening  then  closes 
without  difficulty.  Foar  details  as  to  the  numerous  precautions  to  be  observed  and 
collections  to  be  made  in  calculating  the  results,  the  reader  is  referred  to  the  elaborate 

gaper  of  HM.  Deville  and  Troost,  previously  alluded  to.    It  may  be  mentioned, 
owever,  that  the  coefficient  of  cubic  dilatation  of  porcelain  between  0^  and  860^ 
was  found  by  the  authors  to  be  0*0000108. 

A.  The  substance  boils  above  860'',  but  below  1040°.— In  this  case  it  will  be  necessary 
to  ejnploy  the  vapour  of  zinc  The  general  process  is  similar  to  that  employed  in  the 
case  of  cadmium.  The  coefficient  of  dilatation  of  porcelain  between  0^  and  1040^,  was 
found  to  be  0*00001 08^tbat  is  to  say,  the  same  as  between  0^  and  860^. 

In  determining  precisely  the  boiling-points  of  sulphur,  cadmium  and  zinc  by  means  of 
theair^thermometer,  great  difficulties  arise  from  the  fact  that  minute  errors  of  weighing 
seriously  affi?ct  the  results,  owing  to  the  extremely  small  quantities  b^  weight  of  air 
which  remain  in  the  apparatus  at  the  temperatures  employed.  Deville  and  Troost 
have  OTercome  this  difficulty  by  employing  iodine  instead  of  air  in  the  thermometer. 
The  very  considerable  density  of  the  vapour  of  iodine  (8*7),  and  the  fact  that  it 
has,  fortunately  without  sensible  error,  the  same  coefficient  of  dilatation  as  air,  render 
ii  invaluable  for  this  purpose. 

4.  Re^atdCs  processes. — The  limits  of  this  work  will  not  permit  the  introduction 
of  a  complete  account  of  the  numerous  processes  devised  bv  Eegnault  for  determining 
the  densities  of  the  vapours  of  substances.  The  methods  already  described  are  capable 
of  meeting  every  case  likely  to  occur  in  chemical  researches.  It  is  true  that  instances 
sometimes  present  themselves  where  it  is  desirable  to  obtain  information  as  to  the 
physical  characters  of  certain  vapours,  and  their  behaviour  under  various  circumstances 
of  temperature  and  pressure  :  in  such  cases  it  will  be  necessary  to  refer  to  the  original 
memoirs  ;  a  list  of  some  of  the  more  important  is  therefore  appended  to  this  article. 
It  would,  however,  be  improper  to  omit  a  description  of  the  following  simple  method, 
devised  by  Regnault(AnB.  Ch.  Phys.  [3],  Ixiii.  53),  for  determining  the  densities 
of  vapours  at  elevated  temperatures.  It  is,  however,  only  adapted  for  substances  which 
are  unacted  on  by  air.  The  apparatus  consists  of  two  flasks,  A  A',  made  of  cast-iron,  as 


Fig,  767. 


nearly  as  possible  of  the  same  thickness.  They  are  terminated  by 
tubulures,  which  are  closed  by  the  bullets  B  K,  resting  on  the 
openings.  The  volumes  of  the  two  flasks  are  to  be  exactly  deter- 
mined by  ascertaining  the  weight  of  water  required  to  fiU  them. 
Some  mercury  is  to  be  poured  into  the  flask  A ;  and  in  A',  the  sub- 
stance the  vapour-density  of  which  is  to  be  ascertained.  The 
apparatus  is  then  to  be  placed  on  a  muffle  heated  to  a  temperature 
somewhat  more  than  sufficient  to  convert  the  substance  into  vapour. 
The  mercury  and  substance  soon  enter  into  ebullition,  expelling  the 
air  by  the  apertures,  which  are  only  imperfectly  closed  by  the  bidlets. 
When  the  apparatus  has  been  sufficiently  heated,  it  may  be 
remoTed  and  allowed  to  cool.  The  weights  of  the  mercury 
remaining  in  A,  and  of  substance  in  A',  are  then  to  be  determined 
by  anal^is. 

Let  P  be  the  weight  of  the  mercury, 
F  that  of  the  substance, 

8  the  density  of  mercury  compared  with  that  of  air  under  the 
ciicumstances  of  temperature  and  pressure  which  existed  in  the  muffle  at  the  moment 
of  removing  the  apparatus. 

The  density  of  the  vapour  will  be  under  the  same  conditions,  and,  assuming  the 
Tolumes  of  the  two  flasks  to  be  identical, 

But  as,  in  practice,  the  capacities  of  the  two  flasks  will  never  be  exactly  the  same,  we 
must  substitute  the  following  formula  for  that  given  by  M.  Regnault.  Kepresenting, 
therefore^  the  volume  of  A  by  F,  and  the  volume  of  A  by  F*,  we  have : — 

P     V^ 

It  is  proper  to  remark  that  this  method  ceases  to  be  accurate  if  there  be  any  great 
difierence  between  the  volumes  of  A  and  A!. 

The  relations  between  the  atomic  weights  of  substances  and  their  densities  in  the 
state  of  vapour  or  gas,  have  been  so  f^lv  discussed  in  the  article  Atomic  Wbiohts 
(1.  466),  that  we  only  now  have  to  consiaer  the  method  of  ctdcidating  the  theoretical 
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vapaur-densUy  of  a  suUtanee,  This  may  at  once  be  obtained  bj  mnltlplying  the  atomic 
weight  of  the  substance  by  half  the  density  of  hydrogen,  0-034635.  If  the  results  of 
experiment  differ  from  the  number  so  obtained  by  a  Tery  large  amount,  it  will  pro- 
bably arise  from  the  vapour-density  being  anomalous.     (See  Atomic  Weights.) 
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L  The  examination  of  the  properties  of  the  light  emitted 
by  substances  in  the  state  of  glowing  gas  has  been  termed  Spectral  Analysis.  By  this 
method  we  not  only  succeed  in  obtaining  a  much  more  accurate  knowledge  than 
we  have  hitherto  possessed  concerning  the  chemical  composition  of  terrestrial  matter, 
but  we  acquire  information  respecting  the  chemical  nature  of  the  sun,  fixed  stars,  and 
distant  nebulae,  opening  out  the  new  sciences  of  solar  and  stellar  chemistry. 

If,  by  means  of  a  prism  and  suitable  optical  arrangements,  we  examine  the  light 
emitted  by  incandescent  solid  or  ligtdd  bodies,  we  find,  flrst,  that  all  such  bodies  become 
luminous  at  the  same  temperature ;  and,  secondly,  that  when  they  first,  become  luminous 
red  rays  alone  are  emitted,  and  that  as  the  temperuture  rises,  rays  of  every  higher 
degree  of  refrangibility,  up  to  a  certain  limit,  are  likewise  given  off,  until,  when  the 
highest  temperature  is  readied,  all  the  luminous  rays  are  emitted,  and  the  body  is 
said  to  be  white-hot.  Hence  the  spectrum  of  evezy  incandescent  solid  or  liquid  is 
continuous,  and  cannot  be  used  as  a  means  of  detecting  the  chemical  nature  of  the 
substance.  The  light  emitted  by  incandescent  gases  differs  essentially  from  that  radiated 
from  solids  or  liquids,  inasmuch  as  the  spectrum  of  a  glowing  gas  is  not  continuous, 
but  consists  of  distinct  bands  or  lines  of  light ;  in  other  words,  is  made  up  of  different 
rays  of  definite  degrees  of  refrangibility.  Another  difference  to  be  noted  is  that» 
except  in  certain  cases  to  be  spoken  of  hereafter,  the  quality  of  the  light  of  a  glowing 
gas  does  not  alter  with  increase  of  temperature :  thus,  as  soon  as  sodium-vapour 
becomes  luminous,  it  emits  yellow  light,  nor  can  this  colour  be  changed  by  increasing 
the  temperature ;  sodium-vapour  cannot  be  made  white-hot. 

Each  elementary  substance  in  the  state  of  gas  produces  a  spectrum  consisting  of 
bright  lines  or  bands,  which  are  unalterable  in  position,  and  are  produced  by  that 
particular  element  alone;  hence  this  property  may  be  made  use  of  for  detecting 
the  presence  of  the  substance  in  question,  and  it  matters  not  how  far  distant  the 
source  of  light  may  be  from  the  observer,  provided  the  lines  can  be  distinctly  seen. 
Many  chemical  compounds  are  not  decomposed  below  the  temperature  at  whidi  their 
vapours  become  luminous,  and  these  compounds  yield  spectra  differing  from,  those 
of  their  constituent  elements;  in  some  cases  a  farther  elevation  of  temperature 
produces  a  sudden  dissociation  of  the  combined  elements,  and  then  the  true  ele- 
mental spectra  become  for  the  first  time  apparent — no  further  change  in  the  position 
of  the  lines  occurring  with  subsequent  increase  of  temperature.  In  many  instances, 
however,  even  in  the  case  of  the  elemental  lines,  increase  of  temperature  renders 
new  lines  visible,  which  could  not  be  seen  before,  possibly  owing  to  their  not  possess- 
ing sufficient  intensity. 

The  methods  of  obtaining  the  spectra  of  the  elements,  or  theircomponnds,  differ  accord- 
ing to  their  volatility.    The  instrument  or  spectroscope  employed  varies  according  to 
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Uw  dcgnfl  of  accnn^  wliich  tbe  olMamlioDa  Mqnin :  tbni,  for  th«  detection  of  soma 
of  the  mote  commoiuj-oceiuTiiift  ntbotancw,  s  rough  sppsratut  vich  one  pnim  vill 
niffic«,  vheieas  for  ei&ct  «ip«rimeDts,  aiid  for  lesearcheB  o"  •"1<>  AkAmiiri^^  . 
much  miwe  poweifnt  >nd  i^itiiaill]'  perfect  ii 


Srtawiatioii  nf  IJka  Bfteira  qf  Bodia  ictKi  tint  t\i  colourloM  6iu-fiam». 

It  has  long  been  known  Uiat  eertaia  BobatfUice*.  Mpedollj  tbe  salM  of  the  Alkali*  anrl 
alkalinr  eart£s,  tint  tha  btowpipe-Bame,  and  thens  tints  bare  long  been  naed  u  tfsts  fur 
the  preimee  of  the  mbstsnces.  Bansen  andKirchhoff  (18SU,  Chemical  Artalgtu  hg 
aptetnm  Obtermtioni :  First  Memoir,  Po«^  Ann.  ex.  161;  BudPhil.Mag.  [4]xz.  89: 
Second  Hemoir,  ^ugg,  Ann.  cxiii.  33T ;  aodPhiL  Mag.  [1]  uii.  32e  and  468)  were  the 
flrvt  anccpasfully  to  appl;  the  prism  lo  tiie  examination  of  theae  tints,  vhecebj  the 
sccnrscj  and  delicacj  of  their  indications  irere  ioGiiitelj  increased,  and  thus  tn  found  Iha 
Boenco  of  Spectntl  Analjsia 

The  improved  epectroMope  emplored  in  theie  eiperimrats  is  lepreaented  in  ^.  788. 
On  the  upper  end  of  the  casl-iion  foot,  F,  a  brass  plats  is  acreved,  csnriiu  the  flint- 
glass  prinD  P,  hani^  a  re&acting  angle  of  60°.  The  coUimator-tube,  A,  is  ^o  fixed  to 
the  brass  jd^itc ;  in  the  end  of  ihis  tubu  neaiest  tike  prism  is  placed  a  lens,  wbUst  the 


oIluT  sod  is  closed  bf  a  pUte,  in  which  a  vertical  slit  has  been  made.    Two  arms  an 

also  fitted  on  to  the  cBs>iron  foot,  so  that  tb^y  are  moTeable  in  a  horixontal  plane 

aboot  the  axis  of  the  font     One  of  ihiso  carnee  the  telescope  B,  haTuig  a  magnifying 

power  of  eight,  whilst  the  other  eairiea  the  Inbe  C  ;  a  lens  is  pUced  in  this  (nbe  at  the 

end  neareet  l^e  priam,  and  at  the  other  end  is  a  scale,  which  can  be  seen  through  the 

tslescops  by  reSL-i^on  from  the  front  Eor^ice  of  the  prism.   This  scale  is  a  photographic 

copy  of  a  milHmetre-acale,  which  has  been  produced  in  the  camera  of  about  ^  the 

original  dimensions.    The  etructure  of  the 

alit   is  seen  in  Jig.  769 :  the  npper  half  ''S-  'oS- 

only    is    left    trot ;     the   lower    half    is 

mreied  I^a  small  rquilateral  glass  prism,     % 

which  sends  by  total  reflexion  tbe  light  of 

the  lamp  D  through  tbe  slit,  whilst  the 

rays    of  the  tamp  £  pus  freely  Ihrongh  I 

the  npper  and  nncovercd  slit.      By  hrip  ' 

of   this   arrangement,   the  observer  sees 

the  spectra  of  Sie  two  sources  of  light  im- 

mediati'ly  one  under  the  oihrr,  and   can      a 

thus  easily  determine  al  a  glnoce  «h ether       ^ 

the  lines  are  coincident  or  not.      The  instrument  is  used  as  follows: — In  the  first 

place,  the  telescope  Bis  drawn  out  bo  fjr  thuC  adiat^int  object  Ja  plainly  seen;  it  iathen 

screwed  into  the  ring  in  which  it  ia  held,  care  being  taken  to  loosen  the  screws  a  and  $ 

beforrhand.   The  tube  A  is  then  brought  into  its  place,  and  tbe  axis  of  B  brought  into 

one  Bttaight  line  with  that  of  A.    The  slit  is  then  drawn  out  until  it  is  distinctly  seen 
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on  looking  tbiongh  tlie  telescope,  uid  this  Utter  is  then  fizod  bj  moring  the  serevs 
a  and  $  until  the  middle  of  the  slit  is  seen  in  the  middle  of  the  field  of  view. 
Aft4>T  lemoying  the  small  spring  %  the  prism  is  next  placed  on  the  brass  plate,  and 
fastened  in  the  position  which  is  marked  for  it,  and  seenzed  bj  screwing  down  the 
spring<lamp  7. 

If  the  axis  of  the  tube  A  be  now  directed  towards  a  bright  surface,  soch  as  the  flame 
of  a  candle,  the  spectrum  of  the  flame  is  seen  in  the  lower  half  of  the  field  of  the 
telescope,  on  moving  the  latter  a  certain  angle  ronnd  the  nads  of  the  foot  F.  When  the 
telescope  has  been  placed  in  position,  the  tube  C  is  fastened  on  to  the  arm  belonging 
to  it;  and  this  is  turned  through  an  angle  such  that,  when  lidit  is  allowed  to  fall  on 
the  divided  scale,  the  image  of  the  scale  is  seen  through  the  telescope  B,  reflected  from 
the  nearer  face  of  the  prism.  The  divisions  can  easily  be  focussed,  and  the  line  on 
which  the  divisions  lie  brought  parallel  with  the  line  dividing  the  two  spectra  hy 
means  of  the  screw  (9) ;  a  small  gas-flame  is  then  placed  opposite  the  tube  C  to  illuminate 
the  scale.  The  breadth  of  the  slit  can  be  regulated,  by  means  of  the  screw  e,  according 
to  the  deeree  of  illumination  present,  or  the  purity  of  the  spectrum  required.  A  black 
doth,  witn  holes  for  the  tube  C,  is  thrown  over  the  whole  apparatus  to  shade  off  stray 
light  In  coder  to  bring  the  two  sources  of  lig^t^  D  and  E,  mto  position,  the  following 
method  may  be  employed  : — ^If  the  lamp  £  be  pushed  past  the  slit,  a  point  is  easily 
foun^  at  which  the  blue  lines  of  the  hydrocarbon-flame  (Swan,  p.  3:38)  are  plainly 
seen ;  the  lamp  must  then  be  pushed  to  ^e  left  still  farther,  until  these  lines  nearly  or 
quite  disappear ;  the  right  mantle  of  the  flame  is  now  before  the  slit,  and  into  this  the 
bead  of  substance  under  examination  must  be  brought.  In  the  same  way  the 
position  of  the  flame  (D)  may  be  ascertained  (Bun sen).  Owing  to  variations  in  the 
refractinff  power  of  the  prisms,  the  positions  of  the  lines  of  the  same  substances, 
measurea  by  the  photographic  scale,  on  two  different  instruments  will  not  coincide 
exactly.  Buns  en  has,  however,  given  (Pogg.  Ann.  cxix.  6)  an  easy  method  for  reducing 
these  variations,  rendering  comparable  the  measurements  thus  made  with  different  instru- 
ments. He  has  also  proposed  a  graphical  method  (shown  in  fy.  770,  opposite  page  382)  of 
mapping  not  only  the  position  of  the  bright  lines,  but  also  their  relative  intensities  and 
degrees  of  sharpness:  this  consists  in  shading  in  the  lines  under  a  millimetre-scale  (repre- 
senting that  seen  through  the  telescope),  the  starting-point  being  taken  to  be  the  D  lines, 
the  position  of  which  is  always  represented  at  60  mm.  The  height  of  the  shading  gives 
the  mtensity  of  the  bright  band,  the  extent  of  the  shading  gives  the  breadth  of  the  line  or 
band,  and  tiie  degree  of  sharpness  is  indicated  by  the  sudden  or  gradual  growth  of  the 
shaded  portions.  This  method  cannot,  of  course,  give  to  one  unfamiliar  wiQi  the  spectra 
themselves,  any  idea  of  their  real  appearance;  this  can  only  be  attained  (and  but 
imperfectly)  by  chromo-lithographic  tables,  which  accompany  some  of  the  memoirs, 
and  of  which  an  enlarged  series  has  been  published  by  Lenoir  of  Vienna. 

The  discovery  of  four  new  elementary  bodies  (csesium,  rubidiimi,  thallium,  indium), 
by  help  of  spectral  analysis,  since  1860,  serves  to  show  the  value  of  this  new  method ; 
of  its  delicacy,  some  iaea  may  be  formed  by  the  following  numbers,  which  give, 
in  fractions  of  a  milligramme,  the  weights  of  the  smallest  quantities  of  the  metals  in 
question  which  can  thus  be  detected  with  certainty: — 
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Spectrum  Reactions  of  the  Metals  of  the  Alkalis  and  Alkaline  Earths. 

Sodium. — The  spectrum-reaction  of  this  metal  is  the  most  delicate  of  all.  The 
yellow  line,  Na  a,  is  the  only  one  which  appears  in  the  sodium-spectrum  as  seen  in  the 
flame  with  the  ordinary  spectroscope.  Examined  at  the  high  temperature  of  the 
electric  spark  with  a  more  powerful  set  of  prisms,  this  yellow  line  is  seen  to  be  double, 
and  it  is  found  to  be  exactly  coincident  with  the  dark  double  solar  line  known  as  D ; 
under  those  circumstances,  three  other  pairs  of  lines  and  a  nebulous  band  become 
visible,  in  addition  to  the  yellow  D  lines  (Hug gins, Phil.  Trans.  1864,  p.  139,  on  Ths 
Spectra  of  some  of  the  Chemical  Elements).  The  line  Na  a  is  remarkable  for  its  exactly- 
defined  ft>rm  and  extraordinary  brightness.  If  the  quantity  of  sodiimi-compound 
present  in  the  flame  is  rer^r  large,  some  portion  is  precipitated  in  the  solid  form, 
and  this  gives  rise  to  a  faint  continuous  spectrum  stretching  at  each  side  of  the 
double  yellow  line ;  if  a  small  piece  of  the  metallic  sodium  be  volatilised  in  the  flame, 
the  important  phenomenon  of  tne  reversal  of  the  sodium-spectrum  is  observed — ^that  is, 
the  bright  sodium-lines  on  a  dark  background  become  changed  to  a  dark  one 
I  a  background  of  a  bright  continuous  spectrum.    The  explanation  of  this  will  be 
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giyen  hereafter.  All  the  Bodinm-componnds  yield  the  yellow  line  when  heated  in  the 
flame ;  those  f  each  as  the  oxides,  chloride,  iodide,  hromide,  sulphates,  and  carbonates) 
which  are  easily  Tolatilised  give  the  reaction  most  vividly,  but  the  non-Tolatile  phos< 

$  hates,  silicates,  and  borates  also  exhibit  the  line  plainly.  Swan  in  1857,  and  indeed 
(elTiLle  in  1752,  pointed  out  the  delicacy  of  this  reaction.  The  n^bsus  V^  ^^  ^  milli- 
gramme  of  soda  can  be  easily  detected,  and  this  reaction  shows  tne  constant  presence 
of  sodium^compounds  floating  about  as  motes  in  the  sunbeam ;  all  bodies,  after  exposure 
to  the  air  for  a  few  minutes,  exhibit  the  soda-lines  on  ignition.  This  dust  of  sodium- 
eompounds  is  derived  from  the  evapomtion  of  the  minutely>diyided  particles  of  sea- 
spray,  and  from  the  transportation  of  the  infinitely  small  solid  particles  by  the  winds. 

lAlhium. — The  luminous  vapour  of  lithium,  obtained  by  the  ignition  of  the  salts  of 
this  metal  in  the  flame,  yields  a  spectrum  consisting  of  two  bright  lines  :  the  one  a 
bright  red  line,  Li  a  (31  mm.  on  JBunsen's  scale),  and  the  other  a  veiy  much  less 
disdnct  orange  line,  Li  iS  (45  mm.  on  Bunsen's  scale).  When  lithium-vapour  is 
more  strongly  heated,  as  in  an  oxyhydrogen-flame  or  in  the  electric  discharge,  a  blue 
line  or  band  becomes  visible,  in  addition  to  the  other  two  lines  which  do  not  change 
their  position  (Tyndall  and  Frankland,  Phil.  Mag.  [4],  xxii.  472).  This  new  blue 
lithium-line,  when  viewed  with  one  prism,  appears  coincident  with  the  blue  strontium- 
line,  Sr  8  (see  p.  380).  On  examination  with  three  prisms  and  a  high  magnifying  power, 
the  blue  Hthium-line  is  seen  to  be  somewhat  more  refrangible  than  the  strontium,  9, 
the  lines  being  separateid  by  a  space  about  equal  to  that  separating  the  two  sodium- 
lines.     (Eoscoe  and  Clifton,  Proc.  Manch.  Phil.  Soc.  1861-62,  p.  227.) 

All  the  lithium-compounds  give  the  reaction ;  indeed,  minerals  containing  lithium 
(such  as  triphylline,  triphane,  and  petalite)  onl^  require  to  be  held  in  the  flame  to 
exhibit  the  red  line,  Li  a,  mobt  distinctly.  Lithium-compounds  were  formerly  snppoeed 
to  occur  most  sparingly  on  the  earth*s  crust,  but  spectral  analysis  has  shown  that  this 
metal  is  most  widely  diffused.  It  has  been  found  in  the  waters  of  the  Atlantic,  in  the 
ashes  of  marine  plants,  in  all  the  quartz  and  orthodase  of  the  Odenwald,  as  well  as 
in  very  many  other  minerals  from  different  localities;  in  almost  every  mineral-water, 
as  weU  as  in  almost  all  well-  and  river-waters ;  in  the  ashes  of  tobacco,  of  wood  of 
the  vine ;  in  milk,  coffee,  tea ;  in  human  blood,  and  in  muscular  tissue.  Lithium-salts 
have  been  found  to  occur  in  large  quantities  in  a  spring  in  Cornwall  (W.  A.  Miller, 
Brit.  Assoc  Beport,  1864).  Lithium  has  also  been  found  in  meteoric  stones.  (Bun* 
sen,  Ann.  Ch.  Pharm.  cxx.  253. — ^Engelbach,  Pogg.  Ann.  cxvi.  512.) 

Ik>tu38ium. — Volatile  potassium-compounds,  when  placed  in  the  flame,  sive  a  widely- 
extended  continuous  spectrum,  which  consists  of  two  chief  lines :  one  line,  iTa,  situated  in 
the  outermost  red  (from  16-5  to  18*5  on  Bunsen's  scale),  and  a  second  line,  K  ^,  situated 
far  in  the  violet  rays  towards  the  other  end  of  the  spectrum  (152*5  to  153*5  on  Bun- 
sen's  scale).  When  the  vapour  of  potassium  is  heated  in  the  electric  spark,  several 
other  lines  make  their  appearance  (Huggins).  All  potassium-salts  containing 
volatile  acids  exhibit  the  two  lines  when  placed  in  the  flame,  but  the  potash-silicates 
and  some  other  non- volatile  compounds  do  not  show  it,  and  must  therefore  be  ignited 
with  sodium-carbonate.  The  presence  of  the  sodium-salt  does  not  interfere  with 
the  reaction,  and  scarcely  diminishes  its  delicacy.  Orthodase,  sanidine,  and  adularia 
may  in  this  way  be  easily  distinguished  from  albite,  oligoclase,  labradorite,  and 
anorthite.  If  only  a  trace  of  potash  is  present,  the  silicate  must  be  heated  with 
ammonium-fluoride  in  a  platinum-basin,  and  the  residue  brought  into  the  flame  on  a 
platinum-wire. 

The  potassium-red  line,  K  a»  was  at  one  time  supposed  to  be  coinddent  with 
Fraunhofer's  line  A  (Kirchhoff,  JResearches,  part  i.);  it  has  since  been  shown 
that  the  red  line  is  a  double  one  (Boscoe),  and  that  it  is  not  coincident  with  Fraun- 
hof er's  A.     (Kirchhoff,  Bcsearches,  &c.,  part ii. ) 

Rubidium  and  Casivm. — Tliese  two  new  alkali-metals  were  discovered  by  Bun- 
sen  in  the  mineral -water  of  Diirkheim,  and  in  Saxon  lepidolite  (Berlin.  Acad.  Ber. 
10  Mai  1860,  p.  221;  Chem.  News,  iii.  132).  Since  their  discovery  they  have  been 
found  to  be  widely  diffused ;  indeed,  rubidium  may  be  said  to  be  a  commonly-occurring 
substance ;  for  although  it  exists  only  in  small  quantities,  it  is  met  with  in  a  large 
number  of  mineral  waters,  and  in  the  ashes  of  many  vegetables,  such  as  tobacco, 
coffee,  and  beetroot  (Grand eau,  Compt.  rend.  liv.  450,  1057).  The  chemical  pro- 
perties of  the  caesium-compounds,  togetner  with  the  methods  employed  for  the  sepa- 
ration of  this  metal  from  rubidium,  are  described  in  vol.  i.  p.  1112  of  this  Dictionary ; 
the  rubidium-compounds  are  noticed  in  vol.  v.  pp.  127-131 ;  hence  it  will  here  only  be 
necessary  to  descnbe  their  spectra. 

The  spectra  of  the  new  metals  exhibit,  in  the  first  place  (in  accordance  with 
their  correspondence  in  other  chemical  properties),  a  striking  analogy  with  the 
potassium- spectrum ;  all  three  metals  possess  spectra  which  are  continuous  in 
*the  centre,  decreasing  in  intensity  towards  each  end    In  the  case  of  potassium,  the 
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oontmnom  poition  (indieated  in  the  mass  b^  a  dark  band  above  the  diTiaion)  is  meet 
intense,  in  that  of  nwidinm  less  intense,  and  in  the  csesiam-spectnim  this  luminosity  is 
least.  In  all  three  we  observe  the  most  intense  and  characteristic  lines  towards  both 
the  red  and  bine  ends  of  the  spectrum.  Of  the  rulndium4ineSf  those  marked  Rb  a  and 
Bb  fi  (137  and  135 — 136  mm.)  are  the  most  brilliant,  and  best  suited  for  the 
Beoognition  of  the  metaL  Less  brilliant,  though  still  characteristic,  are  the  red 
lines  Bb  y  and  Bb  d  (16 — 16  and  13 — 14  mm.),  from  which  the  metal  deriyes  its 
name;  they  are  remarkable  as  both  being  less  refrangible  than  the  potassium  red 
lines  K  a,  and  the  outer  one  of  them  lies  so  far  in  the  dark  red  as  to  be  only  rendered 
visible  by  a  special  arrangement.  The  other  lines,  which  are  found  on  the  continuous 
portion  of  the  spectrum,  cannot  so  well  be  used  as  a  means  of  detection,  because  they 
only  appear  when  the  substance  is  very  pure,  and  when  the  degree  of  illumination  is 
very  great.  The  nitrate,  chloride,  chlorate,  and  perchlorate,  on  accoimt  of  their  easy 
volatility,  show  these  lines  most  distinctly ;  but  even  the  least  volatile  rubidium-com- 
poundiS,  such  as  the  silicates,  yield  spectra  in  which  all  these  details  are  plainly  seen. 
The  spectrum  ofeaeium  is  chiefly  characterised  by  the  two  lines  Cs  a  and  Cs  3  (109 
and  106  mm.),  remarkable  for  their  brilliancy  and  sharpness  of  definition,  as  well  as  by 
the  absence  of  any  line  in  the  red  as  in  the  two  other  spectra.  The  line  Cs  7  in  the 
orange  (42  mm.)  is  the  next  most  distinct.  The  other  yellow  and  green  lines  marked 
on  the  map  first  ajmear  when  the  luminosity  is  great ;  and  though  they  cannot  be 
used  for  detecting  the  presence  of  small  quantities  of  the  csesium-oompounds,  they 
may  serve  with  advantage  as  tests  of  the  purity  of  the  caesium-salt  under  examination, 
as  they  are  seen  only  when  all  foreign  matter  is  got  rid  o£ 

The  delicacy  of  the  spectrum-test  for  the  pure  compounds  is,  for  rubidium  0*0002 
mgm.,  and  for  caesium  0*00005  mgm. ;  if  other  members  of  the  alkaline  group  of  metals 
be  present^  the  delicacy  of  the  reaction  is  of  course  impaired ;  but  even  when  mixed  with 
from  300  to  400  times  its  weight  of  the  chlorides  of  potassium  and  sodium,  the  caesium- 
chlorides  would  be  easily  detected ;  whilst  the  rubidium-salt  will  bear  dilution  with 
from  100  to  150  times  its  weight  of  the  common  alkalis  before  its  spectrum  is  ren- 
dered indistinct    (Bun  sen.) 

The  following  is  a  list  of  the  chief  sources  in  which  the  new  alkaline  metals  have  as 
yet  been  found : — 

In  mineral  waters: — ^Durkheim,  Slissingen,  Nauheim,  Kreuznach,  Baden-Baden, 
Wiesbaden,  Soden  near  Frankfort,  all  contain  both  metals :  see  the  Second  Memoir  by 
Bunsen  and  Kirchhoff. 

Vichy,  Bourbonne.    (Ghrandeau,  Compt  rend.  liii.  1100.^ 

Ebensee,  Haller,  Chistein.    (Bedtenbacher,  J.  pr.  CheuL  Ixxxy.  458.) 

Aussee.    (Schrotter,  ibid.  p.  4 58. ) 

Topusco,  i4issinga,  Karlsbronn.    (Schneider,  ibid,  p.  458.) 

Safins  (Jura),  Contrex^ville  (Vosges). 

Bead  Sea  water.    (Grande a u,  kaxi.  Ch.  Phys.  [3],  Ixvii.  175.) 

Jnminerals: — L^pidolite  from  Boxena,  Cs  and  Bb.    (Bunsen  and  Kirchhoff.) 

Lepidolite  from  Hebron  in  Maine.  Bb  and  Cs.  (O.  D.  Allen,  Phil.  Mag.  [4],  xxv.  189). 

Lepidolite  from  Prague,  Petalite  from  Uto,  Bb  and  Cs.  (Grandeau,  Ann.  Ch« 
Phys.  [3],  Ixvi.  172,  173.) 

Triphylline,  Bb  and  Cs.     (Bunsen,  Chem.  Kews,  iv.  163.) 

Lithia-micafrom  Zinnwald  in  Bohemia,  Bb  and  Cs.  (Bun  sen,  Chem.  News.  iv.  286.— > 
Schrotter,  J.  pr.  Chem.  Ixxxv.  458.) 

Gneiss  from  Freiberg,  Bb.  (Bube,  Berg-und  Huttemann.  Zeitung,  1862,  No.  8,  p.  75.) 

Camallite,  Bb  and  Cs.    (Erdman,  J.  pr.  Chem.  Ixxxvi.  377.) 

Orthoclase  from  Carlsbad,  Bb.     (Erdman,  ibid.  p.  448.) 

Chile  saltpetre.  (Bunsen,  Pc^.  Ann.  cxiii.  361. — Gr andean,  Ann.  Ch.Phys.  [3], 
Ixvii.  207.) 

Pollux  from  Elba  (Pisani,  Compt.  rend.  Iviii.  714)  contains  34  per  cent  of 
caesium ;  in  all  former  analyses  of  the  mineral  this  had  been  taken  for  potassium. 

In  vegetables  and  vegetable  products^  rubidium  alone  is  found. 

In  beetroot  and  the  saltpetre  derived  from  it: — Grande  an  (Compt.  rend.  liv.  450; 
Ann.  Ch.  Phys.  [3],  Ixvii.  201). — ^Lefebre  (Compt  rend.  Iv.  430). 

In  tobacco  (Havana  and  Kentucky),  in  coffee,  tea,  cream  of  tartar. 

In  the  ash  of  the  oak-tree,  Quercus  pubescens.  (Von  Thann,  J.  pr.  Chem.  Ixxxvi. 
254.) 

Strontium. — ^The  spectra  of  the  alkaline  earths  are  by  no  means  so  simple  as  those 

E reduced  by  the  alkajis ;  that  of  strontium  is  characterised  by  the  absence  of  green 
ands.  Eight  lines  in  the  strontium-spectrum  are  remarkable— fix  red,  one  orange, 
and  one  blue  line :  of  these  the  orange,  Sr  a  (45 — 47  mm.),  two  red,  Sr  fi  and  Sr  y 
(31*5—33  and  83*5^84 '5  mm.),  and  the  blue  line,  Sr  8  (104-6—105-5  mm.). 
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The  chloridd  and  other  haloid  salts  of  strontiuin  give  the  best  reaction,  whilst  it  is  seen 
lees  distinctly  with  the  sulphate  and  carbonate,  and  cannot  be  obtained  at  all  with  the 
non-volatile  compounds.  On  moistening  the  bead  with  hydrochloric  acid,  the  lines  are 
f>een  more  vividly ;  the  sulphate  must  previously  be  reduced  to  sulphide  by  holding 
the  bead  in  the  reducing  flame,  and  the  silicates  must  be  fused  on  a  platinum-loop, 
with  carbonate  of  sodium,  and  the  fused  mass  powdered,,  and  washed  on  a  plate  by 
decantation.  The  insoluble  carbonate  of  strontium  is  thus  obtained,  of  which  one  or 
two-tenths  of  a  milligramme,  brought  on  to  a  platinum- wire  and  moistened  with  hydro- 
chloric acid,  suffices  to  give  the  most  distinct  reaction.  The  strontium-lines  do  not  in- 
terfere with  the  indications  of  potassium  and  sodium ;  and  lithium  can  also  be  detected 
in  presence  of  strontium  when  the  proportion  of  the  former  metal  is  not  veiy  smalL 
The  lithium-line  appears  as  an  intensely  red  and  sharply-defined  line  upon  a  less 
distinct  red  ground  of  the  broad  Btrontium-t>and,  Sr  JS.  (Bun sen  and  Kirch- 
hoff.) 

If  the  temperature  of  the  incandescent  strontium-compounds  be  greatly  increased,  as 
when  they  are  volatilised  in  the  intense  induction-spark,  a  sudden  change  in  the  spec- 
trum is  noticed,  especially  if  a  more  powerful  spectroscope  is  employed.  Not  only  do 
new  lines  thus  become  visible  which  were  not  seen  in  the  flame-spectrum,  but  the 
broad  bandSf  characteristic  of  the  spectrum  at  the  lower  temperature,  totally  disappear, 
and  a  mass  of  fine  bright  lines  supply  their  place.  These  are,  however,  not  coincident 
with  any  part  of  the  band,  being  sometimes  more  and  sometimes  less  refrangible.  The 
lines,  8r  o,  /Bj  y  disappear  in  the  intense  spark,  whilst  the  blue  line,  Sr  8,  does  not  alter 
either  in  intensity  or  in  position  with  tiie  alteration  of  temperature,  but  four  new 
violet  lines  make  their  appearance.  An  explanation  of  this  phenomenon  of  the  disap- 
pearance of  the  broad  bands  and  the  production  of  the  bright  lines  may  be  given  by 
the  supposition  that  the  glowing  vapour  at  the  low  temperature  consists  of  the  oxide 
or  other  compound  of  the  difficultly  reducible  metal,  whereas,  at  the  enormously  high 
temperature  of  the  intense  spark,  these  compounds  are  decomposed,  and  the  true 
bright  lines  of  the  metal-spectrum  are  obtained  (Koscoe  and  Clifton,  Proc.  Manch. 
Society,  1861-62,  p.  227).  The  bright  lines  of  metallic  strontium  have  been  carefully 
mapped  by  Huggins  {loc.eit.). 

Kirchhoff  states  in  his  memoir  (Part  i.  p.  11)  his  opinion  that  the  position  of  the 
bright  bands,  or  maxima  of  light,  is  not  dependent  upon  the  temperature,  upon  the 
presence  of  other  vapours,  or  upon  any  other  condition  except  th^  chemical  constitu- 
tion of  the  vapour.  The  appearance  of  the  spectrum  may,  however,  Kirchhoff  states, 
be  veiy  difTerent  under  different  circumstances.  "  Even  the  alteration  of  the  mass  of 
the  incandescent  gas  is  sufficient  to  effect  a  change  in  the  character  of  the  spectrum. 
If  the  thickness  of  the  film  of  vapour  whose  lines  are  being  examined  be  increased,  the 
luminous  intensities  of  all  the  lines  increase,  but  in  different  ratios.  The  intensity  of 
the  bright  lines  increases  more  slowly  than  that  of  the  less  visible  rays.  The  im- 
pression which  a  line  produces  on  the  eye  depends  on  its  breadth  as  well  as  its  bright- 
ness. Hence  it  may  happen  that  one  line  being  less  bright^  although  broader  than  a 
second,  is  less  visible  when  the  mass  of  incandescent  gas  is  small,  but  becomes  more 
distinctly  seen  than  the  second  line  when  the  thickness  of  the  vapour  is  increased. 
Indeed,  if  the  luminosity  of  the  whole  spectrum  be  so  lowered  that  only  the  most 
striking  of  the  lines  are  seen,  it  may  happen  that  the  spectrum  appears  to  be  totally 
changed  when  the  mass  of  tiie  gas  is  altered.  Change  of  temperature  appears  to 
produce  an  effect  similar  to  this  alteration  in  the  mass  of  the  glowing  vapour,  no 
deviation  in  the  maxima  of  light  being  observed,  but  the  intensities  of  Uie  lines 
increasing  so  differently,  that  those  most  visible  at  a  high  temperature  are  not  those 
most  readily  seen  at  a  low  temperature  "  (Kirchhoff).  Although  this  explanation 
of  the  changes  observed  may  certainly  apply  to  many  cases,  yet  there  can  be  no  doubt 
that  experiments  made  since  the  foregoing  opinion  was  expressed,  prove  that  in  most 
instances  the  changes  which  occur  are  sudden,  and  are  due  to  an  alteration  in  the 
chemical  constitution  of  the  incandescent  vapour. 

Calcium, — The  spectrum  of  this  metal  is  immediately  distinguished  fi*om  all  the 
preceding  by  the  characteristic  green  band,  Ca  /3  (57  to  62'5  mm.),  and  by  the  orange 
band,  Ca  a  (39*5  to  44  mm.).  The  chloride,  iodide,  and  bromide  give  the  reaction  best; 
the  non-volatile  calcium-compounds  must  be  decomposed  eitlierby  hydrochloric  acid,  or 
by  ammonium-fluoride,  before  the  spectrum  can  be  plainly  obtained;  and  then,  if  the 
quantity  of  metal  present  be  very  small,  the  characteristic  lines  are  seen  to  flash 
out  only  for  a  moment  as  the  salt  rapidly  becomes  basic  and  non-volatile.  In  this 
way,  either  by  heating  the  substance  alone,  or  after  treatment  with  hydrochloric 
acid  or  ammonium-fluoride,  the  mineralogist  and  geologist  is  provided  with  a  simple 
method  of  recognising  the  components  of  a  minute  fragment  of  substances  with  an 
ease  and  certainty  attained  in  the  ordinary  method  only  by  a  laige  expenditure  of 
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time  and  material.  Ezamplee  of  the  application  of  these  tests  are  giren  in  Bonsen 
and  KirchhoflTs  second  memoir:  these  prove  that  some  limestones  contain  Uthinm 
and  strontium,  as  well  as  sodium  and  potassium ;  and  it  is  probable  that  an  exact 
series  of  experiments  on  the  amount  of  these  ingredients  contained  in  these  yarious 
limestones  may  prove  of  the  highest  geological  interest,  both  as  regards  the  order  of 
their  deposition  and  their  local  distribution.  The  CHlcium-spectrum  shows  the  same 
kind  of  remarkable  change  on  increase  of  temperature  as  the  strontium-spectrum 
(Kirchhoff,  Besearches^  i.  12);  thus  the  broad  band,  Ca  ^/ is  replaced  in  the 
intense  spark- spectrum  by  five  fine  green  lines,  all  of  which  are  less  re^ngible  than 
any  part  of  the  band  Ca  3,  whilst  in  place  of  the  orange  band,  Ca  a,  three  more 
refrangible  orange  lines  are  seen.  The  total  disappearance  in  the  spark-spectrum  of  a 
well-defined  yellow  band  seen  in  the  flame-spectnmi  at  the  lower  temperature  was 
strikingly  evident  (Roscoe  and  Clifton).  The  spark-spectrum  of  calcium  contains 
also  tiro  bright  lines  in  the  violet^  which  may  coincide  with  the  two  solar  lines  known 
as  Fraunhofer's  H.    (H  u  gg  i  n  s.) 

Barium. — This  is  the  most  complicated  of  all  the  flame-spectra  of  the  alkalis  and 
alkaline  earths.  It  is  at  once  distinguished  from  all  the  otners  by 'the  green  bands, 
Ba  a  (69*^  to  73  mm.)  and  Ba/9  (75  to  79  mm.);  these  are  by  far  the  most  distinct, 
appearing  at  the  first,  and  continuing  during  the  whole  of  the  reaction.  Ba  y  (59  to 
63  mm.)  is  not  quite  so  distinct,  but  is  still  a  well-marked  and  peculiar  line.  The 
chloride,  b^mide,  iodide,  and  fiuoride,  as  well  as  the  hydrate,  carbonate,  and  sulphate, 
yield  the  reaction  ;  the  sib'cates  must  be  treated  previously  with  hydrochloric  acid,  or 
Kised  with  sodium-carbonate,  and  the  resulting  barium-carbonate  dissolved  in  acid.  If 
barium  and  strontium  occur  in  small  quantities  together  with  laige  amounts  of  calcium, 
the  carbonates  obtained  by  fusion  are  dissolved  in  nitric  acid,  and  the  dried  salt 
exhausted  with  alcohol.  The  residue  contains  only  barium  and  strontium,  both  of 
which  can  be  almost  always  detected. 

Unless  one  or  more  of  the  bodies  to  be  detected  is  present  in  very  small  quantities, 
the  methods  of  separation  just  mentioned  are  quite  unnecessary,  as  a  simple  inspection 
Ckf  the  fianie^pectrum  generally  exhibits  the  bright  lines  of  the  various  substances, 
appearing  one  after  the  other  in  the  order  of  their  volatility,  and  dying  gradually  out 
again  as  the  pictures  in  a  dissolving-view.  The  absence  of  any  one  or  of  several  c^ 
these  bodies  is  at  once  indicated  by  the  non-appearance  of  the  corresponding  bright 
lines  (Bunsen  and  Kirchhoff).  The  same  phenomenon  of  change  from  brcAid 
bands  to  fine  lines  on  increase  oz  temperature  has  been  observed  in  the  baiaum  as  in 
the  two  foregoing  spectra. 

The  spectrum  of  magnesium,  as  well  as  the  spectra  of  almost  all  the  other 
metals,  cannot  be  obtained  by  means  of  the  fiame,  owing  to  their  compounds  being 
non-volatile  at  the  temperature  of  burning  coal-gas.  In  order  to  obtain  the  spectra  of 
these  substanoea,  recourse  must  be  had  to  the  method  with  the  electric  spark,  explained 
hereafter. 

ThdQium, — ^The  compounds  of  this  new  metal,  discovered  by  Mr.  Crookes  (Chem. 
News,  March  30,  1861)  in  certain  specimens  of  iron-pyrites,  give  when  brought  into 
the  flame,  a  splendid  green  coloration,  and  this  yields  a  spectrum  consisting  of  one 
green  line,  Tl  a  (77*5  to  78  mm.),  which  coincides  with  a  part  of  the  green  barium- 
band,  /3.  When  examined  with  one  prism,  the  extrome  brilliancy  of  this  line  renders 
the  d<$tection  of  traces  of  thallium  in  pyrites  easy  (see  the  article  Thallium  in 
this  volume ;  also  Crookes,  Phil.  Trans.  1863,  p.  173).  When  the  spark-spectrum  of 
thallium  is  examined,  five  lines  aro  observed,  in  addition  to  the  intense  one  in  the  green; 
first  a  veiy  faint  one  in  the  orange ;  next  two  of  nearly  equal  intensity  in  the  green, 
more  refriuigible  than  Tl  a,  with  a  third  much  fainter,  these  lines  being  nearly  equi- 
distant; whilst  fifth  in  the  blue  is  a  bright  well-defined  line  (W.  A.  Miller,  Proc. 
Boy.  Soc.,  1863,  p.  407).  Gassiot  (Proc.  Roy.  Soc.  xii.  536)  found  that  the  two 
green  thallium-  and  barium-lines  do  not  coincide  when  examined  with  a  magnifying 
power  of  80. 

Indium, — This  metal  was  discovered  by  Br s.  Reich  and  Richter  in  the  Freiberg 
yincblende  (Phil.  Mag.  [4],  March  1864,  xxvii.  199).  Its  compounds  are  recog- 
nised by  the  deep  indigo-coloured  tint  which  they  impart  to  flame.  The  indium-spec- 
trum  is  characterised  by  two  blue  lines,  which  are  best  se^n  when  a  bead  of  an 
indium-compound  is  held  between  two  electrodes  from  which  a  spark  passes.  The 
lines  In  a  and  In  fi  fall  respectively  upon  divisions  107*5  and  140  mm.  of  the  photo- 
graphic scale  of  the  spectroscope  when  Na  a  »  60  and  Sr  8  s  100*5.  The  specific 
gravity  of  the  metal  is  7*277,  and  its  atomic  weight  about  37  *  In  (monatomie). 
(Reich  and  Richter,  J.  pr.  Chem.  xcii.  480  ;  see  p.  268,  voL  iii.  of  this  Dictionary; 
also  Strong,  Berg-  und  Hiittenm.  Zeit.  1865,  p.  191;  A.  Winkler,  J.  pr.  Chem. 
»civ.  1;  Weselsky,  Wien.  Acad.  Berichtc,  li.  286,  May  1865.) 
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Alihongh  BoDsen  and  Rirchboff  have  the  merit  of  founding  the  method  of  spectral 
analysis,  inasmuch  as  they  placed  it  on  a  complete  scientific  basis,  yet  previous 
observations  on  this  subject  had  not  been  ^ranting.  Thus,  so  long  ago  as  1752, 
Thomas  Melville  pointed  out  the  peculiar  nature  of  certain  coloured  flames,  and 
observed  the  yellow  soda-flame,  although  unacquainted  with  its  cause.  In  1822 
Brewster  proposed  his  monochromatic  lamp,  but  the  first  idea  of  this  is  due  to  Mel- 
ville. In  1822  Sir  John  Herschel  (Phil.  Trans,  p.  455)  inrestigated  the  spectra  of 
many  coloured  flames  (muriates  of  strontia  and  lime,  nitrate  of  copper,  and  boracio 
acid),  and  he  writes  in  1827  about  them  as  follows,  in  the  Encychpadia  Metropoii- 
tana :  ^  The  colours  thus  communicated  by  different  bases  to  flame  afford  in  many 
cases  a  ready  and  neat  way  of  detecting  extremely  minute  quantities  of  them.''  Fox 
Talbot,  writing  in  1826,  makes  the  following  valuable  suggestions  respecting  these 
spectra:  "The  red  fire  of  the  theatres,  examined  in  the  same  way,  save  a  most 
beautiful  spectrum,  with  many  light  lines  or  maxima  of  light ;  in  the  red  t^ese  rays 
were  more  numerous,  and  crowded  with  dark  spaces  between,  besides  an  exterior  ra^ 
greatly  separated  from  the  rest,  and  probably  the  effect  of  the  nitre  in  the  composi- 
tion "  (really  K  a).  "  In  the  omnge  was  one  bright  line,  one  in  the  yellow,  three  in  the 
green,  a  very  bright  one  in  the  blue,  and  several  that  were  fainter.  ...  If  this  opinion 
(about  the  formation  of  these  lines)  should  prove  correct,  and  applicable  to  the  other 
definite  rays,  a  glance  at  the  prismatic  spectrum  of  a  fiame  might  show  it  to  contain 
substances  which  it  would  otherwise  require  a  laborious  chemical  analysis  to  detect." 
These  early  observers,  however,  got  altogether  wrong  with  respect  to  the  soda- 
reaction,  and  hence  they  cannot  be  considered  in  any  way  to  have  founded  the  science 
of  spectrum-amilysis.  Thus  Herschel  says  that  he  found  '*that  when  sulphur  is 
thrown  into  a  white-bot  crucible,  a  very  large  quantity  of  a  definite  and  purely  homor 
i  geneous  yellow  light  is  produced/'   and   that   "Br.    Brewster  obtained   the   same 

'  yellow  light  by  setting  fire  to  spirits  of  wine  diluted  with  water  and  heated."     Talbot 

I  states  :  "  Hence  the  yellow  rays  may  indicate  the  presence  of  soda,  but  they  neverthe- 

;  less  frequently  appear  where  no  soda  can  be  supposed  to  be  present.**     He  then  men-. 

I  tions  that  the  yellow  light  of  burning  sulphur  is  identical  with  the  light  of  a  spirit- 

lamp  with  a  salted  wick,  and  states  that  he  is  inclined  to  believe  that  the  yellow  light 
which  occurred  when  salt  was  strewed  upon  a  platinum-foil  and  placed  in  a  fiame, 
"  was  owing  to  the  water  of  crystallisation  rather  than  the  soda.''  He  is  puzzled  to 
know  why,  if  this  be  the  case,  the  same  result  is  not  obtained  with  salts  of  potash ;  he 
then  finds  that  wood,  ivory,  paper,  &c.  give  more  or  less  of  this  yellow  light,  always 
the  same  in  its  character^.  The  only  principle  which  these  have  in  common  is  water, 
and  yet  he  doubts  whether  water  can  cause  this  yellow  light,  as  ignited  sulphur  pro- 
duces the  same.  At  one  part  of  his  paper  he  attributes  this  yellow  colour  to  soda- 
salts,  and  in  another  part  he  says:  *'The  bright  line  in  the  yellow  is  caused  without 
doubt  by  the  combustion  of  the  sulphur."  Talbot  further  on  states  that  the  "  mere 
presence  "  of  the  substance,  ^*  which  suffers  no  diminution  in  consequence,"  as  in  the 
?ase  of  chloride  of  calcium,  causes  a  red-and-green  line  to  appear  in  the  spectrum.  (See 
Kirchhof  f,  on  Hiatory  of  Spectrum  Analysis,  PhiL  Mag.  [4],  xxv.  250.) 

In  February  1834,  Talbot  writes  (PhiL  Mag.  iv.  114) :  "Lithia  and  strontia  are  two 
bodies  characterised  by  the  fine  red  tint  which  they  communicate  to  the  flame.  Now, 
it  is  difKcult  to  distinguish  lithia-red  from  strontia-red  by  the  unassisted  eye,  but  the 
prism  displays  between  them  the  most  marked  distinction  that  can  be  imagined.  The 
strontia-flame  exhibits  a  large  number  of  red  rays,  well  separated  from  ei^  other  by 
dark  intervals,  not  to  mention  an  orange  and  a  bright-blue  ray.  The  lithia  exhibits 
only  one  single  red  ray.  Hence  I  hesitate  not  to  say  (referring  to  some  experiments  of 
Herschel),  that  optical  analysis  can  distinguish  the  minutest  portion  of  these  sub- 
stances from  any  other  with  as  much  certainty  if  not  more  than  any  other  method." 
In  1846,  W.  Allen  Miller  (Phil.  Mag.  [3],  xxvii.  81)  published  an  investigation  on 
the  spectra  of  coloured  flames,  as  well  as  the  dark  absorption-bands  produced  when  white 
light  passes  through  certain  gases.  Coloured  diagrams  of  the  spectra  accompany  the 
memoir,  but,  owing  to  the  fact  that  the  flame  employed  was  a  luminous  one,  these 
spectra  are  not  distinctive  enough  of  the  particular  substance  to  enable  them  to  be  used 
as  characteristic  tests  for  the  metals  in  question.  Amongst  the  spectra  described  and 
drawn  are  chloride  of  copper,  boracic  acid,  nitrate  of  strontia,  chloride  of  calcium, 
and  chloride  of  barium ;  also  the  chlorides  of  sodium^  manganese,  and  mercury,  and  of 
a  large  number  of  other  metals. 

The  first  to  point  out  the  extreme  delicacy  of  the  spectmm-test  for  soda  was  Swan 
(Fdin.  PhiL  Trans,  xxi.  411),  who  showed  that  the  reaction  could  be  produced  by 
ittoiaoo  P*"^  ^^  *  grain  of  common  salt*  And  he  concludes  as  follows  :  "  When,  indeed, 
we  consider  the  almost  universal  diflfiision  of  the  salts  of  sodium,  and  the  remarkable 
energy  with  which' they  produce  yellow  light,  it  seems  highly  probable  that  the  yellow 
line  H,  which  appears  in  the  spectra  of  almost  all  flames,  is  in  every  case  due  to  the 
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presence  of  minnte  quantities  of  sodium.*'  The  following  litentm«,  in  addition  to  the 
memoirs  already  cit^  on  this  part  of  the  subject,  may  be  consulted : — (1)  Lectures 
on  Spectrum  Analysie,  by  W.  A.  Miller,  Pharm.  Joum.  Feb.  1862;  (2)  Ditto  by 
H.  K  Roscoe,  Chem.  News,  iii.  163,  170;  ibid.  v.  218,  261,  287.~Grandeau, 
Instruction  pratique  sur  t Analyse  Spectrale,  Paris,  1863. — Dibbits,  H.  C,  De 
Speetraal  Analyse,  Botterdam,  1863  (containing^  an  able  historical  summary  of  the 
discoveries  in  the  subject). — ^Mousson,  BisunS  de  nos  Connaissances  sur  le  Spectre, 
Arch.  Sc.  Natur.  de  Qen^ve.  Mars.  1861. 

Examination  of  the  Spectra  of  Bodies  volatilised  in  the  Electric  Spark. 

This  method  is  applicable  not  only  to  all  those  bodies  which  are  non-volatile  at  the 
temperature  of  the  colourless  gas-flame,  but  also  to  those  which  are  gaseous  at  the 
ordinary  temperature  (such  as  hydrogen),  and  require  to  be  heated  by  the  electric 
spark  in  order  to  be  made  incandescent. 

As  the  number  of  lines  which  become  visible  in  the  spectrum  of  the  spark  is  very 
much  larger  than  is  seen  in  the  flame-spectrum,  a  much  more  perfect  and  powerful 
spectroecope  is  needed  for  these  observations.     Fig.  771  represents  *a^  arrangement 

Fig.  771. 


employed  by  Kirchhoff  in  his  Besearches  on  the  Solar  Spectrum  and  Spectra  of  the 
Chemical  Elements  (Macmillan,  London,  1862  and  18C3),  and  made  by  Steinheil  of 
Munich.  It  consists  of  a  collimator,  A,  screwed  on  to  a  planed  circular  iron  table, 
and  carrying  the  slit,  formed  of  two  knifc-ed^es,  the  breadth  of  which  can  be  regu- 
lated by  a  micrometer-screw.  The  slit  itself  can  be  brought  into  the  focus  of  the 
achromatic  object-glass  by  a  rack-and-pinion  motion.  The  telescope  B,  containing  a 
similar  objective,  is  fastened  to  a  brass  arm  movable  about  the  centre  of  the  plate, 
either  by  the  hand  or  with  a  micrometer-screw.  Between  the  two  objectives  four 
flint-glass  prisms  are  placed;  the  circular  refracting  surface  on  each  is  18  Paris  lines 
in  diameter;  three  of  them  have  a  refracting  angle  of  45°,  aud  the  fourth  of  60^. 
Each  of  the  prisms  is  cemented  on  to  a  small  brass  stand  with  three  set-screws. 
The  telescope  B,  having  a  magnifying  power  of  40,  has  a  horizontal  motion  with  respect 
to  the  brass  arm ;  it  can  be  moved  about  a  horizontal  axis,  and  can  be  drawn  in  and 
out  in  the  direction  of  this  axis,  as  seen  in  the  figure.  In  setting  up  this  train  of  prisms, 
the  greatest  care  must  be  taken,  in  the  first  place,  that  the  axis  of  the  two  tubes  are 
in  the  same  horizontal  plane,  and  parallel  to  that  of  the  iron  table ;  secondly,  that 
the  refracting  surfaces  of  the  prisms  are  all  perpendicular  to  this  plane ;  and  thirdly, 
that  the  prisms  are  all  placed  at  the  angle  of  minimum  deviation  for  the  rays  about 
to  be  observed  (Kirchhoff).  A  large  spectroscope,  containing  a  powerful  train  of 
iprisms,  has  been  described  by  Gassiot  (Proc.Roy.  Soc  1863,  xii.  536),  and  known  as 
tne  Kew  spectroscope;  and  a  second,  containing  eleven  hollow  prisms,  filled  with 
carbonic  disTdphide,  is  also  described  by  O-assiot  (Phil.  Mag.  [4]  xxviii.  69).  Wol- 
cottGibbs  (Sill.  Am.  Joum.  [2]  xxxv.  110)  has  also  described  a  laige  spectroscope, 
^^t^.  772  exhibits  the  "Gassiot"  spectroscope  with  four  flint-glass  prisms,  as  manu- 
factured by  Mr.  Browning  of  the  Minories.  The  arrangement  employed  by  Hu  ggi  n  s 
(Phil.  Trans.  1864,  p.  139),  in  his  researches  on  the  spectra  of  some  of  the  chemical 
elements,  vras  similar  to  that  used  by  Kirchhoff;  he  employed  six  dispersing  and 
one  reflecting  prism;  the  total  deviation  of  the  light  in  passing  through  the  train  of 
prisms  was  for  the  D  ray  198*^,  and  the  distance  traversed  by  the  vernier  of  the 
telescope  in  passing  from  one  of  the  D  lines  to  the  other  was  75  • 
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Wollaiton,  vbo  diaeoTra«d  die  doA  linM  in  Uk  mkr  •pACtram,  wm  tlis  ini 
to  obMTTe  the  bright  linn  ia  the  ipectrani  of  the  electric  spark ;  but  F&nula^ 
lint  usartrd  that  the  electric  apark  cooiiited  solelj  of  tha  mateiul  particle*  of  the 
poln  and  of  tlie  medium  throogh  vhich  it  paaaea.  Wheatatone,  in  183fi,  ahoved 
that  the  nractra  produced  liy  the  nark*  from  different  metals  ware  dicnmilar,  aiid 
be  ooMluided  that  the  alectric  ipuk  nmlta  from  the  vol4tiliMtioD  and  ignition,  and 

FiS-  773. 


not  the  combnation,  of  the  ponderable  matter  of  the  polei  itself,  aa  the  Mme 
phBDomena  irere  obeerred  in  h;drogea.  Whratstone  (Abstract  Brit.  Aaaoo. 
neport,  188S)  vritea  aa  follows,  concerning  the  differences  obeerrable  ia  the  spectra 
produced  bj  the  poles  of  different  metals:  "  Tbeee  differences  ore  so  obriooi,  that 
one  metal  taaj  ioatantly  be  diatinguisbed  from  another  by  tbe  appeanuicfl  of  its 
spark;  and  we  bars  bera  a  mode  of  discriminatit^  metBUic  bodies,  more  nadily 
applicable  eren  than  a  chemical  eiamination,  which  mHy  hereBfter  be  einplojed  for 
useful  pnrpoaes."  Angstrom,  in  1B55  {Phil.  Mag.  [4]  ii.  327),  pointed  out  thM  n 
Vol.  V.  c  c 
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twofold  spectram  ia  always  seen  when  we  ezamine  the  electrie  spafk,  one  set  of  lines 
being  deriyed  firom  the  ignition  of  the  particles  of  air  or  gas  throogh  which  the  sparka 
pass,  whilst  the  second  set  is  cansed  by  the  incandescence  of  the  metallic  particles 
themselves. 

In  order  to  obtain  the  spark  easily  and  of  the  requisite  degree  of  intensity,  a  power- 
fol  BuhmkoriTs  induction-coil  isnsed  (Van  der  Will igen,  Fogg.  Ann.  cri.  615  ;  see 
also  p.  458  ToL  ii.  of  this  Dictionaiy) ;  the  one  employed  by  Kirchhoff  gave,  by  means 
of  a  moderately  powerful  battery,  a  spark  0*3  metre  in  len^;th,  whilst  the  coil  used  by 
Huggins  gave  a  spark  3  inches  long.  In  order  to  intensify  the  spaik,  the  ends  of 
the  secondary  coil  are  placed  in  contact  with  the  coatings  of  a  laige  Leyden- 
jar.  The  electrodes,  also  of  course  connected  with  the  poles  of  the  secondary  coil, 
consist  of  the  metals  under  examination,  either  in  the  fonn  of  wire,  or  of  irregular 
pieces  held  by  forceps  on  a  moveable  stand.  Many  precautions  must  be  taken  in 
working,  especially  with  two  different  sets  of  electroaes,  as  it  has  been  found  that  the 
currentfl  of  air,  caused  by  the  rapid  passsge  of  the  electric  spark  between  the  electrodes, 
are  sufficient  to  carry  over  to  a  second  set  of  electrodes,  placed  at  the  distance 
of  a  few  inches,  a  very  perceptible  quantity  of  the  materials  undergoing  volatilisa- 
tion. Hence  no  separate  observation  of  the  two  spectra  (at  any  rate  where  volatile 
metallic  compounds  are  introduced  as  beads  into  the  spark)  can  be  relied  on,  unless 
one  is  made  a  considerable  space  of  time  after  ihe  other,  and  unless  all  the  electrodes 
which  have  been  once  used  are  exchanged  for  new  ones  (Roscoe  and  Clifton).  For 
further  details  of  the  arrangements,  the  memoirs  of  Kirchhoff  and  Huggins  must  be 
consulted. 

The  positions  of  the  metallic  lines  have  been  mapped  by  Kirehhoff  with  reference  to 
the  dark  solar  lines,  whilst  Huggins  has  employed  the  bnght  air-lines  as  a  constant 
scale  upon  which  to  note  the  position  of  the  metal  lines ;  but  both  experimenters  use  an 
arbitrazy  scale  of  divisions,  by  which  the  lines  can  be  designated.  The  following 
elements  were  examined  by  KirchhoflF: 

1.  Sodium.  9.  Strontium.  17.  Anthnony.  25.  Aluminium. 

2.  Calcium.  10.  CSsdmium.  18. -Arsenic.  26.  Lead. 

3.  Barium.  11.  NidceL  19.  Cerium.  27.  Silver. 

4.  Magnesium.  12.  Cobalt  .20.  Lanthanum.  28.  Gold. 

5.  Iron.  13.  Potassium.  21.  Didymium.  29.  Ruthenium. 

6.  Copper.  14.  Bubidium.  22.  Mercury.  80.  Iridium. 

7.  Zinc.  16.  Lithium.  23.  Silicium.*  31.  Platinum. 

8.  Chromium.  16.  Tin.  24.  Gludnum.  32.  JMladium. 

The  spectrum  of  each  of  these  metals  contains  a  large  number  of  lines,  and  these 
spectra  are  much  more  complicated  than  the  flame-spectra :  thus,  in  the  green  portion 
alone,  there  exist  no  fewer  than  70  bright  iron  lines.  Great  care  is  needed,  ^erefore, 
in  the  discrimination  of  metals,  although  it  is  easy  for  a  trained  eye  to  distinguish 
even  such  closely  analogous  metals  as  lanthanum  and  didymium,  or  erbium  and 
cerium.  In  KirchhofiTs  maps  many  of  the  metallic  lines  flguie  as  broad  bands ;  this 
is  especially  the  case  with  the  mercury-  and  zinc-spectra. 

In  EirchhoflTs  maps  the  degree  of  blackness  of  the  solar  lines,  and  the  relative  in- 
tensities of  the  metallic  lines,  are  denoted  by  different  shades  of  the  same  colour,  whilst 
their  breadth  is  likewise  represented  in  the  drawing.  The  mara  of  the  two  experi- 
menters do  not  agree  exactly  with  each  other,  because  Kirchhoff  altered  the  position 
of  his  prisms  several  times  during  the  measurements,  in  order  to  bring  the  different 
rays  as  nearly  as  possible  to  the  point  of  minimum  deviation,  whilst  Huggins  allowed 
the  position  of  his  prisms  to  remain  unaltered.  The  following  metals  have  been  mapped 
by  Huggins: 

Na,  K,  Ca,  Ba,  Sr,  Mn,  Tl,  Ag,  Te,  Sn,  Fe,  Cd,  8b,  An,  Bi,  Hg,  Co,  As,  Pb,  Zn,  Cr, 
Os,  Pd,  Pt. 

In  both  sets  of  tables,  several  of  the  bright  lines  of  different  metals  seem  to 
coincide:  when,  however,  these  cases  of  apparent  coincidence  are  narrowly 
observed  in  the  instrument,  most  of  the  lines  are  found,  to  show  real  differences  of 
refrangibility ;  but  the  following  still  remain  as  unresolved  coincidences  (on  Huggins*s 
maDs^  * 

Zn,  As    909        Na,   Ba  1005        Os,  As  1737. 
Ka,  Pb  1000         Te,    N    1366        Cr,  N  2336. 

Future  research  must  prove  whether  these  apparent  coincidences  are  resolved  on 
application  of  a  still  higher  power. 

For  a  description  of  the  individual  spectra  of  these  metals,  the  above-mentioned 
memoirs  and  maps  must  be  referred  to,  as  it  'm  impossible,  by  a  brief  description,  to 
give  any  idea  of  the  characteristic  features  of  the  masses  of  bright  lines  constituting 
these  spectra. 
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T%e  long  Spectrum  of  the  BieeMc  Z^A^.— Stokea  (Phil.  Trans.  1862,  p.  699)  has 
examined  the  spectrum  of  the  electric  i^ark  when  the  lens  and  prisms  are  made  of 
qnartz ;  this  snbstAnce  allows  rays  of  hiffh  re&imgibilitj  to  pass,  whereas  glass  cnta 
them  all  off.  These  rays  are  inyisible  to  the  eye,  but  can  be  rendered  visible 
when  allowed  to  fell  on  a  fluorescent  body,  such  as  paper  moistened  with  quinine- 
solution  (iii.  633).  On  forming  a  pure  spectrum  of  the  electric  spark  from  a  Leyden 
jar,  and  receiving  it  on  a  highly  fluorescent  substance,  the  existence  of  rays  of  light 
was  revealed,  at  a  distance  from  the  last  visible  violet  rays,  equal  to  six  times  the 
length  of  the  whole  visible  spectrum.  Each  metal  exhibits  a  peculiar  series  of  these 
bands,  and  of  all  the  metals,  aluminium  is  found  to  be  the  richest  in  these  rays  of 
extreme  refrangibility.  These  rays  act  chemically,  and  photographs  of  the  invisible 
metal  lines  have  been  made  by  Miller  (Phil.  tWs.  1863,  p.  1),  whilst  the  same 
observer  has  determined  the  photographic  transparency  of  different  media  (iii.  690). 

AbaorpOon  SpectrtL—Tiua  subject  has  already  been  sufficiently  discussed  (iii.  636). 
It  only  remains  to  notice  a  remarkable  phenomenon  lately  observed  by  Bun  sen 
(Pogg.  Ann.  cxxxvii.  100)  in  the  absorption-spectrum  of  didymium.  He  finds  that 
this  spectrum  undergoes  an  alteration  if  it  be  viewed  by  polarised  light,  according  as 
the  ordinary  or  the  extraordinary  ray  is  allowed  to  pass  through  the  crystaL  Bunsen 
also  observed  diflferences  in  the  absorption-spectra  of  the  various  didymium-salts. 

Prqfection  of  the  Metal  Spectra  on  a  Screen. 

The  spectra  of  the  metals  can  be  thrown  on  a  screen  by  help  of  a  Duboscq's 
electric  lamp  (ii.  472).  The  metal  or  metallic  compound  of  which  it  is  deriied 
to  obtain  the  incandescent  vapour,  is  placed  in  a  small  cup  hollowed  out  in  the 
lower  carbon ;  on  making  contact  with  a  battery  of  60  to  60  Grove's  cells,  the  metal  is 
gradually  vaporised,  and  the  light  passing  through  the  slit  and  a  lens  is  dispersed  by 
two  large  prisms  filled  with  carbonic  disulphide.  A  continuously  bright  spectrum  can 
thus  be  obtained  from  the  incandescent  carbon-points  alone,  and  the  presence  of  the 
several  metals  is  indicated  by  the  appearance  of  characteristic  bright  bands.  In  this 
way  the  bright  bands  of  zinc  and  copper  may  be  beautiMly  shown  by  volatilisine 
brass,  whilst  silver,  tin,  and  other  metals  yield  their  peculiar  bands ;  the  salts  of  the 
alkalis  and  alkaline  earths,  either  separately  or  when  mixed  together,  can  also  be  made 
to  exhibit  their  bright  bands.  The  spectra  thus  obtained  cannot,  however,  be  com- 
pared  for  purity,  fineness  of  detail,  or  exactness,  with  those  received  on  the  retina 
directly  from  the  electric  spark,  and  are  therefore  unsuited  to  the  purposes  of  rasearch 
partly  because  the  optical  arrangement  is  necessarily  imperfect^  and  also  because  the 
impurities  (consisting  of  sodium,  lime,  &c.)  always  present  in  the  gas  carbon-points 
render  the  spectrum  impure.  Debray  has  proposed  (Ann.  Ch.  Phys.  [3],  Ixv  831) 
to  employ  the  oxy-hydrogen-flame  as  the  source  of  heat  for  the  volatiiisation  of 
the  metals;  the  projected  spectra  thus  obtained  are,  however,  necessarily  much  inferior 
to  the  electric  spectra  in  brilliancy  and  distinctness. 

The  spectra  of  certain  solid  elements— such  as  silicon,  sulphur,  carbon,  phospho- 
rus, &c. — cannot  be  satisfactorily  obtained  by  means  of  the  ordinary  electric  spaA^ 
either  (in  the  case  of  silicon,  see  Kirchhoff)  because  they  cannot  be  volatilised,  or 
because  they  yield  solid  oxidation-products,  such  as  phosphoric  pentoxide,  givinlr  a 
continuous  spectrum.  These  latter  elements  must  be  vaporised,  and  their  rarefied 
vapours  ignited  by  the  passage  of  the  induction-spark  through  vacuum-tubes. 

Examination  of  the  Spectra  of  Bodies  which  are  Gaseous  at  the  ordinary  Temperatures 

or  which  require  to  be  heated  in  Vacuum  IStbee,  ' 

The  spectra  of  the  gases  can  be  obtained  either— (1)  by  passing  the  electric  soark 
from  poles  of  some  metal  whose  lines  are  known,  through  the  gas  in  question,  under  the 
common  atmospheric  pressure;  or  (2)  by  observing  the  spectrum  of  the  induction-snark 
passing  through  a  capiUary  tube  (by  Geissler's  tubes,  ii.  390,  472,  &c.)  containinrrhe 
gas  m  an  extremely  rarefied  state.    The  first  of  these  methods  has  been  foUowli  bv 
Kirchhoff  and  Huggins  {loo.cU.\  and  the  second  by  Plucker.     rPomr   Ann 
Mte  1868,  vol.  civ. ;  ibid.,  Aug.  1868,  vol.  cv.;  ibid.,  m,j  1869,  vol  erii  bd  4»?" 
638  ;  also  Plucker  and  Hi  ttorf,  Phil.  Trans.  1865,  p.  1.)  ^^'  ^^^' 

Spectrumof  Atmospheric  Air.— TYiBdAvAmeB  are  present  with  all  electrodes  whenth« 
spark  is  taken  in  air  at  the  common  pressure.  The  lines  thus  obtained  between  one 
set  of  electrodes  of  platinum  and  the  other  of  gold,  were  observed  simultaneously  •  thoJ 
lines  common  to  both  spectra  can  be  measured  as  those  due  to  the  components  of  a^ 
The  spectrum  thus  obtained  remains  invariably  constant,  with  reference  to  the  tv^nirfnn 
and  relative  characteristics  of  the  lines,  with  aU  the  different  metals.  The  ai>  sn^ 
tFum  varies  as  a  whole,  however,  in  distinctness,  according  to  the  metal  employedas 

c  c  « 
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dectrodefl,  owing  to  the  difference  in  Tolatflitj  of  the  metaJB,  the  air  in  and  aboat  the 
electrodes  being  more  or  le«8  repUoed  by  the  metallic  vapours.  The  air-spectrom  ia 
made  up  of  the  spectra  of  the  following  componenta — nitrogen,  oxygen,  and  hydrogen 
(from  aqueous  Taponr). 

The  air-lines  have  been  carefolly  mapped  by  Hnggins,  and  are  employed 
by  him  as  a  scale  of  reference  for  the  recognition  of  the  lines  of  the  metals; 
Kirchhoff  has  noted  on  his  maps  only  a  few  of  the  most  important  air-lin«&  Gran  - 
dean  (Chem.  News,  ix.  66)  has  observed  the  spectrum  of  a  flash  of  lightning,  and,  in 
addition  to  the  hydrc^en-  and  nitrogen-lines,  he  noticed  the  bright-yellow  sodium-line. 

Hydroaen. — The  spectrom  of  hydrogen  consists  of  three  bright  fine  lines — ^H  a  (coin- 
cident with  Frannhofer's  C)  in  the  red,  H  fi  (coincident  with  Fraonhofer's  F)  in  the 
blnish-green,  and  H  7  in  the  violet.  These  lines  are  exhibited  both  at  the  ordinary 
and  at  a  reduced  pressmre.  If  the  rarefaction  of  the  gas  be  greatly  increased,  the  red 
line  H  a  gradually  disappears,  whilst  H  iS,  though  fainter,  remains  well  defined.  When 
the  intensity  of  the  spaik  is  increased,  the  bands  H  3  and  H  7  begin  to  enlarge 
(Pluck er);  and  when  the  tension  of  the  hydrogen  is  increased  to  360  mm.,  and  a 
Leyden-jar  is  introduced  to  raise  the  temperature,  the  bright  lines  are  seen  to  have 
given  place  to  a  continuous  spectrum.  This  change  is  never  observed  when  the  spark 
passes  through  the  gas  under  ordinary  pressure.  (May  this  phenomenon  not  be  due  to 
the  incandescence  of  the  abraded  solid  particles  of  the  glass  of  the  fine  thermometer- 
tubing,  or  of  the  platinum-electrodes  ?) 

The  hydrogen-lines  may  likewise  be  obtained  by  passing  the  spark  through  a 
Tacuous  tube  containing  a  trace  of  aqueous  vapour,  the  water  being  decomposed. 

Nitrogen. — ^The  spectrum  of  nitrogen,  taken  by  a  spark  through  air  at  the  ordinary 
pressure,  is  a  very  complicated  on^  and  especially  characterised  by  an  alternation  of 
bright  lines  and  dark  spaces  in  the  red,  and  a  succession  of  bands  in  the  violet.  With 
pure  nitrogen  a  few  of  the  lines  of  the  air-spectrum  are  wanting,  but  no  new  lines  appear, 
and  the  air-lines  which  remain  in  nitrogen  preserve  unaltered  their  relative  bright- 
ness and  their  distinctive  characters.     (H uggi  n  s.) 

Pliicker  and  Hittorf  have  made  some  remarkable  observations  on  certain  changes 
which  the  nitrogen-spectrum,  obtained  when  the  gas  is  highly  rarefied,  undergoes  on 
intensifying  the  current.  Thus,  like  other  gases,  nitrogen  in  the  state  of  greatest 
rarefaction  does  not  allow  the  induction-current  to  pass  ;  but  when  its  tension  is  only 
a  fraction  of  a  millimetre,  the  current  begins  to  pass,  and  the  gas  becomes  luminous. 
Below  a  certain  limit  of  temperature,  nitrogen  thus  ignited  emits  a  golden-coloured 
light,  giving  a  spectrum  of  bands  ;  above  this  temperature  the  colour  becomes  bluish- 
violet,  and  a  new  spectrum  of  bands  appears.  If  a  Leyden-jar  be  added  in  the  circuit, 
the  temperature  rises  to  a  second  limits  a  brilliant  white  light  is  emitted,  and  the 
spectrum  is  again  changed  to  one  of  bright  lines  on  a  dark  ground ;  and  these  lines  do 
not  alter  in  {>oeition  on  further  increase  of  temperature,  though  the  brilliancy  of  all 
does  not  increase  in  the  same  ratio.  Those  spectra  which  consist  of  laiger  bands, 
showing  various  appearances  from  being  differently  shaded  by  fine  dark  lines,  are 
called  by  Pliicker  "  spectra  of  the  first  order,"  whereas  those  formed  by  brieht  lines 
on  a  dark  backgrouno,  or  the  true  spectra,  he  terms  "spectra  of  the  second  order." 
The  nitrogen-spectrum  of  the  second  order  is  doubtless  that  of  the  air-spectrum. 
Pliicker  explains  these  differences  by  the  assumption  of  several  allotropic  modifications 
of  the  element  existing  at  the  various  temperatures. 

Oxygen, — ^It  is  difficult  to  obtain  all  the  lines  of  the  oxygen-spectrum;  some  of  them, 
however,  have  been  tabulated  by  Huggins.  Pliicker,  operating  as  with  nitrogen,  got 
only  one  "  secondary  "  spectrum  of  oxygen,  although  the  lines  appeared  to  expand  so 
as  to  form  a  continuous  spectrum  at  the  highest  temperature.  Hugp;ins  finds  that 
several  lines  are  apparently  common  to  oxygen  and  nitrogen,  but  he  regards  them  as 
due  to  the  superposition  in  the  air-spectrum  of  lines  of  oxygen  and  nitrogen. 

Sulphur. — ^The  flame  of  sulphur  burnt  in  common  air  gives  a  continuous  spectrum ; 
if  a  small  quantity  of  sulphur  be  introduced  into  a  Geissler^s  tube,  which  is  then 
evacuated  by  a  Geissler^s  exJiauster  and  sealed,  the  sulphur-spectrum  is  seen  on  passing 
the  spark  if  the  tube  be  warmed.  A  band-spectrum  of  the  first  order  is  seen  at  a 
low  temperature,  but  this  changes  on  continuing  to  heat  the  tube,  and  a  spectrum  of 
bright-coloured  lines  becomes  visible.  These  two  spectra  are  figured  by  Pliicker 
and  Hittorf  (foe.  cit.). 

Selenium  yields  two  spectra  like  sulphur. 

Phosphorus,  trefited  like  sulphur,  yields  a  spectrum  of  the  second  order.  The  bright 
lines  characteristic  of  phosphorus  are  a  triple  line  in  the  orange,  and  two  bright  lines 
in  the  green.  These  green  bands  may  also  be  seen  by  observing  the  spectrum  of  the 
green  spot  which  m&es  its  appearance  in  the  interior  of  a  hydrogen-flame,  when 
the  slightest  trace  of  a  phosphorus-compound  is  placed  in  contact  with  the  dissolving 
sine     (Christofle  and  Beilstein,  Compt.  rend.  Ivi.  399.) 
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Araenio  also  yields  a  well-defined  spectrom  when  treated  like  sulphur  and  phos- 
phorus. 

Chlorine,  bromine,  and  iodine  yield  spectra  with  bright  lines,  none  of  which  are 
coincident.  Drawings  of  these  three  spectra  are  giyen  in  Pldcker  and  HittorflTs 
memoir. 

In  these  cases  of  bodies  whose  spectra  change  from  bands  (first  spectrum)  to  bright 
lines  (second  spectrum)  on  increase  of  temperature,  it  is  found  that  on  cooling  a  re- 
combination of  the  elements  occurs,  and  the  spectrum  of  the  compound  reappears 
(Plucker).  Alexander  Mitscherlich  (Pogg.  Ann.  cxxi.  459;  Phil.  Mag.  [4], 
zzTiii.  169)  has  examined  the  spectra  of  the  elements  and  their  compounds.  He  arriyes 
at  the  oondufiion  (already  referred  to),  that  compounds  whose  vapours  can  be  heated  up 
to  incandescence  without  undergoing  decomposition,  yield  spectra  different  from  those 
of  their  elementary  constituents.  The  salts  of  the  greater  number  of  the  metals  (as, 
for  instance,  K,  Na,  Li,  Mg,  Zn,  Cd,  Hg,  and  Ag)  decompose  at  so  low  a  temperature, 
that  the  compounds  of  these  metals  always  yield  the  metallic  spectrum.  Certain 
metallic  salts  (such  as  those  of  copper)  require  for  their  decomposition  so  high  a  tem- 
perature, that  the  true  metal-spectrum  can  only  be  obtained  when  the  solid  compound 
IS  used  as  the  electrode ;  whilst  other  compounds,  such  as  those  of  calcium,  strontium 
and  barium,  are  partially  decomposed  at  the  temperature  of  the  flame  of  a  Bunsen's 
gas-lamp.  The  spectra  of  the  elements  consist  of  bright  lines,  those  of  their  com- 
pounds of  broad  bands  with  narrow  dark  spaces  (see  ante),  and  this  division  would 
correspond  to  Pllicker^s  division  of  the  first  and  second  order  of  spectra.  Mitscherlich 
observed  (like  Pliicker)  that  iodine  in  the  spark  shows  bright  lines,  whilst  in  the 
hydrogen-flame  it  exhibits  broad  bands;  and  hence  he  draws  certain  conclusions 
respecting  the  probable  compound  nature  of  this  body.  At  present,  however,  we 
know  so  httle  of  the  state  of  combination  into  which  bodies  in  the  flame  may  enter 
(possible  formation  of  hydriodic  acid,  for  example)  that  such  speculations  seem  pre- 
mature. Mitscherlich  has  also  added  some  singular  and  somewhat  improbable  specula- 
tions concerning  a  supposed  relation  between  the  atomic  weights  of  the  haloid  com- 
Eounds  of  barium,  and  the  distance,  on  an  arbitrary  scale,  read  off  between  the  chief 
aes  of  their  spectra. 
Carbon. — Carbon  itself,  when  ignited,  always  yields  a  continuous  spectrum,  but 
the  spectra  obtained  by  the  combustion  of  the  various  carbon-compounds  consist  of 
complicated  bright  bands,  and  appear  different  from  one  another.  Swan  (£d.  Phil. 
Trans,  xxi.  411)  was  the  first,  in  1856,  to  examine  the  lines  in  the  spectrum  of  the  fiame 
of  Bunsen's  gas-lamp,  and  of  the  flames  of  many  hydrocarbons.  In  the  blue  portion  of 
the  gas-flame,  Swan  observed  four  bright-blue  lines,  and  these  lines  appeared  in  the 
flame  of  a  large  number  of  hydrocarbons,  their  position  remaining  unaffected  by  alter- 
ation in  the  composition  of  the  burning  body,  either  in  carbon,  hydrogen,  or  oxygen. 
Swan  adds  oarefol  measurements  of  the  position  of  these  lines.  At t field  (Phil. 
Trans.  1862,  p.  221)  examined  the  lines  in  the  non-illuminating  flames  of  burning  hydro- 
carbons ;  he  obtained  similar  results  to  Swan,  but  observed  a  larger  number  of  lines. 
He  attributes  these  lines  to  the  glowing  vapour  of  carbon,  as  all  the  carbon-compounds 
appeared  to  give  the  same  spectra.  PI ii c k e r  and  H i  1 1 o r f  obtai ned  different  spectra 
from  different  carbon-compounds,  especially  when  their  particles  were  heated  in  Geissler's 
tubes.  They  found  that  all  the  lines  obtained  by  all  the  various  carbon-compounds 
existed  in  the  cyanogen-spectrum,  but  they  express  themselves  unable  to  explain  fully  the 
various  types  of  spectra  of  carbon.  Dibbits  (Pogg.  Ann.  cxxii.  497)  aljio  found  a  re- 
markable difference  between  the  spectrum  of  a  hydrocarbon  and  that  d  cyanogen  burn- 
ing in  oxygen. 

The  flame  issuing  from  the  Bessemer^steel  converter,  and  especially  that  seen  when 
the  specular  iron  is  poured  into  the  molten  iron,  exhibits  the  carbon-lines  most  vividly 
(Roscoe).  Huggins  has  observed,  that  when  air  contains  some  quantity  of  carbonic 
anhydride,  several  new  lines  are  seen  in  the  air-spectrum,  and  these  coincide  with  the 
spectrum  of  graphite ;  one  of  the  strongest  and  most  characteristic  of  these  is  a  red  line, 
rather  less  refrangible  than  the  hydrogen-line,  and  this  may  be  used  as  a  test  of  the 
presence  of  carbonic  anhydride. 

Solar  and  Stellar  Cbemlstry. 

Fraunhofer,  in  1814,  examined  the  relative  positions  of  thedark  lines  observed  in 
the  spectra  of  the- Moon  and  Venus  (reflected  sunlight),  and  found  that  in  the  spectra  of 
both  these  sources  of  light,  the  dark  lines  were  identical  in  number  and  position  with 
those  seen  in  the  solar  spectrum.  Fraunhofer  saw  in  Venus-light  the  double  D  lines, 
b  also  was  seen  double,  and  the  relative  distance  from  D  to  £  and  from  £  to  F  was 
the  same  in  the  Venus  as  in  the  Solar  spectrum.  He  also  examined  the  light  given 
off  by  the  brightest  fixed  stars  (Sirius  for  instance),  and  found  that  lines  or  bands 
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we  pswent  idiioh  do  not  exist  in  aonlig^t,  direct  or  reflected.  AmAngpt  the  lines 
of  Frocyon,  FnuwhoferrecogniBed  the  eolarline  D,  and  in  thoee  of  Capella  and  Betal'^ 
gens  be  fonnd  both  D  and  b,  but  all  the  etdlar  speetra  differed  in  certain  respectefirom 
that  of  snnlight  Hence  Fnnnhofer  concloded  that  the  lines  which  we  noace  in  the 
eolar  epectnun  are,  in  aome  way  or  other,  produced  in  the  enn.  Fiaunhofer  made 
another  important  obeenration — viz.,  that  of  the  exact  coincidence  of  the  bright 
■odiom-line,  Na  a»  with  the  dark  double  aohir  line  B.  These  early  obeerrations  of 
FiBonhofer  haye  lately  been  oonflrmed  by  Miller  and  Hnggins  (Fhil.  Trans.  1864, 
p.  418).  It  was,  howerer,  reeenred  for  Kirchhoff  fMonatsber.  d.  Berlin.  Acad. 
Oct  20,  1859)  definitively  to  explain  this  ooincideiioe,  ana  thereby  to  obtain  a  key  to 
the  determination  of  the  chemical  oomposition  of  the  son  and  stan. 

7%e  Bever$al  of  tie  Speetra  of  Coloured  ttanue. 

In  the  year  1849  Foncanlt  (Institat  1849,  p.  45)  observing  the  spectrnm  of  the 
electric  arc,  and  comparing  it  with  the  solar  spectrnm,  fonnd  that  in  both  spectra  the 
dark  double  line  D  was  seen,  the  bright  (sodium)  lines  present  being  changed  into 
dariL  bands  in  the  spectrum  produced  by  the  light  from  one  of  the  carbon-poles  which 
had  been  allowed  to  pass  through  the  luminous  arc.  This  experiment  was  in  no  way 
explained,  nor  did  it  attract  much  attention  at  the  time,  and  it  was  unknown  to 
Kirchhoflf  and  Bjunen  when  they  began  their  researches  in  1859. 

The  mode  in  which  Kirch  hoff  firat  obtained  the  true  explanation  of  this  important 
point  cannot  be  given  more  concisely  and  clearly  than  in  his  own  words  {ReaearekeBt 
port  i.  p.  13):  "In  order  to  test,  by  direct  experiment^  the  truth  of  the  frequently 
asserted  fiict  of  the  coincidence  of  the  sodium-liDes  with  the  lines  D,  I  obtained  a 
tolerably  bright  solar  spectrum,  and  brought  a  flame  coloured  by  sodinm-yapour  in 
front  of  the  ^t.  I  then  saw  the  dariL  lines  D  change  into  bright  ones.  The  flame  of 
a  Bunsen's  lamp  threw  the  bright  sodium-lines  upon  the  solar  spectrum  with  un- 
expected brilliancy.  In  order  to  find  out  the  extent  to  which  the  intensity  of  the  solar 
spectrum  could  be  increased,  without  impairing  the  distinctness  of  the  sodium-lines,  I 
allowed  the  full  sunlight  to  shine  through  the  sodium-flame  upon  the  slit,  and,  to  my 
astoniubment,  I  saw  that  the  dark  lines  D  appeared  with  an  extraordinary  degree  of 
clearness.  I  then  exchanged  the  sunlight  for  the  Drummond*s  light,  giring  a  continuous 
spectrum.  When  this  light  was  allowed  to  fall  through  a  suitable  flame  coloured  by 
common  salt,  dark  lines  were  seen  in  the  spectrum  in  the  position  of  the  sodium-lines* 
The  same  phenomenon  was  observed  i^  instead  of  the  incandescent  lime,  a  platinum 
wire  was  used,  which,  being  heated  in  a  flame,  was  brought  to  a  temperature  near  to  its 
melting-point  by  passing  an  electric  current  through  it. 

**The  phenomenon  in  question  is  easQy  exphwied  upon  the  supposition  that  the 
sodium-flame  absorbs  rays  of  the  same  degree  df  refrangibihty  as  those  it  emits,  whilst 
it  is  perfectly  transparent  for  all  other  rays.  This  supposition  is  rendered  probable 
by  the  facL  which  has  long  been  known,  that  certain  gases,  as  nitrous  add  and  iodino- 
Tapour,  possess  at  low  temperatures  the  property  of  such  a  selective  absorption. 
The  following  considerations  show  that  this  is  the  true  explanation  of  the  phenomenon. 
If  a  sodium-flame  be  held  before  an  incandescent  platinum-wire  whose  spectrum  is 
being  examined,  the  brightness  of  the  light  in  the  neighbourhood  of  the  sodium-lines 
would,  according  to  the  above  supposition,  not  be  altered  ;  in  the  position  of  the  sodium* 
lines  themselves,  however,  the  brightness  is  altered,  for  two  reasons :  in  the  first  place, 
the  intensity  of  the  light  emitted  by  the  platinum-wire  is  reduced  to  a  certain  fraction 
of  its  original  amount  by  absorption  in  the  flame,  and  secondly,  the  light  of  the  flame 
itself  is  added  to  that  from  the  wire.  It  is  plain  that  if  the  platinum-wire  emits  a 
sufficient  amount  of  light»  the  loss  of  light  occasioned  by  absorption  in  the  flame 
must  be  greater  than  the  gsin  of  light  from  the  luminosity  of  the  name :  the  sodium- 
lines  must  then  appear  darker  than  the  surrounding  parts,  and,  by  contrast  with  the 
neighbouring  parts,  they  may  seem  to  be  quite  black,  although  their  d«ttree  of 
luminosity  is  necessarily  greater  than  that  which  the  sodium-flame  alone  would  have 
produced.  The  absorptive  power  of  sodium-vapour  becomes  most  apparent  when  its 
luminosity  is  smallest,  or  when  its  temperature  is  lowest." 

If  the  spt«trum  emitted  by  a  piece  of  sodium  burning  in  the  air  be  examined,  the 
true  sodium-spectram  will  be  seen  to  be  reversed,  exhibiting  two  dark  lines  (D)  on  a 
background  of  a  continuous  spectrum.  Here  the  solid  particles  of  soda  give  the 
continuous  spectrum,  and  the  sodium-vapour  absorbs  a  great  portion  of  the  yellow 
'  rays.  This  can  be  well  shown  to  an  audience,  and  the  black  absorption-band  pro- 
jected on  a  screen,  by  placing  a  small  piece  of  sodium  on  the  lower  carbon  in  the 
electric  lamp ;  by  approaching  and  separating  the  poles,  this  black  line  can  be  made 
alternately  to  appear  and  disappear  for  the  space  of  several  minutes.  Another  mode 
of  showing  that  sodium-vitpour  is  opaque  to  the  light  which  it  omits,  is  to  bom  a 
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BmaQ  jet  of  hydrogen,  in  which  two  soda-beade  are  placed,  in  front  of  a  laise  sheet  of 
flame  zenderad  yellow  by  bnrning  a  piece  of  sodium  near  it.  If  the  small  flame  be 
now  looked  at  projected  on  a  background  of  the  lai^  yellow  flame,  the  hydrogen-flame 
appears  sunroimded  by  a  dark  zone,  as  if  it  smoked ;  this  is  dne  to  the  absorption  of 
the  yellow  light  of  the  lai^e  flame,  by  the  Tsponr  of  sodium  at  the  outside  of  the 
small  flame  (Crookes).  A  second  method  of  showing  this  same  property  is  to  seal 
up  s(Hne  sodium  in  a  Tacuous  tube ;  on  yolatilising  the  sodium,  the  vapour  of  the  metal 
appears  colourless  by  winte  lights  but  is  dark  and  opaque  when  ilmminated  by  the 
yellow  soda-flame.     fR  o s c o  e). 

Kirchhoff  has,  in  like  manner,  reversed  the  red  lithium-line  Li  a ;  if  direct  sunlight 
be  allowed  to  pass  through  a  lithium-flame,  the  spectrum  exhibits,  in  place  of  the  red 
lithium-line,  a  black  line,  which  in  distinctsiess  bears  comparison  with  the  most 
remarkable  of  Fraunhofer^s  lines,  and  disappears  when  the  flame  is  withdrawn.  The 
bright  lines  of  potassium,  strontium,  calcium,  and  barium  (Kirchhoff  and  Buns  en), 
and  some  of  the  blue  lines  in  the  oopper-spectrum  (W.  A.  Miller)  have  also  been 
reversed. 

Kirchho£f  has  added  to  these  discoveries  a  mathematical  treatment  of  the  pro- 
position upon 'Which  the  phenomena  are  based  (Ueber  den  Znaammgnhang  svtieehen 
Emission  und  Absorption  von  Lickt  und  'Warme,  lt5  Deo.  1859,  Monateberichte 
d.  Berliner  Acad.,  and  Phil.  Mag.  March  1860).  This  principle  is  known  as  the 
*'  Theory  of  Kirchanges,"  and  may  be  thus  expressed :  "  The  relation  between  the 
power  of  emission  and  power  of  absorption,  for  each  kind  of  rays  (light  or  heat),  is  the 
same  for  all  bodies  at  the  same  temperature.  From  this  proposition  it  follows  that  a 
glowing  body  which  emits  only  rays  of  certain  wave-lengths  likewise  absorbs  only  rays 
of  tlie  same  wave-lengths ;  and  from  this  we  learn  how  the  dark  lines  in  the  solar 
spectrum  reveal  the  constituents  of  the  sun's  atmosphere.^*  This  definite  relation, 
which  exists  between  the  radiating  and  absorbing  powers  of  bodies  for  definite 
descriptions  of  light  and  heat,  is  thus  dearly  expressed  by  Kirchhoff: 

"  Let  B  denote  tJie  intensity  of  radiation  of  a  particle  for  a  given  description  of  light 
at  a  given  temperature,  and  let  A  denote  the  proportion  of  rays  of  this  description 

incident  on  the  particle  which  it  absorbs ;  then  ■-  has  the  same  value  for  all  bodies  at 

the  same  temperature — that  is  to  say,  this  quotient  is  a  fiinction  of  the  temperature  only." 
Other  physidsts  had  previously  approached  very  close  to  the  '*  Theoxy  of  Exchangees," 
as  expressed  by  Kirchhoff;  thus  Balfour  Stewart,  in  1868  (Trans.  Roy.  Soc.  ££n.), 
enunciated  this  principle  completely  for  the  heating  rays,  which  indeed  had  previously 
been  proposed,  first  ^  Prevost,  and  afterwards  by  Provostaye  and  Desains. 
Stewart  afterwards  (Feb.  I860),  applied  this  theory  to  the  luminous  rays,  but  his  pub* 
lication  was  later  than,  although  indepMident  of  Kirchhoff*B.  A ns stro m,  especially, 
came  near  to  Kirchhoff's  discoveiy ;  in  his  OpHschen  Untersuchengen  (Phil.  Mag. 
ix.  829),  he  states  the  proposition  that  a  body  *'  in  the  state  of  incandescence  must 
emit  exactly  all  those  kmds  of  light  which  it  absorbs  at  the  common  temperature." 
In  his  further  development  of  the  subject  there  appear  to  be  some  contradictions,  but 
he  concludes  by  saying  thiU; — "  I  am  convinced  tnat  the  explanation  of  the  dark 
lines  in  the  solar  spectrum  embraces  that  of  the  luminous  lines  in  the  electric 

spectrum." 

Stokes  and  William  Thomson  (PhiL  Mag.  1862,  p.  168)  seem  also  to  have 
expressed  in  conversation  (^though  not  to  have  published),  the  true  explanation  of  the 
cause  of  the  dark  D  lines,  for  some  years  before  Kirchhoff's  publication ;  but  still,  the 
experimental  verification  and  scientiflo  proof  were  wanting,  until  the  latter  physicist 
gave  it,  partly  by  his  theoretical  considerations,  aud  PjU^J  by  the  experiments  above 
referred  to.  (SeeBalfour  Stewart,  Beport  on  the  Theory  of  Exchanges,  Brit  Assoc. 
1861. — ^Kirchhoff,  On  the  History  of  Analysis  of  the  Solar  Atmosphere,  PhiL  Mag. 
[4]  XXV.  250.— B.  Stewart,  Beply  to  Kirchhoff s  Paper  on  the  History,  &c  Phil. 

Mag.  [4],  May  1863.) 

£  uie  r  was  the  first  to  predict  the  existence  of  the  Law  of  Exchanffes,  by  assuming,  as 
a  fundamental  principle,  that  a  body  absorbs  all  the  series  of  oscillations  which  it  can 
itself  assume,  btokes  (Phil.  Mag.  1860),  in  commenting  on  Kirchhoff's  discovery, 
illustrates  the  principle  by  a  dynamical  example  concerning  sound,  in  which  the  weU- 
known  phenomeDon  of  resonance  is  the  equivalent  to  the  emission  and  absorption  of 
light. 

On  the  Coincidence  of  the  Bright  Bays  of  certain  Metals  with  the  Dark  Lines  in  the 
Solar  l^ectrum,  and  the  Existence  of  certain  Metals  in  the  Solar  Atmosphere. 

The  coincidence  of  the  yellow  soda-lines  with  the  dark  D  line  was  observed  by 
Fraunhofer,  and  KirchhofT  having  discovered  the  phenomenon  of  the  reversal  of  the 
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bright  lines,  concluded  that  sodium-raponr  is  present  in  the  solar  atmosphere.  In 
order  to  determine  with  certainty  whether  the  bright  lines  of  any  other  metal  were 
coincident  with  solar  lines,  Kirchhoff  mapped  the  solar  lines  with  great  care,  and 
compared  their  position  with  the  bright  metal  lines.  Fig,  773  gives  a  representation 
of  his  drawings  of  a  very  small  ^rtion  of  the  spectrum  between  h  and  F,  showlne  the 
coincidences  of  many  metallic  hues.  In  thus  examining  the  two  spectra,  Kii^hoff 
found  that  dark  lines  occur  in  the  solar  spectrum  in  the  positions  of  all  (about  80) 
the  bright  iron  lines,  and  he  believes  that  each  ctf  the  ooinddenoes  thus  observed  may 
be  at  least  as  well  cHtablished  as  that  of  the  sodium-lines  with  the  D  line  was  up  to  the 
present  time.  Kirchhoff  proceeds  to  calculate,  from  the  average  distance  between  each 
of  the  lines,  and  their  number,  the  probability  that  this  coincidence  is  a  mere  work  of 

chance;  this  he  finds  to  be  less  than  (hy*,  or  less  than . 

^'^  1,000,000,000,000,000,000 

This  probability  is  increased  by  the  fiict  that  the  brighter  a  given  iron  line  is  seen 
to  be,  the  darker,  as  a  rule,  does  the  corresponding  solar  line  appear.  Hence  this 
coincidence  must  be  produced  by  some  cause,  and  a  cause  can  be  assigned  which  affords 
a  perfect  explanation  of  the  phenomena.  It  is  explained,  if  we  suppose  that  the  rays 
of  light  which  we  thus  examine  have  at  one  time  been  rays  of  all  degrees  of  refrangi- 
bility,  such  as  we  get  from  the  Drummond's  light;  that  this  light  has  passed  throng 
the  vapour  of  iron ;  and  that  this  iron-vapour,  absorbing  exactly  the  same  kind  of  light 
which  it  is  capable  of  emitting,  produces  the  dark  lines  which  we  observe.  The 
vapour  of  iron  causing  these  dark  lines,  may  be  present  either  in  our  own  atmorohere, 
or  in  that  of  the  sun.  It  is,  however,  veiy  unlikely  that  there  can  be  sufficient 
iron-vapour  in  our  atmosphere  to  effect  this  alteration,  and  we  observe  that  the  star- 
light also  passing  through  our  atmosphere  differs  essentially  from  sunlight;  whilst,  on 
the  other  hand,  it  does  not  seem  unlikely,  owins  to  the  high  temperature  which 
we  must  suppose  the  sun's  atmosphere  to  possess,  that  such  vapours  should  be  present 
in  it.  *'  Hence,"  says  Kirchhoff,  "  the  observations  of  the  solar  spectrum  appear  to 
me  to  prove  the  presence  of  iron-vapour  in  the  solar  atmosphere,  with  as  great  a 
degree  of  certainty  as  we  can  attain  in  any  question  of  natural  science." 

As  soon  as  the  existence  in  the  solar  atmosphere  of  one  tenestrial  element  has  been 
discovered,  the  comparison  of  the  spectra  of  other  metals  is  immediately  su^ested,  as 
it  is  reasonable  to  suppose  that  other  bodies  weU  known  on  this  earth  may  in  like  manner 
be  found  to  be  present  in  the  sun.  In  this  way,  coincidences  were  found  to  exist 
between  the  solar  lines  and  those  of  tJie  following  metals ;  and  although  the  number 
of  these  coincidences  for  each  of  these  metals  is  smaller  than  was  observed  with  iron, 
yet  they  are  so  characteristic  and  distinct,  as  to  leave  no  doubt  of  the  presence  of 
these  metals  in  the  solar  atmosphere : — 

1.  Sodium.  6.  Chromium.  10.  Strontium. 

2.  Calcium.  7.  Nickel.  11.  Cadmium. 

3.  Barium,  8.  Copper.  12.  CobalK 

4.  Magnesium.  9.  Zinc.  13.  Hydrogen. 
6.  Iron. 

There  is  some  degree  of  doubt  about  strontium,  cadmium,  and  cobalt,  either  because 
only  a  few  coincidences  have  been  observed,  or  because  one  or  more  prominent  metal 
lines  have  no  dark  representative  in  the  solar  spectrum.  The  following  elements 
appear  to  be  absent  from  the  solar  atmosphere : — 

1.  Gold.  8.  Lead.  16.  Lanthanum. 

2.  Silver.  9.  Antimony.  16.  Didymium. 

3.  Mercury.  10.  Arsenic  17.  Kuthenium. 

4.  Aluminium.*  11.  Lithium.  18.  Iridium. 

5.  Bubidium.  12.  Silicium.  19.  Palladium. 

6.  Tin.  13.  Glucinum.  20.  Platinum. 

7.  Potassium.  14.  Cerium. 

Hydrogen  has  been  shown  by  Angstrom  and  Pliioker  to  be  present  in  the  sun's 
atmosphere.  The  cause  of  many  of  the  best-known  of  the  Fraunhofer's  lines  has  thus 
been  already  ascertained : 

The  line  C  is  caused  by  bydrqgen  (Angstrom). 

sodium  (Kirchhoff). 
iron  „ 

magnesium      „ 
hy<&ogen  „ 

aluminium  (Angstrom). 


„    D      „ 

n      E       „ 
it      C       „ 

FandG 


n      S       „ 


**  Arcordlng  to  AnntrSm,  a  line  of  alumtnium  corrMpoqds  to  Fraunhofer's  H.   Klrchhoff'i  maps  do 
aot  extend  to  fitf  as  tbia. 
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It  is  not^  however,  to  be  supposed  that  the  whole  of  the  dark  lines  are  produced  by 
absorption  in  the  solar  atmosphere ;  there  are  certain  lines  or  bands  whicn  are  doubt- 
leas  produced  by  absorption  in  our  own  atmosphere.  This  is  ascertained  by  the  fact, 
that  these  bancis  increase  in  darkness,  and  new  ones  become  apparent  when  the  sun 
approaches  the  horizon,  and  the  light  has  to  pass  through  a  deeper  column  of  air. 
^ese  air-absorption  lines  have  been  studied,  and  many  of  £em  mapped,  by  Brewster 
and  Gladstone  (PhiL  Trans.  1860,  p.  149).  Seyeral  have  also  been  mapped  by 
Hofmann,  and  described  in  KiichhofTs  second  memoir;  of  these  some  were  found  to 
be  coincident  with  the  brightest  lines  of  the  air-spectrum,  obtained  with  the  spark. 

The  increase  or  otherwise  of  these  atmospheric  absorption-lines  has  been  applied 
byHuggins  and  Miller  (Phil.  Trans.  1864,  p.  420)  to  the  inrestigation  of  the 
question  as  to  the  existence  of  a  lunar  atmosphere ;  not  the  smallest  change  could  be 
observed  in  the  lines  of  the  spectrum,  either  as  respects  relatiye  intensity,  or  in  the 
addition  or  disappearance  of  any  lines  when  the  moon's  spectrum  was  examined. 
Hence  the  result  of  the  spectrum-analysis  of  the  light  reflected  by  the  moon  is  wholly 
negative  as  to  the  existence  of  any  considerable  lunar  atmosphere.  The  light 
reflected  from  Jupiter  exhibits,  on  the  other  hand,  a  distinct  difference,  especially  from 
direct  sunlight,  inasmuch  as,  especially,  one  band  in  the  red  is  seen  to  appear  in  lieht 
reflected  &om  this  planet.  Hence  spectrum-analysis  conflrms  astronomical  observation 
in  the  conclusion  that  Jupiter  possesses  an  atmosphere  of  considerable  density. 
Some  of  the  lines  in  Saturn-light,  although  much  weaker,  appear  to  be  the  same  as 
those  seen  in  the  spectrum  of  Jupiter.  Mars  does  not  exhibit  the  lines  characteristic 
of  the  atmosphere  of  Jupiter  and  Saturn ;  groups  of  lines  appear  in  the  blue  portion  of 
the  spectrum,  and  these,  b^  causing  the  predominance  of  the  red  rays,  may  be  the 
cause  of  the  red  colour  which  distinguishes  the  light  of  this  planet.  Venus  showed 
no  additional  lines. 

In  the  case  of  most  of  the  planets,  the  solar  light  is  probably  reflected,  not  from  the 
planetary  surface,  but  from  clouds  at  some  elevation  above  it ;  imder  such  circum- 
stances, the  light  would  not  be  subjected  to  the  absorbent  action  of  the  lower  and 
denser  portions  of  the  planet^s  atmosphere ;  and  it  is  precisely  tkfse  in  our  atmosphere, 
which  are  most  effectual  in  producing  the  so-called  atmospheric  lines.    (Hug gins.) 

M.  Jans  sen  has  lately  (Compt.  vend.  Ivi.  538;  Ix.  213)  obtained  the  complete 
absorption-spectrum  of  aqueous  vapour,  by  passing  the  rays  from  a  gas-flame  through 
a  tube  40  metres  long  filled  with  hign-pressure  steam.  He  has  observed  the  coincidence 
of  a  very  large  number  of  these  aqueous  lines  with  lines  observed  in  the  solar 

rtrum,  especially  when  the  sun's  altitude  is  low;  and  hence  he  has  proved  that 
e  atmospheric  fines  are  due  to  the  presence  of  aqueous  vapour.  Janssen  nas  also  ob- 
served the  existence  of  these  lines  in  %ht  reflected  from  Jupiter  and  Saturn,  and  hence 
it  appears  very  probable  that  the  atmospheres  of  these  planets  contain  aqueous  vapour. 

A  most  interesting  conflrmation  of  the  accuracjr  of  Kirchhoff's  drawings  of  the 
dark  lines  has  recently  been  made  byButherfordof  New  York,  who  has  succeeded 
in  obtaining  most  exact  photographs  of  the  solar  spectrum,  on  a  scale  nearly  equal  to 
that  of  the  drawings ;  and  on  comparing  the  two,  tne  correspondence  of  line  for  line  is 
so  complete,  that  it  requires  a  dose  examination  to  detect  differences  which,  however, 
are  visible  on  careful  inspection. 

<  For  details  concerning  the  physical  constitution  of  the  sun,  we  must  refer  the 
reader  to  the  original  memoirs,  as  the  questions  at  issue  become  purely  physical  and 
astronomical.  The  following  extract  from  Kirchhoff's  first  memoir  must  suffice  as 
giving  his  views  on  the  subject : — 

"  In  order  to  explain  the  occurrence  of  the  dark  lines  in  the  solar  spectrum,  we  must 
assume  that  the  solar  atmosphere  encloses  a  luminous  nucleus  producing  a  continuous 
spectrum,  the  brightness  of  which  exceeds  a  certain  limit.  The  most  probable  sup- 
position that  can  be  made  respecting  the  sun's  constitution,  is  that  it  consists  of  a 
solid  or  liquid  nucleus,  heated  to  a  temperature  M  the  brightest  whiteness,  surrounded 
by  an  atmosphere  of  a  somewhat  lower  temperature.  This  supposition  is  in  accordance 
with  Laplace's  celebrated  nebular  hypothesis  respecting  the  formation  of  our  planetary 
system.  If  the  matter  now  concentrated  in  tne  several  heavenly  bodies  existed  in 
former  times  as  an  extended  and  continuous  mass  of  vapour,  by  the  contraction  of 
which  sun,  planets,  and  stars  have  been  formed,  all  these  bodies  must  necessarily  possess 
mainly  the  same  constitution^  Geology  teaches  us  that  the  earth  once  existed  in  a 
stato  of  fusion ;  and  we  are  compelled  to  admit  that  the  same  state  of  things  has 
occurred  in  the  other  members  of  our  solar  system.  The  amount  of  cooling  which  the 
various  heavenly  bodies  have  undergone,  in  accordance  with  the  laws  of  the  radiation 
ot  heat,  differs  greatly,  mainly  owing  to  difference  in  their  masses.  Thus,  whilst  the 
moon  has  become  cooler  than  the  earth,  the  temperature  of  the  sun  has  not  yet  sunk 
below  a  white  heat.  Our  terrestrial  atmosphere,  in  which  now  so  few  elements  are 
found,  must  have  possessed,  when  the  earth  was  in  a  state  of  fusion,  a  much  more 
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complicaited  oompo0iti<»i|  as  it  then  contained  all  those  sabatances  which  arc  Tolatile 
at  a  white  heat.    The  aohir  atmoaphere  at  present  possesses  such  a  constittttion." 

[On  the  physiod  oonstitiition  of  the  son,  see  "  The  Heavens,"  by  Guillemin  and 
Lockyer  (Beditley,  1866),  p.  17,  &c ;  Brayley,  in  Companion  to  the  Almanac  for  1864 
and  1865 ;  Memoirs  by  Carrington  and  by  De  la  Rue,  Stewart,  and  Loewy.] 

SUUar  Ciemistry, 

It  has  already  been  stated,  that  Frannhofer  was  aware  that  the  star-speotra  differed 
from  the  spectra  of  the  son,  moon,  or  planets.  In  1862  Donati  published  diagrams 
of  three  or  four  lines  in  fifteen  stars  (intamo  alie  strie  degli  spettri  steUari,  II  Nuovo 
Gimento,  xv.  292),  bnt  the  position  of  these  lines  did  not  correspond  with 
Fraunhofer^s  results.  In  February  1 863,  H  ng g i n  s  and  W.  A.  M i  U  e r  communicated 
to  the  Boyal  Socie^  some  measurements  of  the  lines  in  Sirius,  Aldebaran,  and  a 
Ononis,  whilst  Rutherford  about  the  same  time  made  similar  observations  (Sill.  Am. 
Joum.  zzxv.  71).  Secchi  (Astronomische  Nachriehten,  3.  Man  1863)  also  measured 
a  few  lines,  as  also  did  the  Astron  omer  Royal  (Monthly  Notices,  xxiii.  190).  By  far 
the  most  complete  and  accurate  investigation  of  the  stellar  spectra  is  that  by  H  uggi  n  s 
and  W.  A.  Miller  (Phil.  Trans.  1864,  p.  413).  The  investigation  was  cairi^  on 
at  Mr.  Huggins's  observatory,  and  the  spectroscope,  containing  two  prisms  having  each 
a  refiracting  angle  of  60°,  is  fixed  to  an  8*inch  refracting  telescope  by  Alvan  Ohi^te. 

In  order  to  obtain  evidence  of  the  presence  of  dark  lines  in  the  stellar  spectrum,  the 
line  of  light  obtained  as  the  spectrum  of  the  luminous  point  required  to  be  spread  out 
to  a  band;  this  was  effected  by  a  cylindrical  lens  placea  within  the  focus  of  the  object- 
glass,  and  immediately  in  front  of  the  slit  of  the  collimator  of  the  spectroscope.  The 
apparatus,  when  a4jQBted,  is  powerful  enough  to  show  the  fine  nickel  line  within  the 
double  D  bne  in  the  solar  spectrum.  A  micrometer  movement  is  attached  to  the 
spectroscope,  by  which  the  position  of  the  lines  can  be  determined  to  within  the  ^^ 
part  of  the  distance  of  A  to  H. 

Such  measurements  are,  however,  not  sufficient  to  determine  the  chemical  constitution 
of  the  stellar  atmosphere ;  this  can  only  be  done  by  direct  comparison  with  the  metallic 
spectra,  and  hence  arrsngements  were  made  for  throwing  the  light  from  a  flame  or  from 
the  electric  spariL  into  .the  instrument,  so  that  the  two  spectra  are  seen  at  once. 

The  following  gives  the  results  of  careful  comparison  of  the  spectra  of  Aldebaran 
and  Betelgeux  (a  Ononis)  with  bright  lines  of  the  metals : 
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1.  Hydrogen  with 

2.  Sodium         „ 

3.  Magnesium  „ 

4.  Calcium 

5.  Iron 

6.  Bismuth 

7.  Tellurium 

8.  Antimony 

9.  Mercury. 
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lines  C  and  F. 
double  line  D. 
triple  line  b. 
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Coincident  EZementa, 
1.  Sodium      with  double  Une  D. 
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triple  line  b. 
four  lines, 
three  lines  and  £. 
four  lines. 


2.  Magnesium 
8.  Calcium 
4.  Iron 
6.  Bismuth 
6.  Thallium  (?) 

Non-eoineideiU  Hemente, 

Hydrogen  with  C  and  F 
Nitrogen      „    three  lines. 


Seventy  lines  measured. 

(a  Obiomib). 

Non-coineident  Elements  (cont.) 
Tin  with  five  lines. 
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two  lines 

three  lines 
two  lines, 
four  lines, 
two  lines, 
one  line. 


Eighty  lines  measured. 


Fig,  774  is  a  copy  of  Hug^s  and  Miller's  drawing  of  the  spectra  of  Aldebaran  and 
of  Betelgeux  ^half  original  size). 

The  seventy  or  eighty  lines  measured  indicate  only  some  of  the  stronger  of  the 
numerous  lines  which  are  seen  in  the  spectra  of  these  stars.  ''  Some  of  these  are  pro- 
bably due  to  the  vapours  of  other  terrestrial  elements  which  have  not  been  compared 
with  these  stars.  It  would  be  assumption  to  suppose  that  the  sixty-five  so-called 
elements  constitute  the  entire  primaiy  material  <n  the  univezbe.     Doubtless  in  the 
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STELLAR  SPECTRA.  595 

■pedi*  of  the  ston  tlw  ehamut  ia  introduced  to  Duui;  new  dementi — would  tliU  it 
vera  powible  for  him  ta  recogaua  tad  to  isolate  (ham  !  "    (Haggini.) 

In  odIj  two  out  of  fifty  (tare  entmined  wera  the  lina*  of  bjnuogeii,  C  and  F,  fomid 
absenC  ;  theoe  are  a  Oiionii  and  P  Frgui : 

B  Tegaai         contains  sodium,  msgnesluni,  perhapa  b&rioia. 
Siiins  „  „  „  iron,  Ejdngen. 

«LTTtB(7ega)     „  „  »  »  ., 

All  the  stBn  which  have  heca  examined  yield  spectra  containing  dark  lineg,  Mar 
differing  from  star  only  in  the  grouping  and  amngement  of  the  nnmsKiua  flne  lines 
which  croes  their  spectra.  Hence  tlia  phyiical  conititutiaD  of  the  fixed  Btais  reaemblea 
that  of  anr  sun  ;  the  sonrce  of  their  light  is  aolid  or  liqnid  matter  in  a  state  of  incan- 
descence, and  thin  QQcleus  is  BDrroonded  by  an  atmosphere  of  the  rapoon  of  silcb  of 
the  elementa  of  the  stur  aa  are  Tolatile  at  theii  high  tempentore.  The  reeolta  already 
obtained  [eepecting  the  chemical  oompoaition  of  stellar  atmosphere*  hara  ao  interesting 
bearing  upon  lofiace'e  Debdlai  theory,  as  th«e  results  appeu  to  show  that  tlw 
Tiaible  univune  is  cuuiposed  mainly  of  the  same  elementary  couetittients,  many  of 
those  known  on  this  earth  being  found  in  the  ^r-distant  stara. 

These  spectrnm-obEenations  also  lead  to  the  pteauoiptioli,  tbat  the  well-koown  dif- 
ference in  colour  observed  in  the  ston  may  be  caosed  by  a  difference  in  the  chemical 
MQStitution  of  the  stellar  atmosphetea,  caosing  a  variation  in  the  absorptlan  of  the 
while  light  of  the  nucleus,  and  thus  giving  a  diffirsnce  in  the  colour  to  the  starlight  as 

One  of  the  most  iatereetiug  and  extraordiDarv  of  astronomical  observalions  ever 
made  with  respect  to  the  stars  has  lately  been  described  by  Huggina  and  Miller 
(Proc  Roy.  Soc.  iv.  146,  May  17, 1888).  On  Iheovening  of  May  16,  Mr.  Baxen- 
dell,  of  Manchester  (an  authority  on  variable  stars),  observed  a  new  star.  "  Tliis,''he 
says,  "  suddenly  burst  fbnb  in  Corona.  Itis  somewbatleasthan  udegree  distant  &om 
E  of  that  constellation  in  a  aonth-easterly  direction,  and  last  nigbt  (Haj  16)  was 
folly  equal  in  brilliancy  to  B  Serpentis  or  r  Hercules,  both  of  the  third  magnitude  ; " 
and  Mr.  Bazendell  describes  the  star  as  exhibiting  a  nebulosity,  "  aa  if  the  yellov  of 
the  alar  were  seen  through  an  overlying  film  of  a  blue  tint."  On  examining  the  light 
of  the  star,  Huggina  found  that  ita  apectnun  was  unlike  that  of  any  celeatial  body 
hitherto  examined.  The  light  of  the  star  is  compound,  and  baa  emanated,  as  Baiendell 
surmised,  tiom  two  sources.  Each  light  forma  its  own  apectrum,  and  theae  two  spectra 
appear  superposed  in  the  telescope.  The  chief  spectrum  is  analogoua  to  that  of  the 
SOI),  conaiatiDg  of  dark  lines  on  a  bright  background,  caused  by  hght  from  a  glowing 
DUeleua  msaing  through  an  ahsorbing  atmoaphere ;  the  second  spectrum  consists  m 
a  tew  bright  lines,  inmcatiug  that  the  light  ia  formed  by  matter  in  the  condition  of 
incandescent  gas.    The  spectnim  of  this  atu  ia  iepre«ent«d  in  ^.  775. 

Fig.  775. 


The  bri^test  of  ths  bright  bonds  coincided  with  Fraunhofer's  F,  andtherefura  with 
the  blue  hvdrc^D-band ;  on  account  of  the  faintneaa  of  the  red  end  of  the  spectmm, 
the  coincidence  of  the  red  band  with  the  red  hydrogen-line  could  not  be  determined 
with  equal  certainty,  though  it  ia  probable.  The  physical  conatitutioD  of  the  star,  aa 
thua  seen,  must  be  very  remarkable ;  it  must  coQaist  of  a  solid  nacteua  and  gaseous 
atmosphere,  like  sn  ordinair  star,  ti^pther  with  a  separate  outburst  of  ifniited  gas 
(probably  hydrogen).  The  luminosilj  of  the  etiir  quickly  dimmiahcd,  and  on  May  24  it 
had  become  oa  low  as  the  eighti  magnitude ;  the  bright  bonds  were  ecen  gradaally  to 
disappear,  whilst  the  other  spectrum  remained.  Ilsnce  the  bold  upeculation  suggceta 
itself  that  large  quantitiea  of  gaa  have  been  evolved  by  some  vast  convulsion;  that  this 
gas  (bydn^en),  by  burning,  woe  heated  to  incandescence,  and  liat  this  bested  the 
whole  aolid  matter  and  pholoBphere  of  the  star,  but  that,  as  the  hydrogen  becomes 
exhausted,  all  the  phenomena  diminish  in  intensity,  and  the  star  rapidly  wanes. 
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Spectra  of  the  Nebula  (Huggins,  Phil.  Trans.  1864;  p.  437).— The  special  ex- 
amination of  the  bodies  known  as  planetaiy  nebuhe  has  prored  that  their  oonstitution 
is  totally  di£ferent  from  that  of  sun,  planets,  and  fixed  stars.  They  are  all  found  to 
yield  a  spectrum  consisting  entirely  of  bright  lines,  without  any  continuous  spectrum. 
Thus  a  bright  nebula  in  Draco  (No.  4873)  gaye,  on  careful  examination,  a  spectrum 
consisting  of  one  bright  line  coincident  with  the  brightest  of  the  air  (nitrogen^  lines,  a 
second  less  brilliant  line  nearly  coincident  with  a  green  barium-band,  and  a  tnird  still 
more  refrangible  line  very  much  fainter,  and  coincident  with  one  of  the  hydrogen-lines, 

jY     y«g  viz.  F  of  Fraunhofer;  a  very 

^  feint  and  scarcely  yisible  con- 

^  tinuous  spectrum  was  just  per- 

ceived on  each  side  of  the 
group  of  bright  lines,  due 
probably  to  the  solid  or  liquid 
matter  of  the  nucleus,  which 
in  this  nebula  is  risible  by 
its  greater  luminosity  in  the 
centre.  A  second  bright  ne- 
bula in  Taurus  Foniatowskii 
(No.  4390)  exhibited  the  same 
^  spectrum    as   the    last-men- 

tioned nebulse,  and  six  other  nebulae  showed  either  some  or  all  of  these  same  three  lines. 
Of  the  sixty  nebulae  examined  by  Huggins,  about  one-third  exhibited  these  bright 
lines,  whilst  about  forty,  when  spread  out  by  the  prism,  yielded  spectra  apparently 
continuous.  It  is  evident,  from  these  observations,  that  many  oi  the  nebulae  can 
no  longer  be  regarded  as  aggregations  of  suns,  alter  the  order  to  which  our  own 
sun  and  the  fixed  stars  belong.  We  have  in  these  objects  no  longer  to  do  with 
a  special  modification  only  of  our  own  type  of  suns,  but  find  ouraelyes  in  the 
presence  of  objects  possessing  a  distinct  and  peculiar  plan  of  structure  (Huggins). 
A  question  of  great  interest  next  presented  itself — viz.,  do  those  nebulae,  which  have 
certainly  been  resolved  by  the  telescope  into  star-clusters,  exhibit  a  spectrum  which 
shows  tne  source  of  light  to  be  glowing  gas?  For  this  purpose  Huggins  examined 
the  celebrated  nebula  in  the  sword-handle  of  Orion  (Proc.  Koy.  Soc.  1865,  p.  39). 
The  light  from  the  brightest  part  of  the  nebula,  near  the  trapezium,  was  resolved  by 
the  prisms  into  three  bright  lines,  similar  in  all  respects  to  those  of  the  other  gaseous 
nebulae.  When  the  stars  of  the  trapezium  were  brought  into  the  sUt,  a  continuous 
spectrum  was  at  once  seen ;  but  the  whole  of  the  nebula  emits  the  same  kind  of  light, 
diifering  only  in  intensity.  Thus,  whilst  the  evidence  afforded  by  the  largest  telescopes 
appears  to  be  that  the  brighter  parts  of  this  nebula  consist  of  a  **  mass  of  stars,"  the 
conclusions  drawn  from  a  prismatic  analysis  of  the  light,  is  that  these  luminous  points 
are  not  stars,  but  masses  of  gaseous  matter.  Conclusions  respecting  the  distance  of 
these  nebulae,  founded  upon  the  erroneous  supposition  that  they  consist  of  stellar 
masses,  must  therefore  be  given  up,  as  far  at  least  as  concerns  the  nebulae  which  are 
proved  to  be  gaseous. 

Comets. — ^The  light  of  comets  has  not  escaped  the  searching  investigation  of  Hug- 
gin  s's  spectroscope  (Proc  Boy.  Soc.  xv.  6  ;  Jan.  1866).  He  finds  that  the  spectrum  of 
Comet  L  1866  consists  of  a  broad  continuous  spectrum,  with  a  bright  point  about 
midway  between  b  and  F  in  the  solar  spectrum,  and  coincident  with  the  bright  nitrogen- 
line  observed  in  many  nebulae.  Hence  we  learn  that  the  light  from  the  coma  of  this 
comet  is  different  from  that  of  its  nucleus.  The  nucleus  is  self-luminous,  and  the  matter 
of  which  it  consists  is  in  the  state  of  ignited  gas.  As  we  cannot  suppose  the  coma  to 
consist  of  incandescent  solid  matter,  the  continuous  spectrum  probably  indicates  that 
it  shines  by  reflected  sunlight,  and  this  appears  to  be  in  accordance  with  observatlous 
on  the  polarisation  of  light  in  the  tails  of  some  comets.     (Bond.) 

Meteors. — Mr.  AlexanderHcrschel  has  recently  succeeded  in  observing  the  spec- 
trum  of  a  bright  meteor,  and  also  the  spectra  of  some  of  the  trains  which  meteors  leave 
behind  them.  A  remarkable  result  of  his  observations  is,  that  sodium  exists  in  Ihe 
state  of  luminous  vapour  in  the  trains  of  most  meteors. 

The  results  of  the  examination  of  the  spectra  of  the  stellar  bodies  may  be  shortly 
summed  up  in  the  words  of  Mr.  Huggins  (Leoture  at  Nottingham  Meeting  of  the 
British  Assoc.  1866) : 

1.  All  the  brighter  stars,  at  least,  have  a  structure  analogous  to  that  of  the  sun. 

2.  The  stars  contain  material  elements  common  to  the  earth  and  sim. 

3.  The  colours  of  the  stars  have  their  origin  in  the  chemical  constitution  of  the 
atmospheres  which  surround  them. 
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4.  The  changes  in  brightness  of  some  of  the  variable  stars  are  attended  with  changes 
in  the  lines  of  absorption  of  their  spectra. 

6.  The  phenomena  of  the  star  in  Corona  appear  to  show  that  in  this  object  at  least, 
great  physical  changes  are  in  operation. 

6.  There  exist  in  the  heayens  true  nebtUa.    These  objects  consist  of  luminous  gas. 

7.  The  material  of  comets  is  yery  similar  to  the  matter  of  gaseous  nebuln,  and  may 
be  identical  with  it. 

8.  The  bright  points  of  the  star-clusters  may  not  be  in  all  cases  stars  of  the  same 
order  as  the  separate  bright  stars.  H.  E.  B. 

Syn.  with  red  hematite,  or  natiye  ferric  oxide  (iii.  Z6S,  339). 

An  aUoy  of  tin  and  copper,  with  a  small  proportion  of 
arsenic,  sometimes  also  containing  zinc     (See  Copper,  Allots  or,  ii.  44.) 

8PBZ88*    A  mixture  of  the  sulphides,  arsenides,  or  antimonides  of  nickel,  iron, 
and  copper,   which  collects  at  the  bottom  of  the  pot  when  ores  of  cobalt  or  lead, 
containing  sulphur  and  arsenic  or  antimony,  are  melted  with  fluxes.     The  term  is 
applied  chiefly  to  the  nickeliferous  product  which  is  obtained  in  the  preparation  of- 
smalt  (p.  313),  and  used  as  a  source  of  nickeL 

SVBXiTXB.    A  commercial  name  of  zinc. 


lCBTX.  The  fatty  substance  found  in  peculiar  cavities  in  the  head  of 
the  sperm-whale  {PhysHer  macrocephalus),  also  of  Ph.  Turno  and  others,  and  of  the 
JDdpkmus  edenttUuSf  being  kept  in  solution  in  the  sperm-oil  by  the  heat  of  the  animal's 
body,  and  crystallising  out  after  death.  It  is  freed  as  much  as  possible  from  oil  by 
filtration  and  by  treatment  with  potash-ley,  and  then  melted.  The  fused  and  solidified 
mass,  constituting  the  spermaceti  of  commerce,  is  white,  scaly,  brittle,  soft  to  the 
touch,  of  specific  gravity  0943  at  15°  (0-843  at  60°,  0-824  at  81°,  0813  at  94°,  the 
specific  gravity  of  water  at  15°  being  taken  as  1 — Saussure);  melting-point  from 
38°  to  47^ ;  neutral,  inodorous,  and  nearly  tasteless. 

Spermaceti  is  also  found  in  small  quantity  in  the  blubber  of  the  BdUtna  rostrata 
(Scharling,  J.  pr.  Chem.  xliii.  257),  and,  with  but  slightly  dififerent  properties,  in 
the  oil  of  Dtlphintts  glohicepa.    (Chevreul.) 

When  spermaceti  is  freed  from  adhering  sperm-oil  by  means  of  cold  alcohol,  and 
the  residue  repeatedly  crystallised  from  hot  alcohol,  the  spermaceti-fat  (or  ceHn  of 
Chevreul)  is  obtained.  This  may  be  still  further  purified  by  crystallisation  from 
boiling  ether  (i.  838). 

SPB&M-OZXta  This  oil  occurs,  together  with  spermaceti — from  which  it  is 
separated  by  mechanical  means — in  the  head  of  Phi/seier  macrocephaltLs^  &c. 

When  freed  as  completely  as  possible  from  admixed  spermaceti-fat,  by  leaving  the 
latter  to  crystallise  out,  it  is  neutral,  remains  liquid  at  18°,  is  saponified  with 
difficulty  by  potash,  and  yields  by  that  process  the  same  fatty  acids  as  spermaceti-fat ; 
but  instead  of  ethal,  a  nentral  product  melting  at  23°  (Chevreul,  Eecherches,  P;237). 
Sperm-oil  appears  to  be  isomenc  with  spermaceci-fat  or  cetin  (St en  house). — The  oil 
which  runs  off  from  the  spermaceti-fat  solidifies  almost  completely  at  0°  to  a  compact 
light-brown  mass,  in  consequence  of  still  retaining  spermaceti-fat.  When  saponified  it 
gives  off  ammonia,  ^th  traces  of  methylamine,  and  yields  physetoleic  acid  (iv.  634), 
valerianic  add,  small  quantities  of  solid  fatty  acids,  with  a  small  quantity  of  glycerin. 
(Hofst&dter.) 

8VXBMATIC  rXillUI.  The  sexual  secretion  of  the  male,  supplied  mainly  by  the 
ieateSj  but  receiving  some  of  its  constituents  from  other  glands  {jprostate,  &c.)-— a  ropy, 
whitish,  neutral  or  faintly  alkaline  fiuid,  of  a  peculiar  odour.  It  contains  remarkable 
minute  locomotive  bodies  called  spermatozoa  (the  essential  agents  of  fecundation), 
swimming,  together  with  sperm-corpuscles,  mucus-corpuscles,  and  epithelium-scales, 
in  an  albuminous  medium.  The  spermatozoa,  which  are  but  very  slowly  affected  by 
processes  of  decomposition,  and  whose  movements  are  variously  modified  by  saline 
solutions  of  various  d^;rees  of  concentration,  and  by  other  chemical  agents,  are  rich  in 
protagon,  and  appear  to  be  composed,  in  part  at  least,  of  some  albuminoid  substance; 
but  they  offer  great  resistance  to  reagents,  and  lose  their  outlines  only  in  warm  con- 
centrated solutions  of  caustic  alkalis.  The  fluid  in  which  they  swim  contains  an 
albuminoid  matter,  resembling  to  some  extent  both  mucin  and  casein,  to  which  the 
name  of  spermatin  has  been  given.  It  is  coagulated  by  alcohol,  but  not  by  heat; 
acetic  acid  produces  a  precipitate  which  is  soluble  in  an  excess  of  the  reagent,  but  can 
be  reprecipitated  from  the  acid  solution  by  ferrocyanide  of  potassium.  Spermatin  when 
dried  becomes  insoluble  in  water,  but  soluble  in  dilute  alkalis,  from  which  it  may  be 
precipitated  by  the  addition  of  concentrated  solutions  of  the  alkaline  carbonates. 
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Spermatic  fluid  is  rich  in  nits,  especially  in  earthy  phosphates ;  eiyBtak  of  tuple 
phosphate  very  speedily  appear  in  decomposing  specimens.  According  toKoUicker, 
100  parts  of  the  spermatic  fluid  of  the  ox  contain  17*94  solid  matters,  of  which  15-3 
are  albaminoid  and  extractiyes,  2*16  fat»  and  2*637  salts.  The  secretion  of  the  prostate 
of  the  dog  contains,  according  toBnxmann  (Henle  und  Meissnei^B  Bericht,  1864, 
p.  286)  98*5  per  cent,  of  water,  4*5  per  cent,  and  nearly  1  per  cent,  of  chloride  of 
sodium,  together  with  small  quantities  of  sulphate  and  phosphate  of  potassium  and 
calcium.  M.  F. 

Manganese  garnet  (ii.  772). 

BBVSTA.  This  ftmgns  yields  (?  air-dried)  6*5  per  cent,  of  an 
alkaline  ash,  containing  ferric  oxide  and  a  large  quantity  of  silica.  Moderately 
dilute  hydrochloric  acid  extracts  from  the  plant  about  half  its  fixed  constituents, 
leaving  a  dark-brown  or  black  residue,  which  withstands  the  action  of  all  concentrated 
mineral  acids  (except  nitric  acid),  imparts  only  a  slight  colour  to  boiling  potash-ley, 
and  yields  (dried  at  120^,  and  calculated  upon  the  substance  free  from  ash),  61*6  per 
cent.  C,  4*0  H,  1*2  N,  and  33*2  O.  Thefangus  yields,  by  dry  distillation,  an  ^d  fetid 
distillate.    (A.  and  W.  Knop,  Fharm.  Centr.  1851,  p.  648.) 

SFBJBROCOCCim  KZCKWOIBBS.  According  to  Gonnermann  and 
Ludwig  (Arch.  Fharm.  [2]  cxi.  204),  this  alga  (from  Ceylon)  contains  in  its  cells 
true  starch-grains,  which  are  at  first  coloured  yellowish  by  iodine,  and  turn  blue  only 
on  warming. 

SVBJLOVnM.  A  dub-moss  which  grows  chiefiy  on  peat-moors,  and  often 
plays  an  essential  part  in  their  formation.  Sph,  acuHjolwm  contains,  according  to 
G.  Sprengel  (J.  techn.  Chem.  xv.  32),  3*05  per  cent  ash  (a);  according  to  Vo hi, 
(Ann.  Ch.  Fhann.  cix.  185),  the  same  from  a  high  moor  in  the  Canton  of  Zurich 
contains  0*92  per  cent,  of  ash  (b) ;  and  Sph.  cutpidaivm^  from  Upper  Bavaria, 
contains,  aocoroing  to  Wittstein  (Jahresb.  1862,  p.  510),  2014  per  cent,  ash, 
composed  of — 

K*0.    NaSO.  Caa  McO.  AKOi.  FtfOI.  SOI.  PIO*.  8iO>.    COS.    CL  Naa. 

Spk.  aeut^fitliKm  {a),      10*9    19-9    .     .  A%      8-4      7  0      AH  .     .    488    .    .     11-9  .     .=100 

,,           .,           (»).       S-09  1*84      1-17  4-92    5*89    6-85«  4*33  1*06   41*09  ....  19*9S  a  97*19 

H   dopiUMKM.             4*80  et?    14-06  8*08   8*84  10*36    3*  16  279    89*98  6*97    .    .  4 -96  a  90-88 

Syn.  with  Blende.    (See  Zmc.) 

A  calcic  silico-titanate,  occurring  in  monodinic  crystals  having  the 
a  :  5  :  e  »  1*326  :  1  :  0-5678  ;  angle  of  inclined  axes  (6,  c)  »  60^  27^;  ooP  :  ooP 
.  1130  28';  oF:  Poo  »  159<>  34'.  Cleavage  sometimes  distinct,  parallel  to  ooP; 
less  distinct,  parallel  to  the  orthodiagonal  and  to  —  P.  The  mineral  sometimes 
also  occurs  massive,  rarely  lamellar.  Hardness  »  5 — 5*5.  Specific  gravity  » 
3*4 — 3*56.  Lustre  adamantine  to  resinous.  Colour  brown,  grey,  yellow,  green,  and 
black.  Streak  white,  slightly  reddish  in  greenovite.  TrauBparent  to  opaque.  Brittle. 
The  yellow  varieties  do  not  alter  in  colour  before  the  blowpipe ;  the  others  turn  yellow; 
they  all  slightly  intumesce,  and  f ase  on  the  edges  to  a  bla(^  enamel.  With  borax  they 
yield  a  clear  yellowish-green  glass.  The  mineral  is  imperfectly  soluble  in  hot 
hydrochloric  acid,  and,  if  the  solution  be  concentrated  in  contact  with  tin,  assumes  a 
fine  violet  colour. 

Ana/yses. — a.  From  the  St.  Gothard  (Cordier,  J.  des  Mines,  No.  Ixxiii.  67). — 
5.  Felb^hal  in  the  Pingzau  (Klaproth,  Beitrdgey  i.  245 ;  v.  239). — c.  Schwar2sen8tein 
in  the  Zillertbal:  yeUow-green;  specific  gravity  «  3*585  (H.  Bose,  Gilb.  Ann. 
Ixxiii.  94;  Fogg.  Ann.  Ixii.  253). — d,  Arendal:  brown  (Resales,  see  H.  Kose). — 
€.  Fassau:  brown  (Brooks,  see  H.  Kose).—/.  St.  Marcel,  Piedmont:  GreenomU 
(Del esse,  Ann.  Min.  [4],  vi.  825).—^.  The  same  (Marignac,  Ann.  Ch.  Phys.  [3], 
xiv.  47). — h,  Frugard,  Finland:  black-brown;  specific  gravity  "  3*45  (Arppe, 
Analyser  af  finsk.  Min.  p.  34). — f.  Grenville,  Canada :  brown ;  specific  gravity  « 
3.49_3.51  (Hunt,  SiU.  Am.  J.  [2],  xv.  442)  : 

Silica    ....     280     36     32*29     31*20     30*63     30*1     32*26  3103     31*83 

Titanic  oxide .     .     33*3     46    41*58     40*92    42*56     42*5     38*57  43*57     4000 

Lime    ....     32*2     16     26*61     22*25     2500     24*0     27*65  21*76     28*31 

Ferrous  oxide 0*96      5*06      3  93     .     .      0*76  0*75 

Manganous  oxide 3*2      0*76 

Magnesia 0*08 

Alumina 1*05 

Loss  by  ignition,     ^__^    ,^      .    .       .    .       .    .      .    .      .    .  0*38      0*40 

93*5    98  101*44     99*48  10212     99*8  100*00  98*62  100*54 

*  With  trace  of  manganic  oxtde. 
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Most  of  these  analyses  may  be  nearly  represented  by  the  fbnnnla  CaTO  \\  ,^}X^  tm 

Ca"SiO*.Ca'TiO*,  requiring  31*13  silica,  40*49  titanic  oxide,  and  28*38  lime.  In  the 
brown  varieties  of  sphene  the  lime  is  partly  replaced  by  ferrous  oxide,  in  the  mineral 
from  Arendal  to  the  amount  of  one-seyenth. 

The  species  was  formerly  divided  into  sphene  and  titanite,  the  former  indnding 
the  lighter-coloured,  the  latter  the  brown  and  black  varieties.  The  name  sphene  is 
derived  from  o'^k,  a  wedge,  alluding  to  the  usual  form  of  the  crystals. — Crreenovite, 
from  St.  Marcel,  was  shown  to  be  identical  in  crystalline  form  with  sphene  by 
Breithaupt  (Pogg.  Ann.  Iviii.  257)  and  Bescloizeaux  (Ann.  Ch.  Phys.  [3],  xx. 
84). — UguriUf  from  a  talcose  rock  in  the  Apennines,  has,  according  to  Dnfrenoy,  the 
angles  and  characters  of  sphene. 

Sphene  occurs  in  imbedded  crystals,  in  gneiss,  granite,  mica-slate,  and  granular 
limestone ;  also  in  beds  of  iron-ore,  in  syenite,  as  at  Strontian  in  Argyleshire,  and  in 
volcanic  rocks,  as  at  Lake  Laach,  and  Andemach  on  the  Bhine.    (Dana,  ii.  269.) 

sysawfKTLASB.  A  mineral  occurring  in  parallel  layers  of  various  thickness  in 
a  bluish  granular  limestone  at  Gjelleback  in  Norway.  It  is  of  a  pale  greyish-yellow 
colour,  translucent  on  the  edges,  has  a  splinteiy  fracture,  and  often  breaks  into  wedge- 
shaped  fragments  when  struck.  Specific  gravity  i*  8*2.  Hardness  nearly  equal  to 
that  of  orthodase.    Pusible.    Givps  by  analysis : 

SIO*.       A]>09.  Fe>0>  CaO.  MgO.  MnO. 

46*08       1304  4-77  26*60        6*25  3*23 

leading  to  the  fontfula  8(4])r0.3SiO*).(2RK)*.3SiO*).  (Ton  Kobell,  J.  pr.  Chem. 
xci.  344.) 

SVBBVOMA'I'Ba  Shepard's  name  for  a  peculiar  mineral  resembling  sphene, 
which  ho  supposes  to  exist  in  certain  meteorites. 

See  Hb^t  (iii.  88). 

A  variety  of  native  ferrous  carbonate,  occurring  in 
greenstone  at  Hanhau,  Steinheim,  Dransberg,  and  other  places. 

See  Stilbitr. 

Kidneystone,  These  names  are  applied  to  certain  spherical 
granules  occurring  imbedded  in  pitchstone  and  pearlstone.  They  are  of  grey,  yellow, 
or  red  colour,  witn  little  or  no  lustre,  translucent  or  opaque,  and  have  a  splintery 
frncture;  hardness  «>  7:  specilic  gravity  a  2*4  to  2*5.  Analysis  byErdmann  (J. 
techn.  Chem.  xv.  32),  77*20  per  cent.  SiO«,  12*47  Al«0«,  2*27  Fe«0*,  334  CaO,  0*73 
MgO,  4*27  Na«0  and  K«0  (=  100*28). 

■VZBSB.  Spider-threads  appear  to  consist  essentially  of  the  same  substance  as 
silk  and  gossamer-threads,  viz.  sericin  (p.  235). — The  excrements  of  the  spider  con- 
tain guanine.    (Handw.  d.  Chem.  viii.  99.) 

S>XOT>T<l«  A  genus  of  plants  belonging  to  the  gentianaceous  order.  8p.  anthel- 
mintiea,  a  South  American  annual,  contains,  according  to  Fen eu lie  (J.  Phann.  ix. 
197)»  in  the  leaves,  together  with  fixed  oil,  and  in  the  root  together  with  volatile 
oil,  an  amorphous,  very  bitter,  nauseous  substance,  soluble  in  water  and  in  alcohol, 
to  which  he  attributes  the  anthelmintic  action.  Bicord-Madiana  (Brandes, 
Arcfaiv.  XXV.  28),  on  the  other  hand,  did  not  find  any  such  substance. 

Oleum  mica. — ^A  volatile  oil,   obtained  by  distilling  Lavandula 


8piea  with  water.  It  has  a  less  agreeable  odour  than  true  lavender-oil,  is  specifically 
heavier,  and  is  said  to  deposit  a  larger  quantity  of  camphor.  According  to  G^tell, 
spike-oil  is  obtained  fr^m  the  leaves  and  stalks,  true  lavender-oil  fr?om  the  fiowers,  of* 
several  species  of  Lavandula.  Spike-oil  is  frequently  adulterated  with  oil  of 
turpentine,  which  may  be  detected  by  its  smaller  solubility  in  alcohol.  According  to 
Oastell,  pure  spike-oil  does  not  require  more  than  5  pts.  alcohol,  of  specific  gravity 
0*894,  to  dissolve  it, 

SVZ&AVTBBS  OXAXAOBjIk.  An  annual  synantheious  plant,  indigenous  in 
India  and  in  South  America.  It  has  a  sharp  taste,  apparently  due  to  the  presence  of 
a  volatile  oiL  The  alcoholic  tincture  of  the  leaves  and  flowers  is  known  as  Paraguay 
red. 

Spilanthes  Hncioria  contains  a  substance  which  yields  indigo  on  exposure  to  the 
air. 

SVXVACB.  Spinacia  oleraeea. — The  leaves  of  this  well-known  culinary  herb, 
belonging  to  the  chenopodiaceous  order,  contain,  according  to  Braconnot,  acid  oxalates, 
malates,  and  phosphates.    Richardson  (Jahresb.  1847»  p.  1074)  found  in  the  air- 
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dried  plant  2*03  perceut  ash;  and  Saalmuller  (Ann.  Gh.  PhaiKL  Inii.  389)  found 
in  the  plant,  dried  at  100°,  10*7  per  cent,  ash,  containing: 

P«Oft.  Fe^'PO*.  NaCl.  Fe«0». 

7-9      8-7        7-9      .  .      Richardson. 
8*6      .   .      12-8      2-1       SaalmuUer. 

8PZVB&B-TRSS.  Euonymus  europatia.  A  celastraceous  tree,  the  light  wood 
of  which  yields  ^ood  charcoal  for  gunpowder.  The  red  seed-capsules  have  a  sah'ne 
taste,  and  contain  grape-sugar,  cerin,  tannin,  resins,  citric  acid,  &c.  The  orange- 
coloured  seed-coating  contains  a  &t  oil,  which  dissolves  out  the  colouring-matter  when 
expressed. 

The  rose-coloured  shell  of  the  seed  contains  tannic  acid,  ^m,  mineral  constituents, 
&C. ;  tJie  kernels  contain  3*9  per  cent,  resin  and  28*1  fat  oil,  together  with  emulsin, 
sugar,  &C. 


I  OIX.  The  fatty  oil  expressed  from  the  seeds  of  the 
spindle-tree  is  clear,  risdd,  red-brown,  ydlow  in  tnin  layers,  l^is  a  repulaiye  odour, 
and  a  bitter  taste,  with  irritating  after-taste.  Specific  gravity  »  0*938.  It  is 
sparingly  soluble  in  alcohol,  easily  in  ether.  It  solidifies  between  12^  and  IGP,  a  con- 
siderable portion  of  the  colouring-matter  separating  out  with  the  fat^  and  remaining, 
if  the  oil  is  carefully  melted,  in  b^utiful  red  granules  on  the  sides  of  the  yesseL 

The  oil  contains,  in  addition  to  the  colouring-matter,  a  bitter  resin  called  by 
Biederer  (Buehner^s  Bepert.  [2],  xliv.  1)  spindle-tree  bitter  or  eitonymin;  also 
Tolatile  acids.  By  the  saponification  of  the  fat-oil,  Schweizer  (J.  pr.  Chem.  liii. 
437)  obtained  oleic  and  maigaric,  together  with  acetic  and  benzoic  adds,  the  last  two 
remaining  in  the  under-ley  aSer  the  saponification  of  the  oil. 

Spindle-tree  oil  is  prepared  chiefly  in  Switzerland,  where  it  is  used  for  burning  in 
lamps,  and  for  destroying  vermin  in  the  hair  of  men  and  animals,  also  as  an  application 
to  wounds. 


Spinelle,  including  Ceylanite  or  Plconastey   Spindle  Ruby,  Solas  Ruby, 
Jlnumdine  Bul^,  Candite,  Gahnite  or  Automcliie,  Dyduite,  Hercinite,  KreitUmite, 

ChloraspineL — A  mineral  species  represented  by  the  general  formula  M''O.R*0", 
in  which  M"  -  Mg,  Fe,  Ca,  Zn,  and  Mn;  and  K'"  =  Al  or  Fe.  The  crystalline 
form  is  monometric,  generally  the  cube,  rhombic  dodecahedron,  and  intermediate 
forms,  also  with  cubic  faces  (Cbtstaixoobafhy,^«.  172, 174, 175, 176, 178, 199,  200.) 
Gleavaffe  octahedral.     Twins  like^^.  319  (ii.  160). 

Harmless  «  8.  Specific  gravity  «  3*5 — 4*9.  Lustre  vitreous.  Colour  red, 
especially  carmine-red;  also  bluish-red  to  blue,  brown,  or  yellow;  pure  magnesic 
aluminate,  MgAl*0\  is  colourless.  Transparent  to  nearly  opaque.  Fracture  con- 
ehoidal,  brittle.  Infusible  before  the  blowpipe.  Insoluble  in  acids,  but  becomes  com- 
pletely soluble  after  fusion  with  add  potassic  sulphate.  Gives  with  fluxes  the 
reactions  of  iron,  and  occasionally  of  chromium. 

The  name  spinel  is  restricted  by  Rammelsberg  and  others  to  the  varieties  consisting 
of  nearly  pure  magnesic  aluminate,  and  having  only  a  small  proportion  of  the  magnesia 
replaced  by  ferrous  oxide ;  while  those  in  which  the  proportion  of  iron  is  larger  are 
regarded  as  forming  a  distinct  species,  called  Ceylanite,  Fleonaste,  Candite,  or  Ckryso- 
mdane:  they  all,  however,  crystallise  in  the  same  forms,  and  the  gradations  of  chemical 
composition  are  not  very  sharply  defined. 

Pure  magnesian  spinel,  MgO.AlK)*,  would  contain  71*97  per  cent,  aluminium  and 
28*03 ^magnesia.  Red  (precious)  spinel  from  Ceylon  contains,  according  to  Abich*s 
analysis  (corrected  by  Rammelsberg),  70*43  alumina,  1*12  chromic  oxide,  26*76  mag- 
nesia, and  0*73  ferrous  oxide ;  blue  spinel  from  Aker  in  Sweden  contains,  according  to 
the  same  authority,  70*53  alumina,  26*31  magnesia,  and  3*57  ferrous  oxide.  Precious 
spinel  is  distinguished  by  several  names,  according  to  its  colour,  the  deep  red 
variety  being  called  ruby  spind,  the  pale  red  baleu  ruby,  the  brownish-red  {frsjxn.  its 
resemblance  to  some  garnets)  almandine  ruby,  and  the  yellowish-red  rubicelle. 

The  following  are  analyses  of  the  more  ferruginous  varieties,  ceylanite  or  pleonaste 
{Rammdtberg's  Mineral chemie,  p.  162)  : 

A.  Containing  all  the  iron  as  ferrous  oxide. — a.  Harmala  in  Finland  (T  ho  re  Id). — 
b.  Barsowskoi,  near  Kyschtimsk  in  the  Ural  (Abich). — c.  Tunaberg  in  Sweden :  dark- 
green  (A.  Erdmann). — d,  Ronsperg  in  Bohemia,  Hercinite  (Quadrat). 

B.  Containing  ferric  as  wtll  as  ferrous  oxide. — a.  Vesuvius  (Abich). — 6.  Franklin, 
New  Jersey:  lai^  greenish-black  octahedrons,  accompanied  by  red  zinc-cre  and 
ealcspar  (Vogel). — c.  Stulprabe,  near  Arendal  in  Norway  (Scheerer). — d.  Ceylon 
(C.  GmeUn). — e.  Iserwiese  in  the  Riesengebiige  (Abich): 
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Gahnite  or  Automolite,  from  Fahlun  in  Sweden,  is  a  spinel  in  which  the  magnesium 
is  wholly  or  in  great  part  replaced  by  zinc  (ii.  767). 

KreittoniU  is  a  black  spinel,  of  specific  gravity  4-49,  nearly  allied  to  gahnite^ 
and  containing,  according  to  t.  Kobell,  49*62  per  cent.  AIK>*,  18*48  Fe^*,  26*67  ZnO, 
3-40  MgO,  andxl-44  MnO  ( «  9961). 

Dysluite  (ii.  360)  from  Sterling,  New  Jersey,  is  a  ferrico-aluminate  of  zinc  and  man- 
ganese, containing  30*49  ner  cent.  AlK)*,  4193  Fe'O*,  16-80  ZnO,  7'60  MnO,  296 
silica,  and  0-40  water.    (T  h  o  m  s  o  n.) 

Chloroapinel  is  a  grass-green  spinel  from  Slatoust,  of  specific  gravity  3-591 — 
3-594,  containing,  according  to  H.  Bose : 

AISQS.         Fe>0'.  MgO.  CoO.        CaO. 

64-13  8-70        26-77        027        027     -     10014 

57-34        14*77        27*49        062        .     .     »     100*22 

Spinel  occurs  imbedded  in  granular  limestone,  and  with  calcareous  spar  in  serpen* 
tine  and  gneiss ;  it  also  occupies  the  cavities  of  Tolcanic  rocks.  Tn  Ceylon,  Siam,  and 
other  Eastern  countries,  it  occurs  of  beautiful  colours,  as  rolled  pebbles  in  the  channel» 
of  rivers. 


.    A  blue  variety  of  nosean  (iv.  135). 

I^yn.  with  Sphekb  (p.  398). 

Meadovhsweet, — The  flowers  of  this  rosaceous  plant 
yield  by  distillation  with  water,  a  volatile  oil  consisting  for  the  most  part  of  sal  icy- 
10 1  (p.  167X  'which  however  appearp  not  to  exist  ready-formed  in  the  plant,  but  to  be 
produced  by  the  action  of  water ;  it  contains  also  a  neutral  oil  (likewise  obtained  by 
agitating  the  distilled  water  with  ether),  composed  of  712  per  cent,  carbon,  10-1  hydro- 
gen, and  18-7  oxygen,  and  a  camphoioidsl  substance,  which  crystallisee  in  white 
nacreous  scales,  and  remains  solid  at  ordinary  temperatures. 

When  the  dried  flowers  of  meadow-sweet  are  exhausted  with  ether,  a  colouring- 
matter  called  spirsein  is  dissolved  out,  together  with  fat,  wax,  traces  of  a  neutnl 
volatile  oil,  and  a  volatile  acid,  but  no  salicylol.  The  volatile  oil  is  the  same  that  is 
obtained,  together  with  salicylol,  by  distilling  the  flowers  with  water.  The  volatile  acid 
just  mentioned  is  found  also  in  the  watery  distillate ;  it  crystallises  in  colourless  needles, 
dissolves  easily  in  water,  with  difficulty  in  ether,  and  colours  ferric  salts  red.  (Handw. 
d.  Chem.  viii.  100.) 

ByzSJBIV.  (Lowig  and  Weidmann,  J.  pr.  Chem.  xix.  236.) — ^The  yellow 
colouring-matter  of  the  flowers  of  Spiraa  ulmaria,  whence  it  may  be  extracted  by  ether. 
The  ethereal  solution  is  precipitated  by  water,  the  precipitate  is  dissolved  in  hot  alco- 
hol, which  on  cooling  deposits  a  quantity  of  fatty  matter;  the  flltered  liquid  is 
evaporated ;  and  the  spirsem  thereby  deposited  is  dissolved  several  times  in  alcohol. 

Spirsein  thus  obtained  is  a  yellow  ciystalline  powder,  insoluble  in  water,  very  soluble 
in  ether  and  in  alcohol ;  the  solutions  ai*e  of  a  deep  green  colour  when  concentrated^ 
yellow  when  dilute,  and  redden  litmus  slightly.  Spirsein  is  not  volatile  without 
decomposition.  It  gave  by  analysis  59*62 — 59*94  per  cent,  carbon  and  5-32 — 5*14 
hydrogen,  whence  Lowig  and  Weidmann  deduce  the  formula  C'*H'*0'^  requiring  58-6  0, 
4-9  H,  and  36-5  O.  G^hardt  suggested  CH'^0'*,  which  however  does  not  agree  so 
well  with  the  analysis. 

Hot  concentrated  nitric  acid  dissolves  spirsein,  forming  a  red  solution,  and  decomposes 
it  only  after  prolonged  boiling,  but  without  formation  of  oxalic  acid.  It  dissolves 
without  alteration  in  sulphurio  acid,  and  is  precipitated  tliere£h>m  by  water.  Hydro- 
chloric acid  has  no  action  upon  it. — With  tframine  it  forms  a  red  mass,  consisting  of 
several  substitution-products. — ^When  oxidised  by  chromic  acid,  it  yields  formic  and 
carbonic  acids. — It  cussolves  with  yellow  colour  in  caustic  alkaUSf  decomposes  •po^osMc? 
carbonate  when  heated,  and  is  precipitated  from  its  alkaline  solutions  l^  acids.  The 
same  solutions  turn  brown  and  decompose  on  exposure  to  the  air. 

The  alcoholic  solution  of  spirsein  forms  yellow  precipitates  with  baryta-water ^  sul- 
phate ofalumimumf  and  tartar-emeHc  ;  with  acetate  of  lead  ^cximaonyredpitdtef  which 

*  With  manganottt  oxide. 
Vol.  V.  D  D 
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blackens  on  drying;  with/errou^  salia  a  dark-green,  "with  ferric  salts  a  black  precipitate ; 
with  ginC'Salts  mixed  with  a  little  ammonia,  a  yellow  precipitate  soluble  in  excess  of 
ammonia ;  with  oupric  salts  a  grass-green  precipitate ;  with  nitrate  of  silver  on  addition 
of  ammonia,  a  black  precipitate  insoluble  in  ammonia ;  with  mercurous  nitrate  a  yel- 
lowish-brown precipitate  which  soon  becomes  dark-brown;  no  precipitate  with 
mercuric  or  platinic  chloride. 

BBTRTTm  Spiritus, — The  word  spirit  was  used  in  old  chemical  language  as  a 
generic  name  for  liquids  obtained  by  distillation.  At  the  present  day  it  is  applied  in 
ordinanr  language  chiefly  to  ethylic  alcohol,  which  is  called  spirit  of  wine,  and  methy- 
lic  alcohol,  which  is  also  called  wood-sfirit.  In  pharmaceutical  language  it  is  still  used 
as  a  generic  name  for  aromatic  alcohobc  distillates  and  certain  alcoholic  solutions — e.g., 
Spirittis  cochlearuB,  8p.  lavandvl<By  9p.  eamphoratuSj  8p.  saponattis. 

Spiritus  ahstractuSy  8p,  aromaiicus.  —These  names,  especially  the  latter,  are  applied 
to  odoriferous  products  obtained  by  distilling  various  substances  with  moderately 
strong  aqueous  alcohol ;  they  are  further  distinguished  as  Spiritus  aromaticus  simplex^ 
and  compositus. 

Spiritus  aceiidulciJicatus,B.Sp,dulcis}    or  Liquor  anodinus  vegetahUis.    A  solution 

Spiritus  acetioo-athereus  )       of  acetic  ether  in  alcohol. 

Spiritus  AeruginiSf  s.  Sp,  Veneris^  Spirit  of  Verdigris. — ^An  old  name  of  the  con- 
centrated acetic  acid  obtained  by  distilling  crystallised  cupric  acetate  (i.  10). 

Spiritus  aromaticus,  s.  Sp,  abstractus. 

i^ritus  CertBf  Spirit  of  Wax, — ^The  watery  liquid  containing  empyreumatic  oils, 
acetic  acid,  &c.,  obtained  by  the  dry  distillation  of  wax. 

Spiritus  Comu  Cervi,  Spirit  of  Hartshorn, — ^The  solution  of  impure  ammonium- 
carbonate  obtained  by  the  distillation  of  animal  matters  (i  190). 

Spiritus  Mindereri. — ^An  aqueous  solution  of  ammonium-acetate  (i.  13). 

^ritus  muriatico-athereus,  s.  Spiritus  Salts  dulcis.  Sweet  Spirit  of  Salt,  Seavy 
Hydrochloric  Ether. — The  product  obtained  by  saturating  alcohol  with  hydrochloric 
acid  and  distilling  it  over  peroxide  of  manganese,  or  by  distilling  a  mixture  of  alcohol 
and  sulphuric  acid  over  a  mixture  of  common  salt  and  peroxide  of  manganese  (iL  632). 

Spiritus  muriaticus, — ^Hydrochloric  add. 

Spiritus  nitro-acidus, — ^Nitric  acid. 

/^ritus  nitro-athereus,  s.  Sp.  dtclcis.  Sweet  Spirit  of  Nitre. — (See  NrcBOUS  Ethbrs, 
iv.  76.) 

Spiritus  rector. — Boerhare  supposed  that  volatile  oils  were  compounds  of  resins^ 
with  a  peculiar  odoriferous  substance  which  he  called  by  this  name. 

Spiritus  Soli  ammoniactu,  SalmiaJsgeist. — ^Aqueous  ammonia. 

Spiritus  Salis  dulcis. — See  Spiritus  muriatu»'€Bthereus. 

^ritus  Salis  fumans,  or  Sjp.  Salis  fumans  CHauberu-^Fuxning  hydrochloric 
acid. 

Spiritus  sulphurieo-isthereus. — Common  ether  containing  aloohoL 

Spiritus  Sulphuris  per  eampanam. — Obsolete  name  for  aqueous  sulphurous  acid. 

Spiritus  Sulphuris,  s.  Sip.  sulphuratus  volatile  Beguini. — ^A  solution  of  Tarious 
polysulphides  of  ammonium,  strong  enough  to  fume  in  the  air  (i.  194). 

Spiritus  syivestriSf  Gas  sylvestre. — ^An  old  name  of  carbonic  anhydride. 

i^ritus  Tartarif  Liquor  pyrotartarUms. — ^An  old  name  for  the  brownish  empyreu- 
matic liquid,  containing  empyreumatic  oils,  pyrotartaric  acid,  acetic  acid,  and  (ac- 
cording to  C^bel)  formic  acid,  obtained  by  drjr  distillation  <xf  tartar. 

Spiritus  Veneris. — See  Spirittts  Aeruginis. 

Spiritus  Vini,  Spirit  of  Wine. — ^Aqueous  alcohol. 

Spiritus  Vitrvoli. — Dilute  sulphuric  acid. 

^rUus  Vitrioli  coagulabUis. — ^An  old  name  of  potassic  sulphate. 

sraUMITSA  QUIMUTA.  A  fresh-water  alga,  which  contains  97'6  parts 
water  to  2*6  dry  substance,  the  latter  containing  7*6  percent  nitrogen  and  0*8  ash.  The 
ash  yields  36*8  per  cent,  carbonates  and  sulphates  of  the  alkali-metals  and  chloride  of 
sodium,  1'6  carbonate  of  calcium,  9*8  carbonate  of  magnesium,  18*4  phosphate  of 
calcium,  3'4  phosphate  of  magnesium,  and  31*6  silica,  with  traces  of  feme  oxide. 
(Handw.  d.  Chem.  viii.  160.) 

BVntO&a  A  name  applied  to  phenylic  alcohol,  because  it  may  be  obtained  from 
Bpiroylic  (salicylic)  acid,  m  thd  same  way  as  benzol  from  benzoic  add. 

SFZROTXii  Lowig^s  name  for  tiie  radide  C^HK)'  (more  generally  called  salicyl, 
or  salicosyl),  which  may  be  supposed  to  exist  in  oil  of  spirsea  (wJicylol).  (See  pp.  160, 
167.) 

8VZSOT&ZC  ACXB.    Syn.  with  Sauctijc  Acid. 

Syn.  with  Salictloi.. 
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&c.     Names  giyen  by  BerzeliiiB  to  Salicyl, 
Salicylic  acid,  &c. 

SV&aSH*.  The  largest  of  tbe  "  vascular"  or  "  ductless  glands"  of  the  body. 
Besides  albuminoid  matters  (among  them  one  preeipitable  by  acetic  acid,  and  con- 
taining much  iron,  possibly  as  phosphate),  pigments,  fiats,  and  cholesterin,  there  have 
been  &und  in  the  spleen,  formic,  acetic,  butyric,  lactic,  succinic,  and  uric  acids  (the 
jaice  of  spleen  is  acid),  inosite,  sarcine,  xanthine,  leucine,  and  tyrosine.  In  100  parts 
of  spleen  are  found  water  74*031,  organic  matter  24*866,  inorganic  matters  1*103. 
The  following  table  (from  Lud wig)  gives  the  percentage  composition  of  the  ashes 
of  spleen,  according  toOidtmann: 

Cl.  P«0».      SOS.    siO».     K»0.       Na«0.    C«0.     MgO.    Fe'0».  MnO.  CuO.  PbO. 

•65    2711     2-64     07      919    4330    760       39      727    '08    -01 
1*31 


Man 
Woman 


18-87     1-43     -72     17"41 


Infant     3303      9-63      -60    -95 


48-87 


3512 

/ 


7-26 


MgO. 

•39 

1-02 


1620     04     -40     -03 


3-35       -20 


A  hard  kind  of  coal  having  a  brown-black  to  deep  black 
colour,  resinous  lustre,  splintery  cross-fracture,  and  uneven  principal  fracture :  it  is 
less  easily  inflammable  than  caking  coal,  but,  when  once  set  on  fire,  bums  with  a 
bright  flame  and  great  evolution  of  heat. 

SVOHUBftnB.  Trvphcme,  Swedish  Tkoliie. — A  silicate  of  aluminium  and  lithium 
(potassium  and  sodium),  occurring  in  monoclinic  prisms,  isomorphous  with  angite, 
especially  with  diopside.  Angle  of  inclined  axes  =  69°  40* ;  odP  :  ooP  =  87®  ;  oP  : 
[2Pao  ]  ^  130°  30 .  The  crystals  are  usually  large,  exhibiting  very  perfect  deava^e 
parallel  to  ooP  oo  ;  distinct  also  parallel  to  ooP ;  in  traces  parallel  to  [P<» J  ;  seen  in 
stri»  on  [  ooPoo  ].  Twins  occur  with  face  of  composition  parallel  to  ooroo .  The 
mineral  also  occurs  in  cleavable  masses. 

Hardness  —  66  to 7.  Speciflc gravity  »  3*132 — 3*137  (Bammelsberg).  Lustre 
pearly,  vitreous  on  the  cross-fracture.  Colour  greyish-green,  passing  into  greenish- 
white  and  greyish-white,  rarely  faintly  reddish.  Streak  uncoloured.  Translucent  to 
subtranslucent.  Fracture  uneven.  Before  the  blowpipe  it  loses  its  transparency  and 
colour,  intumesces,  and  melts  to  a  glass  globule ;  gives  the  reactions  of  lithia. 

Analyses  (Hammelsberg's  Mineralcheme,  p.  600). — 1.  Island  of  Uto,  Suderman- 
land,  Sweden.  Specific  gravity  a  3^133  (Rammelsberg). — 2.  Sterzing in  the  Tyrol: 
specific  gravity  »  3*137  (R.).— 3.  Sterling,  Massachusetts;  specific  gravity  a  3*182 
(Brush);  3*073  (R.). — 4.  Norwich,  Massachusetts:  speciflc  gravity  ■»  3*18 (Brush): 


Silica    .        • 
Alumina 
Ferrous  oxide 
Lime    . 
Magnesia 
Lithia  . 
Soda    . 
Potash 


Ram-  'Ram* 

Hageo.     melt-  meb- 

berg.  herg. 

6602     66*02  65*63 

26*84     29*14  '2904 

0*86      .     .  1*42 

.    .        0-60  0*97 

.     .        0*14  007 

8*84       6*47  4*49 

2-68       0-46  007 

.    .        014  0*07 

99-24  100*87  101*66 


Hagvn. 

6603 
26*45 


Ram- 
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66*27 

27*47 


Hagen. 

65*26 
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Brusb. 

62-89 
42 


0*30 
0-10 
2*90 
0-44 
4-54 


^7|  27-66   j28* 
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Smith. 
Brmh. 

63-86 

27-84 

0-64 

0-30 


6-67 
2*51 


101-02 


6*08 
0*66 
.     .  0*16 

100*63  H«O0*60 
9904 

The  analyses  byHagen  and  Rammelsberg  lead  to  the  formula  3(LiK).SiO').4(Al'0'. 
3SiO'),  the  lithia  being  partly  replaced  by  potash  and  soda.  A  pure  lithia-spodumene 
thus  composed  would  contain  64*98  per  cent  silica,  28*88  alumina,  and  6*14  lithia. 
The  Nortn  American  specimens,  except  the  last,  had  undergone  some  decomposition. 

Spodumene  occurs  also  at  Lisens  in  the  Tyrol,  at  Killiney  Bay  near  Dublin, 
and  at  Peterhead  in  Scotland ;  also  at  Goshen  and  other  localities  in  Massachusetts,  at 
Windham  in  Maine,  and  Brookfield  in  Connecticut. 

SVOM^m.  Sponges  are  organisms  living  in  water,  and  consisting  of  a  soft 
gelatinous  mass,  mostly  supported  by  an  internal  skeleton  composed  of  reticular 
anastomosing  hairy  fibres,  in  or  among  which  are  usually  imbedded  calcareous  or 
sometimes  silicious  spiculae.  They  are  found  adhering  to  rocks,  chiefly  in  the  Medi- 
terranean, where  they  are  collected  by  divers,  and  treated  with  hydrochloric  add  to 
remove  the  lime.    Two  or  three  species  are  found  in  fresh  water. 

Sponge  has,  by  some  naturalists,  been  refeired  to  the  vegetable,  by  others  to  the 
animal  kingdom ;  of  late  years,  however,  the  evidence  has  appeared  to  be  conclusive  as 
to  its  animal  nature. 
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The  Ofganic  matter  of  sponges  wbs  formerij  reg^uded  as  ideoticsl  with  homy  tissae, 
till  Posselt  (Ann.  Ch«  Fhann.  zIt.  192)  and  Crookewit  {ibid.  iHjm.  AZ)  showed 
that  it  exhibits,  in  manj  respects,  the  same  chaneten  as  the  fibroin  of  silk  and  of 
gossamer-threads.  Stadeler,  however  (Md.  czi.  12),  has  shown  that  the  organic 
matter  of  silk,  when  treated  with  snlphoric  acid,  yields  leneine  and  tyrosine,  whereas 
that  of  sponffe  yields  lendne  and  glycodne,  without  a  trace  of  tyrosine :  he  accordingly 
designates  the  oisanic  matter  of  sponges  as  spongin,  restricting  the  name  fibroin 
to  that  of  silk  and  gossamer-threads.  Schlossb^rger,  on  the  other  hand,  designates  the 
fonder  as  fibroin,  the  latter  as  sericin.  In  some  sponges,  the  fibroin  is  combined 
with  iodine,  snlphor,  and  phosphorus. 

Charred  or  burnt  sponge,  Spongia  utia,  has  long  been  nsed  in  medicbe ;  its  action  is, 
doubtless,  to  be  attributed  to  the  iodine  which  it  contains.  Herberger  foond  in  it  1*16 
per  cent,  potassium-iodide,  0*702  potassium-bromide,  and  traces  of  cupric  oxide. 
PireuBB  found  2*14  per  cent.  KI,  and  076  NaBr.  In  preparing  burnt  sponge,  care  must 
be  taken  not  to  employ  too  high  a  temperature,  as  a  loss  of  iodine  may  thereby  be 
occasioned. 

SFOWOIWa  StiideWs  name  for  the  organic  matter  of  sponge.  He  prepares  it  by 
exhausting  the  sponge,  cut  up  into  small  pieces,  with  dilute  hydit^hloric  acid,  then  with 
weak  soda-ley,  washing  it  thoroughly,  and  drying. 

UBWULT*  Clupea  Sprattut ;  Fr.  Eapret ;  Ital.  Sordino. — ^These  fishes,  when  pressed 
and  dried,  contain,  in  100  parte,  64  parts  water,  19  fat,  and  1*94  nitrogen,  equivalent  to 
12*3  per  cent,  ^buminoiaal  substance.  They  yield  2*1  per  cent,  ash,  containing, 
according  to  Way  (Jahresb.  1849,  p.  658) : 

K^O.  NftSO.  C«0.    MrO.  FeSQS.   SO>.       SiQS.    F<0^    KCl.  NaCl. 

17-2     1*2    23*6     3*0    0*3    trace    trace    43*5    .    .     11*2     s     100 

21*9     .    .     27-2     3*4     0*6      1*4        0*3       40*5     2*3       2*3     •     100 

Sprats  aoe  caught  in  large  quantities  on  the  coasts  of  Sussex,  Kent,  and  Essex,  and 
ave  there  used  for  the  preparation  of  artificial  manure. 

•QVAXiVS.  The  liyer  of  the  Basking  Shark,  Squalus  maximus  (Linn.),  yields  about 
80  per  cent,  of  oil,  which  has  a  faint  yeUow  colour,  a  density  of  0*870  to  9*876,  and  a 
repulsire  odour ;  does  not  solidify  at  a  few  degrees  below  0^.  By  dry  distillation  it 
yields  a  yellow  oil  hayin^^  the  odour  of  acrolein,  but  no  sebacic  acid.  It  appears  to 
contain  a  peculiar  oleic  acid.    (Ronalds,  Chem.  Ghiz.  1852,  p.  420.) 

BTIIXi  Aim  ITBg  and  STA&AOTITJBS.  Deposits  formed  in  cayems,'chiefly 
in  limestone  rocks,  by  water  filtering  through  the  rock  and  taking  up  some  of  its 
substance,  and  subsequently  dripping  from  the  toot  The  solution  (of  calcic  carbonate, 
for  instance),  on  exposure  to  the  atr,  deposits  the  solid  matter,  which  partly  forms 
stalactites,  depending  from  the  roof  like  icicles,  partly  deposits  called  stalagmites, 
on  the  floor  of  the  cavern. 

STA&AOMOMBTaS  {craXayfUs,  drop;  furpw,  measure).  An  instrument 
eipployed  by  Guthrie  for  measuring  the  size  of  drops.  A  drop  is  defined  as  a  mora 
or  less  spherical  mass  of  liquid  matter,  which  has  been  separated  from  other  matter 
by  fiiravitation.  Such  a  definition  is  necessaiy,  because  the  term  '*  drop  "  is  frequently 
applied  to  a  variety  of  liquid  matters,  having  little  or  nothing  in  common,  except 
shape,  either  as  to  origin  or  condition. 

The  substances  concerned  in  drop-fonnation  are — 1.  The  substance  to  which  the  drop 
dinffs ;  2.  The  substance  of  which  it  is  formed ;  3.  The  medium  in  which  it  is  formrd. 
If  the  drop  be  formed  in  a  liquid  medium  moro  dense  than  the  drop,  the  drop  rises. 
If  the  dropping  fluid  be  a  gas,  and  the  medium  a  liquid,  the  drop  becomes  a  bubble. 
Hence  thero  is  no  essential  difference  between  the  formation  of  a  drop  and  that  of  a 
bubble;  there  is  also  an  agreement  in  the  laws  which  govern  the  sizes  of  the  two. 

The  factors  which  are  found  experimentally  to  be  most  concerned  in  determining 
the  size  of  a  drop  in  the  case  of  a  liquid  dnnping  from  a  solid  through  a  gas  are : 

1.  The  rate  at  which  the  dropping  takes  place,  or  the  growth-time,  gt,  of  the  drop. — 
2.  The  quantity  and  chemical  nature  of  the  solid  matter  which  the  dropping  liquid 
holds  in  solution. — 3.  The  chemical  nature  of  the  dropping  liquid. — 4.  The  size  and 
shape  of  the  solid  at  the  part  from  which  the  drop  falls. — 5.  The  chemical  nature  of  the 
solid  firom  which  the  drop  falls. — 6.  The  temperature  at  which  the  dropping  takes  place. 

In  the  ease  of  a  liquid  dropping  throngh  a  liquid,  the  additional  factors  are — Zi  the 
chemical  nature,  and  8,  the  density  of  the  liquid  medium. 

The  stalagmometer  consists  of  two  parts :  the  first  to  produce  a  perfectly  uniform 
flow  of  the  (uopping  liquid ;  the  second  to  collect,  and  either  measure  or  weigh,  a  given 
number  of  drops  formed  under  various  conditions.  For  particulars  of  the  experiments 
and  description  of  the  different  forms  of  stalagmometer,  see  I>oc.  Boy.  Soc  (34ii.  444, 
457 ;  xiv.  22). 

The  following  are  the  main  laws  which  have  been  deduced : 
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A.  When,  from  a  aoUd,  a  liquid  drops  tkr&uffh  a  gas, 

1.  The  drop-size  depends  upon  the  rate  of  dropping.  Generally,  the  qnieker  the 
Bucceesion  of  the  drops,  the  greater  is  the  drop.  The  slower  the  rate,  the  more  strictly 
is  this  the  case.    Example : 

prop->iie  of  cocoMmUotl,  gt  m  ffb"  ^  80*17 
Drop-site  of  coooanut-oil,  ^  a  12*0"       62*00 

2.  The  drop-size  depends  npon  the  nature  and  quantity  of  the  solid  vhieh  the 
dropping  liquid  holds  in  solution.  If  the  liquid  stands  in  no  direct  chemical  relation 
to  the  solid,  the  drop-size,  in  general,  diminishes  as  the  quantity  of  solid  contained  in 
the  liquid  increases. 

3.  The  drop-size  depends  upon  the  chemical  nature  of  the  dropping  liquid,  and  little 
or  not  at  all  upon  its  density ;  or,  rather,  increase  of  density  implies  increase  of  cohesion. 
Of  all  the  liquids  examined,  water  has  the  greatest  and  acetic  hydrate  the  smallest  drops. 
Water  -  148*2.  Glycerin  »  102*8.  Butyric  add  -  680.  Mercury  -  67*9. 
Benzene  a.  65*2.  Oil  of  turpentine  =  50*1.  Alcohol  -i  49*6.  Acetic  ether  ■-  46*4. 
Acetic  hydrate  »  43*0. 

4.  The  drop-size  depends  upon  the  geometric  relation  between  the  solid  and  liquid. 
If  the  solid  be  spherical,  the  largest  drops  fall  from  the  largest  spheres.  The  drops 
are  largest  which  fftll  fix>m  a  .plane.  Absolute  difference  in  radius  takes  a  greater 
effect  upon  the  drops  formed  from  smaller  than  upon  those  formed  from  larger  spheres. 
Of  circular  horizontal  planes,  within  certain  limits  towards  the  minimum  size,  the 
drop-size  yaries  directly  with  the  size  of  the  plane.    Examples : 

Drop-size  of  water  from  spheve  of  radius 

n  It 

M  f> 

n  f> 

>*  n 

Drop-size  of  water  from  disc  of  radius 
t>  >» 

fi  n 

I*  It 

II  ti 

6.  The  drop-size  depends  upon  the  chemical  natoxe  of  the  solid  from  which  the  drop 
falls,  and  little  or  not  at  aU  upon  its  density.  Of  aU  the  scdids  examined,  antimony 
deliyers  the  least  and  tin  the  largest  drops.    Example: 

Drop-size  of  water  from  antimony  wm  119*8 

,t  „  sulphur  B  120*2 

„  i,  caomiTiin  -■  121*8 

„  „  zino  i>  122*4 

„  „  lead  -  122*6 

„  „  phosphoruB      -■  1227 

„  „  bismuth  ->  122*8 

„  „  tin  -  124-2 

6.  The  drop-size  depends  upon  temperaturei  Generally,  the  higher  the  temperature 
the  smaller  the  drop.    Example  : 

Drop-size  of  water  at  20*4^  0.  -  182*6 
„  „  ZOe^C,  =  180*6 

„  „  40*80  0.  -  129*8 


00 

M 

26*5 

131 

B 

24*8 

47-2 

■■ 

22-6 

100 

wm 

14*8 

71 

H 

12-8 

6 

M 

16*8 

4 

M 

14-9 

8 

■■ 

9*6 

2 

sa 

7-8 

1 

sa 
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B.  Wken,from  a  solid,  a  liquid  drops  through  a  liquid, 

7.  The  drop-size  does  not  depend  mainly  upon  the  density  of  the  medium,  and  conse- 
quent Tariation  of  the  weighty  in  the  medium,  of  the  dropping  liquid. 

8.  If  there  be  two  liquids,  A  and  B,  which  drop  under  like  conditions  through  air, 
and  the  drop-size  of  the  one,  A,  be  greater  than  that  of  the  other,  B,  then,  if  a  third 
liquid,  C,  be  made  to  drop  through  A  and  through  B,  its  drop-size  through  A  will  be 
greater  than  its  drop-size  through  B. 

9.  If  the  drop-size  of  A  through  B  be  greater  than  the  drop-size  of  A  through  0, 
then  the  drop-size  of  D  through  B  will  also  be  greater  than  the  drop-size  of  D  through  0. 

10.  If  a  liquid.  A,  drop  under  like  conditions  in  succession  through  two  liquids,  B  and 

0,  then  its  drop-size  through  any  mixture  of  B  and  0  is  intermediate  between  its 

B 
drop-size  through  B  and  its  drop-size  through  0 ;  and  the  greater  the  proportion  of  p  • 

tiie  mixture,  the  more  nearly  does  the  drop-size  of  A  through  the  mixture  approach  to 

the  drop-size  of  A  through  q  alone. 
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C;  ud  the  greater  the  pioportioa  of  -g  in  the  miitnie,  the  more  nearij  doei  the  drop- 
■ize  of  the  mixture  approash  to  the  drop-size  of  13  aloDS,  vhether  the  dropping  liqoid 
be  heoTier  or  lighter  than  the  lii^uid  medium. 

13.  If  the  Ijauid  X  has  a  Urper  drop-size  than  the  liqnid  Y  in  tlie  liquid  Z,  then  the 
liqiiid  Z  has  a  Inrger  drop-BLze  in  X  tban  it  has  in  Y. 

13.  If  a  liquid  X  has  a  larger  drop-size  in  air  than  a  liqnid  Y,  then  the  drop-size  of 
X  through  Y  is  lareer  than  the  drop-size  of  Y  throDgh  X. 

11,  If  the  drop-aize  of  X  be  grescer  than  the  drop-size  of  Y  in  air,  and  the  drop-size 
of  Y  greater  than  the  drop-size  of  Z  in  air,  then  the  ratio  between  the  drop-sizes  of  X 
ID  anj  mixture  of  Y  and  Z,  and  the  drop-dze  of  that  mixture  of  Y  and  Z  through  X,  ta 
greatest  when  the  ratio  betvAen  Y  and  Z  is  unitj. 

Laws  10  and  11  ma;  be  applied  to  qnantitatiTe  onsl^siB.  Thus,  a  mixture  of 
benzene  and  oil  of  turp^-ntine  causes  water  lo  assume  a  greater  or  leas  drop-aize,  accord- 
ing to  the  proportion  of  its  constituents.  It  is  easj  by  meana  of  the  atatagmometer  to 
detect  a  difference  of  one  per  cent,  in  the  proportion  of  either  of  the  ronatituenta. 

The  term  "bubble"  is  also  in  common  speech  applied  to  a  varietj  of  disajmilar  thinga. 
The  deflnilion  adopted  has  been  already  given  in  speaking  of  drops- 

In  measuring  the  size  of  a  drop,  the  barometric  pressure  is  found  to  have  little  ot 
no  influence.  In  the  case  of  bubblfla  it  forma  an  important  factor.  Also  the  tempera- 
lure  is  of  greater  iuBuence  with  bubbles  than  with  drops.  The  chief  points  of  interest 
with  r^ard  to  bubble-size  are  the  influences  of  change  in  the  chemical  nature  of  the 
gas  and  of  the  liquid  medium. 

The  chief  resalts  at  present  obtained  with  regard  to  bubble-sice  are  these: — 

15.  Erery  different  liquid  causes  the  same  gaa  which  bubbles  through  it  nnder  the 
like  conditions  to  asBams  a  different  bubble-sice. 

16.  If  the  bnbble-aize  of  a  gas  throngh  a  liquid.  A,  he  greater  tlian  its  bubble-size 
through  B,  tben  its  bubble-size  through  an;  mixture  of  A  and  B  ia  intennediate 
between  its  bubble-size  through  A  and  its  bubble-size  through  B. 

This  law  ia  quite  asalogoua  to  Idw  10.  Further,  the  aingnUi  eonnsdion  between 
drops  and  bubbles  is  ahown  in  the  following  law ; — ■ 

17.  If  the  liquid  A  haa  a  larger  drop-site  tlian  the  liquid  B  in  dropping  through 
the  gaa  C,  then  the  gas  C,  in  bubbling  through  the  liquid  A,  has  B  larger  babUe- 
aizr  than  in  bubbling  through  the  liqnid  B.  F.  O. 

STAWSAICTIh    See  Tih-risicl£s,  Osounc. 

•TAjnrATXI.    SaltBof  stuinioacid.     (See  Tix,  Oudbs  or.) 

aTAjnrSTKTK.    See  T1R-BISICU8,  Oboaioo. 

aXAXVXC  ACID,  (TAnia  OZXBM.     See  Tnr,  OxmM  or. 

STAJnrzw.    Syn.  with  ItH-pTBrnn  (;.«.). 

STA>  M  ITU.    Salts  of  atannons  oxide  (sae  Tm,  Oxntu  OP.) 

BTAW-aCBTHTK.     See  Tut-aiDiCLEa,  Obouhc 

■TAjnroTTs  Acxs,  axAwooa  oxmrn.    See  Tnr,  Oxidu  of. 
Sjn.  with  Tim. 

Syn.  with  AHDU,tr8iTX  (i.  291). 
A  genus  of  apocynaeeona  plants,  indigenons  at  the  Cape  of  Good 


.ope.  Biap^ia  AirttUa,  after  being  scratched  with  a  knife,  yields  a  limpid  gummy 
which  hardens  to  au  amorphous  mass  on  e^ramre  to  the  air,  and  contains  a 
BubetaDce  tolubls  in  water,  akohot,  and  ether.    (Bernap,  Bepert  Fharm. 


juice,  which  hardens  to  au  amorpbc 


3  ACZB.  A  peculiar  acid,  said  by  Hofacblager  (Brandes 
xii.  160)  to  exist  in  the  seeds  of  DdpAim'iim  Slaphuagria.  It  ia  described  as 
crystalline,  snblimable,  and  H  exertu^  an  emetic  action;  but  the  statemeots 
ing  it  are  Teij  doubtful. 


An  alkaloid  existing,  according  to  Couerbe  (Ann.  Ch. 
'2],  lii.  3fiS),  in  the  seeds  of  Ddphinium  Staphisngrui,  aud  constituting  the 
insoluble  io  ether,  obtained  in  the  preparation  of  delphinine  (ii.  310)  from  that 
''  '         " J  shdrp  taste,  nearly  insoluble  in  water 

abitl«r 
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Qyn.  with  Staphisaorike. 

STAB"  ft  lyiSM  OZIia  A  Yolatile  oil  obtained  from  the  seecUi  and  seed-capsules 
of  nicium  anisatumt  a  magnoliaceous  tree  indigenous  in  China  and  Japan.  It  nas  a 
pale-yellow  colour,  and  resembles  anise-oil  from  Pimpindla  Animm  (i.  297)  in  taste 
and  odour,  but  is  more  mobile,  and  remains  liquid  at  +  2°.  At  lower  temperatures  it 
deposits  a  camphor  or  stearoptene  identical  with  that  of  ordinary  anise-oil.  Star-anise 
oil  likewise  agrees  with  ordinary  anise-oil  in  nearly  all  its  reactions  ;  but,  according  to 
Limpricht  and  Bitter,  it  is  not  directly  converted  by  nitric  acid  into  anisol  and  anisic 
add,  but  yields  an  intermediate  product  which  they  designate  afl  aniwic  acid  (i.  304). 

STAmOB.  C«H"0»  or  C"H»0".  Fectda,  Amidin,  Amidon,  Amylum,  Matihe 
cmylaeU.  Starke,  Satsfnehl,  Kraflmehl,  (For  a  complete  list  of  memoirs  relating  to 
Starch,  down  to  1862,  see  Chndin'a  Handbook,  zy.  72.) 

QThis^bstance  is  yery  widely  difihsed  in  the  vegetable  kingdom,  occurring  in  yariable 
quantity,  for  a  time  at  least,  in  eyery  plant  that  has  been  examined.  It  is  especially 
abundant  in  certain  families  of  plants,  and  often  occurs  in  yerj  laree  quantity,  especially 
in  the  albumen  of  the  seed,  in  the  cotyledons  of  the  embiyo,  in  me  pith  of  stems  and 
stalks,  in  bulbs,  tubers,  rhizomes,  ana  roots;  also  in  the  bark  and  splint  of  trees  in 
the  winter  season;  sometimes  in  flowers. 

Staieh  is  formed  in  plants  only  when  the  nutriment  is  in  excess,  and  is  dissolved  and 
used  up  at  a  later  stage  of  the  vegetative  process,  when  the  nutriment  becomes 
deficient  (Pay  en);  it  is  probably  formed  from  yegetable  mucus  (Schleiden).  Before 
the  starch  appears  in  the  cells,  they  are  filled  with  a  granular  or  a  homogeneous  mass, 
the  development  of  which  is  slower  than  that  of  the  cell ;  so  that  it  spreads  itself,  in  a 
layer  of  varying  thickness,  over  the  inner  surface  of  the  cell,  enveloping  the  nucleus 
perhaps  already  present,  and  sometimes  spreading  in  a  thread-like  form  over  its  surface ; 
the  starch  is  most  frequently  formed  in  this  protoplasma,  more  rarely  on  the  surface  or 
in  the  interior  of  the  nucleus.     (Tr^cul,  Compt.  rend,  xlvii.  782.) 

The  following  table  exhibits  the  proportions  of  staieh  in  various  alimentary  sub- 
stances, as  determined  byKrocker  (Ann.  Ch.  Pharm.  lyiii.  212): 

Alimentary  .ub.tanc.  QjjyJ'ty  jJ^S^^  !n 

Pure  flour  of  Haricot-beans    .        •        •        .        .  99*96 

Wheat-flour,  No.  1 6521  6616 

„  No.  2 66-93  67-42 

No.  3 67-70  67-21 

Talavera  wheat 65*92  66*29 

Whittington 63*06  61*84 

Sandonier      „ 63*83  62*92 

Rye-flour,  No.  1 61*26  60-66 

„        No.  2 64*84  54*12 

„        No.  3 67*07  57-77 

Bye  {SecaU  cereale) 45*39  44*80 

„  (See.  car,  arundin) 47*71  47*13 

Oats 27*93  86*90 

„  Kamtschatka 39*55  40*17 

Barley-flour 64*63  64*18 

Barley 38*62  37*99 

„    Jerusalem 42*66  4203 

Buckwheat-flour 66  06 

Buckwheat 4380  44-45 

Maize-flour 77*74 

Maize 6688  66*80 

Millet 65*61  63*76 

Haricot-beans 37*71  37-79 

Peas 38-81  38*70 

Lentils 39*62  4008 

Potatoes  (air-dried) 23*20  22*80 

„ 1814  17*98 

„ 16-48  16*09 

PreparaHon :  1.  From  Tf^heat. — ^Wheat^  after  being  softened  in  cold  water,  is  pressed 
under  millstones  or  rollers,  or  in  bags  under  water,  as  long  as  milky  water  runs  off 
from  it.  This  liquid,  when  left  to  iuelf,  deposits  starch  containing  gluten  ;  the  latter, 
however,  dissolves  for  the  most  part  in  the  supernatant  liquid,  whi(£  gradually  turns 
sour:  and  on  decanting  this  add  liquid,  repeatedly  stirring  up  the  starch  with  fresh 
water,  and  leaving  it  to  settle,  it  is  at  length  obtained  pure,  and  may  be  dried  in 
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suitable  desiccating  chambers.  Or  wheat-flour  is  mixed  with  lour  to  five  volumes  of 
water,  and  |  to  ^  voL  sour  water  obtained  from  former  operations :  this  sets  up  a  fermen- 
tation, which  lasts  from  two  to  four  weeks,  according  to  the  temperature,  and  is  inter- 
rupted as  soon  as  the  nitrogenised  substances  are  decomposed  and  dissolved.  The 
seaiment  of  starch,  which  remains  at  the  end  of  a  fermentation,  is  repeatedly  washed 
with  water,  sifted,  and  dried  in  desiccating  chambers.  Starch  maj  be  freed  from 
gluten  by  means  of  cold  dilute  potash-ley  (Kirchhoff),  or  distilled  vinegar 
(Saussure) ;  from  pieces  of  fat  and  other  matter,  by  prolonged  treatment  with  cold 
water,  alcohol,  or  ether. 

2.  From  Potatoes. — ^Washed  and  rasped  potatoes  are  drenched  in  a  sieve  with  a  con- 
tinued stream  of  cold  water,  and  the  milky  liquid  which  runs  through  is  set  aside  for  a 
few  minutes,  till  the  heavier  impurities  have  settled  down,  and  then  left  to  stand  for  three 
or  four  hours  in  another  pan.  The  starch  which  collects  at  the  bottom  of  the  clear  liquid 
is  stirred  up  with  water,  poured  through  hair-sieves,  then  left  to  settle,  repeatedly 
washed  with  cold  water,  and  dried,  first  on  plates  of  gypsum,  afterwards  in  desfocating 
chambers.  The  starch  thus  obtained  is  purified  by  successive  washing  with  the 
following  liquids: — 1.  Cold  alcohoL — 2.  Water. — 3.  Water  containing  0*002  per  cent, 
hydrochloric  acid. — 4.  Water. — 5.  Water  containing  0*005  per  cent,  potash. — 6.  Water 
(Fayen).  After  this  treatment,  the  starch  contains  hydrcHchloric  acid  (Jacquelain, 
G-erhardt^  Traitl,  ii.  486),  but  may  be  purified  by  boiling  with  alcohol  containing 
0*1  per  cent,  hydrate  of  potash,  then  washing  with  pure  alcohol  and  with  water. 

8.  From  the  root-aprouU  of  Maranta  indica  and  M.  arundifiaoea :  American 
starch.  Arrowroot. — Mode  of  preparation  the  same  as  from  potatoes. 

4.  From  the  roots  of  Janwna  manihot:  Tapioca. — ^The  washed  and  bruised 
roots  are  pressed  in  bags  un<ler  water ;  the  starch  which  separates  from  the  mil^ 
liquid  is  mealy  tapioca  ;  after  drying  upon  hot  plates,  it  becomes  granular  tapioca  ; 
the  portion  of  the  pulp  which  remains  after  washing  and  pressing  is  spread  out  on 
iron  plates, -in  a  layer  one  or  two  inches  deep,  and  strongly  dried  into  cakes;  this  is 
Cassava-bread ;  when  pulverised  it  forms  Monjok  floury  and  when  again  heated  on 
iron  plates  till  it  swells  up,  Mandiokka.    (Sureau,  J.  Pharm.  xx.  622.) 

5.  Frpm  the  stems  qf  several  species  of  8a^us  and  Cycas:  Sago. — The  starch  is 
washed  out  of  the  pith  of  the  stems  on  sieves  in  a  stream  of  water,  then  left  to  settle, 
washed  on  cloths  or  mats,  rubbed  when  half  dry  through  metal  sieves;  and  when  thus 
granulated,  it  is  dried  at  about  60°  in  ovens  of  peculiar  construction. 

6.  Frpm  Sice. — Rice  is  heated  with  weak  soda-ley,  which  dissolves  the  nitrogenous 
impurities,  and  leaves  ^ure  starch ;  then  with  a  solutioti  of  bonu(,  cream  of  tartar,  or 
some  other  salts,  to  facilitate  the  separation  of  the  starch  from  gluten. 

7.  From  Horse-cheHnuts,  ^c. — The  same  method  as  in  2,  excepting  that  the  starch 
is  likewise  well  washed  with  aqueous  sodic  carbonate  to  remove  the  bitter  principle 
(Flan din,  Compt  rend,  xxvii.  349);  or  merely  with  water,  like  potato- starch. 
(Be Hoc,  ibid,  xxviii.  83.) 

For  details  on  the  manufacture  of  Starch,  see  Ure^s  Dictionary  of  Arts,  &c., 
iii.  745. 

Properties. — Starch  is  a  white  shining  powder,  soft  to  the  touch,  grating  between 
the  fingers  or  the  teeth,  sometimes  consisting  of  amorphous  masses,  but  more  frequently 
of  granules  recognisable  by  the  microscope.  These'  eranules,  of  various  diameter 
[from  j^to^of  a  line  (Frit2Sche),from'185  to*002  miUimetre  (Pay  en)],and  various 
form,  have  commonly  a  small  eccentric  nucleus,  surrounded  by  layers  arranged  concen- 
trically one  over  the  other.  These  envelopes  ilicrease  by  the  successive  deposition  of  new 
layers  within  the  old  ones,  so  that  each  layer  is  younger  and  less  compactly  aggregated 
than  the  one  which  immediately  surrounds  it;  and  since  thd  layers  are  for  ue  most 
part  of  variable  thickness,  they  cause  the  granule  to  deviate  gradually  in  form  from  the 
originally  spherical  nudeus,  and  assume  for  the  most  part  an  ovoid  form.  According  to 
HiMchke,  the  starch-granules  appear  like  bundles  of  three  to  six  concentric  bladders, 
with  light  and  dark  rings,  the  light  rings  being  formed  of  insoluble,  the  dark  of 
soluble  starch,  and  enclosing  the  central  cavity  of  the  innermost  bladder,  which  is 
either  empty,  or  filled  with  liquid  amylone. 

The  fcjlowing  table  exhibits  the  greatest  diameter  of  several  kinds  of  starch-granules, 
according  to  Payen : — 

starch  tram :  Millimetre. 

Large  Bohan  potatoes 0*185 

Menispsrmumfenestratum  (colombo-root)        .        .        .        .        *180 

Bhixomes  of  Conna  ^]^afi^ '175 

„        „  Canna  discolor *150 

„        „  Maranta  arundinaeea  (arrowroot)        ...        -140  *j 

Various  kinds  of  potato   ........        '140 

Bulbs  of  the  lily -115 

TvAicn  of  OxaUs  crenata «        -100 
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Stem  of  a  very  large  Eehinoeacius  erinaceus  (imported)    .        .  *076 

Sago '070 

Broad  beans *075 

Lentila '067 

Haricot-beans "OGS 

Peas '060 

Grain  of  white  wheat '050 

Fresh  pith  of  sago-tree  {C^cadea) *046 

Hjacinth-bnlbs -     .  .        .  *045 

Tabers  of  Spanish  potato  (Batatas  edtdia)        ....  *045 

Conns  of  Orchis  lattfolia  and  0,  hifolia *045 

Maize  (white/yellow,  and  Tiolet) *080 

Fruit  of  Chinese  sugarcane  (Sorghum  saccharatwn) .  .  '030 

Qiem  oi  Cactus  peruvianus *030 

Seeds  of  Naias  major *030 

Stem  of  Cactus  pereskia  grandiflora *0226 

Seeds  of  Aponogeton  distachyum *0226 

Stem  o!  Ginkgo  hiloba(Salisburiaadianthifolia)       .        .        .  '022 

„         Cactus  brasiliensis      .......  '020 

Trvdt  oS  Panieum  italicum  .        .        *        .        .   '     .  '016 

Half-grown  seeds  of  iVatiaw  ffU|;or *016 

ToUvn  of  Globba  nutans '016 

Btem  of  Cactus  flagdliformis *016 

„        Eehinocactus  erinaceus  (jgroyirn  mhoihouae) ,        .        .  *012 

"Pollen  of  Rupia  maritima *011 

Stem  of  Opuntia  tuna  and  Ficus  indica    .....  '010 

„        Opuntia  curassavica '010 

Fhiit  of  Panieum  miliaoeum  (millet) *010 

Stem  of  Cactus  manvmUaria  discolor *008 

"B^A  of  Aglanthus  glandulosa '008 

Stem  of  Oxctus  serpentinus *0076 

Parsneps '0076 

Pollen  of  Ncaas  major *0076 

Stem  of  Cactus  monstruosus '006 

Seeds  of  beetroot '004 

„        Chenopodium  Qyinoa '002 

The  specific  gravity  of  starch  is  1-606  at  19'7^  (Pay  en).  When  pare  it  is  neatral, 
and  has  neither  taste  nor  smelL  It  may  be  dried  completely  in  a  Tscntmi  at  100°,biit 
at  ordinary  temperatores  it  always  retams  a  certain  quantity  of  water  (from  12  to  18 
per  cent.)  mechanically  interposed  between  the  granules. 

Starch  heated  to  160^  is  converted  into  dextrin  (ii.  818) ;  firsts  however,  according  to 
Haschke,  into  the  soluble  modification  of  starch  mentioned  below. 

By  dry  distillation  it  yields  carbonic  anhydride,  gaseous  hydrocarbons,  water,  acetic 
acid,  and  empvreumatic  oil,  and  leaves  a  porous  cinder.  In  the  open  fire  it  softens, 
swells  up,  evolves  choking  vapours,  and  at  last  bums  with  a  bright  flame. 

It  is  oxidised  slowly  by  oxygen,  more  quickly  by  otonisid  air,  vielding  but  little 
carbonic  anhydride.  Bv  distillation  with  manganic  peroxide  and  duute  sulphuric  add, 
it  yields  carbonic  anhydride,  aqueous  formic  add,  and  furfurol. 

Starch,  so  long  as  it  retains  its  natural  state  of  aggregation,  is  insoluble  in  toater, 
alcohol,  and  ether ;  but  when  it  is  placed  in  contact  with  hqt  water,  the  water  pene- 
trates between  the  difierent  layers  of  which  the  granules  are  composed,  swelling  them  up, 
and  forminff  a  gelatinous  mass  known  as  starch-paste,  and  used  for  stiffening  linen, 
&c.  If  this  paste  be  largely  diluted  with  water,  the  swollen  starch-granules  slowly 
subside,  whilst  a  certain  quantity  of  amylaceous  matter  remains  in  solution. 

When  water  into  whicn  one  or  two  hundredths  of  starch  has  been  introduced  is 
heated  to  boiling,  the  grains  swell,  and  disintegrate  till  they  appear  to  be  dissolved  in 
die  water ;  but  on  exposing  the  liquid  to  a  temperature  below  0^,  the  water  freezes, 
and  the  starch,  recovering  a  certain  degree  of  aggregation,  separates  from  the  liquid  in 
the  form  of  small  pellicles. 

When  starch  is  boiled  under  pressure  at  about  160°,  with  from  6  to  16  times  its 
weight  of  water,  a  thin  solution  is  obtained,  which  may  be  filtered  from  the  insoluble 
portion ;  this  liquid,  as  it  cools,  deposits  minute  spherical  granules,  which,  when  dried, 
nave  the  whiteness  of  starch  without  its  glistening  aspect.  These  granules  are 
slightly  soluble  in  cold  water,  but  are  readily  dissolv^  when  the  water  is  heated  to 
70^  or  upwards.  This  soluble  starch,  which  is  distinguished  from  dextrin  (ii.  312) 
by  being  turned  blue  by  iodine,  and  by  possessing  a  greater  dextro-rotatory  power 
( M 211° according  to  B6champ,  whereas  that  of  dvxtrinis  176°),  is  likewise  produced 
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from  common  starch  by  the  action  of  diastase  at  ordinary  temperatures ;  by  beating  it 
for  a  certain  time  witn  dilute  etdjphuric  acid ;  by  heating  with  glacial  acetic  acid  in  a 
sealed  tube,  or  with  strong  nitric  acid  till  red  vaponrs  begin  to  pass  off;  by  boiling 
with  chloride  ofeinc ;  and  by  trituration  for  a  short  time  in  the  cold  with  atrotiff  eutphuric 
add.  If,  however,  the  action  of  the  diastase  takes  place  at  a  temperature  of  66^ — 80^ 
(it  is  completely  interrupted  by  boiliug),  or  if  the  heating  with  dilute  acids  be  con- 
tinued beyond  a  certain  time,  the  starch  is  converted  into  dextrin,  and  ultimately  into 
dextrogluooee. 

Starch  is  also  converted  into  dextrin  and  sugar  by  boiling  with  aqueous  oxalic  or 
dilute  acetic  acid ;  by  contact  with  gluHn  at  a  moderatelv  high  temperature,  also  by 
contact  with  ealiva ;  into  sugar  also  by  contact  with  beer-yeatt,  and  with  various 
animal  substances — ^viz.,  pancreatic  juiee^  gelatin^  mucous  membrane^  urine,  bUe^  sper- 
matic  fluid,  blood-serum^  aniTnal  tissue,  and  by  watery  infusions  prepared  at  40°  from 
the  heart,  brain,  lungs^  liver,  kidneys,  spleen,  and  muscles.    (Gm.  xv.  92.) 

On  the  conversion  of  starch  into  dextrin  and  sugar,  see  also  Musculus  (Compt. 
rend.  liv.  194  ;  Ann.  Ch.  Phys.  [3],  Ix.  203 ;  Jahresb.  1860,  p.  602 ;  1861,  p.  717.) 

Starch  dissolves  in  glycerin  when  heated  therewith  for  a  considerable  time,  and  is 
precipitated  in  the  soluble  modification  by  addition  of  alcohol  to  the  solution.  (W. 
Kabsch,  Zeitschr.  anaL  Chem.  ii.  216.) 

Starch  triturated  in  the  cold  with  oil  of  vitriol,  is  converted  successively  into  soluble 
starch,  sulphamidonic  acid,  dextrin,  and  sugar. 

WiUi  nitric  add,  starch  yields  various  products,  according  to  the  strength  of  the 
acid,  the  temperature,  and  the  duration  of  the  action  : 

a.  Gold  concentrated  nitric  acid  (specific  gravity  b  1'62)  dissolves  starch  without 
evolution  of  gas;  water  added  to  the  solution  precipitates  xyloi'din  or  nitramidin, 
C'H*(NO^)0*,  as  a  white  powder  fBraconnot,  Pelouze).  If  water  is  added  imme- 
diately, nothing  remains  dissolvea ;  but  if  the  solution  is  allowed  to  stand,  it  gives 
with  winter  less  and  less  s^lo'idin,  and  at  last  none,  while  a  substance  resembling 
saccharic  acid  remains  in  solution.     (Pelouze,  Compt.  rend.  vii.  713.) 

b.  If  starch  is  mixed  with  its  own  weight  of  concentrated  nitric  acid,  and  twice  its 
weiffht  of  ordinary  nitric  acid  (2NHO'.3H'0),  and  aUowed  to  stand  for  24  or  30  hours 
at  the  mean  temperature,  or  if  it  is  mixed  with  enough  common  nitric  add  to  form  a 
thick  mud,  and  heated  in  the  water-bath  until  red  fumes  are  evolved,  unorganised 
insoluble  starch  is  at  first  produced,  then  starch  soluble  in  hot  water,  and  lastly  starch 
soluble  in  cold  water  (B^ champ). — Starch  that  has  been  moistened  with  ^  per  cent, 
nitric  acid  and  water,  and  then  allowed  to  dry  spontaneously,  yields  dextrm  when 
heated  (Pay en).  A  mixture  of  starch  with  2  per  cent,  nitric  acid  and  4  per  cent, 
water,  dried  at  first  in  the  ahr,  afterwaids  in  a  water-bath,  gives,  with  6  parts  of  warm 
water,  a  solution  which  solidifies  to  a  jelly  like  lichenin  on  cooling,  and  gives  sugar 
when  boiled  with  acids.    (Mitscherfich,  Pogg.  Ann.  Iv.  121.) 

c.  Hot  nitric  add,  either  concentrated  or  dilute,  employed  in  excess,  evolves  nitrous 
gas  and  forms  oxalic  add,  together  with  malic  ana  acetic  acids. — Nitrio  peroxide 
acting  on  starch  neither  evolves  gas  nor  produces  oxalic  add.  (B  o  uij  s -Ballot,  J.  pr. 
Chem.  xxxi.  211.) 

A  mixture  of  strong  nitric  and  sulphwrie  adds  converts  starch  into  an  explosive  com- 
pound, analogous  to  or  identical  with  gun-cotton  (DeVrij,  Compt.  rena.  xiL  120). 
According  to  B^champ  (Ann.  Ch.  Phys.  [3],  Ixiv.  322),  the  product  consists  of 
nitroxyloidin  or  dinitramidin,  C^*(NO')H>*. 

Chlorine-gas,  either  dry  or  moist,  does  not  act  upon  starch  either  at  ordinary  tempe- 
ratures or  at  100° ;  when  starch  is  exposed  under  water  to  the  action  of  chlorine  for 
eight  hours,  only  ^is  decomposed,  with  evolution  of  carbonic  anhydride  (Lie big). — 
Starch  distilled  with  hydrocklorie  acid  and  manganic  peroxide  yields,  among  other 

groduct8»  trichlorinated  acetic  aldehyde  (chloral)  and  pentachlonnated  propionic  aide- 
yde. 
When  bromine-water  is  added  to  a  solution  of  starch  in  dilute  hydrochloric  add,  an 
orange-yellow  powder  is  formed,  consisting  of  a  compound  of  starch  with  bromine, 
which,  however,  cannot  be  dried  without  loss  of  bromine. 

6tarch-paste  is  coloured  deep-blue  by  an  aqueous  solution  of  iodine,  or  by  mixing  it 
with  solution  of  potassic  iodide,  and  then  adding  a  drop  of  chlorine-water,  nitrous  add, 
sulphuric  acid,  &c.,  to  set  the  iodine  free.  ^Diis  blue  coloration,  which  affords  an 
extremely  delicate  test  either  for  starch  or  for  iodine,  is  due  to  the  formation  of  a 
loose  combination  of  starch  and  iodine,  or  perhaps  to  the  mere  mechanical  precipita- 
tion of  the  iodine  upon  the  starch,  inasmuch  as  it  is  destroyed  by  alcohol,  potash, 
snlphydric  add,  and  in  general  by  all  liquids  which  take  up  the  iodine.  Th&  liquid 
may  also  be  decolorised  by  ebullition,  whereby  the  iodine  is  volatilised ;  if,  howoyer, 
the  boiling  be  not  continued  for  a  suifident  time  to  volatilise  the  whole  of  the  iodine, 
the  blue  colour  reappears  as  the  liquid  cools.  When  potato-starch  is  powdered  in  a 
mortar  with  cold  water,  the  filtered  liquid  is  coloured  blue  by  iodine ;  this  effect  is  not 
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obseired  with  wheat-starch,  the  grains  of  which,  being  smaller,  are  not  crushed  under 
the  pestle  (Redwood,  Kopei-t.  Phurm.  [3],  xxxix.  84).  Respecting  the  various  circum- 
stances which  affect  aud  modify  the  blue  colour,  see  Gmelin's  Handbook^  xv.  97. 

Starch  slowly  absorbs  yltion^^c;  of  barony  becoming  liquid,  but  without  coloration. 

Starch  heated  with  five  times  its  weight  of  potassic  hydrate  and  a  little  water,  gives  off 
hydrogen  at  a  temperature  much  below  redness,  and  forms  potaseic  oxalate  (Oay- 
Lussac).  By  digestion  with  potash-ley  for  twelve  hours,  at  50°  or  60°,  it  is 
converted  into  dextrin  (Pay  e  n).     Soda  acts  in  like  manner. 

Starch-paste  yields,  with  baryta-  and  liuu-water,  precipitates  consisting  of  com- 
pounds called  Amilate  of  barium  or  calcium.  A  dilute  solution  of  starch,  mixed 
with  ammoniacal  acetate  of  lead,  yields  a  precipitate  of  plumbic  amilate^ 
C'«H'"Pb''0'*.Pb"0. 

According  to  Blondeau  (Compt  rend.  lix.  403),  starch  unites  with  arnmoniai, 
forming  the  compound,  C'H'*0\!NH'  called  amidia,  which  acta  like  a  weak  base, 
uniting  with  acida,  but  is  not  capable  of  decomposing  metallic  salts. 

The  aqueous  solution  of  starch  is  precipitated  by  tannic  acid. 

Estimation  and  Separation  of  Starch, — The  following  method  of  estimating  starch 
in  vegetable  organs,  &c.,  given  byDragendorff  (Jahresb.  1862,  p.  631),  depends  upon 
the  insolubility  of  starch  in  alcoholic  potash,  and  ita  solubility  in  diastase  and  when 
heated  with  dilute  acids.  Two  or  three  grains  of  the  substance  dried  at  100°,  and 
pulverised,  are  mixed  with  26  to  30  Rrains  of  a  solution  of  6  to  6  pta.  potassic  hydrate 
in  94  to  96  pts.  of  absolute  aloohoi,  and  digested  at  100°  for  18  to  30  hours  in  a 
sealed  tube  (or  a  flask  which  can  be  closed  airtight! ;  and  the  contents  are  thrown,  while 
still  hot,  on  a  weighed  filter  and  thoroughly  wasned,  first  with  hot  absolute  alcohol, 
then  with  cold  spirit  of  ordinary  strength,  and  finally  with  distilled  water  mixed 
(in  the  case  of  gummv  substances)  with  a  small  quantity  of  alcohol.  The  filter,  with 
its  contents,  is  dried,  first  at  60°,  then  at  100°,  and  weighed.  The  difference  between 
the  weight  thus  obtained  and  that  of  the  original  substance  gives  the  quantity  of  pro- 
tein-su^tances,  fiit,  sugar,  and  part  of  the  svlts  present.  The  residue,  together  with 
the  filter  cut  in  pieces,  is  next  heated  with  water  containing  6  par  cent,  hydrochloric 
acid,  till  a  sample  is  no  lo^iger  turned  blue  by  solution  of  iodine ;  and  the  residue 
separated  &om  the  acid  liquid  is  washed,  dried  at  1 00°,  and  weighed.  The  loss  of  weight 
thus  fau^d  gives  very  nearly  the  quantity  of  starch  in  the  substance  under  examination. 
Any  minenu  substances  insoluble  in  potash,  alcohol,  and  water,  but  soluble  in  hydro- 
^oric  add,  thi^t  would  introduce  an  error,  may  be  estimated  by  evaporating  the  acid 
liquid  to  diyness,  and  incinerating  the  residue  at  as  low  a  temperature  as  possible. 
This  error  may  also  be  avoided  bv  extracting  the  starch  with  concentrated  extract  of 
malt  at  66°,  instead  of  acidulated  water.  ^  the  case  of  substances  which  contain  a 
large  quantity  of  mucus,  it  is  best  to  perform  the  extraction  with  a  concentrated 
solution  of  common  salt  slightly  acidulated  with  hydrochloric  acid,  and  wash  the 
insoluble  residue  with  weak  spirit. 

The  residue  left  after  the  extraction  of  the  starch  containa  ceUuloee,  mucUB»  lignin^ 
cuticula,  and  cork-substance,  the  last  four  of  which  may  be  separated  from  the  cellu- 
lose by  digestion  with  chlorate  of  potassium  and  dilute  nitric  acid. 

Starch  may  also  be  estimated  by  converting  it  into  glucose,  and  determining  the 

Quantity  of  that  product  For  this  purpose  Siegert  (Jahresb.  1865,  p.  743) 
igestsone  gramme  of  the  air-dried  substance  (potatoes  for  instance)  with  60  c.c.  water 
and  2  grammes  oil  of  vitriol  on  the  water-bath  for  two  hours ;  then  dilutes  to  100  cc., 
and  again  warms  50  cc.  of  the  filtered  liquid  with  4  grammes  of  sulphuric  acid  to  96° 
for  seven  or  eight  hours.  The  sugar-solution  thus  obtained  is  then  made  up  to  100  c.c. 
with  water,  or,  if  very  much  coloured,  with  basic  acetate  of  lead,  and  the  amount  of 
sugar  is  determined  with  an  alkaline  cupric  solution  in  the  usual  way  (ii.  866). 

Starch  immersed  in  a  saturated  solution  of  bromide  or  iodide  of  potassium  swells  up 
to  a  pasty  mass  of  20  to  30  times  its  original  volume,  which  dissolves  in  water,  leaving 
only  a  very  small  quantity  of  membrane ;  and  on  adding  iodine -water  to  the  solution, 
the  blue  compound  of  starch  and  iodine  is  precipitated  in  fiocka.  Ab  cellulose  is  not 
affected  by  bromide  or  iodide  of  potassium,  these  salts  may  be  employed  for  detecting 
and  separating  starch  in  vegetable  tissues.    Dilute  solutions  act  less  strongly. 

Animal  Starch  (?) — A  substance,  supposed  to  be  starch,  has  been  observed  in  certain 
partfi  of  the  aninial  body.  Granules,  which  after  being  moistened  with  oil  of  vitriol 
turn  blue  on  addition  of  iodine,  occur  in  the  brain,  and  formations  of  similar  character 
occur  in  the  spleen,  liver,  kidneys,  and  mucous  membranes  in  certain  states  of  disease, 
and  in  small  quantity  even  in  heidth.  This  substance,  however,  is  not  true  starch,  as  it 
contains  nitrogen,  and  does  not  yield  sugar  when  heated  with  dilute  acids. 

Glycogen^  the  sugar-forming  substance  of  the  liver,  has  the  same  composition  as  starch 
(ii.  906). 
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BTJkMSf  BVBCTBA  OV.    See  Sfectbal  Analysis  (p.  394^ 

ST AS8V  U  JtTHa'l'lS.  A  borato-chloride  of  magnesiniii,  occurring  in  the  salt- 
beds  of  Stassfnrth  near  Magdeburg,  in  masses  having  a  microcrystalline  stmctore : 
hardness  «  4  to  5,  and  speojfic  gravity  »  2*913.  Contains,  according  to  the  mean  of 
recent  analyses  by  Heintz  and  Ludwig,  8*20  per  cent,  chlorine,  2-77  magnesium,  26'24 
magnesia,  60'82  boric  anhydride,  and  1-97  water,  agreeing  nearly  wiSi  the  formula 
Mg*Cl«.2(3Mg''0.4B«0»)   +  4  aq.     (RammeUber^s  Minerdckemie,  p.  266.) 


A  genus  of  plumbaginaceous  plants,  growing  in  the  neighbourhood  of 
the  sea  or  of  salt-springs,  and  containing  considerable  quantities  of  common  salt.  100 
pts.  of  Statiee  Gmkini,  air-dried,  yield  7*7  per  cent,  ash,  of  which  11*5  per  cent  ore 
soluble  in  water,  and  88*5  per  cent,  insoluble.  8t.  swffruHcosa  yields  6'7  per  cent, 
ash,  of  which  45*76  per  cent,  is  soluble  in  water.  The  soluble  portions  of  the  two 
contain,  in  100  pts. : 

KSSCM.  Nft<SO«.  NaCI.       NaSCO^.         NaHO. 

Statiee  Gmelini      .        22*2  29*7  290  7*0 

Statiee  suffruticosa  18*4  24*8  460  2*7  12 

BTiLmtOZiZTB.  Siaurotidey  Granatite,  Oroisette,  Pierre  de  Croix,  Schorl 
crueiforme  grhiaUte, — ^Thcse  names  are  applied  to  certain  silicates  of  alum  nium 
occurring  in  trimetric  crystals,  often  forming  cruciform  groups,  on  the  St  Gothard,  in 
the  Ural,  and  other  localities.  Staurolite  from  the  St  Gothard  has  the  composition 
4Al«0».3SiO« ;  that  from  Airolo,  in  Tessin,  is  10Al*O«.9SiO«;  thatfeom  Polewskoi,  in 
the  Ural,  is  8Al«0«.9SiO«;  that  from  Bretagne  is  5Al»0».6SiO«.  (See  Silicatbs,  p.  266 ; 
also  Dana,  ii.  261;  Bammelsberg,  p.  667.) 

The  name  staurolite  is  also  used  as  a  synonym  of  harmotome. 

BTAimoSCOPB.  An  optical  instrument,  invented  by  F.  v.  Kobell,  for  ex- 
amining the  polarising  structure  of  crystalline  bodies.  (Fogg.  Ann.  xcv.  320 ;  J.  pr. 
Chem.  Ixiv.  389.) 

Syn.  with  Staubolitb. 

C»»H»'NO    -   N I  ^*^'*^.— Obtained    by   heating    ethyUc 

stearate  with  alcoholic  ammonia  for  20  to  26  days  in  a  sealed  tube  immersed  in  a 
salt-bath,  and  purified  by  recrystallisation  from  hot  alcohol  and  repeated  washing 
with  cold  ether.  After  melting  it  solidifies  at  107*6^.  (C ar let,  Bull.  SocChim. 
[1869],  i.  76.) 

WTMAMAMTLXDWL    Phenyl-stettramide,    C*«H«>NO  »  N  J    G*H*  .—When  an 

excess  of  aniline  is  distilled  over  stearic  add  heated  to  230^  in  an  oil-bath,  the  whole 
of  the  stearic  acid  is  converted  into  anilide.  The  product  is  purified  by  repeated 
czystallisation  from  alcohol : 

C»*H~0*  +  C«H'N  -  C"H«NO  +  H«0. 

It  forms  white,  delicate,  shining  needles,  melting  at  93*6^,  and  solidifying  to  a  mass 
of  radiated  cijstals. — ^An  aloohdic  solution  does  not  precipitate  nitrate  of  silver. 

See  SniABOKB. 


The  fat  contained  in  the  wool  of  Merino  sheep  is,  according  to 
Ghevreul  (J.  Fharm.  xxvL  123),  a  mixture  of  a  more  liquid  fat,  elaerin,  and  a 
more  solid  fat,  stearerin.  This  latter  melts  at  60°,  and  dissolves  only  in  100  pts. 
alcohol  of  specific  gravity  0*806,  whereby  it  may  be  separated  from  the  much  more 
soluble  elaerin.  When  treated  with  strong  potash-ley,  it  yields  a  ealt,  stearerateof 
potassium,  which  is  more  like  a  resin-salt  than  a  true  soap.  The  fat  is  probably 
only  a  mixture. 

BTMAMIO  ACD.    C"H»«0«  =  ^*^*^  I  O.—Jcide  stSarique,  Acide  margareux, 

Talgedure.  (Ghevreul,  Ann.  Ghim.  Ixxxviii.  226:  Ann.  Gh.  Fhys.  [2],  ii.  364 ;  xxiii. 
19;  Becherches  eur  les  corps  grae, — Braconnot,  Ann.  Ghim.  xciii.  260. — Bedten- 
baisher,  Ann.  Gh.  Fharm.  xxxv.  46. — Bromeis,  ibid,  xxxv.  86;  xxxvii.  303. — 
Stenhouse,  ibid,  xxxvi.  67. — ^Erdmann,  J.  pr.  Ghem.  xxv.  497. — ^Francis,  Ann. 
Gh.  Fharm.  xlii.  266. — Gottlieb,  ibid.  Ivii.  36. — Laurent  and  Gerhard t,  ibid. 
Ixxii.  272.— Hardwick,  Ghem.  Soc.  Qu.  J.  ii.  232.— Growder,  Fhil.  Mag.  [4],  iv. 
21. — Heintz,  see  references  under  Mtbjstic  Acid,  iii.  1069. — ^Berthelot,  Ann.  Gh. 
Fhys.  [3],  xli.  216,  432;  xlvii.  297-— Febal,  Ann.  Gh.  Fharm.  xci.  138.— Gm.  xvii. 
108.) 
Stearic  acid  was  disooyered  by  Ghevreul  as  a  constituent  of  the  more  solid  fats  of 
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the  animal  kingdom.  It  ia  most  abundant  in  these,  espedally  in  beef-  and  mutton- 
snet;  but  exists  ^so,  together  with  palmitic,  myristic  acid,  &c.|  in  the  softer  &ts,  such 
as  the  butter  of  cow*b  milk,  human  fat,  in  that  of  the  goose,  of  serpents,  of  cantharides, 
and  in  spermaceti.  It  occurs  also  in  vegetable  fats,  especially  in  cacao-fat;  less 
abundantly  in  olive-oil,  in  the  fatK>il  of  black  mustard,  in  me  fat  of  Brindonia  indica, 
and  many  others.  The  stearophanie  acid,  prepared  by  Francis  from  the  hemes  of 
Coceulus  indictts,  and  the  bassic  acid,  obtained  by  Hardwick  from  bassia-oil,  hare 
been  shown  by  Crowder  to  be  identical  with  each  other,  and  by  Heintz  to  be 
identical  with  the  stearic  acid  obtained  from  mutton-suet.  Stearic  acid  appears,  then, 
to  be  a  frequent  constituent  of  fats,  both  of  the  animal  and  of  the  vegetable  kingdoms ; 
it  rarely,  however,  occurs  in  the  free  state,  but  almost  always  as  a  elyccride,  viz.  in  the 
form  of  tristearin  (p.  422).  In  the  £&t  of  cocculus-grains,  part  of  Uie  stearic  acid  is  in 
the  free  state. 

I^eparaiion, — Stearic  acid  is  prepared  from  beef-  or  mutton -suet,  or  better  from 
cacao- fa t,bv  saponifying  the  fat  with  soda-ley,  heating  the  soap-paste  with  water 
and  dilute  sulphuric  acid,  removing  the  separated  fatty  adds  after  cooling,  washing 
them  with  water,  and  then  dissolving  them  in  as  small  a  quantity  as  possible  of  hot 
aloohoL  On  cooling,  the  greater  psrt  of  the  solid  acid  separates  out,  while  the  oleio 
add  remains  in  solution ;  and  may  be  senarated  by  subjecting  the  mass,  aft»r  draining, 
to  strong  pressure,  redissolving  the  residue  in  a  small  quantity  of  hot  alcohol,  leaving 
it  to  separate  by  cooling,  and  again  pressing  the  solid  mass.  From  the  mixture  of 
solid  fatty  adds  thus  obtained,  the  stearic  acid  may  be  separated,  in  a  comparatively 
pure  state,  by  repeated  dystallisation  from  considerable  quantitieB  of  alcohol,  only  the 
portion  which  first  se{>arates  beins  each  time  selected.  But  to  obtain  pure  stearic 
add,  it  is  better  to  subject  the  alcoholic  solution  of  stearic  and  palmitic  adds  to  frac- 
tional predpitation  with  acetate  of  lead,  barium,  or  magnesium,  the  steaiate  then 
separating  out  first 

For  this  purpose  Heintz  dissolves  the  impure  stearic  add  (4  pts.),  melting  at  about 
60^,  in  such  a  quantity  of  hot  alcohol  that  nothing  will  separate  out  on  cooling,  even 
to  0°,  and  mixes  the  hot  liquid  with  a  boiling  alcoholic  solution  of  magnesia  acetate 
(1  pt).  The  magnesium-salt  which  separates  on  cooling,  is  pressed  and  boiled  for 
some  time  with  a  large  quantity  of  dUute  hydrochloric  add,  and  the  stearic  acid 
thereby  separated  is  repeatedly  crystallised  from  alcohol,  till  it  melts  constantly 
between  69^  and  7(P. 

Stearic  add  is  also  easily  prepared  from  stearophanin  (?  tristearin),  the  fat  of 
cocculus-berries,  by  saponifying  it  with  potash,  salting  out  the  soap,  decomposing  it 
with  hydrochloric  add,  and  crystallising  the  separated  fat  from  alcohol.  The  fatty 
add  is  thus  obtained  in  small  needles,  melting  at  68° :  probably  not  quite  pure  stearic 
add. 

According  to  Buff  and  Oudemanns  (J.  pr.  Chem.  Ixzxix.  215),  the  best  material 
for  the  preparation  of  stearic  add  is  shea-butter,  which  contains  about  70  per  cent, 
stearic  ana  30  per  cent,  oleic  add,  but  no  other  solid  &tty  add. 

On  the  huge  scale,  impure  stearic  acid  is  prepared  for  the  manufacture  of  stearin-candles 
by  saponifying  some  of  the  harder  fats,  generally  with  lime.  The  resulting  lime-soap, 
decomposed  by  sulphuric  add,  yields  a  mixture  of  fatty  adds,  which  are  pressed  first 
in  the  cold,  and  afterwards  at  a  higher  temperature,  in  order  to  separate  the  oleic  add 
from  the  less  fusible  palmitic  and  stearic  acids. 

Another  method,  applied  chiefly  to  palm-oil,  consists  in  decomposing  the  fSat  with 
superheated  steam,  as  described  under  Gltcebin  (ii.  885). — A  third  method  consists 
in  treating  the  fat  with  sulphuric  add  and  distilling  the  prodpct.  When  a  hot  £it  is 
brought  in  contact  with  strong  sulphuric  add,  it  is  immediately  resolved  int« 
fiitty  acid  and  glycerin,  which  unites  with  the  sulphuric  add,  forming  glyceiyl- 
sulphuric  acid.  In  the  original  process,  patented  bv  Gwynne,  Wilson,  and  Jones,  37 
per  cent,  sulphuric  add  of  60^.  Bm.  was  introducea  into  the  hot  fat,  and  the  mixture 
was  heated  for  24  hours  to  90° — 92°.  It  was  soon  found,  however,  that  the  quantity 
of  sulphuric  add  might  be  considerably  diminished  (5  to  9  per  cent  being  sufficient  for 
many  fiits),  provided  the  temperature  was  raised  proportionately  higher  (to  155°  when 
the  quantity  of  sulphuric  acid  was  small).  (For  details  of  the  stearin-candle  manu- 
facture, see  Ur^a  victknary  ofArU,  &c.,  iii.  754 ;  C^enUeal  Ttchnoiogy^  vol.  i.  part  ii. 
p.  432;  Handto.  d.  Chem,  viii.  201.) 

ProperiieB. — Pure  stearic  add  crystallises  from  alcohol  in  nacreous  laminn  or 
needles;  it  is  tasteless  and  inodorous,  and  has  a  distinct  add  reaction  (Chevreul, 
Heintz).  At  low  temperatures  it  is  heavier  than  water,  having  a  specific  gravity  of 
1*01  at  0°  (S  a  us  sure);  but  between  9°  and  10°,  its  specific  gravity  is  the  same  as 
that  of  water.  It  melts  at  69° — 69*2°  (Heintz)  to  a  colourless  oil,  which  on  cooling 
solidi^es  to  a  white*  scaly,  crystalline   mass,  lamino-crystalline   on  the  recently- 
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fnctnTed  surfaces.  The  impure  acid  solidifies  in  masses  of  acicular  or  wavellitic 
structare.  The  melting-point  was  found  by  Chevreul  to  be  75°  (solidifying-point  70°), 
by  Dufljr  68°  (solidi^ing-point  66-8°),  by  Stenhouse  69°;  by  Redtenbacher,  Kopp, 
and  others,  70° ;  by  Hardwick,  70*5°  Pebal  found  that  the  purest  acid  molted  at 
69-2° 

When  stearic  acid  is  melted  with  more  fusible  fatty  acids,  the  mixture  fuses,  not 
at  the  medium  fiising-point,  but  mostly  at  a  lower  temperature,  often  even  below  that 
of  the  most  ftisible  acid  in  the  mixture :  this  phenomenon  is  similar  to  that  which  is 
exhibited  by  many  metallic  alloys,  as  of  lead  with  tin,  or  with  tin  and  bismuth.  The 
following  tables  exhibit  the  melting-points  and  modes  of  solidification  of  mixtures  of 
stearic  acid  with  lauric,  myristic,  and  palmitic  acids,  in  various  proportions,  as  de- 
termined by  Heintz : 


A  mixture  of: — 


1.  Stearic  aful  Laurie  Acids, 


Stearleaeld. 

Laurie  add. 

Melta  at 

Modeofiolldifytiig. 

10 

90 

41-5° 

Non-ciystalline 

20 

80 

88-5 

Non-crystalline,  warty 

Small  shining  crystalUne  faeets  on  the  surface 

30 

70 

43-4 

40 

60 

50-8 

Warty,  non-crystalline 

50 

50 

55-8 

Scarcely  crystalline,  slightly  granular 
More  distinctly  granular;  commencement  of 
scaly  crystallisation 

60 

40 

590 

70 

30 

620 

Somewhat  more  distinctly  gnmulo-sealy 

80 

20 

64-7 

Distinctly  scaly-crystalline 

90 

10 

670 

The  same 

A  mixture  of: — 


2.  Stearic  and  Nyrigfic  Acids. 


Stearic  add. 


10 
20 
30 
40 
50 
60 

70 
80 
90 


Myriitic  acfd. 


90 
80 
70 
60 
50 
40 

SO 
20 
10 


Melts  at 


617° 

47-8 

48-2 

50-4 

54-5 

59-8 

62-8 
650 
671 


Mode  orsolldliying. 


Non-crystalline,  opaque 

Indistinctly  crystalline  j 

Lamino-ciystalline 

Beautiful  broad  laminae 

Non-ciystalline,  opaque 

Neither  needles  nor   laminae;  commencement 

of  scaly  crystallisation. 
More  distinctly  scaly 
Still  more  distinctly  scaly 
Scaly-crystaUine 


3.  Stearic  and  Palmitic  Acids. 


A  mixture  of: — 


Stearic  add. 


90 

80 

70 

60 

50 

40 

35 

32*5 

30 

20 

01 


Palmitic  add. 


10 

20 

30 

40 

50 

60 

65 

67-5 

70 

80 

90 


Melts  at 


67-2® 

65-3 

62-9 

60-3 

56*6 

56-3 

56*6 

55-2 

561 

675 

60-1 


Solidifies  at 


62-5° 

60-3 

59-3 

56-5 

550 

54-5 

54-3 

540 

540 

53-8 

54-5 


Mode  of  solidirTlog. 


Scaly-crystalline 

Finely  aciculo-crystaUine 

The  same 

Rough,  non-dystalline 

Broj^,  lamino-crystalline 

The  same 

Non-crystalline,  waTy,  shining 

The  same 

Non-crystalline,  waTy,  dull 

Scarcely  acicular 

Beautifully  acicular 


4.  Stearic^  Palmitic,  and  Myristic  Acids. — ^The  melting-point  of  a  mixture  of  32*5 
per  cent,  palmitic  acid  with  67'6  per  cent,  myristic  add,  which  is  situated  at  46-2°, 
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nnki  lower  when  to  20   j^ta.  of  this  miztore  there  are  added  from  1  to  7  pta  of 
stearic  add ;  the  melting-points  of  the  several  mixtures  are  as  foUows  :*- 

With  1  pt  stearic  acid  the  melting-point  is  45*2^ 

2  „  „  44-6 

8  „  n  440 

4  „  ,,  48-8 

6  „  „  44-6 
«  »  „  45-4 

7  „  „  460 

8  ..  46-5 


»> 


i» 


These  mixtmes  solidify  to  non-crystalline  masses.  •  (Hein  tz.) 

5.  Stearic  and  Margarie  Acids. — Mixtures  of  these  two  adds  melt  more  easilj  than 
stearic  acid,  but  onlj  a  few  of  them  less  easily  than  margarie  add.    They  solidify 
ahnost  in  the  same  manner  as  unmixed  fatty  adds,  differing  therefore  in  this  respect 
from  mixtures  of  stearic  with  palmitic  add.    (Heintz.) 
A  mixture  of : — 


Stearkadd. 

Margarie  add. 

Malta  at 

ModaofioUdUirliig. 

10 

90 

69-60 

Sealy-aystalline 

20 

80 

69-8 

The  same,  but  less  distinctl/ 

30 

70 

60-8 

Like  the  last 

40 

60 

61-2 

The  same 

60 

60 

620 

The  same,  but  less  pearily 

60 

40 

63*1 

The  same 

70 

30 

64-7 

The  same 

80 

20 

66-2 

The  same 

90 

10 

67-6 

Scaly-ciystalline 

Pure  stearic  add  expands  very  strongly  when  heated,  especially  at  the  moment  of 
fusion  (about  11  percent.),  and  contracts  so  much  in  solidifying  that  cast  lumps  appear 
porous.  Its  volume,  that  at  0°  being  taken  for  unity,  is  1*038  at  60^,  1*064  at  60^, 
1*079  at  70^,  cmd  by  fusion  the  volume  at  70^  increases  to  1*198. 

The  volume  of  the  solid  add  at  different  temperatures  is  expressed  by  the  formula : 

F  i-   1  -f  00013490  t  -f  0*000034007  <*  +  0*00000044180  <*; 

and  that  of  the  liquid  add  by — 

V  -  11980  +  0001009J,or  F  -   1  +  0-000842J; 

where  V  is  the  volume  of  the  solid  add,  »  1  at  0° ;  P,  the  volume  of  the  liquid  add, 
a  1  at  70^ ;  i  denotes  temperatures  below  70°,  and  8  temperatures  above  70°  (Kopp, 
Ann.  Ch.  Pharm.  xciii.  184).  The  specific  gravity  of  the  fused  acid  ^  0*864  (Saus- 
sure).    It  solidifies  on  cooling  in  a  scaly  crystalline  mass,  or  in  shining  needles. 

Stearic  add  distils  in  a  vacuum,  and  in  quantities  of  16  to  20  grammes^  under  the 
ordinary  atmospheric  pressure,  for  the  most  part  without  alteration.  When  heated  to 
300 — 330°  in  a  sealed  tube  for  several  hours,  it  doee  not  alter  dther  its  appearance  or 
its  melting-point,  or  give  off  either  gas  or  water.     (Berthelot) 

Stearic  add  is  insoluble  in  water^  moderately  soluble  in  aleoholy  more  readily  in 
ether ^  benzene^  sidpkide  qfeoHfon,  and  ot2s,  hothjixed  and  volatile. 

The  oompodtion  of  steario  add  is  determined  by  the  following  analyses : 


Caleuiation. 


C 
H 
O 


.  216 
.   36 

•  — ?? 
.  284 

Crowder. 
76-91 
13*01 
11*08 


7606 
12*68 
11-26 


Cherreul. 

76-30 
12*43 
11*27 


Redten* 
bacb«r. 

76*61 
12-86 
11*63 


Stra- 

hoate. 

76-76 
12*78 
11*47 


Erd- 
mann. 

76*60 

12-81 

10-69 


Hard. 

wick. 

76-13 
12*86 
11*01 


Fraaeli. 

74*73 
12*46 
12*81 


10000     10000     10000     10000     100*00     100*00     100*00 


Gottn«b. 
76*29 
12*83 
10*88 


Laurent  and  Gerbardt. 


a. 
76*41 
12  63 
12*06 


b. 
76*60 
12*61 
11*79 


Helnts. 

76*67  to  76*88 

12*69  ..   12*86 


tt 


Pebal. 
76*84  to  76*16 
12*83  „  12*71 


100-00     10000     100-00     100*00 


The  formulae    C^H^CP  (Chevreul),   C^SP^G*    (Eedtenbaoher,    Erdmann) 
C^IfO'  (Stenhouse),  C^H^O*,  or  C'»H»0«  (Oerhardt),  have  been  succesdvely 
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proposed  for  stearic  acid.  Laurent  and  Gerhardt  gave  the  formula  C^B**0^f  or 
G^'H'^0',  according  to  vhich  stearic  acid  wonld  be  isomeric  with  mamric  acid.  The 
above  formula,  first  proposed  by  Hardwick  for  stearic  acid  separated  from  bassia-oil 
(bassic  acid),  then  adopted  by  Crowder  for  the  stearophanic  add  of  Francis,  has  been 
recognised  by  Heintz  as  the  trae  formula  of  stearic  acid. 

Ikcompoaitions. — 1.  When  90  grms.  of  stearic  acid  are  subjected  to  dry  distillation, 
the  greater  part  passes  over  unchanged,  but  a  smaller  portion  is  resolved  into  carbonic 
anhydride,  water,  and  stearone ;  the  distillate  likewise  contains  acetic  add,  butyric 
acid,  a  fatty  add  of  lower  melting-point  than  stearic  add ;  also  a  hydrocarbon  of  the 
formula  C"H^,  and  ketones  richer  in  oxygen  than  stearone — these,  as  well  as  the  hydro- 
carbons, probably  resulting  from  further  decomposition  of  the  stearone.  The  black- 
brown  residue  in  the  retort  still  contains  stearone,  but  scarcely  any  faXtj  adds. 
(Heint2.) 

2.  Stearic  acid  mixed  with  platinum-black,  and  heated  to  100^  in  oxygen-gas,  forma 
carbonic  anhydride,  and  at  200^  is  completely  converted  into  carbonic  anhydride  and 
water  (Beiset  and  Millon  [3],  Ann.  Oh.  Phys.  viii.  285).  It  bums  in  the  air  like 
wax,  and  when  heated  to  1 80°  in  oxygen-gas  it  bums  with  a  dazzling  light  With  ozone 
it  behaves  like  palmitic  add  (iv.  334). 

3.  Heated  with  chromic  acidy  sulphuric  add,  and  water,  it  yields  chromic  oxide,  and 
an  acid  melting  at  64 — 66°,  the  aloohoUc  solution  of  which  first  deposits  unaltered 
st««ric  add,  then  an  add  (Bedtenbachei's  margaric  add)  melting  between  59°  and 
60°.    (Redtenbacher.) 

4.  Permanganate  o/potassium  converts  stearic  add  into  stearate  and  carbonate  of 
potassium.    (Gloez  and  Guignet^  Gompt.  rend.  xlvi.  1110.) 

5.  Nitric  acid  forms  from  stearic  add  small  portions  of  volatile  adds,  which  mix 
with  the  unaltered  stearic  add,  and  lower  its  melting-point  (Heintz).  When  stearic 
add  is  heated  with  2  or  8  pts.  nitric  add,  violent  action  takes  place  after  half  an 
hour,  nitric  add  and  pungent  gases  being  given  off,  and  the  frised  add  being  converted 
into  a  tenadous  frothy  mass,  then  becoming  dear  and  mobile,  and  finally  solidifying 
as  it  cools  to  a  tallowy  mas,  which  melts  at  35°  to  45°.  According  to  icromeis,  this 
mass  contains  margaric  add,  and  if  crude  stearic  acid  has  been  used,  an  oil  formed 
from  oleic  acid,  and  coloured  blood-red  by  potash.  After  several  days*  treatment  with 
nitric  acid,  the  stearic  acid  disappears  completely,  being  converted  into  sebacic  and 
sucdnic  adds  (Bromeis).  In  later  experiments,  Bromeis  obtained  also  azoleic  acid 
(an  add  isomeric  with  cenanthylic  add),  and  produced,  according  to  Arppe,  by  the 
action  of  nitric  add  on  oleic  add. 

6.  Stearic  add  fused  with  phosphoric  anhydride  forms  a  yellow  mass,  which,  when 
fr«ed  from  the  unaltered  stearic  add,  melts  at  54—60°,  and  contains,  on  the  average, 
80-4  per  cent.  C,  129  H,  and  67  O  (C'«H>*0«  -  81-2  per  cent.  C,  12-77  H,  and 
6*03  O),  and  is  converted  by  hot  nitric  acid  into  a  brittle  waxy  mass  containing  77*25 
per  cent.  C,  12-22  H,  and  10*53  O.    (Erdmann,  J.  pr.  Chem.  xxv.  500.) 

7.  Diy  chlorine  gas  at  100°  converts  stearic  into  chlorostearic  add.    (Hardwick.) 

8.  Bromine  heated  with  stearic  add  and  water  in  a  sealed  tube,  forms  a  dark-brown 
liquid,  which  does  not  alter  perceptibly  at  100°,  but  between  130°  and  140°  is  slowlv 
converted  into  a  yellow  oily  mixture  of  bromo-  and  dibromo-stearic  adds,  mixed  with 
unaltered  stearic  acid.    Formation  of  bromostearic  add : 

C"H«0«     +     Br«       =-       C'»H»BrO«     +     HBr. 

When  more  than  2  at.  bromine  is  used  to  1  at.  stearic  add,  a  large  quantity  of  di- 
bromostearic  acid  is  produced,  but  even  then  a  part  of  the  stearic  acid  remains  unaltered. 
If  the  heat  is  raised  above  140°,  the  mass  remains  brown,  or  charcoal  separates  from  it. 
(Oudemanns,  J.  pr.  Chem.  Ixxxix.  193.) 

9.  Pentachloride  of  phosphorus  brought  in  contact  with  stearic  add  at  a  moderate 
heat,  forms  a  colourless  mass,  which  soon  becomes  heated  to  150°,  turning  brown  and 
black.  When  distilled  it  gives  off  hydrochloric  add,  a  small  quantity  of  water,  a 
hydrocarbon,  stearic  add,  and  a  solid  product  less  soluble  in  alcohol  than  stearic  add. 
(Ghiozza,  Gerhardfs  TraiU,  ii.  851.) 

11.  Stearate  of  potassium,  in  contact  with  oxycMoride  of  phosphorus,  becomes 
slightly  heated,  ana  at  150°  swells  up  to  a  dark  jelly,  perhaps  forming  chloride  of 
steaiyl,  inasmuch  as  the  product  treated  with  alcohol  yields  stearate  of  ethyl.  (Pebal.) 

12.  When  stearic  add  is  heated  with  an  equal  weight  of  n«/jpA«r,  a  trace  of  sulphuric 
acid  is  given  off,  and  the  same  products  are  formed  as  when  stearic  acid  is  heated  by 
itself.     (Anderson,  Ann.  Ch.  Pharm.  Ixiii.  373.) 

13.  The  acid  heated  with  oU  of  vitriol  to  100°,  for  several  hours,  is  decomposed, 
with  evolution  of  sulphurous  anhydride,  and  carbonises  at  a  higher  temperature. 
(ChevreuL) 
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14.  Steazate  of  cateium,  subjected  to  dry  distillation,  gives  off  marsh-gas  and 
olefiant  gas  (or  gases  having  the  same  composition  as  the  latter),  and  yields  a  distil- 
late containing  a  large  quantity  of  stearone,  with  small  quantities  of  other  ketones, 
while  carbonate  of  caloium  remains  behind.  The  distillate  doee  not  contain  any  fatty 
acid  (H  e  i  n  t  z).    See  Stbabone. 

15.  Stearic  acid  distilled  with  excess  of  aniline^  yields  phenyl-stearamide.  From 
its  alcoholic  solution  mixed  with  aniline,  howeT^r,  it  crystallises  unaltered.    (Febal.) 

16.  Stearic  acid,  heated  with  methylic,  ethylxCj  and  the  homologoua  aleohols,  inth 
mannite^  quercite,  pimte,  and  sufforSj  with  glycerin,  orcin,  meconin^  erythroglttcin, 
and  ekoiestermf  yields  ethereal  compounds,  formed  from  the  acid  and  the  other  body, 
with  elimination  of  water.  When  heated  for  thirty-six  hours  with  pyrogallio  acid  to 
200^,  it  forms  a  crystalline  compound.  (Rosing,  Compt  rend.  xiv.  1 149.) 

Stearatea. — Stearic  acid  dissolves  in  a  cold  aqueous  solution  of  alkaline  carbonate, 
probably  from  formation  of  acid  carbonate,  but  does  not  expel  the  carbonic  acid,  and 
form  a  mono-acid  salt,  till  heated  to  about  100°.  On  the  other  hand,  the  stearates 
are  decomposed  by  most  other  acids,  the  separated  stearic  acid  rising  to  the  sur&ce  as 
an  oil  when  the  liquid  is  warm.  The  stearates  have  the  consistence  of  hard  soaps  and 
plasters,  and  are  mostly  insoluble  in  water. 

Stearate  of  Ammonium. — Stearic  acid,  either  in  the  fused  or  in  the  solid  state, 
absorbs  ammonia-gas  without  elimination  of  water,  the  quantity  absorbed  amounting 
after  a  month,  when  the  absorption  ceases,  to  6 '68  pts.  ammonia  for  every  100  pts. 
of  acid  (1  at.  NH'  »  5*9  pts.).  The  compound  is  solid,  white,  inodorous,  has  an 
alkaline  taste,  may  be  sublimed  in  a  vacuum,  and  then  gives  off  ammonia,  but  takes 
it  up  again  on  cooling.  When  heated  in  a  vessel  containing  air,  it  gives  off  ammonia 
and  water,  and  yields  a  sublimate  of  acid  salt,  mixed  with  empyreumatic  oil.  The 
neutral  salt,  when  protected  from  the  air,  dissolves  in  hot  water,  especially  in  ammo- 
niacal  water,  and  the  solution  on  cooling  deposits  the  acid  salt  in  nacreous  laminae 
(Chevreul).  The  solution  of  stearic  acid  in  hot  dilute  aqueous  ammonia  deposits 
small  needles  on  cooling.  When  heated  for  some  time,  it  becomes  turbid,  and  is  then 
not  clarified  by  further  addition  of  ammonia.  The  needles  dissolve  in  alcohol  and  in 
ether.    (Crowder.) 

Stearate  of  Barium,  C**H^''Ba*0*,  is  obtained  by  precipitating  the  hot  alcoholic 
solution  of  an  alkaline  stearate  with  a  hot  solution  of  barium-chloride,  or  a  hot 
alcoholic  solution  of  stearic  acid  with  a  hot  aqueous  solution  of  baric  acetate.  It  is 
a  white  crystalline  powder,  consisting  of  microscopic  laminae,  and  having  a  nacreous 
lustre  when  dry.  It  is  insoluble  in  water,  and  decomposes  without  melting  when 
heated. 

Stearate  of  Calcium,  C*H''Ca"0*,  obtained  by  precipitating  chloride  of  calcium 
with  a  boiling  solution  of  potassic  stearate,  and  washing  the  precipitate  with  boiling 
water,  is  a  white,  fusible,  tasteless  powder. 

Stearate  of  Copper,  C"H"'Cu"0^ — Light-blue,  bulky,  amorphous  powder ;  melts 
when  heated  to  a  green  liquid,  easily  decomposing  at  the  same  time.    (H  eintz.) 

Stearates  of  Lead, — The  monoplumbic  salt,  C**H^*Pb"0*,  is  formed  by  precipi- 
tating a  hot  alcoholic  solution  of  the  neutral  sodic  salt  with  a  hot  aqueous  solution  of 
plumbic  nitrate,  or  of  the  acetate  containing  a  slight  excess  of  acetic  acid ;  the  pre- 
cipitate is  washed  first  with  alcohol,  then  with  water.  When  dry  it  forms  a  heavy 
amorphous  powder,  which  is  not  wetted  by  water,  melts  at  about  125°  to  a  colourless 
liquid,  and  solidifies  to  an  opuque  amorphous  mass.     It  is  insoluble  in  ether. 

The  diplwmhic  salt,  C**H"Pb''0*.Pb"0,  is  prepared  by  boiling  stearic  acid  in  a  close 
vessel  vnth  triplumbic  acetate,  and  boiling  the  product  first  with  water,  then  with 
alcohol.    It  forms  a  white,  transparent,  friable  soap-liquid  at  100°.     (ChevreuL) 

Stearate  of  Magnesium,  C"H"Mg''0*,  is  obtained  by  precipitating  the  neutral 
Eodic  salt  9n{h  sulphate  of  magnesium,  or  by  supersaturating  a  hot  alcoholic  solution 
of  stearic  acid  with  ammonia,  adding  a  sufficient  quantity  of  sal-ammoniac,  and  then 
an  excess  of  dissolved  sulphate  of  ma^esium.  After  recrvstallisation  from  alcohol,  it 
forms  dazzling  white  flocks,  consisting  of  microscopic  laminae,  which  dry  up  to  a 
tight  fusible  powder.    (H  e  i  n  t  z. ) 

Stearates  of  Mercury. — The  mercuric  salt,  obtained  by  precipitetion  with  mer- 
curic nitrate,  is  a  white  easily  fusible  powder,  which  softens  between  the  fingers. — The 
mercurous  salt,  obtained  by  predpitation  with  mercurous  nitrate,  is  while  moist  a 
irhite  granular  powder,  but  becomes  grey  when  dry.  It  is  insoluble  in  water  and  in 
fiold  alcohol,  slightly  soluble  in  hot  alcohol,  more  soluble  in  ether,  and  easily  fusible. 

Stearates  of  Potaisium. — o.  The  neutral  salt,  C'*H'*KO',  separates  on  cooling 
irom  a  solution  of  1  pt.  stearic  scid  and  1  pt  potassic  hydrate  in  10  pts.  water,  in 
white  opaque  granules,  and  may  be  purified  by  pressure,  solution  in  18  pts.  alcohol 
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of  Bpedfie  gravity  0*821,  and  wnshing  the  needles,  which  then  separate,  with  cold 
alcohol  (Cheyrenl).  Aoeoiding  to  Heintz,  it  is  most  easily  obtained  in  the  pan 
state,  by  mixing  a  boiling  alcoholic  solution  of  the  acid  with  a  hot  aqueous  solution 
of  potassic  carbonate  in  excess,  eraporating  the  mass  to  dryness^  exhausting  the  residue 
with  boiling  absolute  alcohol,  and  leaving  the  filtered  solution  to  ery^talUse.  It  forms 
shining  delicate  needles,  scales,  and  lamins,  which  abrogate  into  a  hard  soap ;  it 
has  a  fiiint  alkaline  taste. 

In  air  saturated  with  moisture,  it  takes  up  one-tenth  of  its  weight  of  water.  One 
pt  of  the  salt  forms,  with  10  pts.  of  cold  water,  an  opaque  gum,  which  melts  at  99^, 
and  solidifies  to  a  pearly  gum  on  cooling.  One  pt.  of  the  siut  dissolves  completely  in 
26  pts.  of  boiling  water,  forming  a  liquid  which  is  still  limpid  at  92^,  and  solidifies 
to  a  pearly  mass  on  cooling. 

The  solution  of  1  pt.  of  the  salt  in  100  pts.  of  hot  water  deposits  on  cooling  a 
mixture  of  neutral  and  acid  stearate  of  potassiuio,  while  one-fourth  of  the  entire  quan- 
tity of  potash  remains  dissolved.  When  the  solution  of  the  salt  in  alcohol,  or  in  20 
pts.  of  boiling  water,  is  mixed  with  1,000  pts.  of  boiling  water,  or  5,000  pts.  of 
cold  water,  it  deposits  all  the  stearic  acid  as  acid  salt,  whilst  half  the  potash  remains 
dissolved  in  the  water.  In  like  manner  the  neutral  salt,  when  drenched  with  5000 
pt8.  of  cold  water,  gives  up  half  its  potash,  and  is  converted  into  the  acid  salt  without 
forming  a  gum.  In  these  cases  the  alkaline  water  contains  a  trace  of  stearic  acid  in 
solution  (Chevreul).  It  dissolves  at  10°  in  231  pts.  alcohol  of  spexnfic  gravity 
0*794,  in  10  pts.  at  66°,  the  latter  solution  becoming  turbid  at  55°,  and  solidi- 
fying at  38® ;  in  67  pts.  of  boiling  alcohol  of  specific  gravity  0*794,  forming  a 
liquid  which  gelatinises  on  cooling.  It  dissolves  in  ether-alcohol,  and  crystallises 
therefrom  (Crowder,  Hardwick).  Boiling  ether  withdraws  from  the  neutral  salt 
a  certain  quantity  of  stearic  acid,  leaving  a  compound  richer  in  potash.     (ChevreuL) 

$.  The  acid  salt,  C'"H»KO*.C»»H««0«  is  obtained  by  decomposing  the  neutral  salt 
with  1,000  pts.  or  more  of  water.  When  pressed,  dried,  and  dissolved  in  boiling  alcohol, 
it  separates  on  cooling  in  silvery  scales,  inodorous,  and  soft  to  the  touch.  It  does  not 
melt  at  100°.  It  is  not  altered  by  cold  water,  but,  when  boiled  with  1,000  pts.  of  water, 
yields  a  milky  liquid,  consisting  of  a  solution  of  the  neutral  salt,  in  which  a  more 
acid  salt  is  suspended ;  towards  75°  this  liquid  becomes  clearer,  but  again  turbid  at 
67° ;  if  the  liquid  be  filtered  at  the  boiling  heat,  the  more  acid  salt  remains  on  the 
filter. 

100  pts,  of  absolute  alcohol  dissolve  27  pts.  of  acid  potassic  stearate  at  the  boiling 
heat,  but  retain  only  0*36  pt.  of  it  after  coohng  to  24°.  In  consequence  of  the  tendency 
of  the  alcohol  to  decompose  the  acid  salt  into  the  neutral  salt  and  stearic  acid,  the  por- 
tion which  remains  dissolved  contains  a  salt  richer  in  stearic  acid  than  the  crystallised 
salt.  When  the  acid  stearate  is  dissolved  in  boiling  aqueous  alcohol,  and  the  solution 
is  mixed  drop  by  drop  with  infusion  of  blue  litmus,  the  liquid  is  ultimately  reddened 
by  the  excess  of  add  in  the  salt ;  but  on  adding  a  larger  quantity  of  water,  which 
precipitates  a  hyperacid  salt^  and  sets  free  a  certain  quantity  of  alkali,  the  blue  colour 
IS  restored. 

y.  Hyperacid  salt,  C>"H«»KO«  30>*H"0«  (?).— Produced  when  the  acid  salt  $  is 
decomposed  by  boiling  water.  It  melts  in  boiling  water,  and  solidifies  on  coolins : 
swells  up  in  cold  water.  When  dissolved  in  boiling  alcohol,  it  separates  into  the  aad 
salt  which  is  deposited,  and  stearic  acid  which  remains  dissolved. 

Stearate  of  Silver,  C**H*Ag0*. — Obtained  by  adding  a  solution  of  20  grms. 
of  the  sodium-salt  in  5  or  6  oz.  of  strong  alcohol  to  a  solution  of  12  to  13  grms.  silver- 
nitrate  in  an  equal  quantity  of  alcohol  (Crowder).  Amorphous  white  precipitate, 
Tei7  loose,  and  strongly  electric  when  dnr.  Assumes  a  purple  colour  when  exposed  to 
light  in  the  moist  state ;  not  altered  by  light  when  dry.  Insoluble  in  water,  alcohol, 
and  ^er,  easily  soluble  in  aqueous  ammonia. 

Siearatea  of  Sodium,— a.  The  neutral  salt,  C»«H"*Na0*,  is  obtained,  like  the 
potassium-salt,  by  treating  a  hot  alcoholic  solution  of  stearic  acid  with  excess  of  sodic 
carbonate,  evaporating  the  solution  to  dryness  with  addition  of  a  little  water,  and 
boiling  the  finely-pulverised  residue  with  absolute  alcohol,  which  leaves  the  sodic 
carbonate  undissolved.  The  hot-filtered  alcoholic  solution  is  then  immediately  mixed 
with  }  of  its  volume  of  hot  water,  whereupon  the  greater  part  of  the  sodic  stoarate 
separates  on  cooling  in  the  form  of  a  jelly,  while  the  water  retains  in  solution  the 
small  quantity  of  sodic  carbonate  still  present  The  sodic  stearate  thus  separated  is 
then  strongly  pressed,  and  dried  between  100°  and  120°. 

Neutral  sodic  stearate  is  very  much  like  the  potassium-salt,  but  harder.  From  a 
hot,  oonoentratod,  alcoholic  solution  it  separates  as  a  jelly,  which,  on  standing,  is  con- 
verted into  shining  translucent  laminae.  Francis  obtained  it  (firom  stearophanic  acid) 
in  prismatic  crystals,  having  a  fine  mother^f-pearl  lustre.  It  is  tasteless  at  first,  but 
after  some  time  produces  a  distinct  alkaline  taste.   It  is  permanent  in  air ;  in  moderately 
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dry  ait,  and  even  from  air  aatniated  vith  moisturp,  it  absorbs  only  7*5  percent  water  in 
twelTe  days,  afterwards  not  any  perceptible  quantity.  It  dissolves  in  10  pts.  boiling 
water,  to  a  thick  semitransparent  mass,  which  solidifies  and  becomes  opaque  at  62^. 
When  eorered  with  600  pts.  of  cold  water,  it  becomes  more  opaque  in  14  days  by 
taking  up  water,  and  gives  up  to  the  water  a  trace  of  soda.  With  10  pts.  water  at  90^, 
it  forms  a  thick,  neaily  transparent  solution,  which  solidifies  to  a  wlute  mass  at  62^ ; 
and  this,  when  heated  with  40  pts.  more  water,  forms  a  solution  which  is  still  filtrable 
below  100^,  and  when  mixed  with  2,000  pts.  more  water,  deposits  the  acid  salt  on 
cooling,  while  half  the  soda  and  a  trace  of  stearic  acid  remain  in  solution.  It  is  this 
decomposition  by  water  which  renders  the  soap  available  for  washing.  It  dissolves  at 
10^  in  499  pts.  alcohol  of  specific  gravity  0*821,  and  in  20  ^ts.  at  the  boiling  heat ;  the 
latter  solotion  becomes  turbid  at  70°,  and  solidifies  on  cooling  to  a  transparent  Jelly, 
which  afterwards  becomes  opaque,  and  contracts,  from  formation  of  numerous  shining 
dystals.  Boiling  ether  withdraws  from  the  salt  a  small  quantity  of  stearic  acid, 
together  with  a  trace  of  soda»  and  yields  a  slight  deposit  on  cooling.  (Chev- 
reuL) 

fi.  The  add  aalt,  C'»H"NaO«C>»H«H)«,  is  formed,  as  above  mentioned,  when  a 
solution  of  the  neutral  salt  in  10  to  40  pts.  of  hot  water  is  mixed  with  2,000  pts.  or 
more  of  cold  water,  or  when  a  solution  of  the  same  salt  in  2,000  to  3,000  pts.  of  boiling 
water  is  leffe  to  oooL  It  then  separates  in  nacreous  laraine.  It  dissolves  in  alcohol, 
forming  a  solution  which  reddens  litmus  ;  and  on  addition  of  a  large  quantity  of  water, 
deposits  a  still  more  acid  salt,  while  free  alkali  remains  in  solution. 

8t  ear  ate  of  Strontium,  0"H*»Sr''0*,  is  prepared  by  precipitation,  like  the 
barium-salt,  which  it  resembles  in  every  respect. 

SubstittUion-derivaiives  of  Stearic  Acid. 

Bromostaarlo  Aeld,  C'H^BrO*.  (Oudemanns^  J.  pr.  Chem.  Ixxxix.  195.)— 
Obtained  by  heating  stearic  acid  (7  pts.)  with  water  and  bromine  (4  pts.),  in  a  sealed 
tnbe,  to  130°  or  140°  at  most,  till  tne  brown  colour  of  the  bromine  disappears,  and 
the  mixture  assumes  the  appearance  of  a  yellow  oil,  cooling  to  a  crystalline  solid. 
After  washing  away  the  hydrobromic  acid,  tbe  contents  of  the  tube  are  dissolved  in 
20  times  their  wei^t  of  warm  alcohol  of  80  per  cent.,  and  the  unchanged  stearic  acid 
is  separated  by  cooling  to  — 10°.  The  liquid  is  then  mixed  with  an  equal  Tolume  of 
water  and  an  excess  c^  crystallised  sodic  carbonate,  and  evaporated  to  dryness  over 
the  water-bath.  The  tough  saline  mass  thus  obtained  is  boiled  with  10  volumes  of 
alcohol  of  80  per  cent.,  and  filtered  as  hot  as  possible  ;  and  the  crystals  of  sodic  bro- 
mostearate,  whidi  form  in  the  filtrate  (and  of  which  more  may  be  obtained  by  evapo- 
rating the  solution),  are  collected  and  purified  by  repeated  crystallisation  from 
aleohoL    The  mother-liquor  contains  dibromostearate  of  sodium. 

From  the  sodium-salt  the  bromostearic  acid  is  separated  by  dilute  sulphuric  acid,  as 
a  yellow  indistinctly  crystalline  mass,  melting  at  41°,  and  of  specific  gravity  1*0653 
at  20° 

It  is  very  slowly  decomposed  by  heating  with  excess  of  caustic  potash.  Bromo- 
stearate  of  silver,  heated  with  water,  forms  bromide  of  silver  and  stearidic  add, 

The  acid  is  insoluble  in  footer,  but  dissolves  easily  in  alcohol  and  in  ether.  It 
fbrms  with  the  alkalis  soap-like  compounds,  which  crystallise  from  alcohol. — BromO' 
etearate  ofpotasnum  is  more  aoluble  tnan  the  sodium-salt.  The  alkaline  bromostearates 
form  precipitates  with  most  metallic  salts. 

Btbromofttoarte  Aeld«  C'lP^BrH)'. — ^Formed  as  above  in  the  preparation  of 
bromostearic  acid,  and  obtained  in  the  form  of  an  uncrystalUsable  sodium-salt.  This 
salt  is  brown,  tenacious,  very  hygroscopic,  dissolves  easily  in  alcohol,  and  forms  with 
water  an  opaque  soapv  solution.  After  drying  at  130°,  it  contains  82*5  per  cent  of 
bromine  and  6*59  of  soda,  approximating  to  tbe  formula  C'^H^NaBr.  (Oudemanns, 
loe,  cU,), 

Cblorosteaite  Aotd*  Gi*H*K:aO'.  Chlorobasnc  acid  ^Hardwick,  Chem.  8oc. 
On.  J.  ii.  232). — ^Formed  by  treating  stearic  add  at  100°  with  diy  chlorine,  whereupon 
it  first  becomes  thicker,  and  is  ultimately  converted  into  a  solid  resin,  which  forms 
with  potash  an  amorphous  soap,  not  crystallisable  from  alcohol.  The  bartum-aali 
and  lead-salt  are  insoluble  in  water. 


CO  AnraSUBS.  C^R^O*  »  (C*«H>K))>0.--Obtained  in  a  similar 
manner  to  benzoic  anhydride  (i.  557)»  but  dififtcnlt  to  free  from  stearic  acid.  (Ghiosza, 
Ann.  Ch.  Pharm.  zd.  104.) 

Beneosteario    Anhydride,    Benroic    Stearate,    or   Stearic  Benzoaie,   C^H^O*    n. 
(G^»OXC**H*K))0.— Obtained  by  heating  potassic  stearate  with  benzoic  chloride  to 
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100^,  and  ezhAUflting  the  product  with  ether.    Crystallises  in  shining  laminie,  whidi 
melt  at  100^    (Chiosza.) 


a.  Stearic  Ethers  containina  the  Jlcokol'radi<^,  (>11*^+^ 

and  (OH*-)".  Mbthylio  Stbaratb,  or  Methyhtearie  Ether,  C"H'H)«- 
C»«H"(CH*)0».  (Lassaigne,  Ann.  Ch.  Pharm.  xiii.  168.)— Produced  by  heating  2 
pts.  methylic  alcohol  with  2  pts.  sulphuric  acid  and  1  pt  stearic  acid,  or  bv  heating 
stearic  acid  with  methylic  alcohol  in  a  sealed  tube  for  a  day.  It  is  a  neutral,  cxystal- 
line,  semitransparent  mass, insoluble  in  water,  melting  at  85°?  (Lassaigne);  at  38^. 
(H  a  n  h  ar  t,  Compt.  rend,  zlvii.  230.) 

Ethtlio  Steabatk,  commonly  called  filteam  JKAer,  C'*H*0«-C>"H"(C«H*)0». 
(Lassaigne,  Zoc.  n'^. — Redtenbacher,  Ann.  Ch.  Pharm.  zxzv.  51. — Stenhouse, 
ibid,  zxxyi.  58.— Francis,  ibid.  xlii.  261. — Crowder,  J.  pr.  Chem.  Ivii.  292. — 
Heintz,  see  Memoirs  cited,  iii.  1069. — ^Duffy,  Chem.  Soc.  Qn.  J.  ▼.  197. — ^Pebal, 
Ann.  Ch.  Pharm.  xci.  153. — ^Berthelot,t&k2.  Ixkxviii.  312. — ^Hanhart^  Compt  rend, 
xlvii.  230.— Berthelot  and  Fleurien,  Ann.  Ch.  Phys.  [3],  Ixvii.  79.)---This  ether  is 
produced :  1.  By  heating  stearic  acid  with  alcohol  to  200° ;  small  quantities  are  produced 
also  by  heatine  the  materials  together  to  100°  for  102  hours  (Berthelot);  or  by  boil- 
ing stearic  acid  with  alcohol  (Lassaigne). — 2.  Bypassing  hydrochloric  acid  gas  mto  an 
alcoholic  solution  of  stearic  acid  (Redtenbacher);  by  heating  alcoholic  stearic  acid 
widi  acetic  acid  to  100°,  the  whole  of  the  stearic  acid  then  entering  into  combination  in 
102  hours  (Berthelot). — 3.  By  the  action  of  alcohol  on  the  product  formed  by  heating 
stearic  acid  with  pentachloride  of  phosphorus  (Pebal). — i.  By  boiling  tristearin  with  a 
solution  of  sodium  in  absolute  alcohol  (Duffy),  or  by  heating  tristearin  with  small 
quantities  of  alcoholic  potash.    (Bouis,  Compt.  rend.  xly.  35.) 

Properties. — Ethylic  stearate  is  a  crystalline  mass,  semitransparent,  and  resembling 
white  wax.  Melts  at  33-7°  (Duffy,  Heintz);  at  27°  (Lassaigne);  30°— SI** 
(Redtenbacher);  31°  (Hanhart);  32°  (Francis);  32-9°  (Pebal);  833° 
(Crowder).  Solidifies  to  a  translucent  mass  (Duffy);  to  a  crystalline  mass,  soft 
at  first,  afterwards  becoming  hard  and  brittle  (Heintz).  Volatilises  a  little  at  the 
heat  of  the  water-bath  (Crowder)  ;  boils  at  224°  with  partial  decomposition,  leaving 
a  residue  of  charcoal  (Duffy).  Tasteless ;  melts  on  the  tongue,  producing  a  sensation 
of  cold  (Crowder);  has  a  buttery  taste  (Francis).  Inodorous  in  the  cold;  smells 
faintly  wnen  heated.     (Francis.) 

It  dissolves  very  easily  in  alconol  and  in  ether,  and  crystallises  from  alcohol,  but  not 
from  ether.    (Duffy.) 

Decompositions. — 1.  For  the  decomposition  by  heat,  see  above. — 2.  By  water  at 
100°,  it  IS  partially  resolved  in  102  hours  into  alcohol  and  stearic  acid,  more  abun- 
dantly by  a  mixture  of  1  vol.  acetic  acid  and  2  to  3  vols,  water,  the  latter  reaction  tfikking 
place  without  any  formation  of  acetic  ether  (Berthelot).---3.  Fuming  hydrochlorie 
acid  at  100°,  converts  it  in  106  hours  into  chloride  of  ethyl  and  stearic  acid^Berthe- 
lot). — 4.  It  is  decomposed  by  alcoholic  but  not  by  aqueous  potash  (Duffy). — 
5.  Anhydrous  baryta  heated  with  the  ether  to  200°  in  a  sealed  tube,  decomposes  it 
completely,  and  the  product  heated  with  water  yields  alcoholate  and  stearate  of  barium : 

2C»H«»0«  +   2Ba''0  -  C^H^Ba'C*  +  C^H^Ba^O*. 

These  are  the  only  products;  no  ethylic  ether  is  formed  (Berthelotand  Fleurien). 
— 6.  Heated  to  100°  with  glycerin,  it  does  not  yield  stearin,  even  in  presence  of 
hydrochlorie  acid.     (Berthelot.) 

Ethylbwio  Stbabatb,  C~H"0*  +  |^]^!?^)*|o«   (Wurtz,  Ann.    Ch.  Phys. 

[3],  Iv.  486).  Glycolic  Bistearate.  Glycol  distiarique. — Obtained  by  the  action  of 
bromide  of  ethylene  on  stearate  of  silver.  The  proauct  is  exhausted  with  ether,  the 
ethereal  solution  treated  with  potassic  hydrate,  and  the  filtrate  left  to  evaporate.  It 
forms  light  shining  laminae,  melting  at  76°,  and  resembling  tristearin. 

Amti.10  Stbabatb,  C*H«K)«  «  C"H*XC*H")0.— Obtained  by  heating  stearic 
acid  with  amylic  alcohol  to  200°  in  a  sealed  tube  for  a  day ;  or  by  passing  hydro- 
chloric acid  gas  into  a  solution  of  the  acid  in  amvlic  alcohol,  or  by  boiling  tri- 
stearin with  a  solution  of  sodium  in  amylic  alcohol.  It  is  a  neutral,  soft^  viscous, 
transparent  mass,  melting  at  25*5°  (Duffy);  at  25°  (Hanhart).  It  is  decom- 
posed by  alooholic  but  not  by  aqueous  potash ;  dissolves  slightly  in  alcohol,  the 
solution  solidifying  to  a  jelly.    The  ethereal  solution  does  not  yield  crystals. 

OcTTHO  Stbabatb,  C«H«^«  -  C»»H»(C"H»»)0«.— Obtained  by  heating 
stearic  add  with  octylic  alcohol  to  200°  in  a  sealed  tube  for  a  day.  It  is  colourless, 
inodoTouB,  tasteless,  neutral, and  melts  at  45°.     (Hanhart,  /oe.  at.) 
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Cbttlic  Stbabatb,  CwH»0«  «  C"H«»(C»«HW)0«.  (Berthelot,  AnmCh.  Phys^ 
[3]  Ivi.  70.) — ^A  mixture  of  1  part  of  ethal  with  4  or  5  parts  of  stearic  acid  is  heated 
to  200°  in  a  sealed  tube,  for  8  or  10  hours.  The  product  is  mixed  first  with  a  litUe 
ether,  and  then  with  slaked  lime,  which  takes  up  the  uncombined  stearic  acid;  and  the 
whole  is  heated  to  100^  for  Bome  minutes,  and  afterwards  boiled  with  ether,  whereby  the 
ethal  and  cetylic  stearate  are  dissolved,  and  remain  behind  on  eyaporating  the  solution. 
From  the  mixture  thus  obtained,  the  free  ethal  is  removed  by  boiling  five  or  six  times 
with  6  to  10  pts.  of  alcohol,  and  the  undissolved  cetyl-compound  is  then  allowed  to 
ciystallise  from  ether.  It  forms  broad  shining  laminae,  resembling  spermaceti,  melting 
at  65°  to  60°,  and  oooHng  to  a  crystalline  solid.  It  is  neutral,  but  decomposes  partly 
by  volatilisation,  with  formation  of  a  little  free  acid. 

fi.  Stearic  Ether*  containing  other  Organic  BadicUs. — ^Berthelot  TAnn.  Ch.  Phys. 
[3]  xlvii.  324;  Chimie  organiqtu^  ii.  191 — 219),  by  heating  stearic  acid  with  glucose, 
mannite,  dukite,  pinite,  and  quercite^  and  purifying  the  product  in  the  manner  described 
under  Mannttb  (iii.  824),  nas  obtained  the  foUowing  fatty  compounds  resembling 
stearin  and  palmitin : 

(C«H«)''  ^ 

Gludc  Distearate Q«WHy    «  (C"H»»0)«  lO». 

H»        j 
(C«H»)'«  ) 
Bulcitic,  Mannitic,  Pinitic,  Quercidc  Distearate       .        C«H"0»    -  (C'«H«*0)»  VO*. 

H»       S 

Dulcitic  Tetrastearate C«H»«0»   - /^Sh»0)«1^** 

(C«H»)'»  ) 
Mannitic  and  Pinitic  Tetrastearate  .        .        .       C"H'«0»»  «  (C"H"0)*J-0'. 

H*      3 
Mannitic  Hexstearate C"«EP»H)»>? 

All  these  compounds,  when  heated  with  hydrate  of  barium,  are  resolved  into  stearic 
acid  and  the  respective  sugars.    Their  formulae  require  confirmation. 

Camphic  STBA.BATB,  C"H**0»  =  C'^ol^^  SteoToU of  Comphgl,    Camphol 

steariqtie.  Stearinaaures  Bomeol. — Obtained  by  heating  stearic  acid  with  bomeol 
(i.  626)  to  200°  for  eight  or  ten  hours  in  a  sealed  tube ;  water  is  then  eliminated,  and 
a  mass  is  formed,  from  which  the  uncombined  stearic  acid  is  removed  by  cautious  and 
rapid  treatment  with  ether  and  slaked  lime,  and  the  free  bomeol  by  heating  the 
evaporated  ethereal  solution  to  150^  in  an  air-bath  for  half  a  day  or  longer. 

It  is  a  thick,  colourless,  and  inodorous  oil,  which  solidifies  to  a  crystalline  mass 
after  some  days  or  months ;  neutral  when  freshly  prepared ;  volatile  (without  decom- 
position ?),  decomposed  by  alkalis  into  stearic  acid  and  bomeol. — ^Dissolves  slightly 
m  cold,  and  easily  in  boiling  alcohol  and  in  ether.  (Berthelot^  Ann.  Ch.  Phys.  [3] 
Ivi.  89.) 

6Z.TCBBIC  Stbabatbs.    See  Steabiks. 

Meconic  or  Opiantlic  Stbabatb,  C^*H'*0*-rV,,ma»Q\i[0*?      Stearate   of 

Meconin.  Stearate  of  Opianyl.  Meconine  stearique. — ^Formed  by  heating  meconin  with 
stearic  acid  to  100°  for  several  hours ;  boiling  the  product  with  water,  which  takes  up 
uncombined  meconin ;  and  removing  the  excess  of  stearic  acid  with  lime  and  ether,  as 
in  the  case  of  cetylic  stearate.  It  is  a  neutral,  white,  solid  mass,  which  melts  easily, 
and  solidifies  very  slowly.    (Berthelot,  Ann.  Ch.  Phys.  [3]  Ivi.  75.) 

Stbabatb  of  Obcik,  C«»H«0»  «  ^a^^^Qlo*?— When  orcin(iv. 211) is  heated 

with  stearic  acid  to  200°  in  a  sealed  tube  for  some  hours,  a  mixture  is  obtained  from 
which  water  extracts  the  uncombined  orcin.  On  separating  the  excess  of  stearic  acid 
from  the  residue,  by  means  of  ether  and  slaked  lime,  the  stearate  of  oicin  remains 
dissolved  in  the  ether,  and  may  be  purified  by  evaporation  and  solution  in  sulphide  of 
carbon. 

It  is  a  slightly  coloured,  tasteless,  neutral  wax,  which,  when  heated,  evolves  an 
odour  of  orcin  and  stearic  acid,  and  volatilises.  Combustible.  Assumes  a  red  colour 
with  ammonia.  Heated  to  100°  for  some  days,  with  moist  calcic  hydrate,  it  yields 
calcic  stearate,  and  a  substance  soluble  in  water  and  alcohol ;  the  latter  body  becomes 
coloured  with  ammonia,  like  orcin,  but  does  not  form  crystals. 

Stearate  of  orcin  is  insoluble  in  water,  but  easily  soluble  in  ether  and  bisulphide 
cf  carbon,    (Berthelot,  Ann.  Ch.  Phys.  [3]  Ivi.  74.) 
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iJC  ACXD.  C'H^^O*.  (Oudemanns,  J.  pr.  Ghem.  Izzxix.  198.)— 
An  acid  isomeric  with  oleic  acid,  obtained  by  heating  bromostearate  of  silrer  with  water. 
It  is  an  amorphous  mass,  resembling  the  soft  aninnd  fats ;  has  a  pecoliar  faint  odour, 
melts  at  35^,  and  distils  unchanged.  It  dissolves  in  alcohol  more  easily  than  elaidie 
acid,  and  does  not  crystallise  from  the  solution.  With  the  alkalis  it  forms  soaps,  the 
alcoholic  solutions  of  which  give  precipitates  with  metallic  salts. 


STMAJtZVS.  Glyceric  Stearatea.  Stearates  of  Glyceryl. — Stearic  ethers  formed 
from  glycerin,  (C*H*)*'.EP.O',  by  the  replacement  of  },  {,  or  the  whole  of  the  typic 
hydrogen  by  the  monatomic  radicle  stearyl.  They  may  all  be  produced  artificially, 
by  heating  stearic  acid  with  glycerin ;  tristearin  is  also  a  constituent  of  most  of  the 
more  solid  fats  of  the  animal  and  vegetable  organisms. 

MoNosTBABiH,  C*»H«0«  -  C'^H^^OfO*.    (Berthelot,  Ann.  Ch.  Phys.  [8]  xli. 

H«  ) 
221.) — ^Prepared  by  heating  a  mixture  of  equal  parts  of  stearic  acid  and  glycerin  to 
200®  in  a  sealed  tube  for  36  hours,  then  leaving  it  to  cooL  On  opening  the  tube,  there 
is  found  floating  on  the  excess  of  glycerin,  a  solid  layer,  containing  monostearin  and 
uncombined  stearic  acid.  This  layer  is  melted,  mixed  with  a  small  quantity  of  ether, 
then  with  slaked  lime,  and  heated  to  130^  for  a  quarter  of  an  hour,  whereby  the  stearic 
acid  is  made  to  unite  with  lime.  The  monostearin  is  separated  by  exhaustion  with 
ether  and  spontaneous  evaporation. 

Monostearin  forms  very  small  white  needles,  aggregated  in  roundish  gnuns,  melting 
at  61®,  and  solidifying  at  60®  to  a  hard,  friable,  waxy  mass.  It  is  neutnl  in  alcoholic 
solution;  volatilises  without  decomposition  in  a  vacuum.  Very  slightly  soluble  in 
cold  ether. 

Monostearin  decomposes  when^heated  in  s  tube,  with  formation  of  acrolein.  When 
it  is^  heated  on  platinum-foil,  a  portion  evaporates,  while  the  rest  turns  yellow,  and 
burns  with  a  white  very  luminous  flame.  Heated  with  fuming  hydrocklarie  acid 
to  100®  in  a  sealed  tube  for  110  hours,  it  is  almost  wholly  resolved  into  glycerin 
and  stearic  acid.  A  trace  of  a  neutral  chlorinated  liquid  is  rormed  at  the  same  time. 
Monostearin  is  decomposed  by  heating  for  some  hours  to  100^  with  moist  protoxide 
of  lead,  yielding  nearly  25  per  cent,  glycerin  (calc.  25*56  p.  c.  CHH)*).  It  is  not 
decomposed  by  heating  to  100®  for  26  hours  with  alcoholic  acetic  acid. 

(C«H»y  ) 
DiSTBA^Biif,  C»H"0»  -  (C»H»0)70».  (Berthelot,  foe. of.)— Obtained :  1.  By 

H  3 
heating  monostearin  with  3  pts.  of  stearic  add  to  260®  for  three  hours. — 2.  By  heating 
stearic  acid  with  an  equal  quantity  of  glycerin  to  100®  for  114  hours;  or  to  275®  for 
seven  hours. — 3.  By  heating  the  stearin  of  natural  &t8  with  excess  of  glvcerin  to  200® 
for  22  hours.  Separated  like  monostearin.  It  forms  white  nucroscopic  Luninse,  which 
melt  at  58®,  ana  solidify,  like  monostearin,  at  55®.  Obtained  in  needles  by 
spontaneous  evaporation  from  ether.  Neutral ;  decomposible  by  moist  oxide  of  lead 
at  100®. 

Tbi8Tbariw,0*»H"K)«  -  J^^*^,|o».  Stearine or  Suhetaneeffrasae of  ChevreuL 

8ui/  absolu  of  Braconnot.  Taifffeti.  (Chevreul,  Reckerchee  sur  lee  corps  gras. — 
Braconnot,  Ann.  Chim.  xdii.  225. — ^A.  Yogel,  ibid.  Iviii.  154. — Lecanu,  Ann.  Ch. 
Pharm.  xii.  25. — ^Liebig  and  Pelouze,  (bid.  xix.  264. — ^Redtenbacher,  ibid.  xxxv. 
195. — ^Francis,  ibid.  xUi.  254. — Arzbacher,  ibid.  Ixx.  239. — ^Heintz,  see  Memoirs 
already  cited  (iii.  1069).— Duffy,  Chem.  Soc  Qu.  J.  v.  197,  308.— Berthelot,  Ann. 
Ch.  Phys.  [3]  xli.  216,  432 ;  xlvii.  297 ;  also  Chimie  oraanigw,  ii.  52  et.  seg.-^ 
H.  Kopp,  Ann.  Ch.  Pharm.  xciii.  194. — ^Bouis,  Comptrend.  xlv.  35 ;  Jahresb.  1857, 
p.  357.— ^Bouis  and  Pimentel,  Compt.  rend.  xliv.  1355;  Jahresb.  1857,  p.  356.^- 
Qm.  xvii.  118.) — ^This  compound  was  first  prepared,  though  in  an  impure  state,  by 
Chevreul ;  purer  by  Braconnot.  Berthelot's  researches  have  demonstrated  the  identity 
of  the  steann  of  natural  fats  with  tristearin.  It  occurs  in  many  fats,  especially  in  the 
solid  tallows  and  lards  of  the  animal  kingdom  (p.  413). — The  stearophanin  of  Francis 
is  also  resolved  by  saponification  into  stearic  acid  and  glycerin,  but  dmers  widely  from 
tristearin  in  its  melting-point  (p.  426). 

Preparaiion. — Monostearin  is  heated  for  three  hours  with  15  to  20  times  its  weight 
of  stearic  acid  to  270®  in  a  sealed  tube,  and  the  product  is  purified  in  the  same  manner 
as  monostearin  (Berthelot).  Heintz(Ann.  Ch.  Pharm.  xcii.  300)  heats  stearic  acid 
with  glycerin  to  200®  for  24  hours,  in  a  sealed  tulx*  filled  with  carbonic  anhydride ; 
the  tube  is  then  opened ;  the  glycerin  decanted ;  the  free  stearic  acid  removed  by 
treatment  with  ether  and  lime ;  and  the  mass  of  glycerides  dissolved  out  by  boiling 
ether.  The  mixture  thus  obtained  already  contains  monostearin,  and  may  be  converted 


STEARINS.  423 

into  tristearin,  by  heating  to  270^  for  ei^t  hours  with  a  huge  excess  of  stearic  acid ; 
the  nncombinod  stearic  acid  may  then  be  remoYed  as  before,  and  the  tristearin  dissolved 
out  by  hot  ether. 

CheYreul*s  stearin  is  obtained,  by  dissolving  mutton-suet  in  boiling  alcohol,  and 
reoystallising  the  fat,  which  separates  out,  till  the  melting-point  becomes  constant 
Purer  than  this  is  Braconnot's  stearin,  obtained  by  repeatedly  melting  mutton-suet 
with  oil  of  turpentine :  still  purer  is  that  of  Lccanu,  who  melts  mutton-suet  in  the  water- 
bath,  adds  an  equal  quantity  of  ether,  stirring  all  the  while ;  presses  the  fat  when 
cold,  and  recrystallises  it  till  the  melting-point  rises  to  62°.  Above  this  temperature 
tlie  meltiug-point  does  not  appear  to  be  raised  by  repeated  crystallisation  from  small 
quantities  of  ether;  but  it  may  still  be  raised  by  repeated  crystallisation  from  10  to 
100  times  its  volume  of  ether.  After  32  cr^'stalli nations  thus  performed,  the  melting- 
point  rises  to  69*7°  (Duffy) ;  but  the  &it  thus  treated  is  still  a  mixture  of  tristearin 
and  tripalmitin  (Heintz),  as  shown  by  its  melting-point,  and  by  that  of  the  acids 
(  M  66*5^)  separated  from  it  by  saponification.  The  melting-points  of  the  iatty  acids 
obtained  by  saponifying  dififerent  varieties  of  stearin,  are  as  follows:—- 

ChevTeul*s  stearin,  solidifying  at  44°,  yields  fatty  acids  melting  at  53^ 
Bnconnot's     „  „  61°  „  „  62-3° 

Lecanu's         „  „  62°  „  „  66° 

""pSf^i    "  »•  ^-«20      .,  „  64-65° 

Heint^s  „  „  62°  „  „  64° 

From  brindonia-tallow,  according  to  Bouis  and  PimenteU  ^ure  tristearin  may  be 
separated  by  recrystaUisation,  yielding  by  saponification  an  acid  having  the  melting- 
point  of  stearic  acid. 

JProperiiea. — ^Tristearin  forms  white,  pearly,  shining  nodules,  together  with  very  fine 
needles  (Bouis  and  Fimentel) ;  small  pearly  laminn,  resembling  spermaceti  or 
stearic  acid  (Lecanu).  Inodorous ;  tasteless ;  neutraL  Volatile  without  decomposition 
in  a  vacuum  (Chevreul).  A  non-conductor  oi,  electricity.  (Rousseau,  J.  Pharm. 
ix.  587.) 

The  stearin  of  the  natural  fats,  as  well  as  that  artificially  prepared,  exhibits  two 
(or  three)  different  melting-points,  since  when  heated  it  first  becomes  fluid  and  trans- 
parent \  afterwards,  when  fiurther  heated,  again  solid  and  opaque ;  and,  lastly,  a  second 
time  fluid  (Heintz,  Duffy,  Kopp).  It  expands  when  heated,  but  on  flrst  melting 
undergoes  a  contraction  of  about  2^  per  cent ;  near  its  second  melting-point  it  again 
expands,  and  at  the  moment  of  melting  increases  about  5  per  cent  in  volume  (Kopp). 
Tallow-stearin  melts  flrst  at  51—52'',  and  the  second  time  at  62° ;  at  58°  it  is  quite 
opaque  (Heintz).  With  purer  or  less  pure  tallow-stearin  somewhat  dififerent  tem- 
peratures are  observed. 

This  phenomenon  is  not  produced  by  the  splitting-up  of  tristearin  into  distearin 
and  free  acid,  inasmuch  as  alcohol  of  56°  takes  up  no  stearic  acid  therefrom  (Heintz). 
According  to  Dufly,  it  is  to  be  explained  by  the  hypothesis  of  three  modiflcationB  of 
stearin,    ((xltcbbidss,  ii.  879.) 

ck  First  modification, — Produced  when  stearin  melting  at  69*7^  is  heated  to  73*7° 
or  higher,  and  then  cooled,  when  it  solidifles  only  at  51*7°.  It  is  solid  below  52°, 
but  melts  at  that  temperature,  passing  into  the  second  modification.  Shining  nodules 
of  specific  gravity  0*9867  at  15*  09600  at  51*5°  (Duffy),  0-987  at  10°.  (H.  Kopp.) 

/3.  Second  moaificcttion. — ^Produced  by  heating  stearin  of  the  first  modification  to 
52°,  or  a  few  degrees  higher,  for  some  time,  until  the  fused  mass  has  again  become 
solid.    Lamellar,  melting  at  64*2°.    Specific  gravity  =:  10101  at  15°.    (Duffy.) 

y.  Third  modification.  —Forms  the  ciystals  of  stearin  which  separate  from  ether. 
It  is  also  formed  when  stearin  is  heated  to  65°  or  66°,  after  which  it  solidifies  slowly, 
at  62 — 63°,  to  an  opaque,  friable,  highly  crystalline  mass,  and  melts  again  only  at 
69-7°.  Specific  gravity  at  15°  «  10179;  at  51'5°  «  1*009;  at  65'6°  =  0-9931 ;  at 
68-2°  «  0-9746.     (Duffy.) 

The  specific  gravity  of  melted  stearin  at  65-5°  is  0'9245  (Duffy).  Duffy's  second 
modification  is  not  obtained  from  pure  stearin,  which,  however,  contains  the  first  and 
third  modifications,  even  after  several  recrystallisations ;  it  is,  therefore,  not  to  be 
regarded  as  pure  stearin  (Heintz).  TaUow-stearin,  melting  at  60°,  possesses  at  50°, 
in  the  first  modification,  a  volume  »  1*031,  and  after  passing  into  the  second  modifi- 
cation a  volume  »  1*008,  the  volume  at  0°  being  »  1 ;  its  volume  increases  to  1*076 
at  the  melting-point,  and  on  melting  to  1*127.    (H.  Kopp.) 

Melted  stearin  solidifies  on  cooling  to  a  very  indistinctly  crystalline  mass  (Heintz) ; 
to  a  blistered  mass,  which  exhibits  transparent  and  dead-white  portions  (Bonis  and 
Pi  men  t  el).     The  temperature  of  melted  stearin  falls  several  degrees  below  the 


424  STEARINS. 

BoUdifyiDg-point  before  the  mass  becomes  solid,  but  rises  again  during  solidification 
to  44^  (Chevreul),  54°  (Lecann);  it  forms  a  semitransparent  mass,  having  an 
even  surface,  the  central  part  of  which  ultimately  solidifies  in  radiated  ciystals. 
(Chevreul.) 
The  percentage  composition  of  tristearin  is  as  follows : — 

Calculated,  Chevreiil*  Leduin.  Ltcbig  and  Peloase. 

C*^     •        .        .684            76-86            77*7  76*91  74-62  to  76-09 

H>»»    .        .        .110            12-36            11-8  12-39  12-89  „  12-32 

0*      .        .        .    _96            1079            10-6  10-70 

C»'H"»0«  890  10000        10000 

ArsbScher.  Duffy.  Heints.  Berthelot. 


) 

10000 

Heints. 

* 

76-87 
12-20 
10-93 

76-74        76-60 
12-42        12-41 
10-84        1109 

C  .  .  .  76-61  7712  76-32  76-87  76-74  7660  76-8 
H.  .  .  12-28  12-30  12-32  1220  12-42  1241  12-4 
O  .         .         .     1121         10-58         11-36         10-93         10-84         1109         11-8 

100-00       100-00       10000       100-00       100-00       100-00       100-0 

Berthelot  analysed  artificially-prepared  tristearin.  The  stearin  of  beef-suet  contains, 
according  to  Axzbacher,  78-74  per  cent.  C ;  but  Heintz  {b)  and  Ihiffy  (e)  found  it  to 
have  the  same  composition  as  that  from  mutton-suet.  Dufiy  ezamineid  stearin  melting 
(a)  at  62-5°  and  (6)  at  69-7°.  The  formula  of  tristearin  was  deduced  by  Berthelot  from 
the  combining  proportions  of  glycerin  with  acids  (Ethsbs,  ii.  519;  Gltcbridxs,  ii.  877), 
Bufify  having  previously  shown  that  in  the  formation  of  1  at.  stearic  acid  from  stearin 
1  at.  carbon  is  eliminated.  Berthelot's  formula  alone  explains  how,  in  the  saponifica- 
tion of  stearin,  the  undermentioned  amounts  of  glycerin  and  acid  are  produced. 

Stearin  is  not  perceptibly  soluble  in  alcohol  of  30°  B.,  nor  even  in  alcohol  of  97  per 
cent.,  in  the  cold ;  it  dissolves  abundantly  in  hot  alcohol,  and  separates  in  flocks  on 
cooling  (Lecanu).  100  pts.  of  boiling  alcohol,  of  specific  gravity  0*795,  dissolve 
15*04  to  16-07  pts.  of  Chevreul's  tallow-fat  from  mutton-suet;  15*48  pts,  of  that 
from  beef-suet;  18*25  from  hog^s-land ;  and  36  from  goose-fat.  100  pts.  of  boiling 
alcohol  of  specific  gravity  0*805,  dissolve  6*63  pts.  of  tallow-fat ;  100  pts.  of  specific 
gravity  0*822  dissolve  1*45  of  the  tallow-fat  of  butter,  which  is  deposited  tdmost  entirely 
on  cooling  (Chevreul ).  Stearin  precipitated  from  an  alcoholic  solution  retains  alcoh<& 
even  after  prolonged  fusion.    (Saussure.) 

Stearin  dissolves  very  freely  in  boiling  ethers  which  retains  jj^th  on  cooling  (Lecanu). 
It  dissolves  in  hot  acetone  more  freely  than  in  cold,  and  is  precipitated  on  cooling,  or 
by  the  addition  of  water  (Chenevix).  It  is  easily  soluble  in  volatile  oUe^  and  mixes 
with  melted  camphor^  and  with  drying  and  oil-fat.  A  solution  of  1  pt.  of  stearin  in 
160  pts.  almond-oil  deposits  white  flocks  of  stearin  when  mixed  with  170  pts.  of 
ether ;  it  is  therefore  not  rendered  more  soluble  in  ether  by  admixture  with  a  fatty  oiL 
(Lecanu.) 

J)€Comj>o8iiions. — 1.  Stearin  yields  by  dry  distillation  the  products  of  decomposition  of 
stearic  acid  and  of  glycerin — viz.,  carbonic  anhydride,  gaseous  and  liquid  hydrocarbons, 
acrolein,  acetic  acid,  water,  and  f^  carbon ;  part  of  it,  however,  passes  over  unaltered. 
The  hydrocarbons  boil  between  190°  and  245°,  and  are  polymeric  with  ethylene 
(G^rhardt). — 2.  Pure  stearin  does  not  alter  by  exposure  to  the  air,  and  impure 
stearin  probably  turns  rancid  only  when  it  contains  olein  or  drying  oil.    (Chevreul.) 

3.  Tristearin  is  easily  saponified  by  alkaliaj  lead-oxide^  and  other  bflises,  yielding 
stearic  acid  (melting  at  70°)  and  glycerin,  1  at  of  pure  tristearin  yielding  3  at.  stearic 
add,  and  1  at.  glycerin : 

((Cr^;jo..3H.>-,(C'^io).«^Tjo.. 

Pure  tristearin  from  Brindonia  indica  yielded  95*7  per  cent,  stearic  acid ;  artificial 
stearin  yielded  95-5  per  cent,  stearic  acid,  and  10*2  glycerin  dried  in  vacuo  (Heintz): 
the  quantities  required  by  calculation  are  95*7  stearic  acid,  and  10*3  glycerin;  the 
purity  of  the  substance  and  the  correctness  of  the  formula  are  therefore  fully  proved. 

4.  A  solution  of  sodium-ethylate  in  absolute  alcohol  decomposes  stearin  when  heated, 
yielding  sodic  and  ethylic  stearate,  together  with  glycerin:  in  like  manner,  with 
sodium^amylate,  it  yields  amylic  stearate  (p.  421). 

6.  A  solution  of  dry  ammonia-gas  in  absolute  alcohol  does  not  act  on  stearin,  even 
after  prolonged  boiling. 

6.  Bromine  and  chlorine  decompose  stearin,  forming  substitution-products,  which  are 
softer  and  more  soluble  than  stearin  itself.  The  chlorine-compound  contains  21*2  per 
cent,  chlorine;  the  bromine-compound  35-9  bromine.  (Lefort,  J.  Pharm.  [3],  xxv. 
24.) 
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7.  Stearin  mixed  with  panereaHo  juice  yields  an  emulsion  in  which  the  whole  of  the 
stearin  is  resolved  into  stearic  acid  and  glycerin,  on  standing  for  a  day  or  two  at  a 
temperature  of  30 — 40^.    (Bernard;  Berthelot.) 

(C»HT))   ci 
C«H"C10«    -  C»«H»0  V  ^i .—  Ptodttced    by 

passing  hydrochloric  acid  gas  for  some  time  into  a  mtztnre  of  stearic  acid  and  glycerin 
heated  to  100^.  After  being  left  to  settle,  then  washed  with  sodic  carbonate,  and 
repeatedly  dissolyed  in  ether,  it  forms  a  solid  mass  melting  at  28^.    (Berthelot.) 

STBASOa&VCOSB.  Gluck  StearaU  (p.  421).  C^'H'^O*  «  2C>"H'<0*  + 
C*H"0*  —  3H*0. — ^A  saccharide  produced  by  heating  stearin  with  certain  kinds  of 
sugar.  To  prepare  it,  a  mixture  of  stearin  and  anhydrous  glucose  is  heated  to  120^ 
for  fifty  or  sixty  hours,  and  the  product  is  ]purified  by  ether  and  lime,  lilce  monostearin 
(p.  422).  Cane-sugar  and  trehalose  also  yield  the  same  compound ;  when  trehalose  is 
employed,  the  mixture  may  be  heated  to  180°.  Small  quantities  are  obtained  likewise 
from  stearin  and  starch  at  180°,  and  from  stearin  and  woody  fibre  at  200°. 

It  forms  microscopic  fine  granules,  or  a  white  fusible  mass  resembling  stearin.  It 
is  neutraL  It  assumes  with  oil  of  yitrlol  a  reddish  colour,  quickly  changing  to  yiolet 
and  black.  It  reduces  potassio-cujirio  tartrate ;  is  decomposed  by  treatment  with 
warm  alcoholic  hydrocmoric  acid,  with  formation  of  glucose,  humus-substances,  and 
ethylic  stearate.    (Berthelot^  Ann.  Ch.  Phys.  [3]  Ix.  95.) 

BTBAXOCOVOTB  (from  arrets,  tallow ;  and  k6¥is,  powder). — The  name  applied 
by  Couerbe  to  a  fatty  substance,  which  he  obtained,  together  with  others,  from  the 
brain,  by  exhaustion  with  ether  and  then  with  boiling  alcohol.  It  is  described  as  a 
yellow-brown  pulTerulent  fat,  insoluble  both  in  alcohol  and  ether,  unless  fixed  oils  are 
also  present,  in  which  case  it  dissolTes  in  ether ;  hence  it  is  dissolred  out  of  the  brain 
by  ether,  and  on  evaporating  the  solution  to  dryness,  and  exhausting  with  alcohol, 
cephalote  (i.  822)  dissolves,  and  stearoconote  remains  behind.  According  to  Couerbe, 
it  contains  both  sulphur  and  phosphorus.  According  to  Fr^my,  however,  it  is  not  a 
definite  substance,  but  a  mixture  of  brain-albumin,  oleophosphates,  and  cerebric 
add;  and  according  to  the  more  recent  investigations  of  v.  Bibra  and  W.  Miiller,  all 
the  substances  found  in  the  brain  by  Couerbe  and  Fr6my  are  chiefiy  mixtures  of 
different  fSfttty  acids.  The  presence  of  sulphur  and  phosphorus  in  these  feits  appears 
very  doubtfuL    (See  Nervous  Tissux,  iii.  32 ;  also  Kandw.  d.  Chem.  viii.  226). 


The  name  applied  by  Grosourdi  (J.  Chim.  M^ 
[3]  vii.  257)  to  a  solid  f&t,  which  separates,  on  standing  at  +  10°,  from  the  oil 
obtained  by  warm  pressure  firom  the  pericarp  of  bay-berries  (the  fruit  of  Lawrxts  nobilis). 
It  forms  warty  masses,  but  has  not  been  further  examined. 

BVJBJkMOlULXJMXMm  Orosourdrs  name  for  a  fat  deposited,  on  standing  at 
+  10°  to  +  4°,  from  the  oil  obtained  by  warm  pressure  &om  the  shelled  seeds  (cotyle- 
dons) of  the  fruit  of  Laurus  nobilia.    It  forms  a  yellowish-white  mass. 

BTaA»OV&  C»H«»0  -  C»"H»»O.C"H".  (Bussy,  Ann.  Ch.  Pharm.  ix.  269. 
— ^Bedtenbacher,  ibid.  xxxv.  57. — ^Varrentrapp,  ^rid,  xxxv.  80.— Rowney, 
Chem.  Soc  Qu.  J.  vi.  97. — ^Heintz,  Pogg.  Ann.  xciv.  272;  xcvi.  65.) — This  body,  the 
ketone  of  stearic  acid,  is  produced  by  the  dry  distillation  of  stearic  add,  or  more 
abundantly  by  that  of  calcic  or  plumbic  stearate.  To  purify  it,  the  solid  distillate  is 
boiled  with  water,  the  finely  pulverised  residue  is  heated  with  ether  to  the  boiling- 
point,  and  after  cooling,  collected  on  a  filter  and  again  treated  with  ether :  pure  stearine 
then  remains  behind.    (Heintz.) 

The  substance  described  asmar^aroneby  Bussy,  Redtenbacher,  and  Varrentrapp, 
and  obtained  by  the  distillation  of  impure  stearic  acid,  was  a  mixture  of  stearone  and 
palmitone ;  Kowney's  stearene  (p.  412)  is  doubtless  also  impure  stearone. 

Pure  stearone  forms  delicate,  pearly,  microscopic  lamina  very  strongly  electric  It 
is  slightly  soluble  in  boiling  alcoholy  and  separates  almost  entirely  on  cooling ;  nearly 
insoluble  in  cold  and  very  slightly  soluble  in  boiling  ether.  It  melts  at  87*8°. 
(Heintz.) 

Bromostearones, — ^Melted  stearone  treated  with  excess  of  bromine,  gives  ofif  hydro- 
biomic  add,  and  is  converted  into  a  red  oily  liquid,  which  solidifies  on  agitation  with 
water,  and  when  washed  with  aqueous  ammonia  and  then  with  oold  alcohol,  and 
repeatedly  crystallised  &om  ether,  yields  dibromo6tearone,  C"H*Br*0,  in 
laminar  crystals  which  melt  at  72°,  and  are  moderately  soluble  in  cold  ether. 

By  the  Luther  action  of  bromine  on  stearone,  a  veiy  fusible  substance  is  formed 
probably  a  more  highly  brominated  product. 

STSAltOPBAmc  ACIB.    Stearic  acid  from  cocculus-grains  (p.  413). 
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r«  The  glyceride  obtained  from  coceulas-gnuns.  It  agree* 
with  trifitearin  in  nearly  all  its  properties,  but  was  found  by  Francis  to  melt  at  a 
mudi  bwer  temperature,  viz.  at  36^  to  36^,  doubtless  in  consequence  of  the  admixture 
of  fats  of  lower  melting-point. 

gT»ftB1M*TBWff     The  more  solid  constituents  of  essential  oils.    (See  Oils, 
It.  184.) 

STSAXOTX.    Weltzien's  name  for  the    hydrocarbon  C^H**,  which   mi^  be 
supposed  to  exist  in  stearone,  regarding  it  as  (C"&'^)K>. 

G**HK>.--The  radicle  of  stearic  add,  &c 

Syn.  with  Cebkbbotb  (i.  830). 

A  mineralogical  term  used  synonymously,  sometimes  with  Soap- 
STOMB  (p.  324),  sometimes  with  Talc  (£.f .).  * 

STSATOXB.    A  name  applied  to  seipentine    occurring  in  pseudomoiphs    at 
Snarom  in  Norway. 

STMBJkm  Acier.  8t(M. — ^The  particular  kind  of  metallic  iron  to  which  this  name  is 
applied  possesses  characters  which  render  it  to  some  extent  intermediate  between  cast- 
iron  and  what  is  commonly  known  as  malleable  iron,  while  it  is  distinguished  from 
both  by  the  capability  of  acquiring  very  considerable  hardness  when  heated  and  sud- 
denly cooled,  and  of  becoming  soft  again  when  heated  and  allowed  to  cool  slowly. 
Steel  is  generally  hardened  by  plunging  it  while  hot  into  water,  oil,  mercury,  or  some 
other  liquid.  The  greater  the  reduction  of  temperature,  and  the  more  rapidly  it  takes 
place,  the  greater  is  the  degree  of  hardness  produced.  Steel  raised  to  a  white  heat 
and  then  immersed  in  cold  mercury,  acquires  a  degree  of  hardness  nearly  equal  to  that 
of  the  hardest  white  cast-iron,  or  even  of  diamond.  It  is  then  also  extremely  brittle.  By 
heating  such  hardened  steel  again,  and  allowing  it  to  cool  gradually,  it  becomes  softer  and 
less  brittle.  It  is  in  rirtue  of  this  capability,  which  is  one  of  the  most  distinctive  charac- 
ters of  steel,  that  various  degrees  of  hardness  may  be  communicated  to  it,  by  regulat- 
ing the  temperature  to  which  the  hardened  metal  is  heated  before  being  allowed  to 
cool  gradually,  or  to  which  the  soft  metal  is  heated  before  being  suddenly  cooled. 
Steel  tools  and  instrumentB  are  made  and  finished  while  the  metal  is  in  the  soft  state, 
and  the  requisite  degree  of  hardness  is  given  to  them  as  above  described.  This 
operation  is  called  tempering  (tremper ;  anlasaen).  The  degrees  to  which  the  metal 
requires  to  be  heated,  in  order  to  acquire  different  degrees  of  hardness,  are  indicated 
by  the  colours  which  it  assumes  when  heated,  and  which  are  due  to  the  formation  of 
an  extremely  thin  film  of  oxide  on  the  surface.    They  are  as  follows : — 


Tep^»erature,  Ookmr, 

220^0.          .  Faint  yellow  .  .    for  surgical  instruments. 

.  Straw-yellow  .    for  razors,  penknives,  &c 

.  Brownish-yellow  .    for  scissors,  hard  chisels. 

.  Purple  spots  .  .    for  axes,  knives. 

.  Purple        .  .  .for  table-knives. 

•  Pale-blue  .  .  .for  sword-blades,  watch-springs. 


Dark-blue  .    for  fine  saws,  boring  tools. 

Blackish-blue  .    for  hand-saws. 


230 
255 
265 

277 
288 
293 
816 

The  distinction  between  steel  and  cast-iron  or  malleable  iron  is  not  by  any  means 
absolute,  but  consists  rather  in  the  decree  to  which  considerable  hardness,  or  the 
capability  of  acquiring  that  character,  is  associated  with  tenacity  and  malleability. 
Accordingly,  there  are  numerous  varieties  of  steel  approximating  more  or  less  to  cast- 
iron  or  to  malleable  iron.  Together  with  such  differences  in  the  nature  and  qualities 
of  steel,  it  has  generally  been  found  that  there  are  corresponding  differences  in  the 
amount  of  carbon  the  metal  contains ;  the  closer  the  approximation  to  malleable  iron, 
the  smaller  is  the  amount  of  carbon  in  the  metal,  and  the  reverse.  When  the  amount 
of  carbon  is  less  than  about  0*65  per  cent.,  the  capability  of  being  tempered  is  either 
wanting  or  very  slight.  When  it  amounts  to  1*75  per  cent.,  the  metal  is  capable  of 
being  made  very  luird,  but  its  tenacity  is  much  reduced.  The  capability  of  being 
hardened  and  tempered  is  combined  with  the  maximum  tenacity  when  the  carbon 
amounts  to  about  1*5  per  cent.  The  opinion  that  these  characters  of  steel  are  inti- 
mately connected  with  the  amount  of  carbon  it  contains  has  long  been  entertained ; 
but  it  is  still  uncertain  in  what  manner  these  facts  are  related. 

Among  the  various  substances  which  are  frequently  present  in  metallic  iron  as 
impurities,  those  whiclf  appear  to  be  most  prejudicial  to  the  quality  of  steel  are  tuiphur 
and  photphorua. 

The  fact  that  certain  iron-ores  containing  mangaTieH  are  especiaUy  suitable  Ibr  the 


STEEL. 


427 


production  of  stfOel,  has  given  rise  to  the  opinion  that  this  metal  was  a  necessary 
constitnent  of  good  steel ;  but  it  is  rarely,  if  erer,  the  case  that  steel  contains  manga* 
nese,  and  whatever  beneficial  influence  the  presence  of  this  metal  may  exercise  in  the 
manufacture  of  steel,  would  appear  to  be  of  a  totally  different  nature. 

The  presence  of  ckromiumf  nickd^  or  rhodium  in  steel  is  said  to  improve  its  quality, 
but  the  data  on  which  the  opinion  is  founded  are  somewhat  insufficient. 

The  results  of  observations  on  the  influence  of  silver  upon  steel  are  discordant 
Tungsten  and  titamum  have  been  stated  to  improve  the  quality  of  steel,  but  further 
experience  is  requisite  in  regard  to  this  question. 

The  presence  in  steel  of  a  minute  amount  of  nitrogen  as  a  necessary  constituent  has 
been  alleged  byFr^my;  but  Marchand,  Rammelsberg,  and  Boussingault 
have  fallal  to  detect,  by  their  analyses,  any  greater  indications  of  nitrogen  than 
might  be  fiiirly  referred  to  accidental  sources.  Car  on  infers,  from  his  observations, 
that  if  steel  contains  nitrogen,  it  is  not  as  an  essential  constituent.  Similar  results 
have  been  obtained  by  Stuart  and  Baker.     (Chem.  Soc.  J.  [2],  ii.  390.) 

The  colour  of  steel  is  greyish-white,  sometimes  almost  pure  white,  and  the 
hardened  metal  is  somewhat  whiter  than  the  soft  metal.  The  lustre  of  steel  is  not 
remarkably  different  from  that  of  malleable  iron.  The  surfaces  of  fracture  present  a 
very  fine  granular  texture,  very  uniform,  and  without  any  of  the  fibre  characteristic  of 
good  malleable  iron.  The  fracture  of  hardened  steel  presents  a  remarkably  close  fine- 
grained texture.  Steel  is  always  harder  than  malleable  iron,  but  it  is  never  so  hard 
as  that  kind  of  white  cast-iron  known  as  "  Spie^eleisen."  The  tenacity  of  steel  is 
greater  than  of  either  cast-iron  or  malleable  iron,  or  indeed  of  an^  other  metal.  Accord- 
ing to  the  experiments  of  Musschenbroek  and  Rennie,  it  is  at  least  twice  as  great 
as  that  of  malleable  iron.  It  is  slightly  reduced  by  hardening,  but  by  annealing  the 
metal  its  tenacity  is  rendered  even  greater  than  that  of  the  unhardened  steel. 

Tmaciig  or  Tensile  Strength  of  Steel, 


Kindoftieel. 

LetigthwiM 
in  pounda. 

CroMwUe 

per 
square  inch 

Ultimate 
extAiition 

Aatbority. 

length 

croM. 

Shear  steel  bars  rolled  and  forged 
Puddled  steel  bars  rolled  and  forged 
Cast-steel  bars  rolled  and  forged 

Puddled  steel  plates  . 
Cast-steel  plates 

118,468 
90,000 

130,000 
J  102,593 
I   71,632 

<  94,289 
I   75,694 

•           • 

85,365 
67,686 

96,308 
69,082 

0135 

•           ■ 

•028 
•082 

•067 
•198 

•     • 

•013  ( 
•067  { 

•096  ( 
•196  ( 

Napier 

Fairbaim 

Bennie 

Napier 

See  Kirkaldy,  Trans.  Institut.  Engineers  in  Scotland,  1868-9;  and  Tinsile  Strength 
of  Wrought  Iron  and  Stetl  (London,  1862) ;  also  Fairbai  rn,  Brit.  Assoc.  Eeport,  1856. 

The  malleability  of  soft  steel  at  the  ordinary  atmospheric  temperature  is  even  less 
than  that  of  hard  cast-iron.  Hardened  steel  is  very  brittle,  and  will  not  bear  working 
with  the  hammer.  The  malleability  of  steel  is,  however,  considerably  increased  when 
the  metal  is  heated. 

The  specific  gravity  of  soft  steel  varies  between  7*6224  and  7*8131  (Karsten). 
It  is  somewhat  reduced  by  hardening  the  metal ;  viz.  from  7'75  to  7*56(Rinman),  7*79 
to  7*67  (Pearson). 

The  specific  heat  of  steel  is  0*11848  (Begnault).  Its  linear  expansion,  when  heated 
from  0°  to  100^  C,  is  scarcely  greater  than  that  of  malleable  iron,  out  less  than  that  of 
cast- 
about 

^Sr,  msuieuuie  iruii  ^^,  auu  casi/-uruii  gs^. 

When  steel  is  heated  to  whiteness,  it  becomes  soft  like  malleable  iron,  under  the 
same  condition,  and  is  then  capable  of  being  wrought  and  welded  not  only  to  steel, 
but  also  to  malleable  iron.    It  welds  at  a  lower  temperature  than  iron  does. 

The  melting-point  of  steel  is  between  that  of  cast-iron  and  that  of  malleable  iron, 
and  is  probably  about  1800^  C.  The  fusibility  of  steel  is,  however,  influenced  by  the 
amount  of  carbon  it  contains. 

Steel  is  less  susceptible  of  ma^etic  induction  than  pure  iron ;  but  it  far  exceeds 
iron  in  the  capability  of  becommg  permanently  magnetic,  for  which  reason  it  is 
generally  used  for  making  magnets  (iii.  761). 

Steel  is  oxidised  much  less  readily  than  malleable  iron  by  exposure  to  the  ai mo- 
sphere  at  the  ordinary  temperature,  especially  when  it  is  polished  and  clean.    When 


grt>diull:rheat«d  in  eoDlACt  with  atmoapherie  ur,  itaeqnires,  na  the  temperature  imm, 
a  mceeision  of  coloora  at  tlie  Eor&ce,  from  Aunt  Tellow  to  blackish-Uus.  At  860°  C. 
all  colonr  disappeara ;  but  if  the  heat  be  rujed  still  further,  the  colonn  reappear 
Id  the  same  oraer,  more  iitiiitl;  than  at  first.  The  colomtioD  ia  dae  to  an  incipient 
oxidation,  and  the  lucceseion  of  coloora  is  cansed  bj  the  increasing  thickness  of  Uut 
film  of  oxide,  as  in  Kewton's  rings  it  is  ^nsed  bj  the  unequal  thickness  of  a  lajer 

Hardened  steel  is  dissolved  bj  acids  less  readily  than  soft  steeL  With  dilnta 
hjdrochloric  or  snlphuric  acids,  soft  stest  givee  a  larger  amount  of  the  black  graphitio 
■ubataoce  vhich  ie  attracted  bj  the  magnet,  than  malleable  iiod  does.  B7  the  eon- 
tinned  action  of  the  acid,  this  snbstance  is  concerted  into  a  carbonaceous  mass,  which 
bums  without  leaving  any  residue,  as  in  the  case  of  malleable  and  cast-iron.  With 
dilute  nitric  add  this  subalsjice  is  not  separated  from  soft  steeL  CoDcentiated  hydro- 
chloric add  diwolres  soft  steel  completely  without  reaidue. 
Manu/aelure  0/  Steel. 

By  ameltjng  very  rich  and  pure  iron-orea  with  charcoal  in  a  bloomeiy,  much  in  the 
aame  way  as  tbat  described  ander  the  head  of  laoH  (iiL  344),  steel,  or  a  kind  of  steely 
iron,  may  be  produced  direct  irom  the  ore ;  but  this  method  of  maanfacture,  though 
much  practisAl  formerly,  and  still  followed  to  some  eitent  at  a  few  places,  bss  long 
been  BUperscded  by  others.  8t«el  is  now  generally  prodaced  indirectly,  either  by 
carbonising  bars  of  malleable  iren,  or  by  panially  decarbimsing  cast-iron.  Tba  stoel 
produced  by  the  former  method  is  called  CemiM  Slid  (acirr  de  ctnantation ;  Brmntlail); 
that  produced  by  the  Litter  method  ia  called  ^'alurai  Sled  (aeiir  ie  forge;  EohetaU), 
Fig.  777.  %■  778. 


f  atmosphe 
metal,    according    to    the    method 
lately  introduced  by  Bessemer. 

1.  CiBBUHATios  Mjitkod  :  O- 
mentation. — Thia  method  of  produ- 
cing Bleat  is  based  upon  the  ^t  tbat, 
when  mallesbte  iron  is  bested  in 
contact  with  charcoal  or  other  car- 
bouaceoua  substances,  and  without 
,  access  of  air,  to  a  temperature  some- 
what below  its  meltiug-puiut,  car- 
bon IB  absorbed  by  the  metal. 

The  iron  used  for  producing  Bt«e1 
in  this  way  must  be  of  the  best 
quality,  and  free  fraia  the  impurities 
wbich  have  already  been  men- 
tioned as  prejudicial  to  sleel  (ece 
ante,  y.  426),  The  cement  or  carburising  nwterial  used  is  conrjely-powdered  charcoal, 
Bometimea  mixed  with  hom-ahavings,  ferrocjanides,  and  eimilar  eubstanccK 

The  furnaces  to  which  the  opention  is  conducted,  somewhat  resemble  glass-house 
furnaces,  as  shown  bj^*,  777,  778,  and  779,  and  they  are  arrangod  m  that  a  uniform 


STEEL.  429 

temperature  may  be  kept  up  in  them  for  sereral  days.  The  bars  of  iron  are  placed  in 
the  rectangular  chambers  C  C,  and  imbedded  in  chansoal-powder.  These  pots  {eaisses; 
Kaaten)  are  then  closed  with  a  kyer  of  loam,  and  the  heat  gnduallj  raised,  during 
some  three  or  four  days,  to  the  maximum  degree,  which  is  maintained  two  or  throe 
days  longer,  the  progress  of  the  operation  being  ascertained  by  dra¥ring  out  a  bar  and 
testing  it.  When  the  conyersion  of  the  iron  into  steel  is  completed,  the  furnace  is 
allow^  to  cool  gradually,  and  the  charge  is  taken  out.  The  surfiices  of  the  bars  of 
steel  are  covered  with  numerous  small  blisters,  for  which  reason  it  is  called  Bliittr  Steel 
{acierpoule;  Blaserutahl). 

The  mode  in  which  steel  is  produced  by  cementation  is  still  but  imperfectly  under- 
stood. For  a  long  time  it  was  supposed  that  the  iron  combined  directly  with  carbon  in 
the  solid  state ;  but  it  is  more  probable  that  the  conversion  of  the  iron  into  steel  is 
effected  indirectly  by  gaseous  carbon-compounds,  such  as  carbonic  oxide  and  hydro- 
carbons. At  a  sufficiently  high  temperature,  carbonic  oxide  yields  part  of  its  carbon 
to  iron,  and  is  converted  into  carbonic  acid,  while  marsh-gas  and  olefiant  gas  are 
decomposed  in  like  manner  by  iron,  yielding  carburetted  iron  and  hydrogen.  Some 
years  ago,  Macintosh  proposed  to  manufacture  steel  by  heating  bar-iron  in  an  atmo- 
sphere of  coal-gas ;  and,  though  this  method  has  not  come  into  use,  good  steel  can  be 
made  by  it,  if  the  gas  used  for  tiie  purpose  be  free  from  sulphur.  Animal  charcoal, 
horn-shavings,  ferrocyanides,  &c.,  are  sometimes  mixed  with  the  charcoal-powder  used 
in  producing  steel  by  cementation,  and  these  substances  facilitate  the  conversion, 
chieiSy  by  yielding  gaseous  carbon-compounds. 

2.  DscARBURATioir  Mbthods. — ^In  aU  these  methods  the  abstraction  of  carbon  from 
the  cast-iron,  and  its  conversion  into  steel,  is  effected  by  the  oxidising  action  of  atmo- 
spheric air,  either  directly  or  indirectly,  through  the  medium  of  slags  containing  ferrous 
oxide,  and  the  nature  of  the  product  depends  very  much  upon  the  extent  to  which  that 
action  is  allowed  to  continue. 

a.  Natural  Steel  is  produced  by  melting  white  cast-iron  (Spteaeleieen),  or  easily 
fnsible  grey  cast-iron,  with  charcoal,  in  a  finery-hearth  or  forge,  and  under  a  blast  of 
air.  This  method  of  manufacture  is  restricted  to  countries  where  very  pure  cast-iron 
is  obtained,  by  smelting  spathic  and  magnetic  iron-ores  with  charcoaL  It  is  practised 
in  Westphalia,  Silesia,  Styria,  Carinthia,  Sweden,  and  some  other  places,  with  a  variety 
of  modifications,  arising  chiefly  from  the  nature  of  the  cast-iron  to  be  worked,  or  from 
other  local  circumstances.  The  process,  however,  is  essentially  the  same  in  all  cases, 
and  differs  from  that  already  described  as  taking  place  in  the  conversion  of  cast-iron 
into  malleable  iron  (iii.  345),  only  in  so  far  that  the  decarburation  is  not  carried  to  such 
an  extent  as  in  the  manufi&cture  of  malleable  iron. 

$.  Puddled  Sted  is  produced,  from  such  kinds  of  east-iron  as  do  not  contain  sub- 
stances pr^udicial  to  steel,  by  operating  upon  it,  in  reverberatory  furnaces,  in  the  same 
way  that  cast-iron  is  converted  into  malleable  iron,  but  so  as  to  effect  only  a  less  ad- 
vanced decarburation. 

7.  Bessemer  Steel  is  produced  by  forcing  atmospheric  air  into  melted  cast-iron.  The 
carbon,  being  oxidisea  more  readily  than  the  iron,  is  converted  into  carbonic  oxide, 
which  escapes  in  a  sufficiently  heated  state  to  take  fire  on  coming  in  contact  with 
atmospheric  air.  Considerable  heat  is  generated  by  the  oxidation  of  the  carbon  and 
iron,  so  that  the  temperature  is  kept  above  the  melting-point  of  steel  during  the  whole 
of  the  operation.  Wben  the  decarbmration  has  been  carried  far  enough,  the  current  of 
air  is  stopped,  and  a  small  quantity  of  white  piff-iron,  containing  a  large  amount  of 
manganese,  is  dropped  into  the  liquid  metal.  This  serves  to  facilitate  the  separation 
of  any  gas  retained  within  the  melted  metal,  which,  after  a  few  minutes'  rest,  is  run 
into  ingot-moulds. 

The  bars  of  blister-steel  obtained  by  cementation  are  never  xmiform  throughout 
their  entire  mass,  the  exterior  portion  being  more  highly  carburised  than  the  interior, 
and  this  difference  is  not  always  the  same  at  all  parts  of  the  bars.  To  render  them 
homogeneous,  they  are  drawn  out,  while  hot,  under  hammers  or  rollers,  into  thin  bars, 
and  a  number  of  these  bars  are  laid  together  in  &  faggot  {trousse  ;  Garbe),  heated  to  a 
welding  heat,  and  then  hammered  or  rolled,  this  operation  beins  repeated  several 
times.  The  steel  is  then  called  Shear  Sted  {acier  raffini ;  Genstam).  The  same 
operation  has  to  be  performed  with  the  rough  bars  of  natural  steel,  in  order  to  render 
their  texture  uniform. 

Steel,  produced  by  either  method,  may  be  rendered  still  more  homogeneous  by  melt- 
ing it  in  a  crucible,  and  running  it  into  bus  or  ingots.  Cast  Steel  (aoierfondu  ;  Gussstahl), 
Bessemer-steel,  from  the  mode  in  which  it  is  produced,  is  always  of  this  kind. 

The  manu&cture  of  cast-steel  for  various  purposes  has  long  been  a  very  important 
branch  of  industry,  and  it  is  certain  to  become  still  more  so,  now  that  the  new  method 
of  producing  steel,  introduced  by  Bessemer,  admits  of  its  being  dealt  with  in  very 
much  larger  masses  than  heretofore.    It  is,  however,  essential  to  the  adoption  of  this 
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method,  to  hare  at  command  cast-iron  of  good  qnalitj,  and  free  from  salphor  and 
phoaphonui,  which  are  00  prvjadicial  to  the  quality  of  steel,  and  are  not  eliminated  in 
the  process  of  conversion,  but  are  rather  relatively  increased  in  amount  in  the  product 
obtained  by  the  Bessemer  method,  when  they  are  contained  in  the  pig-iion  operated 
upon.  The  growing  importance  of  this  method,  and  the  rapid  application  of  steel  to 
new  purposes,  for  which  iron  has  hitherto  been  used,  render  it  eztromely  desirable 
that  a  mode  should  be  devised  of  smelting  iron-ores,  so  as  to  prevent  these  deleterious 
substances  from  being  retained  in  the  pig-iron,  or  that  some  means  of  eflbcting  their 
separation  should  be  discovered.  B.  H.  P. 

Syn.  with  Bichboite. 

I.  The  name  applied  by  ZIppe  to  a  mineral  from  Pnibram 
in  Bohemia,  containing  the  sulphides  of  lead  and  antimony.  It  is,  however,  only  galena 
contaminated  with  accidental  admixtures. 


Syn.  with  Pisctoutb. 

Brittle  SUtfer-ore.  Brittle  BUver-glance.  Black  Silver,  Brittle 
Sulphurei  of  Silver.  Sprodglaserz.  Sjyrbdglanzerz. — A  sulphantimonite  of  silver 
occurring  in  trimetric  prisms,  homceomorphous  with  arragonite.  Observed  combina- 
tions: oP.  ooP  .  ootoo,  P  .  2foo.  Angle  ooP:  ooP  «  115°  39'.  Ratio  of  axes 
a  .'.  h  :  c  «  1  :  1-6844  :  1-0897.  (Seavage  imperfect,  pEurallel  to  2p«>  and 
odI^qo  .  Twins  are  frequent,  with  plane  of  composition  ooP.  The  mineral  also  occurs 
massive,  compact,  and  disseminated.  Hardness  ^  2  to  2*5.  Specific  gravity  »  6*299. 
Lustre  metallic.  Colour  and  streak  iron-black.  Fracture  uneven.  Sectile.  Heated 
in  an  open  tube,  it  melts  and  yields  a  sublimate  of  antimontous  oxide,  sometimes  mixed 
with  arsenions  oxide.  Before  the  blowpipe  on  charcoal  it  fuses  some^at  readily, 
sometimes  emitting  an  arsenical  odour,  to  a  dark-grey  bead,  which  when  heated  in  the 
reducing  flame,  either  alone  or  with  soda,  yields  a  button  of  silver.  It  dissolves  easily 
in  warm  nitric  acid,  with  separation  of  siUphur  and  oxide  of  antimony. 

Analyses:  a.  FromSchemnitz  (H.  Rose,  Pogg.  Ann.  xv.  474). — b.  From  Andreas- 
berg  (Kerl,  Berg-  u.  hiittenm.  Zeitung,  1853,  No.  2) : 

S.  Sb.  Ag.  Fe.  Tu. 

a.  16-42         14*68         68*54         .      .         0*64     »     100-28 

b.  16-51         15-79         68-38        014         .      .     «     100-82 

These  analyses  may  be  represented  hj  the  formula  6Ag'S.Sb'S*,  requiring  15*6  per 
cent,  sulphur,  14*0  antimony,  and  70*4  silver. 

Stephanite  is  a  valuable  ore  of  silver,  occurring  in  veins  with  other  silver-ores  at 
Freiberg,  Schneeberg,  and  Johanngeorgenstadt  in  Saxony,  at  Przibram  and  Ratiebor- 
zitz  in  Bohemia,  at  Schemnitz  and  Kremnitz  in  Hungary,  at  Andreasbeig  in  the  Hart^ 
at  Zacatecas  in  Mexico,  and  in  Peru.     (Dana,  ii.  86.) 

8TBXOOSIT8.  Herapath's  name  for  sodio-ammonio-hydric  phosphate, 
Na(NH^)HP0^4nq.,  found  in  the  guano  of  Ichaboe  (iv.  581). 

STBBWBSRfllZTB.  A  sulphide  of  silver  and  iron,  occurring  at  Joachimsthal  in 
Bohemia,  and  at  Schneeberg  and  Johanngeorgenstadt  in  Saxony,  in  tabular  orthorhom- 
bic  crystals,  commonly  implanted,  and  forming  rose-like  or  fan-like  aggregations. 
Angle ooP  :  ooP-119°  30';  oP  :  Poo  =121®  49'.  Axes:  a  :  b  :  c«l :  1-7146  : 1-4379. 
Crystals  sometimes  compound,  parallel  to  ooP.  Cleavage  perfect,  parallel  to  the  base. 
The  minend  is  opaque,  has  a  dark  pinchbeck-brown  colour,  occasionally  with  a  bluish- 
violet  tarnish,  and  a  semimetallic  lustre;  flexible  in  thin  laminae;  very  sQCtile  ; 
leaves  traces  on  paper  like  plumbago.  Hardness  ■■  1  to  1*5.  Specific  gravity =4*2  to 
4*25.  Before  the- blowpipe  on  charcoal  it  melts,  with  evolution  of  sulphurous  anhy- 
dride, to  a  magnetic  globule  covered  with  silver ;  with  borax  it  yields  a  globule  of  sU- 
ver,  and  a  glass  coloured  by  iron.  It  dissolves  in  nitromuriatic  acid  with  separation 
of  sulphur.  Contains,  according  to  Zippe  (Pogg.  Ann.  xxvii.  690),  33*2  per  cent 
slver,    36*0    iron,  and    30*0  sulphur,   agreeing   approximately  with    the   formula 

(iAg>S.}Fe'S)'.fe'S*,  which  requires  3418  per  cent   silver,  35*44   iron,  and  30*38 
sulphur. 

ST3BVSA&,  or  STBTHVJLZC  AJMOMOIh  C>«H*K)  »  C»H>'.H.O.-— The 
alcohol  of  the  series  C"H*"'*'*0,  corresponding  to  stearic  acid.  It  has  not  been  obtained 
in  the  separate  state,  but  occurs  in  spermaceti,  together  with  ethal  or  cetylie  alcohol 
(C'«H*«0).  methal  (C<«H"H)),  and  lethal  (Ct'H'«0).  All  these  alcohols  are  separated 
together  from  the  fatty  acids  of  spermaceti,  when  that  substance  is  saponified  by  alco- 
holic potadi,  in  the  manner  described  under  Cbttlic  Alcohol  (i.  841),  the  ethal 
forming  by  &r  the  largest  portion  of  the  alcoholic  mixture.  The  presence  of  these 
ieveral  alcohols  is  manifested  by  their  behaviour  with  potaah-lime,  by  which  they  are 
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contnted  into  a  mature  of  palmitic  acid  (the  principal  portion),  formed  from  ethol, 
Bteaiie  acid  from  Btethal,  myristicadd  from  methal,  and  lauric  add  from  lethal.  When 
the  ethal  is  erystallised  seyeral  times  from  alcohol,  till  its  melting-point  is  bnmght  to 
49^,  a  portion  of  the  ethal,  together  wth  the  whole  of  the  methal  ana  lethal,  remains  in 
the  mother^liqnor,  while  the  portion  which  crystallises  out  contains  the  stethal  together 
with  ethal.    (H  e  i n  t  s.) 

STIBMTHIla»  BTIBMVnnXv  *o«  See  AmmoMT-RADiciBs,  OaoAinc 
(L  339). 

STXBIUCTB.  Stibiolite.  Stihlite.  Stibiconise, — ^An  oxide  of  antimony,  formerly  re- 
ferred to  antimony-ochre  (i.  324),  occurring  at  Losacio  in  Spain,  Felsobanya  and  Krem- 
nitz  in  Hungary,  Goldkranach  in  Bavaria,  and  in  the  Carmen  mine  at  Zacaalpan  in 
Mexico,  forming  masses  of  fine-grained  to  compact  texture,  sometimes  porous  and 
cracked,  also  psendomorphs  after  stibnite  (i.  329).  Hardness  «=  6*5.  Specific  gravity 
«  6*78.  Colour  sulphur-,  lemon-,  or  straw-veUow  to  yellowish-white ;  lustre  waxy  to 
dull ;  opaque ;  streak  yellowish-white  and  saining.  Kedudble  to  antimony  before  the 
blowpipe  with  soda,  but  not  alone.  Contains,  according  to  Delffs  (J.  pr.  Chem.  xl. 
318),  75*83  per  cent,  antimony,  19*54  oi^gen,  and  4*69  water,  agreeing  approximately 
with  the  formula  Sb*0*.2H«0  (74*58  antimony,  19*83  oxygen,  and  5*59  water). 

BTZBZra*  A  general  name  for  antimony-bases  formed  on  the  type  of  ammonia* 
NH»;  thus  SbH«  is  stibine;  Sb(C«H»)»  is  ethylstibine,  &c 

The  same  term  is  used  by  Beudant  as  a  name  of  native  antimonions  snlphide ;  better 
called  Stibnite  or  Jntimonite. 

I.    Syn.  with  Valentinite  or  native  antimonions  oxide.     . 

The  name  given  bj  Cooke  to  certain  alloys  of  zinc  and 
antimony.    [See  Zinc] 

A  name  of  native  antimonions  oxide. 

The  Latin  name  of  Antimony. 

Syn.  with  SnsiLrrB. 

Native  antimonions  snlphide,  Sb'S*. 

(OMIUM.    Antimony-radides  formed  on  the  type  of  ammoninm,  NH^ ;  thus 
Sb(C'H»)<  is  tetrethyl-stibonium. 

amCM^JUkC.    See  Lac  (iii.  451). 

STZCTA  FirZillKOVACaA.  A  lichen  formerly  used  as  a  remedyin  diseases 
of  the  lungs.  It  contains  a  peculiar  bitter  prindple,  which,  according  to  Weppen,  is  a 
whit^  poller,  slightly  solnble  in  water  and  in  ether,  easily  soluble  in  hot  alcohol, 
forming  a  sli^itly  sad  solution  which  is  predpitated  by  acids,  acetate  of  lead,  and 
silver-salts.  Weppen  (Fharm.  Centr.  1838,  p.  177)  regarded  this  bitter  substance 
as  identical  with  cetrarin  or  cetraric  acid  (i.  839).  According  to  Knop  and  Schnee  - 
dermann  (J.  pr.*  Chem.  xxxix.  363X^  the  add  of  Sticta  pulmonaceOf  which  they  call 
sticticacid,is  distinct  from  cetraric  add,  thoxigh  very  much  like  it  in  composition 
and  properties,  and  may  be  prepared  in  a  similar  manner ;  but  it  is  less  soluble  in 
alcohol ;  the  solution  does  not  turn  blue  when  boiled  with  hydrochloric  or  sulphuric 
add,  and  stictate  of  potasnum  is  less  solnble  than  the  cetrarate. 

STZCHICAFBTXZiOV.  In  the  expressed  juice  of  the  tubers  of  Stiffmaphyllon 
jatrophafoliumj  a  malpighiacoous  tree  indigenous  in  Brazil,  Be  Luca  and  Ubaldini 
(Compt.  rend.  lix.  527)  fbund  a  considerable  quantity  of  asparagin. 

smBBWB.  C"H".  Hydride  of  StUbt/l,  Picramyl.  (Laurent*  Rev.  sdent.  xvi. 
873.) — ^A  hydrocarbon  polymeric  with  benzylene  (C'H*),  obtained  by  heating  sulphide 
of  stilbene  (hydride  of  sulphobenzoyl,  i.  571).  The  compound  melts,  gives  off  sulphy- 
dric  add  and  sulphide  of  carbon ;  and  on  increasing  the  heat,  stilbene  passes  over, 
first  solidifying  in  scales,  and  afterwards  thionessal : 

8C'H«S       -       2CS^     +     8H*S     +     2C"H"     +     C»H'«S 
Hrdride  of  Stilbene.  Tliionesstil. 

Sttlphobensoyl. 

To  purify  the  stilbene,  the  first  portions  of  the  distillate  are  boiled  with  alcohol ; 
the  Hqnid  is  filtered  to  separate  the  thionessal,  which  is  nearly  insoluble  in  alcohol ;  and 
the  liquid  is  left  to  cool.  The  stilbene  is  then  deposited  in  ciystals,  which  may  be 
recrystallised  from  ether. 

Stilbene  may  also  be  obtained  from  the  crude  product  resnlting  from  the  action  of 
sniphydrate  of  ammonium  on  oil  of  bitter  almonds,  the  materials  being  left  in  contact 
for  two  or  three  weeks. 

Stilbene  crystallises  in  colourless  nacreous  plates  belonging  to  the  monoclinie 
system :  observed  combination  oP .  odP  .  ooPoo ,  the  basal  face  oP  predominating.  Angle 
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ooP  :  ooP  «  6S9  80';  oP :  ooP  .  100°;  ooP  :  ooPoo  «  lie®  46';  oP  :  ooP  «  -  1129. 
The  ciystals  axe  commonly  joined  together  by  the  acate  angles  of  the  rhombnBes. 
Stilbene  is  Teiy  slightly  soluble  in  cold,  but  moderately  soluble  in  boiling  alcohol, 
more  soluble  in  ether.  It  melts  at  a  few  degrees  aboTe  100^,  boils  at  about  292®,  and 
distils  without  alteration.    Vapour-density  t»  8*4. 

Stilbene  dissolves  in  warm  fuming  aufphurio  add,  and  the  solution  saturated  with 
baiyta  yields  a  soluble  barium-salt  of  a  conjugated  add.  Stilbene  is  not  decomposed 
by  dilute  chromic  acidj  but  the  concentrated  acid  decomposes  it  with  violence  when 
heated  with  it,  converting  it  into  benzoic  hydride.  With  boiling  nitric  add  it 
yields  several  products,  among  which  are  nitrostilbene,  C^^H* 'NO*— which  is  a 
vellow  resinous  snbstance, — and  nitrostilbic  acid,  a  yellowish  powder  nearly 
insoluble  in  water,  soluble  in  alcohol,  still  more  in  ether,  and  apparently  consisting  of 
C"H»(N0«)0«.2aq. 

When  chlorine-gas  is  passed  over  fiised  stilbene,  two  isomeric  compounds  are 
formed,  viz.  chloride  of  stilbyl  and  hydrogen,  C"H"G1.HC1,  and  chloride  of  stilbene, 
G'^H"C1*  (a  and  fi  chloride  of  stilbyl,  according  to  Laurent).  Both  these  compounds 
are  crystalline ;  one  of  them  is  sparingly  insoluble  in  ether,  and  nearly  soluble  in  ooiling 
alcohol ;  the  other  is  easily  soluble  in  alcohol,  still  more  easily  in  ether.  Both  are 
resolved  by  alcoholic  potash  into  two  isomeric  chlorides  of  stilbyl,  or  chlorostilbenes, 
C*^H"C1  (a  and  /3  chlorostilbase,  according  to  Laurent),  with  simultaneous  formation  of 
chloride  of  potassium. 

The  chloroalMbeneB  a  and  3  unite  directly  with  2  at.  bromine,  forming  two  isomeric 
compounds,  C'«Hi>ClBr*,  or  perhaps  C>«Hi«Br*.HCl,  which  dissolve  in  ether,  and 
cxystallise  there&om. 

When  stilbene  is  subjected  to  the  mrolonged  action  of  chlorine,  hydrochloric  acid  is 
evolved,  and  trichloride  of  stilbyl,  C"H"C1»,  or  dichloride  of  chlorostilbene,  C"Hi»a.Cl«, 
is  produced. 

When  bromine  is  poured  upon  stilbene,  a  white  powder  insolable  in  ether  is  formed, 
consisting  of  bromide  of  stilbene,  C^^H'^Br*,  or  bromide  of  stilbyl  and  hydrogen, 
C"H»Br.HBr. 


I  or.     Laurent  regarded  benzoic  hydride  (bitteor-almond 
oil)  as  the  oxide  of  stilbene,  C'H'.O. 

STZXiBBWBy  PBXOZZBB  07.    Syn.  with  Stilbous  Acid. 

STXXiBiarB,  SnVBZSB  or.    Syn.  with  Htdbidb  of  SuLPHOBxinEOTL  (i.  571)> 

ftTZ&BB8Bv  VBBOXIBB  07.    Syn.  with  Stilbbsic  Acid. 

BTTTiBBBXC  ACXB.  Acide  StUbeaeux.  Suroxide  de  StilbUe,  (Laurent,  J.  pr. 
Chem.  izzv.  430. — ^Laurent  and  Gerhardt,  Compt.  chim.  1860,  p.  117.) — A prodact 
obtained  by  treating  crude  bitter-almond  oil  (containing  prossic  acid)  with  chlonne-gas, 
assisting  the  action  by  heat  towards  the  end.  The  whole  then  solidifies,  on  cooliuff,  to 
a  crystiSline  mixture  of  benzoic  acid,  stilbesic  acid,  a  body  crystallising  in  needles, 
and  chloride  of  benzoyl ;  and  if  the  chloride  of  benzoyl  be  allowed  to  drain  on  a 
funnel  stopped  with  pounded  glass,  the  mass  pressed  between  paper,  and  treated 
with  ether-alcohol,  stilbesic  acid  remains  behind,  and  may  be  crystallised  by  solution 
in  boiling  ether  and  spontaneous  evaporation.  It  crystallises  in  monoclinic  prisms, 
very  slightly  soluble  in  alcohol  and  ether,  melting  at  105*^,  and  containing  71  *60  per  cent, 
carbon,  and  4'33  per  cent,  hydrogen.  Its  solution  in  alcoholic  ammonia  yields,  witn  silver- 
nitrate  at  the  boiling  heat,  scales  containing  48*7  per  cent*  silver.  Hence  Laurent 
deduced  for  the  acid  the  formula  C^H^*0',  and  for  the  silver-salt  C*H^AfO'\  but 
its  composition  is  very  doubtful. 

BTZIkBZO  ACZD.    Syn.  with  Bemzilic  Acid  (i.  546). 

8TZ&BI&ZC  or  BTZ&BZ&OVB  ACZB.    Syn.  with  Stilbous  Acid. 

Syn.  with  Sttlbkne. 

Heulandite.  Foliated  Zeolite,  Euseolite.  A  hydrated  calcio-aluminie 
silicate,  occurring  in   monoclinic    crystals,  which  exhibit  the  combination  [  ooPoo  ] 

ooPoo .  +  2Pco .  —  2Pao  .  ooP  .  oP  —  P  .  [Poo  ] ;  tabular  from  predominance  of 
[  ooPoo  ]  .    Ratio  of  axes  axb-.e  ^  2-4786  :  1  :  1066.    Angle  6  :  c  «  88°  36' ;   ooP  : 

ooP  »  136°  4' ;  oP  :  fPoo  ]  »  166°  46'.  Qeavage  perfect,  parallel  to  the  dino- 
diagonal.  The  mineral  occurs  also  in  globular  forms,  and  granular.  Hardness  ■■ 
3-5  to  4-0.  Specific  gravity  «  2*1  to  2*2.  Lustre  of  [ooPoo]  pearly,  of  other  faces 
vitreous.  Colour  various  shades  of  white,  passing  into  red,  grey,  and  brown.  Streak 
white.  Transparent  to  subtranslucent.  Fracture  subconcho'idal  to  uneven.  Brittle. 
Before  the  blowpipe  it  intumesces,  melts,  and  becomes  phosphorescent.  Dissolves  in 
hydrochloric  add,  yielding  slimy  silica,  but  without  gelatinising. 
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Analyies, — a,  Earoe  Islands  (Thomson,  Outiines,  i.  347). — h.  Iceilajad(Rekmmtl5' 
heigiifmerdlchemietT^.  826). — c.  Iceland  (D amour,  Ann.  Min.  iy.  x.  207). — d.  Bern- 
forC Iceland:  erystailised;  specific grayity  s  2-175  (Waltershausen»  Vnlk.  G-est. 
pi  252). — e,  NerbnddaVaUey, India:  oystaUisedCHanghton,  Jahzesb.  1857, p.  676): 

Silica  .        .        59*14        58*2  59*85  5890  56-59 

Alumina  .        .        17'92        17*6  1615  16*81  15*35 

lime  .        .          7*65          7*2  7*55  7*38  588 

Magnesia 0*29  0*82 

Soda             1*16  0-57  1*45 

Potash 0*67  1*63  0*89 

Water  .        .        15*40        16*0  14*83  14*32  17*48 

Ferric  oxide.  .    .          .     .  .    .  0-12       

100*11       "99^5"       9971       10002        98*46 

These  analyses  are  not  Teiy  acooidant,  bnt  the  third  and  fourth  may  be  nearly 
represented  by  the  formnla  da''OjLl'0'.6SiO*.5  aq.,  requiring  59*76  per  cent  silica, 
16*61  alumina,  9*06  lime,  and  14*54  water.  According  to  this  formula,  stilbite  is 
vezy  nearly  related  to  brewsterite  and  epistilbite,  the  three  minerals  being  represented 
by  the  formula  BO.AI'0'.6SiO*  +  5  aq.,  and  the  protoxide,  BO,  consisting,  in  stilbite,  of 
lime  with  veiy  little  alkali ;  in  epistilbite,  of  lime  with  a  large  proportion  of  soda ;  and 
in  brewsterite,  of  strontia  and  baryta,  with  a  small  quantity  of  lime. 

Stilbite  occurs  chiefly  in  amygdaloidal  rocks ;  also  in  gneiss,  and  occasionally  in 
metalliferous  yeins.  The  finest  specimens  come  from  Iceland  and  the  Faroe  Islands, 
and  from  the  Yendayah  Mountains  in  Hindoetan.  Bed  yarieties  occur  at  Campsie  in 
Stirlingshire,  with  desmin  of  the  same  colour,  and  brown  in  ore-beds  at  Arendal.  It 
also  occurs  in  the  Kilpatrick  Hills  near  Glasgow,  in  the  Isle  of  Skye,  in  the  Fassa 
Valley  in  the  Tyrol,  in  the  Hartz,  and  elsewhere ;  abundant  in  the  amygdaloid  of 
Abyssinia ;  occurs  also  at  seyeral  localities  in  North  America.    (Dana,  ii.  331.) 

Beaumoniiie  from  Jones  Falls,  Maryland,  is  regarded  by  Dana  and  others  sjb 
identical  with  stilbite ;  but  the  analysis  (i.  524)  agrees  more  nearly  with  the  formula 
B"O.Al'0*.8SiO'  -I-  6  aq. ;  moreoyer,  according  to  Leyy,  the  crystals  belong  to  the 
dimetric  system. 

BeamlB  is  a  hydrated  caldo-aluminic  silicate,  in  which  the  ratio  of  the  lime,  alumina, 
and  silica  is  the  same*  as  in  stilbite ;  but  the  proportion  of  water  is  larger,  and  the 
ciyst&ls  are  trimetric.  It  was  formerly  called  stilbite  (the  mineral  just  described  under 
that  name  b^ing  then  called  heulandite) ;  also  radiated  eeciitef  foliattd  teolite,  epharo* 
stilbite,  and  hvpostilbite. 

The  ciystals  of  desmin  usually  exhibit  the  combination  P .  ooFoo  .  ooj^oo ,  like 
fy.  263  (Cbtstaixoobapht,  ii.  46)^  without  j^oo,  but  with  oP.  Axes  a:  b:  o  « 
0*9284:  1 :  0*7558.  Angle  P:  P  in  the  brachydiagonal  principal  section  »  119°  15', 
in  ihe  macrodiagonal  =  114°  0';  in  the  basal  =  96°.  Cleayage  perfect,  parallel  to 
aaiPao .  It  frequently  occurs  in  sheath-like  aggregations,  and  in  globular,  divergent, 
and  radiated  forms. 

Hardness  »  3*5  to  4.  Specific  grayity  »  2-094  to  2*171.  Lustre  pearly  on  the 
faces  ool^oo  and  the  deayage-faces,  yitreous  on  the  others.  Colour  white,  occasionally 
yellow,  brown,  or  red.  Streak  uncoloured.  Subtransparent  to  subtranslucent.  Frac- 
ture uneyen.  Brittle.  Before  the  blowpipe  itintumesces,  and  yields  a  milk-white  bead« 
TVith  acids  it  yields  slimy  silica,  except  Beudant's  spharoetilbitSf  which  yields  a  jelly. 

Analyses  of  Desmin  (Bammelsberg's  Mineralchemie,  p.  829). — <l  BodeQords* 
hamm,  in  Iceland  (Hauy's  stilbite  dodecaidre  lamelliforme)^  Hi  singer. — b.  ^ru- 
^ord,  Iceland  (B.  Weber). — c,  Dalsmypen,  Faroe  lAxa^s:  prehmtic  stilbite  (Betziu-s). 
*-c2.  Faroe  Islands :  so-called  spharostUbite  (Beudant). — e.  Gustafsbeif^  in  Jemtland 
(Sjogren).—/.  Ilmen  Mountains,  near  Miask :  specific  grayity  «>  2*19  (Hermann). — » 
a,  Andrea sbers,  in  the  Hartz  (Karl). — h,  Bienthal  on  the  Gotthardstrasse,  Canton 
JJn  (G.  Leon  hard). — i,  Pangelbeig,  near  Nimptsch  in  Silesia  (Zellner): 

Silica      .  .  68*0  58*02  56*76  56**91  57*41  66*31  66*3  55*75  60*27 

Alumina  .  16*1  14*94  17*73  16*61  1614  16*25  15*9  18*50  14*43 

Lime       .  .  9*2  8*38      4*50  903      8*75  7*66  7*4  8*04  6*40 

Soda 2-58  0*68  .    .  1*03 

Potash    .  .  .    •  1-30 0-6 

Water     .  .  16*4  17*71  18*83  17*84  16*60  17*75  17*6  17*00  18*60 

Ferric  oxide  .  .    .  .    >       .     .  .     .        0-25  1*00  J/3  0*01  »0*21 

99*7  100*30    99*85  100*07    99*15  lOO'OO    99*1     92*30        99*81 

*  Magnesia. 
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The  greater  number  of  these  aaalysee  may  be  represented  by  the  fornrala  Oa*0. 
AlK)*.68iO*  +  6  aq.,  requiring  68*09  per  eent^  silica,  16*14  alnmina,  8'80  lim^  and 
16*97  irater. 

Of  different  composition  are: — a.  The  so-called  JlypaMbite  from  the  Faroe 
Islands  (B  end  ant);  ^.  White  and  y.  Bed  desmin  £rom  Dumbarton  in  Scotland 
(Thomson): 

SIO*.  APOS.  CaO.  NftSO.  H^O. 

52*43  18-92  810  241  18*70  -  9996 

64*80  18-20  9-83  .    .  19*00  -  101*83 

62-60  17-32  11-62  .    .  18-46  »  9979 

Desmin  occurs  mostly  in  cavities  in  amygdaloid  or  trap.  It  is  fonnd  also  in  some 
metalliferous  veins,  and  in  granite  and  gneiss.  It  is  abundant  in  the  Faroe  Islands, 
in  Iceland,  and  on  the  Isle  of  Skye  in  trap ;  at  Andreasberg  in  the  Hartz,  and  at  Kongs- 
berg  and  Arendal  in  Norway,  with  iron-ore ;  in  the  Vendayah  Mountains,  Hindostan, 
in  large  translucent  crystals ;  in  fine  crystals,  of  a  brick-red  colour,  in  porphyritie 
amygdaloid,  near  Eilpatrick  in  Dumbartonshire,  &c    (Dana,  ii.  883.) 

STZXiBOirB  ACZB.  C**I["0*  ?  A  compound  formed  by  treating  crude  bitter- 
almond  oil  with  fuming  sulphuric  acid,  or  with  chloride  of  sulphur  (Laurent,  Ann. 
Ch.  Phys.  [2],  Ixv.  193).  When  first  prepared,  it  crystallises  from  ether  or  boiling 
alcohol  in  monoclinic  prisms ;  but  if  kept  for  some  time  in  the  fused  state,  and  then 
dissolved  m  alcohol,  it  crystallises  in  trimetric  prisms.  It  melts  at  360^ ;  is  insoluble 
in  ammonia;  is  resolved  by  boiling  caustic  potash  into  benzoic  acid  and  benzoic 
hydride ;  but  when  treated  with  very  strong  potash-ley,  unites  with  the  potash,  forming 
a  compound  insoluble  in  strong,  but  soluble  in  dilute  aqueous  potash. 

This  eompound  was  originally  regarded  by  Laurent  as  hydrate  of  benzoyl^  C^*H*O.HO. 
It  is  sometimes  regarded  as  identical  with  benzoate  of  benzoic  hydride  (i.  598), 
formed  from  crude  bitter-almond  oil,  by  the  action  of  moist  chlorine ;  but  the  identity 
of  the  two  products  is  not  satisfactorily  established.  All  these  compounds  formed 
from  crude  bitter-almond  oil  require  re-examination :  for  details  respecting  them,  see 
Gmelin's  Handbookf  xii.  178. 

8TZ&BT&.  G'*H".  Stilbene  may  be  regarded  as  the  hydride  of  this  radicle, 
C-*H".H. 

STUalaTMiQ^A  8SBX7XKA.  A  euphorbiaceous  plant,*jgrowing  abundantly  in 
the  valleys  of  Chusan,  the  berries  of  which  yield  the  fat  called  Cldnese  vegetable 
iaUow.    This  fat  appears  to  occur  in  several  varieties. 

a»  Greenish-white  ;  melts  at  44*4° ;  yields,  by  saponification,  an  acid,  which,  after  re- 
crystallisation  from  alcohol,  softens  at  61*7°>  m^flts  at  67*8°,  and  forms  a  sQver-salt  con- 
taining 27*96  per  cent  silver ;  probably  a  mixtui-e  of  palmitic  (mai^garic,  according  to 
Thomson  and  Wood)  and  stearic  acids.  (Thomson  and  Wood,  Phil,  Mag.  [3] 
xxiv.  350 ;  J.  pr.  Chem.  xlvii.  239.) 

b.  The  commercial  tallow  forms  a  light  white  mass,  of  specific  gravity  0'818  at  12°, 
destitute  of  taste  and  odour  (v.  Borck).  Has  a  faint,  odour,  and  turns  brown  on  ex- 
posure to  the  air  (Ma  skelyne).  Melts  at  37°  (v.  Borck,  Maskelyne),  solidifies 
partially  at 32°  (Maskelyne),  30°  (v.  Borck)  ;  and  haidens  at  22°  (v.  Borck),  26<* 
(Maskelyne).  The  tallow  recently  melted  and  cooled  again,  melts  at  44° ;  by  ex- 
pressing the  more  fusible  portion,  the  melting-point  of  the  residue  may  be  raised  to 
49°  (Maskel  y  ne).  The  fat  extracted  from  the  husk  by  boiling  alcohol  melts  at  40°, 
and  after  recrystallisation  at  48°  (v.  Borck).  It  dissolves  in  oil  of  turpentine,  and  in 
coal-tar  oil,  in  wood-spirit,  ether,  and  alcohol,  or  in  mixtures  of  these  liquids ;  it  dis- 
solves partially  at  mean  temperatures,  completely  at  the  boiling  heat  (Maskelyne). 
It  has  an  acid  reaction,  arising  from  admixture  of  acetic  or  propionic  acid.  It  contains 
olein  and  palmitin.  (Maskelyne,  Chem.  Soc.  Qu.  J.viii.  1 ;  v. Borck,  J.  pr.  Ghem, 
xlix.  396.) 

8TIliIiI8TBA3UC  ACIB.  The  name  applied  by  v.  Borck  to  the  fatty  acids  ob- 
tained by  saponification  of  Chinese  tallow,  which  he  supposed  to  have  the  composition 
C'^H^O'.    Maskelyne  has,  however,  shown  that  it  is  identical  with  palmitic  add. 

Syn.  with  Siuciors  SiirrBB. 

A  ferroso-aluminie  silicate,  occurring  at  Obergrund  in 
Silesia,  and  in  the  Frederike  mine,  near  Weilbuzg  in  Nassan,  in  foliated,  radiated,  and 
compact  masses,  having  a  specifie  gravity  of  3 — 8*4 ;  hardness  3—4 ;  a  lustre  between 
vitreous  and  pearly  on  the  deavage-surfiace ;  black  or  greenish-Uack  cdlovr;  and 
greenish  streak.    Dissolves  imperfectly  in  adds. 

Analyses. — a.  Obergrund  (Bammelsberg,  Minerdlckemie, '^  880).— 6.  Weilburg 
(Siegert): 
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SiO*. 

AIQS. 

F«0. 

CaO. 

llffO. 

KO. 

H. 

<L     45*96 

6-84 

35-60 

019 

1-78 

0-75 

8-63  -  98-75 

5.    4«07 

4-92 

37-78 

1-67 

0-94 

•     • 

8-47  "  98-85 

Some  of  the  iron  appears  to  be  in  the  state  of  ferric  oxide,  bat  its  quantity  has  not 
been  determined  with  snfi&cient  accuracy  for  the  deduction  of  a  formula. 

STZ&WOBXBXRZTB.  A  Tarietj  of  natire  ferric  hydrate,  Fe'0*.H*0,  occuirin^ 
massiya,  stalaetitic,  or  inerosting,  at  J^beig  in  Westphalia,  and  two  or  three  other 
loealities.  It  has  a  black  or  bladkish-brown  colour;  hardness  »  4  to  5;  specific  grant j 
->  8-6  to  8-8. 


TOVB.    A  variety  of  limestone  which  emits  a  fetid  odour  when  struck 
or  rubbed  (iii.  697). 

STnUAJr.  A  name  applied  by  Breithaupt  to  smaltine  from  Schladming  in 
Styria. 

•ToioBZOlKBTRT.  The  law  of  chemical  combination  in  definite  proportions, 
and  its  application  to  chemical  calculations. 

STO&PBinTB.  A  mineral  from  Stolpen,  resembling  bole  in  appearance,  and 
containing,  according  to  Bammelsberg  (Po^.  Ann.  uvii.  180),  45*92  per  cent, 
silica,  22*15  alumina,  24*86  water,  and  3*90  per  cent,  lime,  with  traces  of  iron  and 
magnesia. 

STO&ZITB.    Natire  tungstate  of  lead.    (See  TuirosTATBS.) 

STOXAX.    See  Balsams  (i.  497). 

BTRAJLOVXTSXTB.  A  pseiidomorph  after  augite,  occurring  in  the  weathered 
gneiss  of  Mutenits,  near  Strakonitz  in  Bohemia.  It  has  a  greenish-yellow  colour,  and 
specific  gravity  »  1*41.  Contains,  according  to  C.  t.  Hauer,  68*4  per  cent,  silica, 
19*9  water,  15*4  ferrous  oxide,  2*9  magnesia,  1*4  lime,  and  7*0  alumina. 

See  Datuba  Straxoniux  (ii.  307). 

,  or  Ments  Flux.    A  kind  of  glass  used  in  the  preparation  of  artificial 
gems  (ii.  841). 

STAjBLTZOTBa  A&OXDB8.  Water-soldier.— ThiB  hydrocfaaridaceous  plant 
yields,  when  dried,  17*2  per  cent,  ash,  containing  in  100  pts.,  according  to  Schulz- 
Fieeth  (Pogg.  Ann.  Ixxxiv.  98): 

K«0.       Nrt'O.        CaO.        MgO.        Fe20».        SIO«.       P^O*.        S0».         CO*.       NaCl. 
30-8        1*2        10*7        14*3        0*4        1*8        2*8        8-5        80-4        2*7 

8TKATOPBZTB.  A  manganic  silicate  from  Philipstad  in  Sweden.  (Silicates 
p.  259.) 

8TBBAJL  OF  MUlHWIITiS.  Coloured  mineral  substances  generally  exhibit^ 
when  powdered,  a  lighter  or,  at  all  events,  a  different  colour  to  that  whidi  belonffs  to 
them  in  mass :  hence  similarly  coloured  minerals  may,  in  some  cases,  be  distinguished 
one  from  the  other  by  the  colours  of  their  powders.  In  order  to  see  the  colour,  how- 
ever, it  is  not  necessary  to  pulverise  the  mineral,  as  it  may  be  observed  by  scratching 
the  mineral  with  a  knife,  or  rubbing  its  edge  on  a  rough  white  poicelw 
plate. 

STBOOAirowrrJL  An  altered  scapolite  from  the  Sludanka  river  in  Dauria 
(p.  203). 

Syn.  with  Bhodonitb,  or  Seliczotts  HANOAirasB  (p.  107). 

!•    Native  ai^nto-cuprous  sulphide,  or  argentiferous  copper- 


glance  (p.  305). 


Bofyto-etrofUianUe. — ^A  mineral  from  Stromness  in  the  Orkneys, 

containing,  according  to  Traill  (Edinb.  Phil.  Trans,  ix.  81),  27*5  per  cent,  sulphate 
of  barium,  62'6  carbonate  of  strontium,  and  2*6  carbonate  of  Mldum,  with  0*1  ferric 
oxide :  probably  a  mechanical  mixture. 


Oxide  of  strontium  (p.  437). 

SiroiUik.    Strontitee. — ^Native  carbonate  of  strontium.   (See 
Cabboitatss,  i.  797.) 

8TSOVTZAVOCA&CZTB.  A  calcspar  containing  strontia,  from  Girgenti  in 
Sicily.  The  crystals  have  the  form  and  cleavage  of  ordinary  calcspar,  are  grouped  in 
spherical  masses,  colourless  and  transparent  to  white  and  translucent,  and  have  a 
mother-of-pearl  lustre. 

ff2 
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SymMt  Sr.    Jirnme  wdghi,  87*6. 

The  natiye  carbonate  of  stiontinm,  discovered,  in  1787,  at  Strontian  in  AzgjleBhiie, 
waa  at  first  regarded  as  dirbonate  of  barium.  Crawford' s  aappoaition,  published  in 
1790,  that  this  mineral  contained  a  pecoliar  earth,  was  confirmed  in  1792  by  Hope 
(Edinb.  Phil.  Trans,  iy.  3),  and  in  1793  by  Elaproth.  H.  Davy,  in  1808,  first  ob- 
tained from  it  the  metal  strontinm. 

Strontium  oocnrs  as  sulphate  in  ooeleetin,  and  aa  carbonate  in  strontianite ;  in  small 
quantities  in  arragonite  and  brewsterite,  and  in  reiy  minute  quantities  in  the  mineral 
waters  of  Earlsbad  and  Kaiser-Franzensbrunnen,  Uie  salt-spring  at  JE^er,  &c.,  and  in 
sea-water. 

Preparation, — Strontium  was  first  isolated  by  Dayy  in  the  same  manner  as  barium 
(L  600).  Hare  obtained  it  in  a  similar  manner,  and  Clarke  prepared  it,  in  the  same 
manner  as  barium,  by  heating  strontia  or  the  nitrate  on  charcoal  in  the  oxyhydrogen- 
blowpipe  fiame.    All  these  methods,  however,  yielded  the  metal  in  an  impure  state. 

The  pure  metal  is  easily  obtained  by  electrolysis  of  the  fused  chloride,  in  the  manner 
g^ven  by  Matthiessen  (ELscrsiaTT,  ii.  438).  Caron  (Compt.  rend,  zlviii.  40) 
obtains  it  by  fusing  the  chloride  with  an  alloy  of  sodium  and  lead,  tin,  &c. ;  the 
reduction  is  not  effected  by  sodium  alone. 

JProperHes. — Strontium  has  a  yellow  colour,  like  that  of  calcium,  only  a  shade  darker. 
Specific  gravity  >-  2*6418.  It  oxidises  in  the  air  much  more  quickly  than  calcium. 
Its  place  in  the  electrolytic  series,  with  water  aa  the  exciting  liquid,  is  as 
follows : 

1^  Na,  Ii,  Ga»  Sr,  Mg,  &e. 

It  bums  like  calcium,  and  acts  similarly  to  it  when  heated  in  chlorine,  oxygen, 
bromine,  or  iodine,  or  on  boiling  sulphur,  or  when  thrown  on  water  or  adds.  (Mat- 
thiessen.) 

STSOVTXUBKf  BKOBCZBS  OF.  SrBr*. — ^The  anhydrous  bromide  is  obtained 
by  evaporating  and  heating  a  solution  of  the  carbonate  in  hydrobromie  acid,  also  by 
burning  strontium  in  bromine-vapour.  It  is  a  white  mass,  which  melts  withoutdeoom- 
position  at  a  red  heat.  From  the  aqueous  solution  the  bromide  separates  in  long 
needles,  containing  SrBr'.SH'O,  which  do  not  effloresce  in  dry  air,  or  even  over  oil  of 
vitriol  When  heated  they  melt  in  their  water  of  crystallisation,  and  then  give  it  off. 
The  salt  is  easily  soluble  in  water,  somewhat  soluble  also  in  alcohol,  and  the  alcoholic 
solution  bums  with  a  purple-red  flame. 

8TK01I  TlUMf  CKXiOBIBS  OF*  SrCl*. — Produced  when  strontium  bums  in 
chlorine-gas ;  also,  according  to  Weber  (Pogff.  Ann.  cxii.  619),  by  heating  anhydroos 
strontia  in  a  stream  of  chlorine.  It  is  usiuuly  prepared  from  coelestin  in  the  same 
manner  as  chloride  of  barium  from  heavy  spar  (i.  601).  The  crystallised  chloride, 
SrCl'.SHH),  forms  long  deliquescent  needles,  which  melt  when  heated,  give  off  their 
water,  and  leave  the  anhydrous  chloride  in  the  form  of  a  white  enamel-like  mass,  or, 
according  to  Dumas,  vitreous  and  transparent  when  perfectly  pure.  The  anhydrous 
chloride  absorbs  8  at  ammonia,  whereby  it  is  converted  into  a  white  powder.  It  dis- 
solves easily  in  water;  in  116*4  pta.  cola  and  262  pts.  boiling  alcohol  of  99  per  cent. 
(Fresenius.) 

STROVTZVaC  BBTaOTXOV  AITB  BBTZSCATZOW  OF.->l.  Blowp^ 
Reaeiuma, — Strontium-compounds  heated  in  the  inner  flame  colour  the  outer  flame 
carmine-red.  An  alcoholic  solution  of  a  strontium-salt  burns  with  a  carmine-red 
flame.  The  spectrum  of  strontium-vapour  is  characterised  by  a  red  line  nearly  coin- 
ciding with  the  solar  line  C,  and  a  blue  line  between  F  and  G  (p.  880).  All  these  re- 
actions are  distinctly  perceptible  in  presence  of  a  considerable  quantity  of  barium-salt. 

2.  Beaetions  in  Solution. — ^The  reactions  of  strontium-salts  closely  resemble 
those  of  barium-salts.  Sulphate  of  strontium,  however,  is  somewhat  more  soluble  than 
sulphate  of  barium :  hence  &ulpkuric  acid  or  a  soluble  tulphate  does  not  precipitate  a 
dilute  solution  of  a  strontium-salt  so  quickly  as  it  does  that  of  a  barium-salt.  A 
barium-salt  gives  a  precipitate  with  a  solution  of  tulphaie  of  strontium,  which  a  stron- 
tium-salt of  course  aoes  not.  Strontium-salts  are  fxirther  distinsuisheid  from  barium- 
salts  by  not  forming  precipitates  witi^  tUicofiuorie  acid  or  acid  ckromate  ofpotassimm, 
A  few  drops  of  solution  of  strontium-diloride,  evaporated  on  a  watch-^ass,  yield 
needles  of  the  hydrated  chloride,  whereas  a  solution  of«barium-diloride  evaporated  in 
like  manner  yields  small  cubes. 

3.  Estimation  and  Separation, — Strontium  is  best  esUmated  as  carbonate  by 
preoipiuition  with  ammonium-carbonate  and  ammonia  from  a  hot  solution.  The  pre- 
cipitation of  strontium  by  this  method  is  more  complete  than  that  of  barium.  Car- 
Ixmate  of  strontium  is  not  decomposed  by  ignition  over  an  ordinary  lamp.  Strontium 
may  also  be  estimated  as  sulphate ;  but  as  this  salt  is  not  absolutely  insoluble  in 
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water,  it  is  necesBary  to  add  alcohol  to  complete  the  precipitation,  which  can  only  be 
done  when  the  original  strontinm-aalt  is  soluble  in  alcohol. 

Strontium  is  separated  from  most  other  metals  in  the  same  manner  as  barium. 
When  a  solution  previously  freed  from  metals  of  the  first  and  second  groups 
(L  217),  by  treatment  with  sulphydric  acid  and  sulphide  of  ammonium,  is  further 
treated  with  carbonate  of  ammonium,  the  precipitate  may  contain  the  carbonates  of 
barium,  strontium,  and  calcium.  From  barium,  strontium  may  be  separated  by  dis- 
solving the  carbonates  in  a  slight  excess  of  hydrochloric  acid ;  mixing  the  solution  with 
excess  of  silicofluoric  acid ;  then  adding  alcohol ;  leaving;  the  whole  to  itself  for  twelre 
hours;  filtering;  washing  the  precipitate  with  weak  spirit;  and  precipitating  the  stron- 
tium from  the  filtrate  as  sulphate.  If  the  two  metals  are  present  as  sulphates,  it  is 
best  to  treat  the  mixture  repeatedly  with  a  solution  of  potassic  or  ammonic  carbonate 
without  applying  heat.  The  residue,  when  thoroughly  washed  and  treated  with  dilute 
hydrochloric  acid,  leaves  pure  sulphate  of  barium,  the  whole  of  the  strontium  dissolving 
as  chloride.    (H.  Boss,  Fogg.  i^n.  zcv.  286.) 

From  calcium,  strontium  may  be  separated  by  the  insolubility  of  its  nitrate  in 
absolute  alcohoL 

For  the  methods  of  separating  strontium  from  barium  and  calcium  together,  see 
CiiLCixjic  (i.  717). 

For  detecting  small  ouantities  of  strontium  (and  barium)  in  calcareous  minerals, 
Engelbach  (Ann.  Ch.Fharm.  cxxiiL  255)  subjects  the  pulverised  carbonate,  obtained 
by  decomposing  the  natural  sulphate  or  silicate,  to  strong  ignition;  then  boils  it 
thoroughly  with  distilled  water,  and  evaporates  the  rapidly  filtered  solution  with 
addition  of  hydrochloric  acid — or,  if  alkali-metak  are  also  present,  precipitates  with 
ammonia  and  carbonate  of  ammonium— and  exanunes  the  ehJorides  or  carbonatea  with 
the  spectroscope. 

4.  Atomic  Weight  of  Strontium.— StTomejer  inl816  (Schw.  J.xix.  228),  by 
decomposing  carbonate  of  strontium  with  nitric  acid,  and  determining  the  quantity  of 
carbonic  anhydride  evolved,  estimated  the  atomic  weight  of  strontium  at  88*22.  He 
further  reported  that,  according  to  H.  Bose's  determination,  100  pts.  chloride  of  stron- 
tium yield  by  precipitation  181 '25  pts.  chloride  of  silver.  Thisgives  (for  Ag  ■-  108, 
and  CI  »  35-5)  Sr*  -  87*34.  Pelouse,  in  1845  (Ann.  Ch.  Fharm.  Ivi.  204),  by  a 
similar  method,  found  Sr"  b  87*70;  and  Dumas  (ibid,  cxiii.  34)  found  Sr"  »  87*5, 
which  number  may  be  taken  as  the  correct  atomic  weight  of  the  metal. 

UTIBLOWI  TlUMf  nvOAZBB  OTt  SrF",  is  prepared,  like  the  corresponding 
barium-compound,  by  decomposing  oxide  or  carbonate  of  strontium  with  hydrofluoric 
acid,  or  by  precipitating  a  strontium-salt  with  fluoride  of  sodium.  It  is  a  white  pow- 
der, insoluble  in  water  and  in  aqueous  hydrofluoric  acid. 

STKOM  Till Mv  BTBXAn  OTm    See  Stbomtiuic,  Oxidb  of. 

mntOfl TIU M»  ZOBIBB  Ol**  Sri*. — Obtained  by  saturatinff  hydriodic  add 
with  strontia  or  sulphide  of  strontium,  and  evaporating.  It  may  be  fused  without 
decomposition  in  a  closed  vessel ;  but  when  heated  in  contact  with  the  air,  it  gives  off 
iodine,  and  is  converted  into  strontia.  It  dissolves  easily  in  water,  and  may  be  recrys- 
tallised  therefrom. 


I  or.  SrO.  Strontia,  Strontian. — ^Prepared  by 
heating  the  nitrate  to  redness,  or  by  exposing  the  carbonate,  either  alone  or  mixed  with 
charcoal,  to  the  strongest  heat  of  a  foige-fire.  It  is  a  greyish-white  porous  mass,  of 
specific  gravity  3*0  to  4*0  (Davy),  3*932  (Karsten),  infusible,  not  volatile,  andglows 
in  the  blowpipe-fiame  with  a  dazzling  white  light.  It  has  an  alkaline  taste  and  reac- 
tion. When  moistened  with  water,  it  becomes  hot,  and  falls  to  powder  like  lime ;  if 
only  the  exact  quantity  of  water  required  be  added,  the  strontia  hardens  to  a  crystal- 
line hydrate.  vThen  heated  nearly  to  redness  in  a  stream  of  chlorine-gas,  it  glows 
brightly  throughout  its  whole  mass,  and  is  converted  into  a  sintered  mass  of  chloride 
of  strontium.    (R.  Weber,  Fogg.  Ann.  cxii.  649.) 

Hydrate  or  Hydrated  Oxide  of  Strontiuwi,  SrH*0«  -  Sr^CHK),  is  pro- 
duced, as  just  notioed,  by  the  direct  nnion  of  water  with  the  anhydrous  oxide.  On  dis- 
solving this  hydrate  in  5  or  6  pts.  of  boiling  water,  filtering  hot,  and  leaving  the  solu- 
tion to  cool  slowly  in  a  closed  vessel,  it  deposits  small,  needSe-shaped,  transparent  crys- 
tals, containing  8rHH).8H'0,  which  deliquesce  on  exposure  to  the  air,  and  are  ulti- 
mately converted  into  carbonate.  When  heated  to  100®  or  above,  they  give  off  50  per 
cent  water,  and  leave  the  monohydrate  SrH'O*.  By  heating  the  crvstals  to  low  rod- 
ness,  the  hydrate  is  obtained  in  the  fused  state,  and  solidifies  on  cooling  to  a  greyish* 
white  radiated  mass.  According  to  Bloxam  (Chem.  Soc  Qn.  J.  xiii.  48),  hydrate  of 
strontium  gives  off  idl  its  water  at  a  red  heat,  leaving  anhydrous  strontia. 

The  cryrtals,  S]e"H*0'.8H*0,  dissolve  in  50  pts.  of  cold  and  2*4  pts.  of  boUing  water. 
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The  solution,  called  strontiU'water,  is  oolonrless,  strongly  alkaline,  and  absorbs  carbonie 
add  from  the  air,  becoming  covered  with  a  cmst  of  carbonate.  It  may  be  prepared, 
like  baryta-water,  by  boiling  a  solution  of  the  sulphide  with  oxide  of  copper  (i.  505). 

A  peroxide  of  strontittm  is  obtained  as  a  hydrate,  in  shining  scales,  by  mixing 
strontia-water  with  peroxide  of  hydrogen.    (T  h  6  n  ar  d.) 

I  OF.    See  the  next  article. 

OF.  The  monosulp hide,  SrS,  is  prepared, 
like  the  corresponding  baritmi-sulphide  (i.  507),  by  reducing  the  sulphide  with  coal  or 
charcoaL  It  is  a  white,  granular,  sinteied  but  friable  mass.  By  solution  in  a  large 
quantity  of  boiling  water,  it  is  decomposed,  the  liquid,  as  it  cools,  yielding  crystals  of 
strontium-hydrate,  whilst  strontium-sulphydrate  remains  in  solution : 

2Si6  +   2H»0     =     SrH«S»  +  SrHH)*. 

If  it  be  treated  with  a  quantity  of  water  not  sufficient  for  this  complete  decomposition, 
a  solution  is  formed  containing  chiefly  sulphydrate  of  strontium,  and  on  treating  the 
residue  with  fresh  quantities  of  water,  a  nearly  pure  solution  of  the  hydrate  is  obtained. 
(H.  Rose.) 

Polysulpkides  (Schone,  Fogg.  Ann.  cxvii.  56). — ^By  digesting  1  at.  of  the  monoeul- 
phide  and  3  at.  sulphur  in  water,  and  leaving  tiie  solution  to  evaporate,  at  a  tempera- 
tore  not  exceeding  17^,  a  brownish-red  viscid  syrup  is  obtained,  which  at  8°  solidifies 
to  a  crystalline  mass  of  the  tetrasulphide,  SrS\  with  6  at  water.  This  compound 
is  very  hygroscopic,  soluble  in  water  and  in  alcohol ;  on  exposing  the  solutions  to  the 
air,  hyposulphite  of  strontium  is  formed  and  remains  dissolved,  while  sulphur  and  a 
small  quantity  of  strontium-carbonate  are  deposited.  On  heating  the  syrup  to  100°, 
or  oonoentrating  it  under  the  air-pump  at  a  temperature-  above  17°  (best  between  20° 
and  25°),  the  tetrasulphide  separates  with  2  at.  water,  as  a  light-yellow  solid  mass. 
When  heated  above  100°,  it  is  decomposed  by  its  water  of  crystallisation.  It  is  not 
acted  upon  by  carbonic  disulphide. 

By  exposing  the  alcoholic  solution  of  the  tetrasulphide  to  the  slow  action  of  air, 
ruby-red,  transparent,  rhombic  crystals  are  obtained,  consisting  of  a  hydrated  o  x  y  - 
tetrasulphide,  SrO.SrS^.12H'0,  which  are  decomposed  by  water.  They  are  pro- 
bably identical  with  the  supposed  disulphide,  which  Gay-Lussac  obtained  (Ann.  Ch. 
Fhys.  [2]  ziv.  362)  by  leaving  a  solution  of  strontium-sulphide  to  itself  for  some  time. 

Pentasulphide  of  strontium  is  formed  by  digesting  the  monosulphide  in  water 
with  4  at.  sulphur,  but  exists  in  solution  only.  On  evaporating  the  solution  under  the 
air-pump  at  about  20°,  a  residue  is  obtained  consisting  of  the  tetrasulphide  mixed 
with  sulphur.    (Schone.) 

Sulphydrate  of  Strontium,  SrH*S'  =  Sr8.IPS. — ^Produced  by  passing  sulphy- 
dric  acid  gas  to  saturation  through  strontia-water,  or  through  water  in  which  sulphide 
of  strontium  is  suspended,  or  by  dissolving  sulphide  of  strontium  in  a  small  quantity  of 
boiling  water,  whereby  it  is  resolved,  as  above  mentioned,  into  hydrate  and  sulphy- 
drate. Benelius,  by  evaporating  in  a  vacuum  the  solution  prepared  by  the  first  method, 
obtained  the  sulphydrate  in  large  striated  piisms,  which  when  heated  melt  in  their 
water  of  crystallisation,  then  give  it  o£f,  together  with  sulphydric  acid,  and  leave  a 
residue  of  monosulphide  of  strontium.  In  other  respects  the  compound  exactly  resem- 
bles sulphydrate  of  barium  (i.  508). 

.    Syn.  with  Sipoimf  (p.  192). 

Ammonio-magnesie  phosphate,  (NH*)]Jtg^P0*)*.12aq.,  occurring  in 
ciystalB  in  certain  varieties  of  guano.     (Phosphates,  iv.  568.) 

Syn.  with  Igasuhic  Acid  (iii.  242). 

C"H"N*0«.  (Pelletier  and  Caventou  [1818],  Ann.  Ch. 
Phys.  X.  142 ;  xxvi.  44. — ^Pelletier  and  Dumas,  Ann.  Ch.  Phys.  xziv.  176. — Liebig, 
tMe^.  zlvii.  171;  xlix.  244.— Begnault,  Ann.  Ch.  Phys.  Ixviii.  113.— Oerhardt, 
Bevue  Scientif.  x.  192. — ^Nicholson  and  Abel,  Cheno.  Soc.  Qu.  J.  ii.  241. — Henry, 
Pharm.  viii.  401.— Corriol,  ibid.  xi.  492— Robiquet,  Und,  xi.  680.— Wittstock, 
Traiti  de  CkimU  de  BerzeHue.—B.entj,  file,  J.  Pharm.  xvi.  752.— Om.  xvii.  479.) 

This  vegetable  alkaloid  exists,  together  with  brucine  and  igasurine,  in  nux-vomica,  in 
8t.  Ign&tins-beans,  in  the  wood  of  Strtfchnos  Cokthrina,  in  Stryoknos  IHeutl,  Upas 
TimU,  and  probably  in  several  other  varieties  of  Strycknoe  (see  Bbucikx,  i.  681). 
Java  arrow-poison,  found  in  a  bamboo^  contained  62  per  cent,  of  strychnine. 

Preparation:  1.  From  St  Ignatiue^eane, — The  rasped  beans  are  exhausted  with 
ether,  and  then  treated  several  times  with  boiling  alcohoL  The  alcohoUc  solution 
having  been  distilled  to  remove  the  alcohol,  is  to  be  treated  with  solution  Qf  hydrate 
of  potassium  topredpitate  thestrychnine  (Pelletier  and  Caventou).  This  process 
is  obviouflly  impeiiect. 
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2.  FroM  yitX'Vomica. — a.  The  beazib  are  exliausted  with  alcohol,  and  the  fiolutiou  is 
dibtilled  to  recover  the  alcohol.  The  residue  is  dissolved  in  water,  and  basic  acetate  of 
lead  added  until  no  further  precipitation  takes  place.  The  strychnine  remains  in 
solution  in  the  state  of  acetate;  the  liquid  also  containb  colouring-matters,  and  the  excess 
of  basic  acetate  of  lead.  Sulphide  of  hydrogen  is  passed  into  the  solution,  which  is 
then  filtered,  and  boiled  with  magnesia.  The  precipitated  strychnine,  after  being 
washed  with  water,  is  crystallised  from  alcohol.  The  mother-liquors  retain  the  brucine. 
(Pelletier  and  Caventou.) 

b.  The  pulverised  nux-Tomica  is  exhausted  with  boiling  water,  and  the  deooctions 
are  evaporated  until  syrupy;  powdered  chalk  is  then  added  by  degreesi  until  in  slight 
excess.  The  precipitate  contains  the  calcium-salt  of  an  acid  existing  in  nux-vomica,  the 
strychnine,  and  other  substances.  After  being  washed,  it  is  exhausted  by  treatment 
with  alcohol  of  specific  gravity  0*827,  and  the  liquids  are  then  evaporated  in  the  water- 
bath  to  the  erystallising-point^  The  strychnine  is  purified  either  by  repeated  crystal- 
lisations, or,  better,  by  conversion  into  nitrate,  and  recrystallisation.  The  alkaloid 
may  be  obtained  from  the  nitrate  by  precipitation  with  ammonia.  One  kilogramme  of 
nux-vomica  yields  by  the  above  process  5  or  6  grammes  of  strychnine.    (Henry.) 

c.  The  foUowing  process  is  said  to  be  more  advantageous  than  the  preceding  ones : 
1  kiloeramme  of  nux-vomica  is  to  be  softened  by  being  steamed,  then  dried,  and  pul- 
vexisea  moderately  fine.  It  i«  then  digested  in  the  water-bath,  with  4  or  5  litres  of 
alcohol  of  specific  gravity  0*856  acidified  by  40  or  60  grammes  of  sulphuric  acid. 
Quicklime  is  then  added  to  the  alcoholic  solution,  to  remove  the  acid  and  precipitate 
the  colouring-matter.  The  supernatant  liquid  is  decanted;  and  the  deposit  is  washed 
with  alcohoL  All  the  alcoholic  liquors  are  then  mixed,  carefully  filtered,  and  distilled. 
The  residue  in  the  stiU  is  coloured  and  alkaline  ;  it  is  saturated  with  dilute  sulphuric, 
hydrochloric,  or  acetic  acid ;  and  the  solution  is  to  be  filtered,  concentrated,  and  pre- 
cipitated in  the  oold  by  a  slight  excess  of  ammonia.  The  precipitate  is  composed  of 
a  mixture  of  strychnine  and  brucine.  It  is  to  be  digested  with  weak  alcohol  of  specific 
gravity  0*942,  to  remove  the  brucine.  The  remaining  strychnine  is  to  be  dissolved  in 
alcohol  of  specific  gravity  0*837,  and  the  boilixig  solution  treated  with  a  small  quantity  of 
animal  charcoal.  The  filtered  solution,  on  cooling,  deposits  the  strychnine  in  crystals. 
(Henry,  ^) 

d.  Eight  pounds  of  the  powdered  n  uz-vomica  are  mixed  with  an  equal  weight  of  water,  so 
as  to  form  a  thick  paste,  which  is  then  exposed  to  a  temperature  of  20^  to  25°.  In  the 
course  of  a  few  days,  a  violent  fermentation  sets  in,  which  is  generally  finished  in  about 
eighteen  to  twenty  days.  The  liquid  is  now  pressed  through  a  hair-sieve ;  the  solid 
lesidue  pressed,  and  boiled  twice  or  three  times  with  water;  and  the  united  liquids 
evaporated  down  to  12  quarts.  To  this  9  ounces  of  powdered  quicklime  are 
added,  the  whole  left  quiet  for  six  or  eight  hours,  and  the  liquid  separated  from  the 
precipitate  by  pressure ;  it  is  then  mix^  with  sulphuric  acid,  the  calcic  sulphate  re- 
moved, and  the  liquid  evaporated  to  2  quarts.  One  ounce  of  lime  is  now  added  to  it,  and 
the  treatment  repeated  as  above  described.  The  precipitate  formed  is  submitted  to 
great  pressun,  and  united  to  the  previous  one.  The  dried  precipitate  is  now  digested 
with  2  quarts  of  alcohol  of  specific  gravity  0*935,  which  dissolves  out  brucine  and  colour- 
ing matters ;  and  from  this  solution  strychnine  is  likewise  obtained  hv  crystallisation. 
The  remaining  precipitate  is  digested  repeat<edly  with  6  quarts  of  alcohol  of  specific 
gravity  0*838,  the  solution  filtered,  and  fbur-fiflhs  of  the  alcohol  recovered  by  distil- 
lation. In  one  or  two  days  the  strychnine  separates  as  a  white  crystalline  powder ;  it 
is  washed  several  times  with  alcohol  of  specific  gravity  0*935,  to  remove  any  adherent 
brucine,  and  is  obtained  perfectly  pure  by  recrystallisation.  (Molyn,  J.  Chim.  mM. 
iii.  607.) 

e.  Nux-vomica  is  to  be  boiled  with  alcohol  of  94  per  cent.  The  liquid  is  to  be 
decanted,  and  the  residue  dried  in  an  oven ;  it  then  becomes  easily  pulverisable.  The 
powder  is  to  be  exhausted  with  alcohol,  and  the  liquids  mixed.  After  being  evapo- 
rated to  a  convenient  bulk,  acetate  of  lead  is  to  bo  added  as  long  as  a  precipitate  is 
formed.  ^  Colouring  matters,  vegetable  acids,  and  fatty  substances  are  thus  removed. 
The  precipitate  is  thrown  on  a  filter,  and  well  washed;  and  the  filtered  liquor  is  evaporated 
until  reduced  to  about  a  half  or  a  third  of  the  weight  of  the  nux-vomica  employed. 
Magnesia  is  then  added  to  the  liquor,  and  the  whole  is  left  at  rest  for  several  days, 
untu  the  brucine  has  had  time  to  deposit.  The  precipitate,  having  been  collected 
on  linen,  is  to  be  pressed,  dried,  and  treated  with  alcohol  of  83  per  cent.,  to  dissolve 
the  alkaloids.  On  distilling  off  the  alcoholic  liquors,  the  strychnine  is  fint  deposited, 
while  the  brucine  remains  in  the  mother-liquors.  To  purify  the  crude  strychnine, 
it  is  to  be  saturated  exactly  with  dilute  nitric  add.  On  concentrating  the  solution, 
the  nitrate  of  strychnine  is  first  deposited,  in  needles,  and  the  nitrate  of  brucine 
is  afterwards  deposited  in  much  laiger  crystals.  The  last  mother-liquors  are 
gummyt  but  they  still  contain  some  of  the  alkaloids,  which  must  be  extracted  by 
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a  fresh  treatment  with  magnesia^  &c.  as  before.  When  brucine.  is  precipitated, 
there  always  remains  in  solution  a  considerable  quantity,  which  is  deposited  after 
a  time  in  ciysuilline  grains.  One  kilogramme  of  nux-yomica  yKUds,  on  treatment  as 
above,  2  grammes  of  nitrate  of  strychnine,  and  2  grammes  of  nitrate  of  brucine. 
(Wittstock.) 

3.  From  Upas  Tieute. — The  filtered  aqueous  solution  of  the  upas  is  digested  with 
magnesia ;  the  precipitate  vs  washed,  dried,  and  boiled  out  three  times  with  alcohol ; 
the  alcoholic  solutions  are  evaporated ;  the  residue  is  dissolved  in  dilute  sulphuric  acid 
and  digested  with  animal  charcoal ;  and  the  solution  is  again  precipitated  by  magnesia. 
The  precipitate  is  then  exhausted  with  alcohol,  and  the  solution  evaporated  to  di^ess. 
(Pelletier  and  Caventou.) 

Detection  oj  Strychnine  in  eases  of  Poisoning  (i.  127). 

Properties. — Small,  white,  four-sided  prisms,  terminated  by  four-sided  pyramids 
(Pelletier  and  Caventou).  —  Ciystals  of  the  trimetric  or  rhombic  system. 
Lustre  vitreous,  pearly  on  the  cleavage-faces.  Hardness  between  2  and  2'5  (Kengott, 
Fogg.  xcv.  614).  Ciystals  permanent  in  air,  unaltered  by  light  Botates  polarised 
light  to  the  left  May  be  nised  without  decomposition.  Inodorous,  taste  utensely 
bitter.  Excessively  poisonous ;  one-eighth  of  a  grain  will  kiU  a  large  dog ;  three- 
eighths  of  a  grain  cause  in  man  violent  tetanic,  convulsive  spasms  of  the  extremities, 
trismus,  opisthotonos,  and  other  formidable  symptoms ;  half  a  grain,  given  three  times 
a  day  for  several  days,  caused  death  with  the  usual  symptoms.  (Pereira,  Materia 
Medica,  ii.  1310.) 

Strychnine  in  poisonous  doses  almost  invariably  produces  tetanic  convulsions.  The 
smallest  dose  yet  known  to  prove  fatal,  was  in  the  case  of  Dr.  Warner,  who  swallowed 
half  a  grain  of  sulphate  of  strychnine  in  mistake  for  morphia.  In  a  few  minutes  he  was 
seized  with  constriction  of  the  throat  tightness  of  the  chest  rigidity  of  the  whole  muscular 
system,  and  tetanic  convulsions.  He  died  in  about  fourteen  minutes  {Taylor  on 
FoieonSy  p.  777).  The  writer  has  tried  the  effects  of  doses  of  one-twelfbh  of  a  grain,  re- 
peated eveiy  four  hours.  On  the  second  day  the  effects  were  sufficiently  unpleasant 
to  render  it  proper  to  cease  the  experiment  for  a  time.  Great  variation  is  found  in  the 
/ower  of  different  individuals  to  resist  the  poison  ;  doses  of  even  three  grains  have 
been  endured  by  patients,  where  the  quantity  has  been  veiy  gradually  increased  (Oaz. 
m^..  Mars  1845  ;  Taylor  on  Poisons^  p.  777).  Strychnine  has  an  alkaline  reaction.  It 
resists  putrefaction,  and  may  consequently  be  extracted  successfblly  from  bodies  which 
have  been  buried  for  a  long  time,  even  after  three  years.     (Macadam.) 

Strychnine  dissolves  in  6667  parts  of  cold,  ana  in  2500  parts  of  boiling  water 
(Pelletier  and  Caventou.) 

Decompositions. — 1.  Strychnine,  when  submitted  to  destructive  distillation,  yields 
pynol  among  other  products  (Q-rev.  Williams).  When  cautiously  heated,  it  gives 
off  colourless  vapours,  probably  of  undeeomposed  strychnine,  then  melts  to  a  brown 
liquid,  which  when  further  heated  gives  off  brown  vapours,  and  leaves  a  carbonaceous 
residue  (Duflos).  Stiyehnine  by  destructive  distillation  yields  snudl  quantities  of 
chinoUne  (Gerhardt).  Strychnine  is  very  easily  oxidised,  at  a  red  heat  hy  oxide 
of  copper  or  chromate  of  lead,  and  therefore,  contrary  to  the  statements  of  many 
chemists,  is  very  easily  analysed  by  the  ordinary  processes  (Abel  and  Nicholson). 
— 2.  Vapour  of  iodine  acts  on  strychnine,  forming  a  peculiar  compound. — 3.  Bromine 
produces,  in  solutions  of  strychnine,  a  resinous  predpitate  of  bromostrychnine  (Laurent). 
— 4.  Dry  chlorine  does  not  act  on  strychnine  or  its  salts,  but  chlorosteychnine  is 
formed  when  the  gas  is  passed  into  water  in  which  strychnine  is  suspended.  A  solu- 
tion containing  1  pt.  of  acetate  of  sliychnine  in  8,000  pts.  of  water  is  rendered  turbid 
by  chlorine  (Marchand). — 6.  Solution  oi  chloride  of  lime  gives  a  white  precipitate  in 
dilute  solution  of  acetate  of  strychnine  (Horsley). — 6.  Strong  nitric  acid,  if  hot  con- 
verts the  alkaloid  into  a  yellow  explosive  nitro-compound,  which  is  probably  nitrate  of 
nitrostrychnine.  The  solution,  on  treatment  with  alkalis  in  excess,  gives  off  volatile 
bases  (Anderson).  If  strychnine  turns  red  with  cold  strong  nitric  acid,  it  indicates 
the  presence  of  brucine. — 7*  Cold  oU  qf  vitriol  dissolves  strychnine,  forming  a  colour- 
less solution,  which  yields  coloured  reaotions  with  most  oxidising  substances.  This 
solution  yields  the  following  reactions  with  various  reagents :  — a.  Peroxide  of  lead  gives 
a  blue  coloration,  becoming  violet  then  red,  and  finally  in  a  few  hours  yellow. — 6,  Add 
chromate  of  potassium  in  the  solid  state,  added  to  the  above  liquid  on  a  porcelain  plate, 
gives  a  fine  violet  coloration ;  if  the  quantity  of  strychnine  present  is  large,  the  colour  is 
pale-blue. — c.  Ferrocyanide  of  potassium  yields  a  somewhat  similar  reaction  to  b,  but 
more  permanent — d.  Black  oxide  of  manganese  affords  a  violet  coloration,  becoming 
dark-red  in  the  course  of  an  hour.  The  presence  of  santonin,  or  starch,  does  not  prevent 
the  recognition  of  strychnine  by  acid  chromate  of  potassium  in  the  above  solution;  sugar, 
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quiiuae,  or  morphine  renden  it  indistinct,  bat  does  not  aflfoct  the  zeaction  witJi  peroxide 
of  manganese.  The  presence  of  30  pts.  of  tartar-emetic  does  not  prerent  the  coloration 
with  add  chromate  of  potassium,  bat  60  pts.  render  it  indistinct  Very  small  qoanti- 
ties  of  animal  matters,  or  yegetabie  eztractiTe  matters,  render  the  aboTe  reactions  indis- 
tinct, when  the  strychnine  is  present  in  minnte  traces  only. — 8.  Hot  solutions  of  iodic 
add  colour  strychnine  and  its  salts  yiolet-red. — 9.  The  iodides  of  the  aloohol-zadidsB 
form  derivatiyes  which  will  be  described  further  on. 

CombinaiioHs. — WUh  Iodine. — a.  When  a  solution  of  1  pt.  of  strychnine  in  1  pt.  of 
alcohol  and  3  pts.  of  water  is  warmed  with  a  little  tincture  of  iodine,  and  left  to  cool 
spontaneously,  crystals  of  an  iodine-compound  are  deposited,  haying  the  {uraperties  of 
double  absorption.  Its  formula  is  probably  C"HT*'NH)M'  (Herapath). — b.  When  a 
solution  of  strychnine  in  weak  alcohol,  acidified  with  hydrochloric  or  hydriodie  acid,  is 
precipitated  with  tincture  of  iodine,  the  precipitate  dissolyed  in  boiling  alcohol,  and  the 
solution  left  to  cool,  bright  red-brown  prisms  are  formed  permanent  at  140^,  and  haying 
the  formula  C»>H"N«0«.HI.P.    (Tilden.) 

When  2  pts.  of  strychnine  are  triturated  with  1  pt.  of  iodine,  the  resulting  mass 
dissolyed  in  boiling  alcohol,  and  the  solution  concentrated  and  allowed  to  cool,  laminte 
are  deposited  haying  the  colour  of  mosaic  gold,  and  the  formula  2CH''N*0*I'. 

Stbtchntme  Salts. — ^Acids  easily  dissolye  strychnine,  forming  neutral  solutions 
haying  aii  intensely  bitter  taste,  and  yirulently  poisonous. 

JcHaUs  of  Strychnine. — Neutral  acetate  of  strychnine  crystallises  with  difficulty,  the 
fdd  salt  easily.    (Pelletier  and  Cayentou.) 

Arsenate  of  Stfychnine,  2C*'H«N*0».3H'O.As"0»  +  H*0.—Monoolinic  prisms,  solu- 
ble in  15  pts.  of  cold,  and  in  6  pts.  of  hot  water. 

Arsenite  of  Strychnine,  2G*>C[»NK)*.HK).As'0'.— Dull  white  cubes,  efflorescing  in 
the  air. 

BroTnomereurate  of  Strychnine. — Formed  in  the  same  manner  as  the  iodineHX>m- 
pound  {infra),  but  using  bromide  instead  of  iodide  of  potassium. 

Chloro-aurate  of  sSychnine,  C"H«N*0*.HCLAu*Cl».— Lemon-yellow  predpitate, 
yeiy  slightly  soluble  in  water.  Crystallises  from  alcohol  in  pale  orange-ooloured  crys- 
tals.    (Nicholson  and  Abel.) 

Chromate  of  Strychnine,  2Cr'"H«N*0«.H«O.CrO".— Lemon-yellow  needles,  neutrsl,  and 
sparingly  soluble  in  water  and  alcohoL    (Nicholson  and  Abel.) 

CUorocadmiaU  of  Strychnine,  2(C*»H**N«0*.HCl).Cd''Cl*.— White  glittering  scales, 
long  needles,  or  large  transparent  prisms.  Does  not  lose  water  at  130^.    (Galletly.) 

Chloromercurate  of  Strychnine,  C«'H»*NH)«.HCl.Hg''Cl«.— A  dense  pulverulent  pre- 
cipitate, which  soon  turns  gelatinous,  is  thrown  down  on  adding  solution  of  mercurio 
chloride  to  solution  of  hydrochlorate  of  stiychnine.  Crystallises  from  alcohoL 
(Nicholson  and  Abel.) 

Strychnine  with  Mercuric  Chl&ride,  C"H»N*0*.Hg-Cl«.— Thrown  down  by  a  solution 
of  mercuric  chloride  from  a  solution  of  strychnine  in  weak  alcohoL  White  crystalline 
precipitate,  insoluble  in  water,  alcohol,  and  ether.     (Nicholson  and  Abel.) 

Sulphate  of  Strychnia  with  Mercuric  Chloride,  2C«H«NK)«.H^O*.2Hg^(j!l«.— Pro- 
duced by  dissolving  the  mercurous  compound  in  sulphuric  add. 

Strychnine  with  Mercuric  Cyanide,  C-'H**N*0'.Hg"Cy'. — An  alcoholic  solution  of 
stiychnine,  predpitated  by  excess  of  solution  of  mercuric  cyanide,  yields  this  compound- 
in  small  prisms,  slightly  soluble  in  water  and  alcohol,  insoluble  in  ether.  (Nichol- 
son and  Abel.) 

Chlorate  of  Strychnine. — Strychnine  dissolved  in  aqueous  chloric  add  forms  a  rose- 
red  solution,  which  yields  thin  short  prisms,  and,  when  the  solution  is  concentrated, 
solidifies  completely. 

Chloroplatinate  of  Strychnine,  2C"H«N«0».2HCl.Pt*'Cl«.— Solution  of  hydrochlorate 
of  strychnine  is  precipitated  psle-yellow  by  a  solution  of  tetrachloride  of  platinum. 
The  precipitate  is  nearly  insoluble  in  water  and  ether,  and  with  difficulty  in  boiling 
alcohol.    From  the  latter  solution  it  crystallises  in  scales  rosembling  mosaic  gold. 

Chtoropalladite  of  Strychnine,  2C«»H«NH)*.2HCl.Pd"'Cl«.--When  a  solution  of 
dichloride  of  palladium  is  added  to  a  solution  of  stiychnine  in  hydrochloric  add,  a 
brown  fiocculent  mass  is  predpitated.  It  is  soluble  in  water  and  alcohol,  and  firom  a 
boiling  solution  in  the  latter  menstruum,  may  be  obtained,  on  cooling,  in  dark-brown 
needles.     It  is  not  deoomposed  at  100°.    (Nicholson  and  Abel.) 

HydrobromaU  of  Strychnine,  C"H**N*0*.HBr. — ^Produced  by  dissolving  strychnine 
in  hydrobromie  add,  and  crystallising  from  water. -   (Nicholson  and  Abel.) 

Hydriodate  of  Strychnine,  C**H**N'0».HI. — ^A  dense  crystalline  predpitate  is  thrown 
down  on  adding  a  solution  of  iodide  of  potasnum  to  a  solution  of  strychnine 
(v.  Planta).  The  alcoholic  solution,  when  evaporated,  yields  glassy  four-sided  needles. 
(Merck.) 
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Hydrochlorateqf  Strvchninej  C"H«'-T5JK)*.HC1. — 100  pte.  of  strychnine,  when  exposed 
to  a  current  of  hydrochloric  acid  gas,  and  then  heated  to  150^,  retain  10  67  of  hydro- 
chloric acid  (Begnault).  The  same  salt  is  easily  obtained  by  dissolving  strychnine 
in  hydrochloric  acid.  It  is  neutral  towards  yegetable  colours  (Nicholson  and 
Abel).  It  rotates  polarised  light  to  the  left;  [a]^  »  28*18^.  The  salt  is  soluble  in 
about  60  pts.  of  water  at  22^  (Boucharda  t).  (As  to  water  of  crystallisation,  see  Grm. 
xvii.  494.) 

HydroeyanaU  of  Strychnine, — ^When  strychnine  is  dissolved  in  aqueous  hydrocyanic 
acid,  and  the  solution  is  evaporated,  the  hydrocyanic  acid  is  entirely  expelled.  (Pel- 
letier  and  Caventou.) 

HydroferrocyanaU  of  Strychnine,  4C"H«N«0«.H*Fe"Cy«.2H*0.— Colourless  needles, 
produced  by  mixing  cold  saturated  solutions  of  ferrocyanide  of  potassium  and  neutral 
salts  of  strychnine.    (B  ra  n  d  i  s. ) 

HydrofiuaU  of  Strychnine^  2C«'H«N«0«.8HF1.H*0.— Colourless  right  rhombic 
prisms,  having  an  acid  reaction.     (Elderhorst.) 

Hyposulphite  of  Strychnine,  2C"H«NH)«.H*S*0».4H«0.— Formed  in  a  mixture  of 
strychnine,  alcohol,  and  sulphide  of  ammonium  on  standing  in  the  air.    (How.) 

lodoTnercuraie  of  Strychnine,  C**H"N*0*JII.Hg"I*. — Obtained  by  mixing  solutions 
of  2  at.  hydrochlorate  of  strychnine,  6  at.  iodide  of  potassium,  and  1  at.  mercuric 
chloride.  Shining  microscopic  crystals,  insoluble  in  cold  and  in  hot  water,  and  but 
little  soluble  in  boiling  alcohol.     (Groves.) 

Nitrate  of  Strychnine,  C*'H**N*0'.HNO*. — Strychnine  in  fine  powder  is  gently 
heated  untU.  dissolved  with  nitric  acid,  diluted  until  it  is  but  feebly  acid  to  the 
tasto;  the  solution,  on  cooling,  deposits  beautiful  colourless  needles  of  nitrate  of 
strychnine.  If  the  nitric  acid  is  too  concentrated,  the  solution  assumes  a  yellow  colour 
immediately  heat  is  applied,  and  a  nitro-compoimd  is  formed.  No  acid  uitrato  is  pro- 
duced. 

Metliiate  of  StrychntJie. — ^When  an  alcoholic  solution  of  strychnine  is  mixed  with 
an  alcoholic  solution  of  mellitic  acid,  a  dazzling  white  crystalline  precipitate  falls. 
It  is  soluble  in  1500  pts.  of  cold,  and  in  650  pts.  of  boiling  water;  pe^ect^  insoluble 
in  alcohol    (Karmrodt.) 

OxaUUe  of  Strychnine,— Neuind,  2C*'H'«N*0'.C2H*0*.  Oxalic  acid  neutralised 
with  strychnine  yields  long  flat  needles,  neutral  to  litmus. — Acid  salt,  C*^H*'N'0'. 
C'H'O*.     Obtained  by  treating  the  neutral  oxalate  with  oxalic  acid. 

Perchlorate  of  Strychnine,  C«'H«N«0«.HC10*.— A  solution  of  sulphate  of  strych- 
nine decomposed  by  perchlorate  of  barium  yields  small,  pale-yellow,  glassy,  rhombic 
prisms. 

Periodate  of  Strychnine, — ^Produced  by  dissolving  strychnine  in  a  warm  aqueous 
solution  of  periodic  acid ;  it  crystallises  in  six-sided  prisms  terminated  by  four-sided 
pyramids. 

Phosphantifnonaie  of  Strychnine. — ^Yellowish-white  curdy  precipitate,  ixroduced  by 
adding  a  solution  of  phoephantimonic  acid  to  a  solution  of  a  strychnine-salt. 

Ficrate  of  Strychnine, — An  alcoholic  solution  of  picric  acid  precipitates  an  alcoholic 
solution  of  strychnine  pale-yellow;  hot  solutions,  on  cooling,  yield  fine  yellow 
crystals. 

Sulphate  of  Strychnine,— Neutral,  2C«'H**N«0'.H«S0*.  Dilute  sulphuric  acid  satu- 
rated with  finely  powdered  strychnine  (Nicholson  and  Abel)  yields larse  four-sided 
prisms.  The  salt  rotates  polarised  light  to  the  left;  [a],.  »  25*58°  for  the  salt  dried 
at  40^.—Jcid,  C"H=»N*0«.H«SO*.  This  salt  is  formed  by  adding  diluted  sulphuric 
acid  to  the  neutral  salt ;  it  crystallises  in  long  thin  needles,  and  is  very  acid  to  test- 
paper.    (Nicholson  and  Abel.) 

Sidphocyanate,  C"H'^'0*.CyHS. — Sulphocyanato  of  potassium  throws  down,  from 
solutions  of  strychnine-salte,  a  dense  crystalline  precipitate;  from  hot  solutions  long 
silky  needles.    (Artus;  v.  Planta.) 

Tartrates  of  Strychnine,— Neutral  dextrotartraU,  2C»'H«N«0«.C*H«0«  +  4aq.  Tar- 
teric  acid  is  neutralised  with  strychnine.  Efflorescent  needles  an  inch  long. — > 
Acid  dextrotartrate.  Strychnine  dissolved  in  excess  of  tartaric  add  yields  slender  needles 
with  acid  reaction. 

Antitartrate  qf  Strychnine,— The  neutral  salt  heated  to  100°  loses  7*8  per  oent 
water,  and  nothing  more  at  200°,  but  becomes  coloured,  but  to  a  less  extent  than  the 
dextrotartrate.  The  acid  salt  loses  all  ite  water  of  crystallisation  (10*3  per  cent)  more 
rapidly  than  the  acid  dextrotartrate. 

0«ytryelmliia*t  iii.  820. 
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DBBIYi^TITES  OF  STBTCKinKE. 

I,  C«H»'NH)«  -  C«'H«»N*(CH»)0«.--Finely-powdered  strych- 
nine is  heated  for  some  hours  with  slight  excess  of  methylic  iodide  in  a  sealed  tube. 
When  the  reaction  is  complete,  the  excess  of  methylic  iodiae  is  distilled  off,  and  the  re- 
sidue is  dissolved  in  hot  water  and  filtered,  to  remove  any  uncombined  strychnine.  On 
cooling,  the  solution  yields  crystals  of  hydriodate  of  methylstrychnine,  from  which 
the  base  may  be  separated  by  means  of  oxide  or  sulphate  of  silver,  as  follows : — 

a.  By  oxide  of  silver. — ^The  hydriodate,  prepared  as  above,  is  agitated  with  8  or 
4  pts.  of  cold  water  and  some  oxide  of  silver,  whereby  iodide  of  silver  is  formed  ;  the 
liquid  then  filtered  ofi;  and  evaporated  to  the  consistence  of  a  syrup,  whereupon  it  de- 
posits crystals  of  hydrate  of  methylstrychnine.  As  the  dark  mother-liquor 
cannot  be  made  to  crystallise,  the  following  process  may  be  substituted : — b.  The 
solution  of  hydriodate  of  methylstrychnine  is  to  be  decomposed  with  an  equivalent 
quantity  of  sulphate  of  silver ;  the  solution  separated  from  the  iodide  of  silver  is 
mixed  with  baryta-water,  and  evaporated  to  dryness ;  and  the  residue  is  heated  with 
water,  and  evaporated:  crystals  of  hydrate  of  methylstrychnine  then  separate  out. 
As  the  salt  thus  obtained  contains  excess  of  water,  it  is  to  be  dried  between  130^  and 
140°.  (For  very  full  details  concerning  the  reactions  and  decompositions  of  methyl- 
stiychnine,  see  &m.  xvii.  607.) 

It  is  remarkable  that  hydrate  of  methylstrychnine  is  not  poisonous.  Babbits  can 
take  11  grains  in  the  course  of  a  day  without  being  poisoned  (Stahlschmidt). 
Hydrate  of  methylstrychnine  forms  easily  soluble  and  crystalline  salts  with  adds. 
Aqueous  methylstrychnine  precipitates  salts  of  nickel,  cobalt,  iron,  and  copper;  it 
also  precipitates  alum,  but  an  excess  does  not  redissolve  the  precipitate. 

Pho&phate  of  Methylstrychnine,  C«'H«'N»(CH«)0«.PH«0*.— Aqueous  methylstrych- 
nine neutralised  with  phosphoric  acid  yields  a  crystalline  mass,  readily  soluble  in 
water  and  alcohol.    (Stahlschmidt) 

Sulphate  of  Meth^lstruchnine.-^a.  Neutral,  2C«H«N*(CH«)0*.H«S0«.— JV€par««on 
(see  Methylstrychnme,  o).  May  also  be  obtained  by  neutralising  the  aqueous  base 
with  dilute  sulphuric  acid.    Thin  pearly  lamin»,  e£Sorescent,  easily  soluble  in  water. — 

b.  Acid  salt,  C»'H«'N'(CH»)OMi«SO*.  Crystallises  easily  in  laminiB,  which  have  a 
strongly  acid  reaction.     (Stahlschmidt.) 

Hydriodate  of  Methylstrychnine,  C''H*'N"(CH*)0'.HI.  Pearly  laminae,  requiring 
212  pts.  of  cold,  but  easily  soluble  in  hot  water.  Difficultly  soluble  in  alcohol. 
(Stahlschmidt) 

ffydrobromate  of  Methylstrychnine,  C»»H«>N«(CH")0*.HBr.— Thrown  down  when 
bromide  of  potassium  is  added  to  a  strong  solution  of  the  hydrochlorate.  Sparingly 
soluble  in  cold,  but  easily  in  hot  water.    (Stahlschmidt.) 

Hydrochlorate  of  Mrtf^lstrychnine,  C*»H«»N«(CH")0».HC1.— Formed  by  neutralising 
the  base  with  hydrochloric  acid,  or  decomposing  the  sulphate  with  chloride  of  barium. 
Fine  prisms  half  an  inch  long,  soluble  in  water  and  alcohol. 

Chtoroplatinate  of  Meihylstrychnine.^'PaXe-yellow  precipitate,  difficultly  soluble  in 
water  and  alcohol,  insoluble  in  ether. 

atHjlMryotanliM,  C^H'^N'O*  «  C"H"N>(C*H*)0*.— JV^paro^.  Similar  to 
that  of  methylstrychnine,  'but  substituting  ethylic  for  methylic  iodide.  The  base 
may  be  precipitated  by  ether  from  the  solution  filtered  from  oxide  of  silver. 

Carbcnates  of  Ethyf strychnine, — a.  Neutral,  When  moist  carbonate  of  silver  is  agitated 
with  hydriodate  of  ethylstrychnine  and  water,  a  colourless  solution  is  obtained,  which, 
evaporated  in  a  vacuum,  or  at  100°,  leaves  a  crystalline  residue.  Water  dissolves 
carbonate  of  ethylstrychnine,  leaving  fiocks  of  a  new  base  (How). — b.  Acid, 
C=^>H'"N«(C«H»)0«.H=K)0*.— When  carbonic  acid  is  passed  into  the  solution  of  the 
neutral  carbonate,  and  the  filtrate  is  evaporated  in  varuo,  or  at  100°,  a  white  ciTstalline 
mass  is  formed,  having  an  alkaline  reaction.  It  dissolves  in  absolute  alcohol  and  is 
precipitated  from  the  solution  by  ether  in  colourless  prisms.    (How.) 

Hydriodate  of  Ethylstrychnine,  C"H'"N*(C«H»)0*.HL  ~  Shining  white  four-sided 
prisms.     (How.) 

Nitrate  of  Ethylstrychnine,  C«»H"N*(C*H»)0*.HNO«.— Prepared  by  decomposing 
the  hydriodate  with  nitrate  of  silver.  Colourless,  highly  refractive  prisms,  only  sUghtly 
soluble  in  cold,  easily  in  boiling  water.    (How.) 

Chtoroplatinate  of  Ethylstrychnine,  2C«H»*N«(C«H*)0«.2HCl.Pt«'Cl*.— Yellow  pre- 
cipitate, which  becomes  crystalline  in  a  few  hours.    (How.) 

Amylatryolmlne,  C«'H"N»(C*H")0».— Prepared,  like  ethylstrychnine,  by  acting 
^ith  moist  oxide  of  silver  on  the  hydrochlorate  of  amylstrychnme.    (How.) 
Hydrochlorate  of  Amylstrychnbie,  2[C"H"N='(C»H")0'.HC1]H«0.— Prepared    by 
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heating,  for  100  hours,  finely-powdered  strychnine  with  chloride  of  amyL    Colouiless, 
oblique,  rhombic  prisms.    (jBow.) 

Nitrate  of  AmyhtrychniM,  C«»IP'N«(C*H»)0«.HNO».— Prepared  by  decomposing 
hydrochlorate  of  amylstrychnine  with  nitrate  of  silver.  Badiated  groups  of  colourless 
needles. 

■ 

COHTOUNDS  FBODUCSD  BT  THB  ACTIOK  OF  DOBBOICIDB 
OF  SrHTIJBMX  ON  STBTCKNOni. 

Dihydrobramate  of  Ethylene-gtrychnine,  C*»H*»N«(GTi*)0«.2HBr.— When  strychnine 
is  heated  in  a  sealed  tube  for  a  quarter  of  an  hour,  with  alcohol  and  excess  of  dibromide 
of  ethylene,  and  the  resulting  crystals  are  boiled  with  water  until  the  alcohol  and  excess 
of  dibromide  of  ethylene  are  enelled,  the  solution,  on  standing,  deposits  crystals  of  this 
salt.  White  crystcus,  only  slightly  soluble  in  cold,  but  easily  in  hot  water  and  alcohol. 
The  solution  is  not  precipitated  by  ammonia,  potash,  or  soda.  The  crystals,  treated 
with  acid  chromate  of  potassium  and  sulphuric  acid,  yield  the  same  reaction  as  strych- 
nine (M^n^tri^s).  Treated  y^ith  silver-salts,  the  crystals  give  up  hidf  their  bromine, 
but  moist  oxide  of  silver  removes  the  whole;  thus  two  series  of  compounds  are 
formed. 

a.  Compounds  containing  Bromine. — An  aqueous  solution  of  the  crystals  is  pre- 
cipitated by  sulphate  of  silver ;  the  excess  of  silver,  and  also  of  sulphuric  acid,  is 
removed  by  baryta-water ;  carbonic  acid  is  then  passed  in,  and  the  solution  is  filtered : 
the  resulting  alkaline  liquid,  evaporated  to  dryness,  leaves  a  resin,  which  M^n^tri^s 
calls  Hi/drated  Oxide  ofSirychnine-bromethyl-ammonium,  and  represents  by  the  formula 
C«»H"N«(C»H*Br)O^E»0. 

Sulphate  of  Strychnine-bromethyl,  C"H"N*(C«H^r)0*.IPSO«.--Obtained  by  decom- 
posing dihydrobromate  of  ethylene-strychnine  with  sulphate  of  silver. 

Nitrate  of  Strychnine-brwnithyl,  C«H"N'(C«H*Br)0«.HNO".— Obtained  by  decom- 
posing dihydrobromate  of  ethylene-strychnine  with  nitrate  of  silver.  White  needles, 
sparingly  soluble  in  cold,  readily  in  hot  water,  not  decomposed  by  alkalis. 

Ptatinum-salt,  2C"H"N«(C«H*Br)0«.2HCLPt«'a\— Obtained  by  precipitating  the 
dihydrochlorate  with  tetrachloride  of  platinum. 

b.  Compounds  free  from  Bromine : — 

HydraU  of  Ethylme-strychnine,  C«»H»N*(C«H*)0«.H*0.— Solution  of  dihydrobromate 
of  ethylene-strychnine,  digested  with  moist  oxide  of  silver,  becomes  of  a  reddish  colour, 
and  the  hydrate  is  obtained  by  evaporating  the  filtered  solution.    (Minitri  ^s.) 

Trichlorethylene-^rychnine,  C"H"C1»#(C«H«)0«.  —  A  white  frothy  substance, 
obtained  bv  passing  oilorine  into  an  aqueous  solution  of  hydrate  of  ethylene-strych- 
nine.   (Mdn^tri&s.) 

NUrate  of  Nitro-ethylene-strychnine,  C"H»(N0«)N«(C«H*)0«.HN0«.  —  When  an 
aqueous  solution  of  hydrate  of  ethylene-strychnine  is  mixed  with  nitric  add,  a  white 
crystalline  powder  is  deposited,  insoluble  in  water,  but  soluble  in  strong  acids ;  on 
evaporation  with  nitric  add,  an  orange-red  substance  is  formed,  which  has  probably 
the  above  formula. 

Cblorostryolmiiie,  C*>H*iCm*0'.— When  a  hot  solution  of  hydrochlorate  of 
strychnine  is  treated  with  chlorine-gas,  a  resin  gradually  deposits,  the  solution  retain- 
ing hydrochlorate  of  chlorostiychnine.  Ammonia  is  then  added  to  the  solution  drop 
by  drop,  untU  a  small  permanent  predpitate  is  formed,  the  liquid  is  filtered,  and  the 
filtrate  is  predpitated  with  ammonia.    (Laurent.) 

Sulphate  of  Chlorostrychnine,  2C«H»C1NK><.H*S0«.— Prepared  by  neutralising  dilute 
sulphuric  add  with  chlarostrychnine,  and  obtained  in  ciystalB  by  evaporating  the 
solution. 

CZ.&8SIFISD  List  of  Kbkoibs  on  Stbtghsonb. 


Detection  of  Strychmne^—BriegeT,  Jahrb.pr.Pharm.  xx.  87. — ^Bingley,Chem.  Gaa. 
1856,  p.  229.— DeVrij  and  Van  der  Burg,  Pharm.  J.  Trans,  xvi.  448.— Erdmann 
and  Marchand,  J.  pr.  Chem.  xxxi.  374.  J.  Erdmann,  Ann.  Ch.  Pharm.  cxxiL 
360. — ^Eboli,  Archiv.  der  Pharm.  cxxxv.  186.— Plandin,  Compt.  rend.  Ixxxvi.  617.— 
Gorup-BesanejB,  Handworterb.  [2J  i.  468.— Hiinefeld,  Sckw,  Ix.  454.— Hagen, 
Ann.  Ch.  Pharm.  ciii.  169. — Jordan,  N.  KeperLx.  166.— -Mayer,  J.  Pharm.  [3],  xlvi. 
124. — Otto,  Ann.  Ch.  Pharm. c.  39. — Reese,  Chem.  News,  1862,  p.  316. — Bousseau, 
J.  Chim.  MM.  xx.  416.— Rodgers  and  Gird  wood,  Pharm.  Trans,  xvi.  497.— Stas, 
J.  pr.  Chem.  Iv.  232.— Stevenson  Macadam,  Pharm.  J.  Trans,  xvi.  120,  160; 
Kopp's  Jahresbr.  1856,  p.  769. — Schroder, K.  Br.  Arch.xciii.  190.— Thomas, Amer. 
Journ.  Pharm.  1862,  p.  227.— Thorn  son,  Pharm.  g.  Trans,  ix.  24.— Vogel,  N.  Repert. 
Pharm.  ii.  660 — ^Von  Uslar  and  J.  Erdmann,  Ann.  Ch.  Pharm.  cxz.  121. — 
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Waffne/,  Eopp'B  Jahiesber.  1861,  p.  867.— Witts tein,  Phaztn.  Yiertey.  vi.  278.— 
Letheby,  Fharm.  J.  Tnns.  xn.  10.-— Davy,  J.  Phaim.  [3],  zziy.  204.— Mack,  N« 
Br.  Arch.  zlvi.  314. 

JUeged  aduUeration  of  ^aU  Ale  foith  Strychnine. — Graham  and  Hofmano, 
Fharm.  J.  Trans.  zL  604 ;  Ann.  Ch.  Pharm.  Ixxziii.  39 ;  Chem.  Gaz.  1852,  p.  197. 

Preparation  of  Siryeknine, — Corriol,  J.  Phann.  zi.  492. — Soubeiran,  J.  Pharm. 
•[3],  zly.  280.— Winckler,  Hag.  Phazm.  zix.  261.— Nenhaus,  N.  Tr.  xi  2,  198. 
— Dnflos,  Berl.  Jahrb.  zzviii.  2, 208.— O.  Henry,  J. Pharm.  zri.  762.— N.  £.  Henry, 
J.  Pharm.  Tiii.  401.— Lebonrdais  and  Tilloy,  J.  Pharm.  [8],  zxiii.  406.— Witt* 
Btein,  DarstelL  n.  Priifdng,  p.  216. — ^Wittstock,  Bertieiiue  Lekrb,  3rd  ed.  vi.  296. 
— Geiieler,  N.  Br.  Aich.  ii  73. 

Action  of  Ifitrie  Acid  on  Strychnine  and  Brucine. — Gerhardt,  Chem.  Gas.  1863^ 
p.  283.— Gerhardtk  Compt.  Chim.  1846,  p.  136. 

Action  qf  Chlorine  and  Bromine  on  Strychnine. — ^Lanrent^  Compt.  rend.  zxiy.  220 ; 
J.  pr.  Chem.  xLfi.  62. — ^Lepage,  J.  Pharm.  xxvi.  140. — ^Riege(  N.  Br.  Arch.  Iviii. 
274.— Laurent,  Ann.  Ch.  Phys.  [3],  xdr.  312. 

Action  of  nascent  Oxygen  on  Stry^ine. — £.  Marchand,  Chem.  Gas.  1844,  p.  484 ; 
J.  Chim.  mM.  Jnly  1844. 

Employment  of  Electricity  in  Cfasea  of  Poisoning  with  Strychnine. — Bnclos, 
Bnchner^  Bep.  Pharm.  xzzii. 

SisTCHNiiiB-aALTS. — Solts  generally:  Nicholson  and  Abel,  Chem.  Soc.  Qn.  J. 
ii.  2^1. -- Arsenite :  Chiappero,  N.  Br.  Arch.  czv.  94. — Cere  soli,  N.  J.  Pharm.  [4], 
i.  343. — BettUoretinate :  J&osmann,  J.  Pharm.  [3],  zzyi.  204. — Carifonate:  Lang- 
lois,  Ann.  Ch.  Phys.  [3],  xlviii.  502.—Chlorocadmiate:  Galletly,  Ed.  New  Phil.  J. 
iy.  94. — ChloroHncate :  Grafinghoff,  J.  pr.  Chem.  zcy.  229. — Hydrochiorate  of 
Strychnine  and  Cyanide  of  Mercury:  Kohl  and  Swoboda,  Chem.  Gaz.  1863,  p.  70. 
— E^rostUphocyanate :  Artns,  J.  pr.Chem.  ill.  320;  yiii.  263. — Henry,  J.  Pharm. 
zziy.  194. — ^Lepage,  J.  Pharm.  zzvi.  140. — Dollfns,  Ann.  Ch.  Pharm.  Izy.  216. 
• — Hydroplaiinocyanate  :  Schvarzenbach,  Pharm.  Vierte^.  yiii.  618. — lodate: 
Serullas,  Ann.  Ch.  Phys.  zly.  276. — Periodate:  Bodeker,  Ann.  Ch.  Pharm.  Ixd, 
64. — lodamercurate :  Groyes,  Chem.  Soc  Qn.  J.  iL  97. — Hydrofiuate:  Elderhorst, 
Ann.  Ch.  Pharm.  body.  77. — ffyposulphate :  How,  Pharm.  Centr.  1856,  p.  96.— 
Eippurate  and  Oxalnrate:  Ann.  Ch.  Phaim.  bExiy.  77. — MeUiiate:  Karmrodt^  Ann. 
Ch.  Pharm.  Ixxxi.  170.^ Oxalates :  Elderhorst^  loc  cit. — Tartrates:  Arppe,  J. 
pr.  Chem.  liiL  331. — ^Pasteur,  Ann.  Ch.  Phys.  [3],  zzzyiii.  437. — Stenhonse, 
Ann.  Ch.  Pharm.  czziz.  26. 

lodo'compownds. — Tilden,  Chem.  Soc.  J.  [2],  iii.  99. — Herapath,  Chem.  Gas. 
1866,  p.  320 ;  P^roc.  Boy.  Soc  Jnne  1856. 

Benzoic  derivatives  of  Strychnine. — Schiitzenberger,  Compt.  rend,  xlvii.  233; 
Chem.  Gaz.  1868,  p.  387. 

SrssnTunoN-ooMPonoM  of  Stbtchnike. — Methylstrychnine :  Stahlschmidt, 
Pogg.  Ann.  cviii  613. — Ethylstrychnine :  How,  Trans.  Boy.  Soc.  Edin.  zzi.  1,27; 
Chem.  Graz.  1864,  pp.  821,  341,  366. — Amylstrychnine:  How,  loc  at. — CompoundsprO' 
dueed  by  the  action  of  Diiromids  on  Ethylene :  M^n^tri^s,  J.  pr.  Chem.  Irzzy.  230. 

Crystalline  form  qf  some  Salts. — Descloizeauz,  Compt  rend.  zliy.  909. 

C.  G.  W. 

BTKTOBVOOBXOBni  or  BTATCmrOCBKOBCXV. — A  resinous  yeUow 
colouring  matter,  from  the  lichens  of  false  Angustura^  also  from  those  found  on  the  bark 
of  Strychnos  Pseudochina,  as  well  as  fr^m  Upas  Tieuti.  The  lichens  are  exhausted  with 
ether,  and  then  with  alcohol ;  the  alcoholic  tincture  is  eyapoiated ;  and  the  residue  is  boiled 
repeatedly  with  water,  which  dissolyes  extractiye  matters,  and  leayes  the  yellow.  It 
is  a  reddish-yellow,  tasteless,  non-poisonous  powder.  It  dissolves  in  strong  nitric  acid 
with  fine  green  colour,  which  disappears  on  diluting  the  solution  with  water ;  bat  ap- 
pears again  when  the  liquid  is  concentrated,  and  is  turned  yellow  by  sulphuric  acid 
and  ferrous  sulphate.  St^ng  nitric  add  also  throws  down  from  alcoholic  stiychnochroma 
a  green  precipitate,  which  loses  its  colour  when  washed.  Oil  of  vitriol  turns  stiTchno- 
chrome  green ;  strong  caustic  potash  decomposes  it. — It  is  nearly  insoluble  in  boiling 
water  and  dilute  alibis;  soluble  in  acetic  acid,  from  which  it  is  precipitated  by 
alkalis ;  easily  soluble,  with  reddish-yellow  colour,  in  alcohol ;  and  very  slightly 
soluble  in  ether  and  yolatile  oils.  (Pellet ier,  J.  Pharm.  y.  546. — ^Pelletier  and 
Cayentou,  Ann.  Ch.  Phys.  [2],  zzyi.  64.) 

The  strychnine  prepared  from  Nux-voTnica,  Taha  St.  IgnatOf  and  Upas  Tieuti  obsti* 
nately  retains  a  yellow  colouring-matter,  which  remains  in  solution  when  an  aqueous 
extract  of  the  upas  is  precipitated  with  magnesia,  and  is  obtained  as  a  yellow  eztract , 
on  evaporation.  This  body  is  coloured  bright-red  by  strong  nitric  acid ;  it  dissolves 
easily  m  water  and  alcohol,  and  is  not  precipitated  by  neutral  acetate  of  lead. 
(Pelletier  and  Caventon.) 


4«  STRYCHNOS— STTRTLAMINE. 

•TKTCBWOS.  A.  genua  of  apocynae«olu  pUnta,  incli^iig  wrenl  Bpeeies  whieb 
juld  Bbjchiiitia  and  bradnp.  Sttyeirun  eoiiArina,  a  tree  giowiDg  in  tha  Molnccaa, 
jiM»  *nftke-«00d,  which  contaios  a  Urge  qnantitj  of  fittj  miUer,  ud,  accot^tig 
ts  FelletiPi  sod  CaTentoo,  a  certain  quantity  at  stiychnine,  bnt  las  tliaD  nux-romica ; 
it  wu  foimerij  nied  as  an  antidotfl  to  the  bites  of  poisonous  serpents.  The  fruit  of 
Str.  Ifux-ttoniea  jrields  Btrjrfmina  and  brudne.  8tr.  St.  Igitatii  fields  the  beans  of 
8t.  Iguatiua,  which  contain  strychnine  vith  a  recy  amall  qnautitj  of  braciae.  Str^ 
TttuU  yieldj  Upas-tient^  the  Jaran  anov-poiioii,  which  also  contains  stijchuiue 
wilh  tnc«s  of  brudne.  lie  bark  of  Bir.  PamicM-na,  a  tree  growing  in  Brudl,  and 
Itsed  there  as  a  febrifuge,  is  said  bj  Tanqaelin  not  to  codUls  Btrjchnine. 

STU  KMKm.  A  bhl-ore  occnning  in  the  dolamite  of  Ansserbrig.  in  the  Vilais. 
It  is  laminai  to  masBive,  of  uneven  fracture,  blade,  of  specific  grayitj  *-e6.  Aooor- 
ding  to  ananaljaisby  Fellenberg  (Jahresb.  1866,  p.  872),  it  contains,  in  100  porta; 

S.  Sb.  kt.  m.  Cu.  Zn.  Fe.  Fb.  Afl. 

24-47        IG-S8         11-49        O-fiS        38-17        5-11         2'76         088        0-08 

S¥U  B>3UTS>     A  mineral  fonod  in  the  island  of  Lipart,   and   analysed   by 

A.  Stiibol  (Jahreab.  1886,  p.  892),    Itisamr-'      -  "^  ■  -    ■-■'''' 
eocrosted ;  rery  bridle,  of  concboidal  fractni«>,  a 

Haidnees  •-  4  to  S.    Specific  g;raTit;  ^  2 '223  to  2-263.  Contains: 

CnO.  CI.  B«0. 

15-23        0-77         16-85     -      98-31 
lations,  oeenrring  in   Uia 


MDScheUalk 

An  andmouial  faiJ-ore  from   Copiapo  in  Chile,  OMuniog  in 

groups  of  foui^sided  nearly  rectangular  prisms,  probably  belonging  to  tlie  trimetria 
sjBt«m.  It  has  an  impeifectly  couchcndal  fracture,  iroa-black  colour,  and  black 
atreak.    Hardness  —  3.    Specule  gnrity  —  4-79.     Contains: 

S.  Slj.  Co,  As.  Fi.  Pb,  &. 

S4-30        30' 53        28-00        830        7'00        trace         c         9S-13 
agreeing  nearly  with  the  formula  3 1  ^       '  ^i^[.  SbTS',  which  iaof  the  generalform 
SR'S.ab'S'. 

SXVVBSrtC  AOI9.     Sjm.  with  OzTFiCBic  Acm  (JT.  317). 
8T t VTMBZTM.    Native  bydrated  sulphate  of  alnminium.    (See  StJiPHATsa.) 
WX I  vriCITSi    NntJTe  baaie  ferric  snlphate.    (See  SuLFHi.'na.) 
aVntAdV.     Styrylic    or   Cinnylic    Cinnamate,   C"H"0*      =.      ^^[o> 
(i.  B8B.) 

Syn.  with  9ttbtuc  Alcohol  (p.  447). 


Syn.  witli  Sn>RAX  (i.  497). 
STTSOK.    ^yn.  witb  CntllAMBtnt,  (?H'  (i.  982). 

Diityrol,  CH",  is  produced  ly  heating  dnnamic  add  with  aqueous  hydrobromie 
acid  of  specific  gisrity  1*12,  or  with  a  mixture  of  1  pt  oil  of  Tiuiol  and  3  pU. 

aCHK)*  -  2CO«   +   C"H». 


200°.    (Erlenmeyei,  Ann.  Ch.  Pharm. 

Syn.  with  Sttbtlio  Ai,cofloi. 
&.    Syn.  with  Cbwtl,  CH", 

UUnxB.  CrH"N  o  N  1^'.  annyiamint.  (Bamdohr,  ZeitMhr. 
1B68.  p.  113;  Jahresb.  1858,  p.  448.)— A  base,  produced  W  beating 
aride  with  a  aolation  of  ammonia  in  absolute  alcohol  in  Bnded  tubes  f> 


Bb™  are  apt  to  eiplode  at  higher  temperatures).  The  reaulting  hydro- 
stycylamine  ia  poriGed  by  recryatalliaalion  from  water  and  pressure  between 
from  the  aqueous  sololion  ot  this  salt,  the  base  ia  separated  by  polaah  as  a 
pitate,  whiiji,  by  solotioa  ia  ether  and  apontaneons  evaporation,  is  obtained 
ourless  crystals. 
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StTrylamine  melts  easily  to  a  yellow  oil,  which  volatilises  at  100^.  The  vaponiSi  as 
well  as  the  ethereal  solution,  are  alkalinei.  It  has  a  bitter,  caustic,  veiy  persistent 
taste,  and  dissolves  readily  in  ether.  The  aqueous  solution  exhibits  the  following 
reactions: — ^With  the  nitrates  of  barium,  calcimm,  and  mMnenum,  in  neutral  solution, 
white  precipitates ;  with  ferrie  chloride,  a  brown-red,  rather  dense  precipitate ;  with 
einc'tulj^kate,  white,  insoluble  in  excess  of  the  alkali ;  with  cuprie  mdphate  and  nickel' 
eulphate,  greenish-white,  insoluble  in  excess ;  with  Iwd'^icetate,  white ;  with  mercuric 
chloride,  white,  bulky ;  with  eilver-nitrate,  no  reaction ;  with  atarie  chloride,  immediate 
yellofrish-red  precipitate ;  with  pUxtinio  chloride,  egg-yellow ;  with  potassic  permanga- 
note,  copious  brown  precipitate ;  with  potaesio  ehromate  and  eulphurie  acid,  reduction 
of  the  chromic  acid  to  chromic  oxide ;  with  potaesio  sulphocyanate,  slight  ciystalline 
precipitate  after  some  time ;  with  tannin,  an  immediate  precipitate. 

ffydroehlorate  of  StyrylamyM,  C*H"N.HC1,  crystallises  finm  water  in  stellate  groups 
of  snow-white  ciystals,  belonging  to  the  regnhu*  system.  The  chloroplatinate,  2C*H"N. 
HK^'.Pt'^ClS  is  an  egg-yellow  precipitate,  sparingly  soluble  in  cold,  more  easily  in 
hot  water,  insoluble  in  alcohol  and  ether ;  when  heiUed  it  melts,  blackens,  gives  off 
strong-smelHng  vapours,  and  leaves  a  laige  quantity  of  charcoal. 

BTVmT&ZO  A&OOBO&.  G*H^^  »  ^^|o.— An  alcohol  produced  by  dis- 
tilling styracin  (styiylic  cinnamate)  with  caustic  potash  or  soda; — already  partly 
described  as  Cimmio  Alcohol  (i.  992).  Accoiraing  to  Bamdohr  (Zeitscnr.  f. 
Fharm.  1858,  p.  113  ;  Jahresb.  1858,  p.  446),  the  distillation  should  be  conducted  in 
copper  vessels,  because  glass  vessels  are  liable  to  be  broken  by  the  percussive  ebulli* 
tion,  caused  by  the  separation  of  the  alkaline  cinnamate  produced*  The  styiylic 
alcohol  passes  over  with  the  aqueous  vapour,  and  separates  on  the  water,  in  the  course 
of  a  few  days,  in  fine  ciystals  (or,  in  warm  weather,  sometimes  as  an  oil,  which  may 
remain  liquid  for  a  long  time).  It  is  somewhat  soluble  in  cold  water,  less  soluble  in  a 
strong  solution  of  comm9n  salt, 

Styiylic  alcohol  is  converted  by  oxidation  into  cinnamic  aldehyde,  CHK),  and 
cinnamic  acid,  C*H'0*.  When  poured  in  the  fnsed  state  on  platinum-Uack,  it  is  con- 
verted, after  a  few  days,  almost  wholly  into  cinnamic  aldehyde  (Strecker). — ^With 
chromic  acidy  or  a  mixture  of  potassic  ehromate  and  sulphuric  acid,  it  becomes  hot^  and 
yields  cinnamic  acid,  which  separates  on  the  surface,  and  if  the  liquid  be  boiled,  is 
further  converted  into  benzoic  aldehyde  (bitter-almond  oil)  (Wolff). — Heated  with 
strong  potash-ley  and  peroxide  of  lead,  it  gives  off  a  large  quantity  of  benzoic  aldehyde, 
and  the  residue  contains  cinnamic  acid ;  the  peroxide  of  lead  is,  at  the  same  time, 
reduced  to  protoxide,  or  sometimes  even  to  metal  (Wolff). — With  potash  and  carbonic 
distdphidSj  it  yields  a  salt  analogous  to  xanthate  of  potassium  (Scnarberg). — When 
heated  with  nitric  acid,  it  dissolves,  and  is  slowly  attacked,  a  large  quantity  of  nitrous 
acid  being  evolved,  benzoic  aldehyde  distilling  over,  and  benzoic  acid  remaining 
behind..  If  the  formation  of  nitrous  acid  be  prevented  by  addition  of  ilrea,  a  smaller 
quantity  of  benzoic  aldehyde  is  formed,  and  the  residue  contains  nitro-cinnamic  acid. 
(For  the  other  reactions  see  the  next  article.) 


(Kamdohr,  loo.  eit,)  —  Styrylio  Acetate, 
CH'(C''H')0^  is  produced  by  the  action  of  acetic  chloride  on  the  alcohol ;  it  distils 
without  decomposition. — Styrylic  Benzoate,  C'H^(C*H')0*,  produced  in  like 
manner  is  crysfaBdline,  but  not  volatile  without  decomposition. 

Styrylic  Chloride,  C*IPC1. — ^When  dry  hydrochloric  acid  gas  is  passed  into 
crystallised  styiylic  alcohol,  the  latter  becomes  liquid,  and  separates  into  two  layers ; 
and  on  heating  the  product  to  100°,  washing  with  dilute  soda-ley,  and  drying  with 
calcic  chloride,  styrylic  chloride  is  obtained  as  an  oil  of  light  wine-yellow  colour, 
smelling  of  cinnamon  and  anise-oils,  remaining  liquid  at  —19^,  and  decomposed  by 
distiUation,  even  in  a  vacuum. 

Heated  with  cyanide  of  potassium,  either  in  open  vessels  or  to  100°  in  sealed  tubes, 
it  yields  a  reddish  oil,  which  quickly  decomposes,  with  formation  of  a  resinous  mass, 
and  cannot  be  purified  by  distillation. 

Styrylic  Cinnamate,  C»H'«0=»  «  C'H'(C?'fl»)0^— Syn.  with  Cinnylic  Cinna- 
mate or  Styracin  (i.  986). 

Styrylic  Cyanide^  C'H'N  =  CH'.CN,  is  produced  by  heating  styrylic  iodide  with 
an  alcoholic  solution  of  potassic  cyanide  to  100^  in  sealed  tubes ;  on  opening  the  tubes, 
a  strong  odour  of  cyanoeen  becomes  perceptible,  and  an  oily  layer  separates  on  cooling. 
Addition  of  water  renders  the  contents  of  the  tubes  miUcy,  and,  on  further  adding 
common  salt,  the  styrylic  cyanide  separates  as  a  yellowish  oil,  easily  soluble  in  ether, 
sparingly  in  .alcohol,  insoluble  in  water.  When  heated  with  potash,  it  gives  off 
ammonia,  and  becomes  resinised,  but  does  not  appear  to  yield  an  acid  homologous  to 
cinnamic  acid. 
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Siyrylic  Iodide^  G*H*I,  is  produced  by  the  action  of  iodide  of  phosphorns  on 
BtyryUc  alcohol.  The  action  takes  place  without  aid  of  heat ;  the  s^nyhc  alcohol 
melts,  and  the  mixture,  when  warmed,  separates  into  two  layers,  the  upper  of  whidi 
consists  of  styiylic  iodide,  to  be  purified  like  the  chloride.  It  is  heavier  than  water ; 
has  an  azomatic  odour,  and  burning  taste ;  cannot  be  distilled,  either  alone  or  with 
water. 

Btyrylio  Oxide^  (C*H*)H),  is  produced  by  the  action  of  boric  anhydride  on  styiylic 
alcohol.  When  the  two  snlwtances  are  triturated  together,  the  alcohol  first  melts,  and 
the  mixture  solidifies ;  and  on  heating  it  in  sealed  tubes  to  100°,  for  five  or  six  hours, 
the  formation  of  the  styiylic  oxide  is  completed ;  the  product  may  be  fireed  from  boric 
acid  by  means  of  soda-solution. — Styiylic  oxide  is  a  light-yellow  viscid  oil,  having  an 
odour  of  cinnamon,  heavier  than  water,  partially  deoompoMd  by  distillation. 

Btyryl-ethylic  Oxide,  G*H*.C^*.0,  produced  by  the  action  of  sodic  ethylate  on 
styiylic  chloride,  is  a  liquid  heavier  than  water,  insoluble  therein,  easily  soluble  in 
alcohol  and  ether,  and  distilling  at  a  veiy  high  temperature. 

Styrylic  Sulphide,  (C*H*)'S,  obtained  by  mixing  the  alcoholic  solutions  of  styiylie 
chloride  and  potassic  monosulphide,  is  a  yellowish,  fetid,  non-distHlable  oil. 

8T  S  It  V  AZXTB*  The  name  given  by  ChioEza  to  a  base^  C*H*N,  probably  formed 
by  the  action  of  ammonium-sulphide  on  metastyrol  (i.  988). 

SUBSUkMXC  AdB.  G*H>«NO*  »  (C^iH)*)"!  q.— Produced  by  the  dzy  dis- 
tillation of  ammonium-subeiate.  It  is  fusible,  soluble  in  boiling  water,  and  deposited 
therefrom  on  cooling.  On  boiling  it  with  barium-carbonate,  and  treating  the  filtrate 
with  silver-nitrate,  a  gelatinous  precipitate  is  formed,  containing  38  per  cent,  silver, 
agreeing  approximately  with  the  formula  CH^^AgNO',  which  requires  38'57  per  cent, 
silver.    (Gerhardt^  Compt  chim.  1845,  p.  178.)* 

SUmEMAXXDm  C*H*«NK)*  »  NXC^i>0*yi.H«. -White  crystalline  substonce, 
produced  by  the  action  of  aqueous  ammonia  on  methylic  suberate,  or  by  passing 
ammoniacal  gas  into  ui  alcoholic  solution  of  ethylic  suberate.  (Laurent,  J. pr.  Ohem. 
xxvii.  313.) 

C«H*.H   )w 

mUBMMAMaxa  AVXn     Pkenyl-wberanUc  Add,  C^*B}^G*  -  (OH"0')''[g* 

(Laurent  and  Gerhardt,  Ann.  Oh.  Fhys.  [3]  xxiv.  185.) — Produced,  together  with 
suberanilide,  by  melting  suberic  add  with  an  equal  volume  of  dry  aniline.  When  the 
alcoholic  liquid  from  which  suberanilide  is  precipitated  by  water,  is  evaporated  till 
the  alcohol  is  driven  off,  a  brownish  oil  separates,  which  solidifies  on  co(Hing.  This 
oil  is  dissolved  in  boiling  ammonia,  which  leaves  a  certain  quantity  of  suberanilide, 
and  filtered;  &om  the  filtrate  hydrochloric  acid  precipitates  colourless  subeianilic 
acid.  If  during  the  boiling  a  slight  excess  of  hydrochloric  acid  be  added,  suberanilic 
acid  will  separate  on  cooling,  partly  crystalline,  and  partly  as  a  pale-yellowish  oil,  which 
afterwards  solidifies. 

The  add  forms  microscopic  laminsB,  irregularly  notched,  melts  at  128^,  becoming 
crystalline  on  cooling.  It  is  not  soluble  in  cold,  and  but  slightly  soluble  in  hot  water. 
It  dissolves  readily  in  ether.  The  solution  in  hot  water  reddens  litmus.  By  dry 
distillation  it  yields  much  charcoal,  and  a  thick  oil  containing  aniline,  which  partly 
solidifies  on  cooling.    Fused  with  potash  it  yields  aniline. 

Suberanilate  of  Ammonium. — ^The  add  dissolves  easily  in  hot  ammonia,  and  the  salt 
is  deposited  in  small  granular  dystals,  whose  aqueous  solution  is  not  coloured  by 
chlonde  of  lime. 

The  ammonium-salt  precipitates  chloride  of  barium ;  the  precipitate  dissolves  readily 
in  boiling  water,  and  separates  on  cooling  in  woolly  flakes.  With  chloride  of  calcium 
it  gives  a  white  precipitate,  soluble  in  hot  water ;  with  lead'talU  a  white  predpitate, 
insoluble  in  water.  It  precipitates  ferrous  salts  vellowish-white,  cuipric  salts  light- 
blue,  the  predpitate  being  insoluble  in  water ;  witn  sUver-niirate  a  white  predpitate, 
insoluble  in  water,  and  turning  violet  on  exposure  to  light. 

(C^i^O')") 

SlTBBSAWZXiZSa.    Phenyl-suberamide.    G»H^K)*  «    (C«H*)*    VN'.    (Lau- 

H«      i 
ren  t  and  Gerhardt,  loe.  cit.) — ^When  equal  measures  of  dry  anib'ne  and  fused  suberic 
add  are  melted  together,  water  is  produced.    The  mixture  is  kept  melted  for  ten 
minutes  near  the  boiling  heat ;  and  an  equal  bulk  of  alcohol  is  Uien  added,  which 

•  In  bli  Tmite  de  CkHnie  orgtmimu  (il.  73A),  publiabed  in  18M,  Gerhardt  ttstet,  however,  that  saber- 
amk  Mid  has  not  jet  been  obtaiaeo. 
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immediately  dissolves  the  mixture.  Afl«r  a  few  minutes  the  solution  solidifies  to  & 
mass  of  dystalsy  which  are  dissolyed  in  more  boiling  alcohol,  and  the  solution  is  left  to 
stand,  whereupon  most  of  the  suberanilide  ciystallises  out.  The  rest  is  precipitated 
bj  water,  subezanilic  acid  remaining  in  solutien. 

Suberanilide  ciystallises  from  alcohol  in  pearly  laminae.  It  melts  at  183^,  and 
czystallises  on  cooling.  It  is  but  slightly  soluble  in  cold  alcohol,  but  dissolyes  readily 
in  boiling  alcohol  and  ic  ether. 

When  subjected  to  dry  distillation,  it  leaves  a  small  quantify  of  charcoal,  and  yields 
an  oil,  whidi  solidifies  on  cooling,  and  crystallises  from  a  hot  alcoholic  solution 
in  pearly  laminsB,  which  however  present  a  different  appearance  under  the  micro- 
scope, and  seem  to  be  somewhat  rounded.  Gently  heated  with  hydrate  of  potas- 
sium, it  immediately  gives  off  aniline.  It  is  not  attacked  by  ammonia,  or  by  boiling 
solution  of  potash.  ^^ 

SVBaKZC  ACZS.     C*H"0*  -   (^"^*)''|o^-^l^orlwfltlre.   (Brugnatelli, 

Crell.  Ann.  1787,  i.  145. — ^Bouillon  Lagrange,  Ann.  Chim.  xziii.  2;  J.  Fhann.  viii. 
107.— Ohevreul,  Ann.  Chim.  Izii.  323;  zcvi.  182.— Brandes,  Schw.  J.  zzxii.  393; 
zsziii.  83;  zxzvi.  263;  Ann.  Ch.  Pharm.  iz.  295. — Bussy,' J.  PUarm.  viii.  107;  xix.425. 
— ^Boussingault,  J.pr.  Chem.vii.211. — Harff,N.  Br.Arch.v.  303.— Lauren  t,  Ann. 
Ch.  Phys.  [2],  Ixvi.  157.— Bromeis,  Ann.  Ch.  Pharm.  xxxv.  89.— Tilley,  ibid, 
zxxiz.  166.— Sacc,  ibid.  li.  222.— Wirtz,  ibid.  civ.*261.— Arppe,  Oxidation  of  FaU 
btf  NUrio  Acid,  Ann.  Ch.  Pharm.  czv.  143 ;  czx.  288 :  Jabresb.  1860,  p.  246;  1861, 
p.  857;  1864,  p.  377.— Gm.  xiii.  204.) 

This  acid,  belonging  to  the  oxalic  series,  C"H**— *0*  (i  52),  was  first  obtained  by 
the  action  of  nitric  acid  upon  cork  (Brugnatelli):  hence  its  name  (from  the  Latin 
9uber).  It  is  also  produced,  together  with  several  other  acids  of  the  same  series,  by 
the  oxidising  action  of  nitric  acid  on  various  fatty  bodies — e.g.  oleic  acid  ^Laurent), 
stearic  acid  (^Bromeis),  castor-oil  (Tilley),  linseed-oil  (Sacc^,  cocoanut-oil  (Wirtz); 
lastly,  it  is  produced  by  the  action  of  nitnc  acid  on  suberone  (p.  450). 

It  is  most  easily  prepared  by  treating  commercial  stearic  or  oleic  acid,  or  castor-oil, 
with  nitric  add,  in  the  manner  described  under  Lkpargti.ic  AaD  (iii.  571)  and  Pooslio 
Acn>  (iv.  646).  The  resulting  acid  solution,  when  duly  concentrated,  yields  a  white 
granular  mass,  which,  when  freed  from  oxalic  acid  by  washing  with  cold  and  recrys- 
tallisation  from  warm  water,  and  from  other  more  Boluble  acids  by  melting  the  crystals, 
pulverising  the  fused  mass,  and  treating  the  powder  with  water,  yields  a  mixture  of 
azelaic  (lepargylic)  and  suberic  adds ;  and  on  treating  this  resiaue  with  cold  ether, 
the  azelaic  acid  is  dissolved,  while  the  suberic  acid  remains  behind.  Further  purifica- 
laon  may  be  effected  by  repeated  treatment  with  water  and  ether  successively. 

Pure  suberic  acid  crystallises,  according  to  Arppe,  in  needles  an  inch  long,  or 
in  tabular  crystals  (six-sided  tables  of  120°,  apparently  belonging  to  the  hexaffonal 
system).  It  melts  at  140^,  solidifies  in  transparent  sharp  needles,  and  subHmes 
between  150°  and  160°,  with  partial  decomposition,  in  slender  needles  half  an  inch 
long.  It  dissolves  sparingly  in  cold,  easily  in  boiling  waiett  more  easily  in  alcohol 
than  in  water,  sparingly  in  ether;  sparingly  in  cold,  easily  in  warm  oil  of  turpentine^ 
and  mixes  with  fixed  oUa. 

Suberic  acid,  when  heated  in  a  test-tube,  gives  off  suffocating  vapours,  condensing 
into  drops  which  become  solid  and  crystalline.  It  is  decomposed  by  prolonged  boiling 
with  nibio  acid^  forming  an  oily  acid,  which  has  the  odour  of  butyric  acid  (Sacc). 
Distilled  with  4  pts.  manganic  peroxide^  1  pt.  oil  of  vitriol,  and  1  pt.  water,  it  yields 
an  add  distillate,  smelling  of  formic  acid  (Brandes).  Distilled  with  excess  of  limey  it 
^elds  suberone  (p.  450)^  together  with  other  products.  Distilled  with  excess  of  baryta^ 
It  yields  at  80°  a  liquid  distillate,  from  which  by  rectification  a  hydrocarbon  is  obtained, 
having  the  composition  C«H",  and  boiling  at  76°;  C«H>*0*  «  2C0«  +  C*H"  (Riche, 
Ann.  Ch.  Pharm.  cxiii.  106).  According  to  B.  S.  Dale  (Chem.  Soc.  J.  [2]  ii.  258), 
the  add  distilled  with  anhydrous  or  hydrated  baryta  yields,  at  a  temperature  near 
redness,  a  yellowish  oil,  from  which,  by  treatment  with  a  mixture  of  nitric  and 
sulphuric  adds,  and  subsequent  rectification,  a  hydrocarbon,  C'H^*,  is  obtained,  agree- 
ing in  properties  with  hexylic  hydride  obtained  from  coal-tar,  excepting  that  the 
somewhat  lower  spedfic  gravity  (0-6617  at  17'5°)  brings  it  nearer  to  the  iB-hexylio 
hydride  discovered  by  Wanklyn  and  Erlenmeyer  (iii.  153). 

Suberic  acid  fused  with  aniline  yields  suberanilide  and  suberanilic  add  (p.  448). 

Suberates. — Suberic  acid  is  dibasic,  the  formula  of  its  normal  salts  being 
C«H"M'0«  or  C^H^M^O*.  The  suberates  of  the  alkali-metals,  earth-metals,  zinc,  and 
manganese  are  more  or  less  soluble  in  water ;  and  from  their  solutions,  the  suberic 
acid  is  precipitated  by  stronger  acids  as  a  white  powder.  They  are  decomposed  by 
distillation,  yielding  a  white  sublimate  of  the  acid. 

The  aqueous  solution  of  suberic  acid  does  not  precipitate  any  metallic  salt  except 
Vol.  V.  G  G 
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neutnl  acetate  of  lead.  When  saturated  with  ammonia,  it  precipitates  the  solnticmii 
of  barinm-,  calcium-,  and  strontium-chlorides  only  on  addition  of  alcohol,  but  ibnns 
an  immediate  white  precipitate  in  solutions  of  the  neutral  salts  of  silrer,  mercuy, 
zinc,  and  tin — ^bluish-green  with  cupric  sulphate,  red-brown  with  ferric  sulphate. 

The  composition  and  physical  chuacters  of  the  suberates,  as  determined  bj  Arppe, 
are  as  follows : 

Neutral  suberate  of  sodium    .        .  2C*H*'Na'0*.H*0    warty  or  dendritic  aggregate^. 

Acid  „  .        ,  (?H»*NaO*  tufts  of  needles. 

Suberate  of  barium       .        .        .  C>H"Ba''0*  ] 

strontium  .        .        .  C*H"Sr"0*  /-crystalline  precipitates. 

calcium       .        .        .  2C«H»«Ca*0*.H«0 ) 

magnesium         .        .  CH'*Mg"CM.dH'0  warty  crystalline  aggregates. 

aluminium white  amorphous  powder. 

sine  ....  C'K**Zn"0*  fine  granular  precipitate, 

manganese         •        •  CH'^Mn'O^SHK)  light-red  crystalline  spangles. 

,1  „  •        •  C*H'*Mn''(>*  produced  on  boiling, 

copper       .        .        .  C'H*'Ca"0*.H"0      green  precipitate, 

silver         .        •        .  C"H"Ag*0*  white  precipitate. 

„  lead  ....  C»H'«Pb''0*  white  precipitato. 

„  „  (basic)         .        .  C«H"*Pb''0*.2Pb''0  produced  on  boiling  with  am- 

monia. 

Ethylic  SuberaU,  C»«H«0*  »  ^^^S?"|o*,  is  obtained 

by  heating  suberic  acid  with  alcohol  and  sulphuric  or  hydrochloric  acid,  or  by  passing 
hydrochloric  acid  gas  into  an  alcoholic  solution  of  suberic  acid.  It  is  a  limpid  liquid, 
.  haying  a  faint  odour  and  nauseous  taste.  Specific  gravity  =  1*003  at  15^.  Boils 
without  decomposition  at  230^  (Bromeis),  at  260^  (Laurent).  It  mixes  in  all 
proportions  with  alcohol  and  ether.  It  is  scarcely  attacked  by  aqueous  potash,  but 
alcoholic  potash  quickly  decomposes  it.  With  alcoholic  ammonia  it  yields  suberamide 
(p.  448).  By  chlorine  it  is  slowly  c<mverted  into  chlorethylic  suberate, 
C'«H»CPO*.    (Laurent) 

Methylie  Suberate,  Q^m^H}^  -  (^^'!^?v?''|o«.— Prepared  like  tha  ethyl-oompound 

which  it  resembles.    Specific  gravity  »  1*014  at  18^.    Forms  suberamidawith  ammo- 
nia.    (Laurent.) 

Cellulose  from  cork. 
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Hydride  of  Suberyl. — ^When  suberic  acid  is  distilled  with  excess 
of  lime,  a  distillate  is  obtained,  which  yields  by  rectification  an  aromatic  liquid 
boiling  at  176^,  and  probably  consisting  of  suberone,  the  ketone  of  suberic  acid, 
C>*H**0»  =  (C»H»H)«)'(C«H")  — its  formation  taking  place  thus : 

2C^"0*     -     2C0«  +   2H«0   +   CP*H«*0« 

Its  composition  has  not,  however,  been  ascertained  with  certainty,  and,  moreover,  it 
differs  mmi  ketones  in  general  in  being  converted  into  suberic  acid  by  the  action  of 
nitric  acid.    (Boussingault,  Ann.  Ch.  Pharm.  xix.  308. — ^Tilley,  ibid,  xxzix.  167.) 

BUBJUtTK.  CH'^O*. — The  diatomic  radicle  of  suberic  acid,  &c  Boussingault 
applied  the  same  term  to  the  radicle  CH^'O,  which  he  supposed  to  exist  in  the  so- 
called  suberone,  that  compound  having,  according  to  his  analysis,  the  composition 
OH"0  -  (C»H"0)"H«. 

Sm&niKATa.  a  body  obtained  in  the  solid  state  by  the*cooling  of  its  vapour — 
e.g,  sulphur,  iodine,  sal-ammoniac,  mercuric  chloride  (corrosive  sublimate,  &c) 

smuiinuucir.  The  name  applied  by  O'  Sh  aughnessy  (Ann.  Ch.  Pharm.  xv. 
266)  to  a  faintly  reddish  body,  which  he  obtained  from  blood-serum  by  mixing  it  with 
alcohol,  filtering,  and  heating  the  turbid  filtrate ;  but  its  separate  identic  is  not 
established  by  any  satisfactory  evidence. 

SVBSWI'l'U  TAOXr.  Under  the  head  of  EamTAXBUrs,  frequent  allusion  has  been 
made  to  the  substitution  of  one  element  for  another.  Substitution  is,  in  fact,  the  ^peat 
agent  of  chemical  change.  The  instances  in  which  compounds  are  formed  by  direct 
union  of  their  elements,  ultimate  or  proximate,  or  decomposed  by  direct  separation  of 
those  elements,  are  comparatively  rare ;  and  even  these  may  often  be  regarded  as 
particular  cases  of  substitution  (see  Chbihcai.  Afpinttt,  i.  857) :  thus  the  formation 
of  hydrochloric  add,  when  chlorine  and  hydrogen  come  in  contact,  may  be  supposed  to 
take  place  by  an  interchange  of  these  elementa  between  a  molecule  of  chlonne  and  a 
molecule  of  hydrogen,  each  consisting  of  two  atoms : 

ClCl  +   HH     -     HCl  +   HCL 
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The  foUowing  are  the  most  important  cases  of  sabstitution : — 
1.  Of  Chlorous  or  Aeid  Radicles  for  Hydrogen, — Chlorine  and  bromine  may,  in 
many  instances,  be  introduced  into  hydrogen-compoimds  (chiefly  organic)  by  direct  sub- 
stitution, 1  atom  of  hydrogen  being  removed  and  entering  into  combination  with  1  at. 
chlorine  or  bromine,  while  another  atom  of  the  haloid  element  takes  the  place  of  the 
hydrogen  remored.  Thus,  when  chlorine  acts  upon  marsh-gas  (methylic  hydride),  the 
products  are  hydrochloric  acid  and  methylic  chloride : 

CH*  +  Cl«     «    HCa  +  CH'Clj 

and  by  the  continued  action  of  the  chlorine,  the  latter  compound  may  be  converted, 
successiTely,  into  CH'Gl*  and  CHGl',  the  last  being  the  compound  usually  called  chlo* 
rofonn.  In  like  manner,  acetic  aeid  treated  with  cMorine  in  sunshinei  in  different  pro- 
portions, yields  mono-  and  tri-chloracetic  acid : 

C«H*0«  +     OT     =.     HCl  +  C«H»C10«, 
C*H*0«  +  3C1»     »    3HCI  +  0«HC1»0«. 

Iodine  does  not  act  on  hydrogen-compounds  so  easily  as  chlorine  and  bromine ;  but 
when  it  is  presented  in  the  form  of  chlonde  or  bromide  of  iodine,  an  action  takes  place 
exactly  similar  to  that  just  described,  an  atom  of  hydrogen  being  removed  by  the  chlo* 
rine  or  bromine,  and  its  place  supplied  by  an  atom  of  iodine :  s.  g* — 

C»H<0*  +  Oil     -    HCl  +  C*H»IO". 
Pyromeconie  lodopyrome- 

add.  nooic  acid. 

In  some  cases  an  oiganie  compound  first  unites  directly  with  2  at.  chlorine  of 
bromine,  and  the  product,  when  treated  with  alcoholic  potash,  splits  up  into  hydro-* 
chloric  or  hydrobromic  acid  (which  is  removed  by  the  alkali),  and  a  diloro-  or  biomo^ 
substitution-product :  thus  ethylene  takes  up  2  at  chlorine,  forming  the  compound » 
CH^Cl'  (Dutch  liquid)i  which  is  resolved  by  alcoholic  potash  into  HCl  and  monochlor- 
ethylene,  CH'Cl.  This  in  like  manner  takes  up  2  at.  CI,  forming  C^'Cl',  resolvuble 
into  HCl  and  dichlorethylene,  CHH}!';  and  by  a  repetition  of  these  processes,  the 
compounds  CHCl'  and  0*01^  are  obtained  (ii.  678).  The  chloro-  and  bromo-naphtha- 
lenes  are  prepared  from  naphthalene  by  a  similar  series  of  processes  (iv.  10). 

Oxygen  may  be  substituted  for  hydrogen  (O"  for  H'  or  HO  for  H),  by  exposing 
organic  compounds  to  the  action  of  oxidising  agents,  a  familiar  example  of  which  is  the 
conversion  of  alcohol,  CH'O,  into  acetic  acid. 

NUro-substitutiont  or  the  substitution  of  nitryl,  N0^  for  hydrogen,  is  effected  by 
subjecting  organic  compounds  to  the  action  of  faming  nitric  acid,  or  of  a  mixture  of 
strong  nitric  and  sulphuric  acids,  as  in  the  conversion  of  cellulose  into  pyrojnrlin. 

Alued  to  this  is  the  substitution  of  nitrogen  for  hydrogen  (NforH'),  by  the 
action  of  nitrous  add  on  certain  organic  compounds,  as  in  the  formation  of  the  diazo-> 
compounds  discovered  by  Griess  (iv.  292,  460) :  thus  aniline,  CH'N,  is  converted  by 
ihe  action  of  nitrous  add  into  diazobenzene,  CH^K^ : 

OB»N  +  NHO«     -     C«H*N«  +  2H«0. 

2.  Of  Hydrogen  and  other  Basyhus  Badidss  for  Chlorous  Badicles, — ^This  reaction^ 
sometimes  called  inverse  substitution,  is  effected  by  the  action  of  reducing  agents. 
Chlorinated  adds  are  easily  reduced  to  the  primary  adds  from  which  they  are  derived 
by  the  action  of  sodium-amalgam ;  the  first  transformation  of  the  kind  that  was  effected 
was  that  of  trichloracetic  into  acetic  add.  The  conversion  of  nitro-compounds  into 
amidogen-compounds  (substitution  of  NH*  for  NO'),  by  the  action  of  sulphydric  add 
or  ferrous  acetate,  also  comes  under  this  head.  Tne  well-lmown  preparation  of 
amidobenzene  (aniline),  C*H*(NH'),  from  nitrobenzene,  CH*(NO'),  may  be  taken  as 
an  example. 

An  important  class  of  reactions  belonging  to  this  head  is  the  substitution  of  alcohol- 
radicles  for  chlorine,  oxygen,  &c.  by  the  action  of  the  ziuc-compounds  of  the  alcohol- 
radicles  :  e.  g.,  the  preparation  of  triethylphosphine,  F(C'H^)',  by  the  action  of  dnc- 
ethyl  on  trichloride  of  phosphorus : 

8Zn''(C«H»)«  +   2PC1*     *     8ZnCl«  +   2P(CH»)». 

Another  example  of  this  kind  of  action  is  the  formation  of  diethoxalic  add  and  its 
homolc^es,  by  the  action  of  zinc-ethyl,  &c.  on  the  oxalic  ethers  (iv.  272). 

3.  Of  Basyhus  or  of  Chlorotts  Radides^  one  for  the  other, — To  this  head  belong  the 
innumerable  instances  of  the  mutual  decomposition  of  salts,  and  of  double  decomposi- 
tion in  general  (Ck]bmicax.Affinitt,  i.  855);  also,  on  the  one  band,  the  precipitation 
of  meta&  from  their  solutions,  one  by  the  other  (as  of  copper  by  iron,  lead  by  zinc,  &c.), 
the  deoQfmposition  of  adds  by  metals,  with  evolution  of  nydiogen ;  and,  on  the  other, 
the  decomposition  of  bromides  and  iodides  by  chlorine,  and  of  iodides  by  bromine — the 
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conyersion  of  salphides  into  oxides  by  direct  oxidation,  &c.  Manj  of  these  zeae- 
tions  appear  to  consist  in  a  simple  snbstitution  of  one  element  for  another,  which  is 
eliminated  without  entering  into  any  new  combination.  But^  on  closer  examination, 
they  are  found  to  be,  at  least  in  some  cases,  analogous  to  the  chlorine-substitutions 
already  considered.  In  the  oxidation  of  sulphides,  for  example,  a  considerable  por- 
tion, if  not  all,  of  the  sulphur  eliminated  is  oxidised  to  sulphurous  anhydride ;  in  the 
decomposition  of  bromides  and  iodides  by  chlorine,  the  latter,  if  in  excess,  unites  with 
the  eliminated  bromine  or  iodine;  and  even  in  the  precipitation  of  one  metal  by 
another,  alloys  are  freqaently  formed,  as  in  the  precipitation  of  silver  by  mercury. 

An  important  class  of  reactions  belonging  to  tnis  place  is  the  substitution  of  alcohol- 
radicles  for  hydrogen  and  metals,  as  in  the  several  processes  of  etherification  by  the 
action  of  acids  on  alcohols,  of  alcoholic  chlorides,  iodides,  &c.,  on  alcohols,  and  on  the 
silver-salts  of  adds  (see  Ethebs,  ii.  611,  612).  The  formation  of  amines,  or,  in  other 
words,  the  replacement  of  the  hydrogen  in  ammonia  bv  alcohol-radicles,  may  be 
effected  directly,  as  when  an  alcoholic  iodide  is  heated  with  ammonia  in  sealed  tubes 
(ii.  554,  iii.  994) ;  or  by  indirect  methods,  as  by  distilling  cyanic  or  cyanuric  ethers 
with  caustic  alkali. 

Most  of  the  methods  of  producing  oigano-metallic  bodies,  consist  in  acting  on  alloys 
of  potassium  or  sodium  with  the  alcoholic  iodides,  bromides,  &c :  €,g. — 

2(CH«)I     +     Na'Hg"       =.      (CH")«Hg''     +     2NaI  ; 
Blethyllc  Mercuric 

Iodide.  methide. 

or  by  acting  on  a  metallic  chloride  with  the  zinc-compound  of  an  alcohol-radide :  e^, — 

Zn"(C»H»/     +     Hg"Cl«      -      Hg*(C«H»)*     +     Zn*a« 

Substitution-derivatives  often  exhibit  a  marked  resemblance  to  their  primitives  in 
physical  and  chemical  characters.  That  this  should  be  the  case  in  bodies  formed  from 
one  another  by  the  interchange  of  similar  elements  or  radicles — such  as  hydrogen  and 
the  metals  on  the  one  hand,  or  chlorine,  bromine,  and  iodine  on  the  other — ^is  nothing 
more  than  might  have  been  anticipated  on  any  view  of  the  constitution  of  chemicfd 
compounds ;  but  that  a  radide  of  decidedly  add  or  chlorous  character,  like  chlorine, 
bromine,  or  iodine,  should  be  capable  of  repladng  hydrogen  atom  for  atom,  and  dis- 
charging functions  similar  to  that  of  the  hydro^n  in  the  primary  compound,  is  the 
doctrine  of  a  comparatively  recent  date,  and  is,  in  fact,  diametrically  opposed  to  the 
older  views  of  the  constitution  of  compounds,  founded  on  the  electrical  relations  of 
their  elements.  The  resemblance  of  such  derivatives  to  their  primitives  is,  however, 
strikingly  exhibited  in  numerous  instances.  Take,  for  example,  acetic  and  trichlor- 
acetic acid.  These  two  adds  are  both  crystallisable,  deliquescent,  soluble  in  water  and 
alcohol,  have  the  same  capacity  for  saturation,  yield  analo^us  salts  and  ethers,  &c 
Dilute  trichloracetic  add  treated  with  amalgam  of  sodium,  is  reconverted  into  normal 
acetic  add ;  and  the  two  adds,  when  heated  with  caustic  alkali,  are  decomposed  ac- 
cording to  similar  equations,  yidding  the  two  analogous  bodies,  marsh-gas  and  chloro-. 
form,  thus : 

Acetic  acid .        .        .        C^<0*  «       CO*     +     CH<  Harsh-gas. 

Trichloracetic  add      •        C*HC1*0«       -       C0«     +     CHC1»  Chloroform. 

Similar  resemblances  may  be  traced  between  isatin  and  its  derivatives  (iii.  406).  Thus 
isatin  and  chlorisatin  are  both  of  an  orange-red  colour,  are  isomorphous,  partly 
volatile,  slightly  soluble  in  water,  more  soluble  in  alcohol  and  ether ;  form  yellow  solu- 
tions; and  react  with  hydrate  of  potassium,  by  exchanging  an  atom  of  hydrogen  for  one 
of  potasdum,  to  form  analogous  salts,  each  of  which  speedily  absorbs  an  atom  of  water 
into  its  constitution,  to  form  the  isatinate  and  chlorisatinate  of  potasdum  respectively. 
Moreover  the  two  bodies,  when  acted  upon  by  sulphydrate  of  ammonium,  ammonia,  and 
alkaline  bisulphites,  vield  hosts  of  analogous  compounds,  and  undergo  hosts  of  analogous 
reactions  Isatin,  chlorisatin,  and  didilorisatin  treated  with  hydrate  of  potassium, 
yield  respectively  the  bodies,  aniline,  C'H'N,  chloraniline,  CH'CIN,  dicmoraniline, 
C^HK]?i^  each  of  which,  despite  the  constituent  chlorine,  has  alkaline  chuacters 
analogous  to  those  of  ammonia,  and  can  unite  directly  with  adds  to  form  salts. 

The  chlorinated  derivatives  of  the  natural  alkaloids  also  resemble  the  primary  alka- 
loids in  many  important  respects.  Thus  dichlorocinchonine,  C'*H**C1*N*0,  formed 
from  dnchonine  by  the  direct  action  of  chlorine,  resembles  the  normal  base,  not  only  in 
alkalinity,  solubility,  crystalline  form,  &c.,  but  likewise  in  turning  the  plane  of  polari- 
sation of  a  luminous  ray  to  the  left.  Chlorostrychnine  also,  C^^H'^CINH)*, 
obtained  from  strychnine  or  its  salts  by  direct  substitution  of  chlorine,  produces  poiso- 
nous effects,  undistinguishable  from  those  of  the  natural  alkaloid. 

From  the  observation  of  such  resemblances,  Dumas  and  I^urent  were  led  to  oondude 
that  elements,  even  of  opposite  chemical  character,  may  in  many  instances  replace  one 
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another,  vrith  but  little  alteration  in  the  character  of  the  products,  and  that  the  proper- 
ties of  a  compound  are  determined  by  the  arrangement  and  relative  position  of  itb 
atoms  more  than  by  their  individual  character.  That  this  is  the  case  to  a  considerable 
extent,  is  evident  from  the  instances  just  cited ;  nevertheless,  the  question  is  altogether 
one  of  degree.  Substitution  is  always  attended  with  some  alteration  of  properties  in 
the  compound,  and  the  alteration  goes  on  increasing  with  the  amount  of  the  substitu- 
tion, llius  in  volatile  compounds,  such  as  ethylene,  C^E*,  and  its  chlorinated  deriva- 
tives, C'HCl*,  CHKJl*,  C«HC1»,  and  CCl*,  the  vapour-density  increases,  and  the  boiling- 
point  rises  with  each  successive  replacement  of  H  by  CI.  Again,  in  the  chloranillnes 
(iv.  438),  the  first  substitution-product,  C^H*C1N,  is  somewhat  less  basic  than  aniline 
itself;  while  dichloraniline,  C*H*C1*N,  is  still  less  basic,  and  in  trichloraniline,  C*H*C1"N, 
the  basic  character  has  altogether  disappeared. 

The  substitution  of  alcohol-radicles,  such  as  ethyl  and  methyl,  for  the  hydrogen  of 
ammonia,  gives  rise  to  amines,  which  are  basic  like  ammonia  itself;  but  in  the  amides 
derived  from  ammonia  by  substitution  of  acid-radicles  (benzoyl,  acetyl,  &c.)  for 
hydrogen,  the  basic  character  gives  place  for  the  most  part  to  an  acid  character,  the 
amide,  if  it  still  retains  replaceable  hydrogen,  exhibiting  a  tendency  to  exchange  it 
toae  a  metaL     (For  the  flirther  consideration  of  this  subject-,  see  Ttpbs.) 

WJOOnfABPO  AOZB,  ftVCOXSTAMXBB,  BVCOOrAVZIi,  BVOCZVA^ 
VX&ZO  JLCXHf  BVCCXWAamZBB.    See  Suocunc  Acid,  Amidbs  of. 

SVCCEHTASVBAXiTa  A  resinous  substance  resembling  amber,  and  apparently 
related  to  retinite,  obtained  &om  the  granular  clay  iron-ore  of  Beigen  in  Bavaria. 
(Wagner,  Handw,  d,  Chem.,  viii.  414.) 

SVCCZnuVZO VB.  A  name  applied  by  Eisner  to  a  very  light  oil,  obtained  by 
Mctifying  oil  of  amb«r  with  sulphuric  acid. 

SircCZVZO  AOZD.     C^HW  -  (^^JP*)"!©'.    VoUaOe  Salt  of  Amber.  Bern* 

tUinsaure.  (Berzelins,  Ann.  Ghim.  xciv.  187.— Lecanu  and  Serbat^  J.  Pharm. 
viii  541;  ix.  89. — ^Liebig  and  Wohler,  Po^.  Ann.  zviii.  162. — ^D^Arcet^  ibid, 
zxxri.  80. — ^Dopping,  Aim.  Ch.  Pharm.  zlvii.  268. — ^Fehling,  ibid.  zlix.  154. — 
Piria,  ifru^.  Ixviii.  343. — ^Dessaignes,  ibid,  bcc  102. — ^Pastenr,  »M.  cv.  264. — 
Maxwell  Simpson,  ibid.  cxviiL  873. — Gm.  x.  108. — Gerh.,  ii.  454. — ^Eekul^, 
Lehrb.  ii.  23.) 

This  acid,  the  third  of  the  series  of  dibasic  acids,  OH^^H)^  homologous  with  oxalic 
acid,  was  mentioned  as  volatile  salt  of  amber  by  Agricola,  as  early  as  1657  ;  its  add 
nature  was  recognised  by  Barchhusen,  Bonldiic,  and  Boerhaave ;  but  the  first  exact 
investigations  of  it  were  made  by  Berzelius  and  by  I^ATcet. 

Succinic  acid  occurs  ready-formed  in  amber,  anid  in  certain  lignites,  as  in  those  of 
Mnskau,  Naumberg,  and  Altenburg.  It  has  also  been  found  in  the  turpentine  of  several 
species  of  pine,  and  in  certain  plants — ^viz.,  in  the  herb  of  Lactuca  virosa,  Artemisia 
Absinthium,  dec.  According  to  Walz  (N.  Jahrb.  f.  Pharm.  xv.  22),  the  chelidoninic 
acid  found  by  Zwenger  in  t£e  mother-liquor  of  the  preparation  of  chelidonic  add  from 
Chelidanium  mqfus  (i.  850),  is  nothing  but  succinic  add.  It  is  also  occasionally  found 
in  the  animal  organism — e.g.,  in  the  thymoi'd  gland  of  the  calf,  the  spleen  of  the  ox, 
(Gorup-Besanez),  and  in  certain  pathological  exudations  (Heintz).  According  to 
G.  Meissner  and  F.  Jolly  (Jahresb.  1865,  p.  675),  it  occms  in  the  urine  of  dogs  fed 
on  flesh  and  &t,  and  in  that  of  rabbits  fed  on  carrots. 

Formation. — 1.  Succinic  acid  is  a  frequent  product  of  the  oxidation  of  organic  sub- 
stances, espedally  of  fats.  All  the  fatly  adds  of  the  series,  OH'^O',  from  batyric 
acid  upwards,  when  oxidised  with  nitric  acid,  yield  succinic  add,  together  with  other 
acids  of  the  same  series  (p.  449).  Its  formation  from  butyric  add  is  represented  by 
the  equation : 

C*H»0«  +  0"     =     H«0  +  G*H«0*. 

According  to  Pasteur  (Bull.  Soc.  Chim.  1852,  p.  52),  it  is  always  formed  during  the 
conversion  of  alcohol  into  acetic  add  under  the  influence  of  Mycoderma  aceti,  espeoally 
when  the  plant  grows  on  the  surface  of  the  alcoholic  liquid  containing  phosphates. 

2.  By  the  action  of  redudng  agents  on  maleic  acid  or  its  isomer,  fiunaric  add,  which 
contains  2  at^  hydrogen  less,  or  on  malic  and  tartaric  acids,  which  contain  respectively 
1  and  2  at.  oxygen  more  than  succinic  acid. 

a.  By  the  action  of  sodium-amalgam  on  maleic  or  fumaric  acid : 

C*H<0*  +  Na'Hg     «     Hg  +   C*H*Na«0*. 
Maleic  Succinate 

acid.  of  sodium. 

Chloromaleic  acid,  C^H'CIO*  (iii.  788),  is  also  converted  into  succinic  acid  by  the  action 

of  sodium-amalgam : 


454  SUCCINIC  ACID. 

$,  From  malie  or  tartaric  aad  by  the  action  of  hjdriodic  acid  (B.  Schmitt,  Ann. 
Ch.  Fharm.  cxiy.  106), or  of  iodide  of  phoephonu  (Dessaignes,  ibid,  czv.  120 ;  cxTii 
134): 

C«H«0»  +  2HI     -      H«0  +     P  +  C*H«0«. 

Malle  Succinic 

acid.  add. 

C«H«0«  +  4HI     -     2H«0   +  2I«  +  C<H«0«. 

Tartaric  Succinic 

acid.  add. 

3.  In  many  processes  of  fermentation,  e.ff,,  of  asparagin  (Piria),  malic,  maleie^ 
ftimaric,  and  aconitic  acids  (Dessaignes),  and  of  sugar,  whence  it  is  constantly 
present,  to  a  small  amount,  in  wine  and  beer  (Pasteur).  Its  formation  firom  malic^ 
maleic,  or  fomaric  acid  is  probably  a  simple  process  of  reduction.  Its  formation  from 
asparagin  may  be  represented  by  the  equation : 

C*H<N*0«  +  8H»0  -  0«     -     2NH»  +  C^«0«. 

4.  By  heating  cyanide  of  ethylene  to  100?  with  alcoholic  potash  (Maxwell 
Simpson,  Ann.  Ch.  Pharm.  czviii.  373) : 

C«H*(CN)«  +   2KH0  +  2HK)     «     2NH»  +  C*H*K«0*. 

This  reaction  is  precisely  analogous  to  that  by  which  the  monobasic  adds  of  the  Mti6% 
C"HM)',  are  formed  from  the  cjanides  of  monatomic  alcohols  (ii  202i  QTanide  of 
ethylene  is  also  oonyerted  into  succinic  acid  by  heating  with  nitric  or  hydrochloric  acid. 
(Simpson,  ibid.  153.) 

Preparation :  1.  From  Amber, — This  substance,  sulgeoted  to  dry  distillation,  yields 
succinic  acid  and  a  Tolatile  oil,  together  with  water  and  a  small  quantity  of  a  resinous 
substance  called  Cblophonium  succini.  On  heating  the  watery  distillate  to  the  boiling- 
pointy  and  filtering  hot,  a  large  quantity  of  oil  remains  behind ;  and  the  solution,  on 
cooling,  yields  crystallised  succinic  acid,  contaminated  howerer  with  a  considerable 
quantity  of  empyreumatic  oil,  from  which  it  may  be  freed  for  the  most  part,  but  not  per- 
fectly, bv  repeated  crystallisation.  Complete  purification  is,  however,  eamly  effected 
by  treating  the  crude  succinic  acid  with  mtric  add. 

2.  By  fermeniatian  of  Malic  Add, — ^This  is  the  most  advantageous  mode  of  preparing 
succinic  acid,  the  crude  malate  of  calcium,  obtained  by  neutralising  the  juice  of  moun- 
tain-ash berries  with  chalk  or  slaked  lime,  being  generally  used  for  the  purpose.  A 
mixture  of  1  pt.  of  this  salt  with  6  pts.  water  and  ^  pt.  yeast,  or  8  pts.  water  and 
^  pt.  decayed  cheese,  is  placed  in  an  earthen  jar,  and  left  for  four  to  six  days  at  a 
temperature  of  80^  to  40^,  tiU  the  evolution  of  gas  has  ceased.  The  granular  predpi- 
tate  is  then  collected  upon  linen,  washed  several  times  with  water,  and  mixed  with 
dilute  sulphuric  aoid  till  it  no  longer  effervesces  (from  admixed  oaldc  carbonate) ; 
another  equal  quantity  of  sulphuric  add  is  then  added ;  the  mixture  boiled  for  awhile, 
till  the  calcium-salt  is  no  longer  granular :  the  liquid  strained  through  linen ;  the  pre- 
cipitate on  the  filtsr  thorou^y  washed ;  the  whole  of  the  liquid  evaporated  till  a 
crystalline  crust  forms  on  the  surfooe ;  oil  of  vitriol  then  added  in  small  quantities,  as 
long  as  gypsum  is  thereby  predpitated ;  Uie  liquid  strained  off  (after  dilution  with 
water,  if  the  gypsum  forms  a  paste^ ;  the  precipitate  washed ;  and  the  whole  of  the 
liquid  again  evaporated :  it  then  yields,  on  cooling,  brownish  oystals  of  sncdnic  acid, 
still  contaminated  with  ^^ypsum.  These  aystak  are  purified  by  recrystaUisatioa 
from  water,  sometimes  with  addition  of  animal  charcoal,  and  ultimately  freed  from 
gypsum  by  solution  in  alcohol  or  by  subliination.  By  this  process,  12  pts.  of  calcic 
mi^te  yield  from  8*75  to  4  pts.  of  pure  ciystallised  sucdnic  add :  the  mother-liquors 
do  not  retain  a  trace  of  make  add.  Three  pounds  of  caldc  malate  thus  tzeated  yield 
about  one  pound  of  pure  sucdnic  add.    (Liebip^.) 

The  formation  of  sucdnic  acid  in  this  process  is  accompanied  by  that  of  acetic  add 
and  carbonic  anhydride :  hence  the  reaction  is  commonly  represented  by  the  equation : 

3C*HW    -     2C«H«0*  +  CH^C  +  2C0«  +  BH>. 
Malic  Succinic  Acetic 

acid.  acid.  acid. 

Probably  two  reactions  go  on  simultaneously,  one  part  of  the  malic  aoid  bein^^  con« 
verted  by  fermentation  into  acetic  acid,  and  this  fermentation  causing  the  reduction  of 
another  portion  into  succinic  acid  (KekuU).    See  Maxatb  of  Calchtm  (iii.  702). 

iVoperfiM.— Succinic  acid  crystallises  in  prisms  belonging  to  the  monoclinic  system, 
generallv  in  rhombic  or  hexagonal  plates,  the  face  ooPoo  replacing  the  acute  edge  of 
the  vertical  prism  ooP.  The  crystals  are  permanent  in  the  air,  have  an  acid  taste,  but 
no  smell.  Succinic  acid  is  much  more  soluble  in  hot  than  in  cold  water — viz.,  in  5  pts. 
water  at  16°,  and  2*2  pts.  at  100^  (Lecanu  and  Serbat).  It  is  less  soluble  in  alco- 
hol, and  nearly  insoluble  in  ether.    It  melts  at  1 SO*^,  but  begins  to  emit  «ufibcating 
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raponn  even  below  its  melting-point.  It  boils  at  235^,  being  resolyed  into  water  and 
succinic  anhTdride. 

Decompontions. — 1.  Snccinic  acid  offers  great  resistance  to  the  action  of  oxidising 
agents,  not  being  affected  by  nitric  acid,  chromic  acid,  chlorine-water,  or  a  mixture  of 
hydrochloric  acid  and  potassic  chlorate.  When  evaporated  to  dryness  with  fnanganio 
peroxide  and  ndphurio  aeid^  it  y'leXda  acetic  acid  (Tromms  dor ff). — 2.  An  aqueous 
solution  of  sodic  succinate  is  decomposed  by  the  eUetric  current^  giving  off  at  the 
positive  pole  a  mixture  of  carbonic  anhydride  and  methylic  oxide  (Kolbe,  Ann.  Ch. 
J^hann.  cxiii.  244) : 

C«HH)*  +  H*0     -    (CH»)*0  +  2C0«  +  H». 

3.  When  fused  with  poicusic  hydrate^  it  yields  carbonate  and  oxalate,  together  with  a 
gaseous  hydrocarbon  (Lie big  and  Wohler). — 4.  It  is  not  attacked  by  strong  sul- 
phuric acid  (H'SO*)  even  when  heated,  but  tiUphurio  anhydride  converts  it  into  succino- 
sulphuric  acid. — 5.  Heated  with  bromine,  it  forms  substitution-products. —  6.  By 
dehydrating  tubttances,  such  Baphoephoric  anhydride  and  phosphoric  pentaehhridey  it  is 
converted  into  succinic  anhydride;  in  the  latter  ease  with  formation  of  hydrochloric 
acid  and  phosphorio  oxychloride. 

Snooliiatea.  Succinic  acid  is  dibasic^  the  general  formula  of  its  salts  being  as 
follows : 

Neutral  Succinates  C«H«M»0*  and  OH*M"0« 

Acid  ^  C«H»MO*   and  C^H^M-Q*. 

There  are  also  a  few  double  succinatea,  several  basic  lead-salts,  and  a  hyperacid  potas- 
sium-salt 

Most  succinates  resist  a  temperature  of  200^  without  decomposition.  When  distilled 
with  add  phosphate  or  sulphate  of  sodium,  they  yield  a  sublimate  of  succinic  anhy- 
dride. 

The  succinates  of  the  alkali-metals  and  of  magnesium  are  easily  soluble  in  water ; 
those  of  the  alkaline  earth-metals,  and  most  other  diatomic  metals,  are  sparingly 
soluble ;  those  of  aesqui -atomic  metals  are  insoluble. 

Succinic  acid  and  soluble  succinates  form,  with  ferric  saltSf  a  zed-brown  precipitate 
resembling  that  formed  by  benioic  acid,  but  much  more  compact :  hence  succinate  of 
ammonium  is  a  more  convenient  reagent  for  the  precipitation  of  ferric  salts  than  the 
benzoate.  With  aoeiate  of  lead,  succinic  add  forms  a  predpitate  of  succinate  of  lead, 
soluble  in  excess  of  either  reagent  With  chloride  of  barium,  the  add  by  itself  gives 
no  predpitate ;  but  on  addition  of  ammonia  and  alcohol,  a  white  predpitate  is  formed : 
bensK>ic  add  do^s  not  exhibit  this  reaction.  Succinic  add  is  further  distinguished 
ftom  bemooie  add  by  not  being  predpitated  fgom  its  soluble  salts  by  a  mineral 
acid. 

Succinate  of  Ammonium. — The  neutral  salt,  C'H\NH^)K)S  is  obtained  by 
Bupersaturating  sncdnic  acid  with  ammonia,  and  leaving  the  solution  to  evaporate  over 
quicklime ;  it  is  also  formed,  according  to  Plria,  in  the  putrefaction  of  asparagin.  It 
crystallises  in  hexagonal  prisms,  very  soluble  in  water  and  in  alcohol.  Gives  off 
ammonia  when  exposed  to  the  air,  and  is  resolved  by  heat  into  ammonia,  Water,  alhd 
snccinamide.  Spedflc  gravity  »>  1*367  (Bodeker,  Jahresb,  1860,  p.  17). — The  acid 
salt,  C^H*(NH^)0*,  is  produced  when  the  solution  of  the  preceding  salt  is  evaporated 
by  heat  It  crystallises  easily,  is  v^ry  soluble  in  water  and  alcohol,  has  an  acid  re- 
action, and  is  decomposed  by  heat,  like  the  neutral  salt  The  crystals  are  triclinic, 
usually  exhibiting  the  combination :  oP  .  T.oo  .  ^P'oo  .  oopoo  .  ool'ao  .  ooP/.  Angle 
oP:  ooPoo  -  91°  68';  oP  :  oofoo  =»  93°26';  oP  :  oo^F  «  910  46':  oP:  T«  » 
161°  57';  oP  :^'oo  -  151©  7';  ooPoo  :  ooP  =  lOO®  16';  ooPoo  :  '?^oo  - 
119053';  opPoo  if'^ao  «  117<>;  ootoo  :  ooF,  «  136^46'.  (Brooke,  Ann.  PhU. 
xxii.  286.) 

Succinate  of  Barium,  (TBfBaTO*  (at  200O).— White  arstalline  predpitate, 
slightly  soluble  in  water,  modemtelv  soluble  in  dilute  nitric,  hydrochloric,  and  acetic 
acid,  insoluble  in  ammonia  and  in  alcohoL  With  chloride  of  acetyl  it  yields  a  mix- 
ture of  aoetic  and  succinic  anhydrides.     (Heintz,  Jahresb.  1859,  p.  279.) 

Succinate  of  Cadmium  ciystallisee  in  concentric  groups  of  prisms,  very  soluble 
in  water.  According  to  John,  it  appears  to  be  resolved  by  alcohol  into  two  other 
salts. 

Succinates  of  Calcium. — The  neutral  salt  is  gmdually  deposited,  on  mixing  cold 
eoncentrated  solutions  of  ealdc  chloride  and  sodic  suodnate^  in  small  needles,  contain- 
ing C^H^Ca"0V3H*0.  If  the  solutions  are  mixed  hot,  a  crystalline  precipitate  is 
immediately  formed,  composed  of  C*E.*Ca."0*MK>,    Both  precipitates  are  sparingly 
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soluble  in  water  and  acetic  add,  insoluble  in  alcohol.  When  heated,  it  ^vee  off  a  volatile 
oil,  called  succinone,  still  containing  oxygen,  but  haying  a  composition  not  yet  ascer- 
tained with  certainty  (D'Arcet).— The  acid  aait,  CH'WO',  or  C*H*Ca'0*.CHH«0*, 
obtained  by  treating  the  neutral  salt  with  excess  of  acid,  is  likewise  ciystaHisable,  and 
slightly  soluble  in  water.  Alcohol  renders  the  crystals  opaque,  and  converts  them  into 
the  neutral  salt    They  are  also  decomposed  by  heating  to  150^. 

Chromous  Succinate^  C*H*Cx^O^H*0,  is  a  scarlet  precipitate,  formed  on  adding 
succinate  of  sodium  to  chromous  chloride. — Chromic  succinate  is  not  known. 

Bueeinate  of  Cobalt. — Peach -blossom-coloured,  slightly  soluble  precipitate. 
According  to  Han dl  (Wien.  Akad.  Ber.  xxxii  254),  it  forms  monoclinic  prismatic 
crystals:  ooP  .  ooPn  .  [ooPoo]  .  oP.  Angle  ooP  :  ooP  (clinod.)  «  113°36', 
ooP»:  oePfi  (clinod.)  -  136°  38^  oP :  ooP  -  116°  nearly. 

Succinate  of  Copper,  C^H*Cu*0*  (at  200°),  is  obtained  on  adding  recently  preci- 
pitated cupiic  carbonate  to  a  boiling  aqueous  solution  of  succinic  acid,  as  a  bluish-green 
crystalline  powder,  slightly  soluble  in  water  and  succinic  acid,  less  soluble  in  acetic 
acid,  insoluble  in  alcohol  and  ether. 

Succin  atee  of  Iron, — a.  Ferric  salts.  Alkaline  succinates  form  with  ferric  salts  a 
red-brown  or  cinnamon-coloured  precipitate,  consisting  of  a  basic  ferric  succinate.  The 
addition  of  sodic  acetate  before  precipitation  renders  the  precipitate  more  compact.  It 
dissolves  in  acetic,  succinic,  and  mineral  adds.  Ammonia  appears  to  convert  it  into  a 
still  more  basic  salt. — fi.  Ferrous  succinate  is  a  greyish-^en  precipitate,  which 
oxidises  in  the  air,  is  slightly  soluble  in  water,  easily  soluble  in  succinic  acid,  partially 
soluble  also  in  ammonia  and  ammoniacal  salts. 

Succinates  of  Lead.—The  neutral  salt,  C^E^Pb^O^  (at  100°),  is  obtained  by  pre- 
cipitating neutral  acetate  of  lead  with  neutral  sodic  succinate,  or  a  hot  solution  of 
succinic  add  with  basic  acetate  of  lead.  It  is  a  white  powder,  which  becomes 
crystalline  if  precipitated  from  hot  solutions.  It  is  slightly  soluble  in  water,  easily 
soluble  in  dilute  nitric  acid  and  in  potash.  Specific  gravity  mm  3*800  (Bodeker). — 
A  basic  salt,  2C*H*Pb''0^ J^b^'O,  is  obtained  on  misdng  suodnate  of  sodium  with  basic 
acetate  of  lead,  as  a  glutinous  predpitate,  which  sticks  to  the  sides  of  the  yessel  while 
warm,  and  becomes  britUe  on  cooling.  Another  basic  salt,  C^H«Pb"0^2Pb''0  (at  200°), 
is  produced  by  treating  the  neutral  salt  with  excess  of  ammoniai.  It  is  a  white  powder, 
insoluble  in  water,  easily  soluble  in  potash,  and  in  dilute  nitric  acid. 

Succinates  of  Magnesium. — The  neutral  salt,  C*H*Mg''0'.6H*0,  forms  pris- 
matic crystals,  which  give  off  all  their  water  at  130°.  It  is  veij  soluble  in  water, 
insoluble  in  alcohol.  The  aqueous  solution  appears  to  yield,  by  concentration,  crystals 
containing  a  smaller  proportion  of  water  (Fehling). — ^A  basic  salt,  20^H^Mg"0^. 
4Mg''0.H*0  (at  100°?),  isoDtained  as  a  white  pulverulent  precipitate,  on  adding  ammonia 
to  a  solution  of  the  neutral  salt — Magnesio-potassic  suecinaie,  C*H'Mg1C'0*.5H'0, 
crystallises  in  fine  double  six-sided  pyramids,  veiy  soluble  in  water,  permanent  in  the 
air,  and  neutral  to  test-paper. 

Succinate  of  Manganese,  Q^W^tirO^AWO, — ^Rhomboidal  prisms  or  quadran- 
gular tables  (tridinie,  according  to  Handl),  transparent,  amethyst-coloured,  neutral, 
permanent  in  the  air,  giving  off  their  water  at  100°. 

Succinates  of  Mercury, — a.  Mercuric  salts.  Mercuric  acetate  gives  a  white 
predpitate  with  sodic  sucdnate.  A  mixture  of  sodic  sucdnate  and  mercuric  chloride 
yields,  by  evaporation,  slender  needles,  apparently  consisting  of  a  double  salt. 
Kecently  precipitated  mercuric  oxide,  boiled  with  aqueous  succinic  acid,  is  partly  con- 
Terted  into  a  white  powder,  which  Sppears  to  be  a  basic  succinate. — fi,  Mercurous  salt. 
Alkaline  sucdnates  form,  with  mercurous  nitrate,  a  white  predpitate  of  mercurous 
succinate,  mixed  with  mercurous  nitrate. 

5i*cc»na<«  o/ Jir«c*«/,  C*HW0«.4H*0.— The  solution  of  nickel-hydrate  in  hot 
aqueous  sucdnic  add  deposits  this  salt,  by  evaporation  over  oil  of  vitriol,  in  green 
nodules,  soluble  in  water,  acetic  add,  and  ammonia,  insoluble  in  alcohol.  It  gives  off 
its  water  at  180°. 

Succinates  of  Potassium.— -Thf^  neutral  salt,  C'H*K«0*.2H«0,  forms  confused 
deliquescent  oirstals,  soluble  in  alcohol,  insoluble  in  ether,  giving  off  their  water  at 
100°.— The  aetd  salt,  G*H*K0^2H*0,  ciystallises  readily  in  transparent  regular  six- 
sided  prisms,  which  effloresce  slightly  in  contact  with  the  air.  It  is  yery  soluble  in 
water,  reddens  litmus,  gives  off  its  water  of  crystallisation  at  100°. — II  hyperacid  salt, 
2(C*H*KO^G^H"0^).3H*0  (?),  obtained  by  neutralising  a  hot  solution  of  I  pt  succinic 
add  with  carbonate  of  potassium,  and  then  addine  8  pts.  more  sucdnic  add,  crystal- 
lises on  cooling,  sometimes  without  water,  sometimes  with  9*65  per  cent,  water  of 
crystsilisation.    (Fehling.) 

Succinates  of  Silver. — Argentic  salt,  C^H'Ag'O^    Succinate  of  sodium  precipi- 
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tales  nitrate,  but  not  sulphate  of  silver.  The  precipitate  is  white,  nonnoystalline,  of 
specific  grayity  3*618  (Bodeker),  yery  slightly  soluble  in  water,  and  in  acetic  acid, 
Teiy  soluble  in  dilute  nitric  add,  and  in  ammonia.  It  becomes  coloured  at  150^. 
Chlorine  decomposes  it  immediatelj.  When  heated  to  100^  in  a  current  of  hydrogen, 
it.  assumes  a  lemon-yellow  colour,  and  yields  a  sublimate  of  succinic  acid.  The  residue 
consists  of  arffentoug  meeinate. 

Succinates  of  Sodium. — ^The  neutral  salt,  C^H^Na*0^6H'0,  cr3'staUise8  in  prisms 
with  rhombic  base,  very  soluble  in  water  and  in  alcohol,  neutral  to  test-paper,  giving 
off  their  water  at  100°.— The  acid  sa/^,  C*H*NaO*.3H''0,  usually  crystallises  in 
flattened  prisms,  having  an  add  reaction,  slightly  efflorescent,  and  giving  off  all  their 
water  at  100°.  They  belong  to  the  triclinic  system,  generally  exhibiting  the  combi- 
nation: oP  .  oo!p  .  00^^ .  oof  00  ,mfco.  Angle  oP  :  » t  -  128°;  oP  :  nif  co  - 
169<>56';  oP:  ootoo   »  140° 60  ;   qo,P  :  oefoo   »  117°  6';  » t :  ot f'n  =  116°  8'; 

oo]^oo  :  m^n  b  108°  7'.  More  rarely  small,  confused,  non-efflorescent  crystals  are 
obtained,  containing  only  2  at.  water.  When  ^dissolved  in  water,  they  yield  the  salt 
with  3  at.  water. 

It  has  not  been  found  possible  to  prepare  double  sucdnates  of  sodium  and  ammo- 
nium, or  of  sodium  and  potassium. 

Succinate  of  Strontium,  C*H*Sr"0*  (at  200°).— Predpitated  as  a  white  powder, 
slightly  soluble  in  water,  whence  it  is  deposited  in  the  aystalline  state  on  evapora- 
tion. According  to  Handl  (Wien.  Akao.  Ber.  xzxii.  264),  it  crystallises  in  mono- 
clinic  prisms,  ooP.  odPoo  .  [  oePoo  ]  .  oP.  Angle  ooP  :  ooP  (dinod.)  »  80°  12'; 
oP  :  odPoo  »  168°  (nearly).  The  o^stals  are  always  twins,  with  odPqo  as  combina- 
tion^face.  The  salt  dissolves  in  acetic  and  in  succinic  add,  the  latter  solution  yielding 
it  in  the  aystalline  state  when  evaporated. 

Succinates  of  ITrantMW.— The  neutral  salt,  C*IL\TPO*fO\BH),  is  obtained  in 
the  crystalline  state  by  evaporating  to  dryness  a  solution  of  4  pts.  ciystallised  uranic 
nitrate  and  1  pt.  suodnic  acid,  and  washing  the  residue  with  a  small  quantity  of 
water ;  also  by  mixing  a  solution  of  uranic  nitrate  with  add  succinate  of  sodium,  and 
evaporating.  It  is  a  light-yellow  salt,  veiy  slightly  soluble  in  water,  insoluble  in 
alcohol,  not  giving  off  its  water  tiU  heated  to  between  230°  and  240^.    Boiling  water 

extracts  succinic  acid  from  it—Potassuhuranic  succinate,  C'*H"(U»6*)«K»0'*.H'0,  is 
obtained  by  evaporating  a  solution  of  uranic  nitrate  mixed  with  excess  of  neutral 
potassic  succinate :  it  is  then  deposited  as  a  light-yellow  predpitate,  which  may  be 
purified  by  washing  with  alcohol.  It  may  also  be  prepared  by  predpitating  uranic 
nitrate  with  caustic  potash,  and  digesting  the  washed  predpitate  witii  excejss  of  suc- 
cinic add,  till  it  contracts  and  assumes  a  light-vellow  colour,  then  evaporating  to 
dryness,  and  washing  with  hot  alcohol.  It  is  insoluble  in  water,  but  is  decomposed 
by  continued  washing  into  succinate  of  potassium,  and  insoluble  basic  uranic  suc- 
cinate. It  gjves  off  its  water  at  220"". —Sodio-uranio  succinate,  C»H»«(U«t)«)«Na«0'«, 
H*0,  is  obtuned  like  the  potassium-salt. 

Succinate  of  Yttrium,  2C*H*Y''0*.3H*0,  is  predpitated  by  succinate  of  am- 
monium from  acetate  of  yttrium  at  the  boiling  heat  (not  in  the  cold),  as  a  lamino- 
crystaUine  powder,  sparingly  soluble  in  hot  and  in  cold  water,  insoluble  in  sal- 
ammoniac,  easily  soluble  in  dilute  acids;  gives  off  its  water  at  100°.  (Popp,  Ann. 
Ch.  Pharm.  cxxxi.  179.) 

Succinate  of  Zinc,  CJ^H*Zn''0* (at  200°).— White,  anhydrous,  aystalline  powder, 
very  slightly  soluble  in  water  and  in  succinic  add ;  easily  soluble  in  mineral  acids, 
acetic  acid,  ammonia,  and  potash ;  insoluble  in  alcohol.  Succinate  of  sodium  does  not 
predpitate  chloride  of  zinc. 

SucCTNATM  OP  Oboanic  BASsa.—Acid  Succinate  qf  Cinchonine,  C«»H'^«N«O.C^H«0«, 
crystallises  in  long  oblique-angled  needles,  containing  }  at.  water,  or  in  large  thick 
crystals  containing  1  at.  water.  Both  are  easily  soluble  in  water,  and  melt  at  110° 
(Hesse,  Ann.  Ch.  Pharm.  cxxii.  226.-— Succinate  of  Cinchanidine,  2C"H"N*0.C*H«0*. 
6Jl*0,  crystallises  in  long  asbestiform  prisms,  which  dissolve  in  262  pts.  water  at  10°; 
the  anhydrous  salt  crystallises  in  white  nodules  (Hesse,  ibid,  cxxxv.  842). — Succinate 
of  Quinine,  2C»B»*NW.C*HW.H='0,  crystallises  from  alcohol  or  from  water  in  long 
white  prisms,  soluble  in  910  pts.  water  at  10°,  easily  soluble  in  hot  water  and  in 
alcohoL     (Hesse,  ilnd.  cxxxv.  331.) 

Succinate  of  Urea,  2CH*N«0.C*H"0*,  crystallises  in  monodinic  six-sided  prisms, 

ooPoo  .  oP.  ooP  .  ooP2  .  +Poo  .  +P2.  Katio  of  axes,  a  :  A  :  c  -  1  :  1483  :  1-3646, 
Anglo  of  axes  b,  c  ^  83°  28' ;  ooPoo  :  oP  -  96®  32' :  odP  :  oeP  (dinod.)  -  68°  20'; 

ooPgo  :  +Poo   =s  129^  4'.    The  crystals  have  a  vitreous  lustre,  are  unsvmmetrical  at 
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the  two  ttods,  and  generally  have  but  imperfectly  developed  fiusee ;  they  cleave  im- 
perfectly  parallel  to  +  P2.     [J.  Lischmidt^  Wien.  Akad.  Ber.  lii.  (2  Abth.),  238.] 

'  DeriffoHvea  of  £ktecinie  Acid. 

Ko  chlorinated  substitntion-prodncts  hare  hitherto  been  obtained  from  encdnic  acid. 
By  the  action  of  chlorine  on  citric  add,  however,  Hantamonr  obtained  an  oily  body 
(perhaps  OCl^*.Cl'.)>  which  when  treated  with  alcoholic  potash  yielded  a  potassium- 
salt  having  the  composition  of  potassie  tetiachlorosnccinate,  CH)1^K*0* ;  it  is  not,  how- 
ever,  known  whether  the  add  of  this  salt  is  really  a  derivative  of  succinic  acid.  (See 
GiTRio  AcxD,  i.  996.) 

Bromosuooliilo  Adda. — ^Two  of  these  acids  are  known,  vis.  mono-  anddi-bromo- 
succinic  add,  both  of  which  may  be  produced  by  the  direct  action  of  bromine  on  sucdnie 
acid. 

MoNOBBOMosuccxNic  AciD,  C«H«BrO*  -   (C*H»BrO*)  Jq,      (KekulA,  Ann. 

Ch.  Pharm.  cxvii.  125.) — ^The  conditions  under  which  this  add  is  formed  are  not 
exactly  known.  When  succinic  add  is  heated  with  bromine  and  water  in  a  sealed 
tube,  dibromosucdnic  add  is  generally  produced,  even  when  the  bromine  and  succinic 
acid  are  mixed  in  the  proportions  required  to  form  the  monobrominated  acid.  The 
formation  of  the  latter  appears,  however,  to  be  promoted  by  the  presence  of  a  quantity 
of  water,  larger  than  that  wluch  is  most  fiivourable  to  tiie  production  of  dibromo- 
succinic  add.  Carius  (Ann.  Gh.  Pharm.  czxiz.  6)  prepares  the  monobrominated 
add  by  slowly  heating  6  grms.  sucdnie  add  with  2}  cc  bromine  and  40  cc  water, 
to  120^  in  sealed  tub^  and  obtains  it  pure  by  one  reo^stallisation.    Even  when  quite 

Sure  succinic  add  is  used,  a  small  quantity  of  a  heavy  brominated  oil  is  likewise  pro- 
uced,  haviug  the  composition  C^H'Br*. 

Monobromosucdnic  acid  is  very  soluble  in  water,  and  crystallises  in  small  nodular 
aggregates.  After  neutralisation,  it  throws  down  from  a  solution  of  silver-nitnte  a 
i^ite  silver-salt,  which  quickly  decomposes,  with  formation  of  silver-bromide.  On 
adding  silver-oxide  to  the  aqueous  solution,  bromide  of  silver  is  quickly  fomied,  and 
the  sSution  contains  malic  add. 

According  to  these  reactions,  monobromosuccinic  add  may  be  regarded,  on  the  one 
hand,  as  a  substitution-product  of  sucdnie  add,  on  the  other  as  the  bromide  of 
malic  add,  forming,  as  it  were,  the  stepping-stone  from  sucdnie  to  malic  add : 

Succinic  add.  Monobroraotuodnic  add.  Malic  add. 

(CWjo.         (C^r(n'jo..<„(CH'0^jB,        (C*H.og|o. 

These  relations  are  analogous  to  those  which  exist  between  acetic  add,  C*H^O', 
monochloracetic  add,  G*H*CSO*,  and  glyeollic  add,  G<H«0*. 

DiBHOKosucciHic  Acid,  C*H<BrH)*  «  (^•^*^'*^^*|o«.  (Kekul4,Ann.Ch. 

Pharm.  cxvii.  128;  SuppL  i.  131. — ^Perkin  and  Duppa,  Ghem.  Soc  Qn.  J.  xtii. 
102.)— Prepared :  1.  By  heating  12  grms.  of  succinic  acid,  11  cc.  bromine,  and  12 
grms.  water,  in  sealed  tubes,  to  about  180^,  and  crystallising  the  solid  portion  of  the 


kuU.) 

Dibromosucdnic  acid  cxystallises  in  colourless,  mostly  opaque  prisma,  sparinglv 
soluble  in  cold,  easily  in  boiling  toater,  also  in  alcohol  and  ether.  When  heated  witn 
bromine  and  water,  it  is  decomposed  with  formation  of  bromoform : 

C*H«Br»0*  +  2H*0  +   3Br»  -  CH«Br«  +   SCO*  +  6HBr. 

By  eodium-amalffamit  is  reconverted  into  sucdnie  add. 

•  The  mother-Honor,  from  which  the  dlbromotocclnic  acid  hai  eryttalflied,  contains  dibromo  • 
malelcacid,  C^H<Br*0«,  and  two  komert  of  monobromomaleic  actd,  OIPBrO*  (til. 
788).  The  dibromomaleic  acid  Tolatiliaet  with  the  vapour  of  water  on  distilling  the  raotherwllqaor  io 
a  retort ;  the  other  two  acids  separate  from  the  mother- liqnor  on  repeated  eraporatlon,  aJMl  may  be 
purified  bjr  ftvctlonal  crystallisation.— ikfefadroMOM air /c  actd,  C^H'BrCH,  forms  large,  well- 
defined,  apparently  trimetric  crystals ;  melts  at  1SG°— 197°,  Tolatillies  even  bOow  ]OfP,  and  dtssoives  veir 
easily  in  water,  alcohol,  and  ether.  lU  $ilvfr-$alt,  C^H  Ag'BrCH,  separates  from  a  mixture  of  the  add  with 
siWer-nitrate.  on  addition  of  ammonia,  as  a  curdy  precipitate  ;  the  Uad-MoU^  C^HPh'^BrO*  (at  100^,  Is 
n  white  precipitate,  insoluble  in  the  free  acid,  bat  soluble  in  a  large  quantity  of  neutral  lead-acetate.— 
Parabromomateic  acid,  CiH'BrO^,  separates  In  large  crjstals,  apparently  triclinlc.  It  is  like- 
wise easily  soluble  in  water,  alcohol,  and  ether,  and  melU  at  172^.  lU  aUwer-tatt^  CtHAg'BrCH,  is 
obtained  as  a  granulo-cry stall ine  preciptute,  on  mixing  the  acid  with  nitrate  of  silver.  It  dissolves 
in  boiling  water,  and  more  readily  in  dilute  nitric  acid — The  lead-gaU,  C<<HPb"Bra«.3HSO,  It  soluble 
both  In  excess  of  the  add  and  in  acetate  of  lead.    (Kekul£,  Ann.  Ch.  Pharn.  cxxx.  1.) 
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Dibromosuccinic  acid  is  dibasic.  Its  salts  are  easily  decomposed  by  heat,  so  tbat,  in 

Sreparing  them,  it  is  necessary  to  guard  against  rise  of  temperature.  They  are  all 
ecomposed  by  boiling  with  water,  or  with  excess  of  base,  yielding  a  metallic  bromide, 
together  with  another  prodact  of  decomposition,  Tazying  according  to  the  nature  of  the 
base.  The  bromine  thxui  withdrawn  (1  or  2  at.)  is  either  replaced  by  the  water-residue, 
HO,  or  merely  separates  in  combination  with  an  equiTslent  quantity  of  hydrobromic 
acid,  leaving  a  residue  containing  1  at.  bromine  and  1  at.  nydrogen  less.  Of  the 
decompositfons  expressed  by  the  following  equations,  the  first  three  hare  actually  been 
effected : 

OH*Br*0«  +     H*0  -     HBr  +  C<H*BrO*  Monobromomalic  acid. 

C^H^Br'O*  -     HBr  •¥  C<H>BrO«  Monobromomaleie  acid. 

C*H*Bi«0*  +  2H«0  -  2HBr  +   C*H«0*  Tartaric  acid. 

C*H*Br*0*  -  2HBr  +   C*H«0*  (unknoim). 

Generally,  howeyer,  several  of  these  reactions  take  place  simultaneously,  so  that  the 
principal  product  formed  according  to  one  of  these  four  equations,  is  accompanied  by 
a  secondary  product  formed  aocormng  to  another.  Thus  iodic  dibromomtoeinate,  boiled 
in  aqueous  solution,  is  converted  chiefly  into  acid  sodic  monobromomalate.  On 
boiling  an  aqueous  solution  of  barie  dihrofnoauccinaU,  acid  baric  monobromo- 
maleate  is  obtained  as  the  chief  product  of  decomposition,  together  with  a  small 
quantity  of  tartrate. — ^When  calcic  dibromotuccinate  is  boiled  with  water,  and  lime- 
water  is  added  till  the  liquid  no  loneer  turns  acid  after  prolonged  boiling,  the  chief 
product  is  an  insoluble  calcium-salt  having  the  composition  of  the  tartrate. — ^Lastly, 
argentic  dibromosuccinatc  is  easily  decomposed  by  bouing  with  water,  yielding  (inactive) 
tartaric  acid. 

From  these  reactions,  and  its  mode  of  formation,  dibromosuoeinie  add  may  be 
regarded  either  as  a  substitution-product  of  succinic  add,  or  as  tlie  bromide  of  mono* 
bromomalic  add,  or  lastly  as  a  bromide  of  tartaric  add.  It  is  related  to  succinic^ 
monobromomalic  and  tartaric  acids,  in  the  same  manner  as  dibromacetic  add  to  acetic^ 
monobromoglyoollic,  and  glyozylic  acids  (KekulS's  Lekrbuch,  ii.  83) : 

Dibiomosucdnic  add,  (C*H*Br«0^- 1  q,  (C*H*0T  |  q*.    Succinic  add. 


»> 


*9 


(C*H»BrO»)"'/Br        (C^H'BrO*)"' )  ^    Monobiomo- 
H«}0«  H«p-     maUcadd. 

(C^H«OT;|Br.  (C^HK)«^;  0..    Tartaric  add. 


Neutral  Dibromosuccinatc  of  Ammonium,  C*H*(NH^)'Br'0^  crystallises  by  spon- 
taneous evaporation  in  large  transparent  crystals. — The  neutral  aodium-salt^ 
C^H'Na*Bi'0*.4H'0,  is  very  soluble  in  water,  and  remains  in  small  crystals  on 
evaporation  ;  from  idcohol  it  crystallises  in  shining  laminae. — ^The  acid  potasHum'Salt 
is  white,  crvBtalline,  and  sparingly  soluble. — The  calciumsaltf  OH'Ca'Br'O^  obtained 
by  double  decomposition,  separates  ffradually  as  a  crystalline  predpitate, — ^The  silver- 
salt,  C*R*A^Br^O\  prepared  in  uke  manner,  is  a  white  powder,  insoluble  in 
water. 

Eikylic  JHbromoeuceinate,  C*B.\C^*)^tK>\  obtained  by  passing  hydrochloric 
acid  gas  into  an  alcoholic  solution  of  the  add  and  precipitating  with  water,  is  very 
slighUy  soluble  in  water,  eadly  soluble  in  alcohol  and  ether,  and  ciystallises  in  long 
white  needles,  which  melt  at  58°,  and  boil  with  partial  decomposition  between  140^ 
and  150^    (KekuU.) 

Dibromosuccinic  Anhydride,  {C*B^Bi^O*yO,  is  obtained  by  heating  maleio 
anhydride,  C^H'O',  with  dry  bromine  to  100°,  for  half  or  three-quarters  of  an  hour. 
Two  atoms  of  bromine  are  then  taken  up,  and  a  yellow  liquid  is  formed,  which  gra« 
dually  solidifies  to  a  crystalline  mass,  to  be  freed  from  adhering  hydrobromic  add  py 
leaving  it,  when  pulverised,  over  quicklime.  Dibromosuccinic  anhydride,  thus 
produced,  crystallises  from  carbonic  disulphide  in  colourless  laminse.  It  melts  at  100^, 
and  is  resolved  at  180°  into  hydrobromic  acid  and  bromomaleic  anhydride,  G^HBrO*. 
With  cold  water  it  forms  at  fiirst  a  solid  mass,  which  dissolves  in  a  larger  quantity  of 
water,  and  the  solution  yields,  by  spontaneous  evaporation,  a  crystallised  acid,  formed 
from  the  anhydride  by  addition  of  water,  and  having  the  composition,  but  not  the 
properties,  of  dibromosucdnic  acid,  viz. : 

Isodibromoeuccinic  Acid,  C^H^r'O^ — ^This  acid  forms  large,  transparent^  well- 
developed  crystals,  much  more  soluble  in  water  than  dibromosuccinic  add.  It  melts 
at  160^,  and  is  resolved  at  180°,  or  by  boiling  its  aqueous  solution,  into  hydrobromic 
acid  and  isobromomaldc  acid,  C*H'BrO^;  whereas  ordinary  dibromosuccinic  acid  is 
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not  daoompofad  by  trailing  vitli  water,  but  vhn  heated  by  itadf  ia  omqiletely  de- 
oooipoaed  vithoot  prerioua  fusion.  On  boiling  the  aqneooa  eolation  with  buyta,  barie 
iaodwromowceinaU  ia  obtained,  wfaidi  fonns  warty  aystala,  and  yielda  iaodibromorae- 
cinie  add  when  decompoa<^  by  solphoric  aeid. — ^Ilie  mlver'taU  resemblea  that  of 
ofdinaiy  dibromoeaodnic  add.    (Keknl^  Ann.  Ch.  Fharm.  SnppL  ii.  85.) 


Mm  Soednie  add,  like  other  adds  of  the  seriea  OH^~K)*, 
ia  c^wble  of  forming  four  nonnal  amidea,  derivable,  but  not  always  directly  prododble, 
from  the  add  and  neutral  anunoniiun-salts,  by  abstraction  of  water,  Tiz. : 

Sncdoamic  add,  C^HTUO*  -  (C«H«0^-Vg  -  C«H»(NH*)0^  -  HK>. 

Boednimide,         C«H*NO»  -  ^^^^^JN  -  C*H»(NH<)0«  -  2H*0. 
Sncdnamide,       C«H«N«0«  -  ^^^^^Vs^^  C*HXNH*)*0*  -  2H*0. 

(CyiSSTE^lene)!^^' -    ^^^T^^    -  C^XNH^yO- -  4HK). 
The  ilrst  three  of  these  componnda  contain  hydrogen-atoms  replaceable  by  metais 

or  alcohol-radicles.  There  is  also  a  trisuccinamide,  (C^H*0')'N^,  fanned  by  the 
action  of  succinic  chloride  on  argentic  socdnimide. 

•oMliuuBlo  Add.    C'H^O' >-(C^«0')''Vq.  (B.Tenchert»  Ann.  Ch. Fharm. 

exzxiT.  136 ;  BnlL  Soc  Chim.  1866, 1 286.)— The  barinm-salt  of  this  add,  C*H>*Ba'7YH)\ 
IS  obtained  by  leaying  a  slightly  warmed  solution  of  sncdnimide  and  baric  hydrate,  in 
eqaivalent  proportions,  to  evaporate  in  a  vacanm  over  oil  of  vitriol,  and  repeatedly 
crystallising  tne  residue  from  an  aqueous  solution  mixed  with  alcohol.  It  forms 
concentric  groups  of  needle-shaped  crystals,  easily  soluble  in  water,  insoluble  in 
absolute  alcohol  and  in  ether,  somewhat  soluble  in  aqueous  alcohol.  The  aqueous 
solution  decomposes  when  kept,  and  more  quickly  on  boiling,  into  ammonia  and 
succinate  of  banum,  which  is  precipitated.  With  potash,  the  solution  gives  off  ammonia 
even  in  the  cold. 

By  carefully  decompodng  the  barium-salt  with  somewhat  less  than  the  equivalent 
quantity  of  sulphuric  acid,  and  evaporating  the  filtrate,  impure  succinamic  acid 
(containing  baryta)  is  obtained  in  rectangular  prisms ;  if  the  whole  of  the  baiyta  be 
precipitat^  nothing  but  sucdnate  of  ammonium  remains  dissolved. 

Succmamate  of  CSdTrUum,  G'H*HM'^K)'.H'0,  remains  on  precipitating  the  solution  of 
the  barium-salt  with  sulphate  of  cadmium,  and  evaporating  the  filtrate ;  it  is  very 
soluble  in  water,  insoluble  in  alcohol,  and  forms  a  radiated  crystalline  mass,  or  small 
well-developed  rhombic  prisms. — The  cuprio  salt,  CH'^Cu'NH)*,  prepar^  in  like 
manner,  forms  dark-green,  microscopic,  rhombic  laminse,  insoluble  in  alcohol, 
slightly  soluble  in  water,  and  decomposed  by  boiling  with  water,  with  separation  of 
cupric  oxide  and  cupric  sacdnate. — The  lead-salt,  C*H"Pb'T^*0*,  is  obtained  by 
luNiting  a  solution  of  succinimide  with  excess  of  lead-oxide,  and  adding  alcohol  to  the 
filtrate  previously  treated  with  carbonic  acid,  in  large,  coDcentricallv  grouped,  easily 
soluble  needles. — ^Thc»ia^72e*iMwi-»a//,C*H"Mg"N20*.3H*0,  prepared  like  the  cadmium- 
siilt,  is  a  radiated,  nodular,  crystalline  mass,  which  by  solution  and  spontaneous 
evaporation,  yields  well-developed  crystals  belonging  to  the  trimetric  system. — The 
vianganous  salt,  C'H"Mn'K'0*.5H'0,  remains  on  evaporation  as  a  rose-coloured  syrup, 
which  gradually  solidifies  to  a  warty  or  radiate  crystsuline  mass. 

The  silver-salt,  C*H'A^N0',i8  obtained,  by  mixing  the  concentrated  solutions  of 
nrgentic  nitrate  and  banc  sucdnamate,  as  a  white  crystalline  predpitate,  and  on 
leaving  the  filtrate  to  itself,  in  prismatic  crystals  probably  belonging  to  the  monodinic 
system.  It  blackens  quickly  on  exposure  to  light,  is  easily  soluble  in  ammonia, 
sparingly  in  water,  and  insoluble  in  alcohol ;  in  boiling  water  it  becomes  covered  with 
a  black  crust.* 

Sucdnamate  of  Zinc,  C'H**Zn'7^'0',  prepared  like  the  cadmium-salt,  forms  stellate 
|(roups  of  prisms,  easily  soluble  in  water,  nearly  insoluble  in  hydrated  alcohol,  quite 
insoluble  in  absolute  alcohol 

*  Liiurent  and  Gerhardt  (Ann.  Ch.  Phano.  Ixxil.  291 ),  bjr  boiling  argentic  lucclnlmide  with  dilute 
ammonla,obtalned  a  siWor-Mlt,  which  tliej  regarded  at  argentic  luocinamate.  It  differed,  however,  in  ita 
prop<»r(tn  trom  that  above  dficribrd.  being  eaiily  soluble  In  water,  and  yielding  lucduamide  when 
drrompoted  by  hrdrochloric  acid,  whereas  luccinamate  ofnilver  thus  treated  should  yield  acid  succinate 
oi' Nmnionium.  According  to  Teuchert.  the  salt  obtained  by  Laurent  and  Gerhardt  was  probably  a 
hidraitfd  argvullc  succinimide  isuinerlc  with  the  sucdnamate  (p.  461). 
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TUnylBueeinamie   op   Suceinanilie   Acid,   C'»H"NO»    -    (C^H^OTIq. 

(Laurent  and  Gerhardt,  Ann.  Ch.  Fhys.  [3],  xxiv.  179.) — Obtuned  by  dissolving 
suocinanil  in  boiling  dilate  ammonia  mixed  witn  a  little  alcohol,  boiling  the  liquid  to 
expel  the  latter,  and  nentralising  with  nitric  acid.  The  succinanilic  acid  is  then 
deposited  on  cooling,  in  elongated  laminae,  which  are  to  be  purified  by  ciystallisation 
firom  alcohol.  It  is  very  ^ghtly  soluble  in  cold,  more  soluble  in  hot  water:  the 
solution  reddens  litmus.  It  melts  when  heated,  and  decomposes,  at  a  higher  tempera- 
ture, into  water  and  phenylsuccinimide,  which  sublimes.  It  dissolves  in  ammonia 
and  in  potash,  and  when  fused  with  potash  at  a  gentle  heat,  giyes  off  aniline. 

8uo<nnamlate  of  Ammonium  is  rery  soluble  in  wat«r,  and  crystallises  in  confused 
masses.  The  solution  does  not  precipitate  chloride  of  eaiciumy  and  scarcely  produces 
any  turbidity  with  chloride  of  barium  ;  with  cuj^ric  salts  it  forms  a  light-blue,  and  with 
ferrous  salts  a  yeUowish-white  precipitate ;  with  nitrate  of  silver,  a  white  precipitate 
of  aigentic  suodnanilate,  C*^H'*AgNO'. 

Suooliiainide,  CH'N'O*  =  (^*^*^]^i|N«.     (D'Arcet*  Ann.  Ch.  Pharm.  xvi. 

215.)— This  compound  separates  in  small  white  crystals,  on  mixing  ethylic  succinate 
with  strong  aqueous  ammonia.  It  dissolves  in  boiling  water,  but  is  nearly  insoluble 
in  cold  water,  also  in  alcohol  and  in  ether.  It  melts  when  heated,  and  is  resolved 
at  about  200^  into  ammonia  and  succinimide,  C*H*NO'.  It  is  easily  decomposed  by 
boiling  with  alkalis.  B^  the  action  of  nitrous  acid  {i.e.  by  passing  nitric  oxide  into  a 
solution  of  suocinamide  in  nitric  acid),  it  is  resolved,  after  the  manner  of  amides  in 
general,  into  succinic  add,  water,  ana  nitrogen : 

(>H«N«0«  +  N«0«  -  C*H«0*  +  H»0  A    2N». 

(OH-O*)") 
Pkentflsuccinamids     or     Suceinanilide,    C»«H»«N*s>     =     (C«H»)»VN* 

(Laurent  and  G-erhardt»  Ann.  Ch.  Phys.  [3],  xst.  179.)--Hemains  undissolved 
when  the  product  of  the  action  of  succinic  acicL  on  anhydrous  aniline  is  exhausted  with 
boiling  water ;  produced  also  by  the  action  of  aniline  on  succinic  chloride.  It  dis- 
solves easily  in  boiling  alcohol,  and  is  deposited  therefrom  in  tufts  of  microscopic 
needles.  It  is  less  fusiole  than  sucdnamide.  When  melted  with  potash  at  a  gentle 
heaJb,  it  gives  off  aniline. 

S«ootiil]iilde»   C*H»NO»  «  (^*^*^^'|n.    Bisuccinamide.  (jy Arc et,  Ann.  Ch. 

Phys.  [2],  Iviii.  294. — ^Fehling,  Ann.  Ch.  Pharm.  xlix.  198. — ^Laurent  and  Ger* 
hardt^  Compt.  Chim.  1849,  p.  108). — ^Formed:  1.  By  heating  sucdnamide  or  sued* 
nate  of  ammonium. — 2.  By  the  action  of  diy  ammonia-gas  on  succinic  anhydride : 

(C^^O*)*©  +  NH«  «  H*0  +  (C^WO^fEN. 

Succinimide  crystallises  in  laige  transparent  crystals,  C^H'NO'.HK),  which  giv«  off 
their  water  even  on  exposure  to  the  air.  It  is  easily  soluble  in  water  and  in  alcohol, 
less  soluble  in  ether;  melts  at  210^,  and  sublimes  without  alteration. 

The  hot  alcoholic  solution  of  succinimide,  mixed  with  a  small  quantity  of  ammonia, 
and  then  with  nitrate  of  silver,  yields  on  cooling,  large  crystals  of  argentic  succinimide, 
C^H^O'AgN.  This  compound  oetonates  when  heated,  and  when  triturated  with  sal- 
ammoniac,  is  converted,  with  evolution  of  ammonia,  into  argentic  chloride  and 
succinimide.  By  prolonged  boiling  with  water,  it  yields  aigentic  succinate.  When 
boiled  with  water  containing  a  few  drops  of  ammonia,  it  is  converted,  according  to 
Laurent  and  Gerhardt,  into  argentic  sucdnamat-e.  Teuchert,  however  (p.  460), 
obtained  by  this  process  a  hydratod  aigentic  sucdnimide,  2C*H^0'AgN.H'0,  and  is  of 
opinion  that  Laurent  and  Gerhardt's  compound  was  also  a  hydrated  argentic  succini- 
mide, containing  C*H*0*AgN.H'0,  isomeric  therefore  with  argentic  succinamate. 

A  solution  of  argentic  succinimide  in  a  small  quantity  of  ammonia,  leaves,  on 
spontaneous  evaporation,  an  alkaline  syrupy  liquid,  which  solidifies  after  some  time  to 
a  mass  of  hud  brittle  crystals,  consisting  of  argentammonium-'Succinimide, 
C*H*O^NH"Ag)K,  which  is  distinguished  firom  argentic  succinimide  by  its  property  of 
giving  off  ammonia  when  treated  with  potash  at  ordinary  temperatures. 

Chlorosuccinimide, — ^Ethylic  perchlorosuccinate  (p.  463)  is  converted  by  ammonia 
into  a  crystallisable  and  sublimable  body,  probably  consisting  oftetrachlorosucci- 
nimide,  C^Cl^O'HN.    The  analysis  of  tiiis  body  does  not  agree  very  well  with  this 
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IbfBiaU,  UA  the  tormatUm  of  tndiloneeUiiiide,  at  the  nme  time,  aeems  to  Aow  that 
it  !•  prodneed  in  the  mamier  thown  hj  the  eqnatioa : 

cbloromcdajCe.  cniSiBide. 

On  treating  the  prodoct  with  ether,  the  tetrachlorosiieeiiiiinide  and  tzidiloraoctamide 
diaaolTe,  while  aal'aBimmiiae  remains  behind;  and  the  ethereal  aolati<m  leares  on 
efnpoiation,  a  midne,  fitom  which  ck^  water  ffxtfaets  an  ammoniaeal  eompomd  of 
tetndihnosnedninnde  f^ehlonuoenccate  of  ammonimn),  leaving  the  tridiloraoptaniide. 
Tbe  aoneoQi  aolntion,  mixed  with  fajdrochlorie  or  nitric  acid,  <upoeits  the  tetracfaloro- 
niorinimide  in  foor-sded  prisma.  It  is  neariy  insoluble  in  water,  reiy  soluble  in 
aleohol  and  etiier ;  melts  in  water  between  83^  and  85^,  in  the  air  at  200*^ ;  sublimes  at 
126^,  and  tnms  jellow  at  250^.  It  decomposes  carbonates,  and  its  *w»inrtn;«/»^| 
solotion  preeipitates  the  salts  of  calcium  aiid  copper.  Its  ammoniaeal  solution 
erapontes  orer  the  water^bath,  decomposes  with  brisk  efferresoence,  and  yields,  among 
other  products,  acrystalline  substance,  regarded  by  Oerhardt  as  ehlorosnceilamide, 
CQKU'NO',  the  amide  of  cUorosnocic  acid  (p.  463),  possibly  thus : 

CWIWHK  +  H«0  -  CO*  +  HCa  +  CfH«CPNO. 
CUoroMiediU-  ChlonwiwciU- 

FhenyUuccinimide,   or   Sueeinanil,  C*BfS(y    -   ^^^ot»1^-     <^"' 

rent  and  Gerhardt,  Ann.  Ch.  Fhys.  [8],  xxxiv.  179.) — Obtained  by  heating  uol- 
verised  soeeinie  add  with  diy  aniline,  and  treating  the  oystalline  mass  with  boiling 
water,  which  dissolTes  the  greater  nart  of  it,  consisting  of  suodnanil,  and  leaves  a  resi- 
due of  sneeiDanilide.  The  sueeinanil  ciystaUises  on  cooling  in  colourless  l^mimip^  and  by 
nenrstallisation  ftom  alcohol  it  may  be  obtained  quite  pure,  in  fine  long  interiaeed 
needles.  It  appeals  to  be  snblimable  without  decomposition.  It  is  insoliwle  in  oold 
water.  Aqueous  potash  has  no  action  upon  it,  but  when  heated  with  solid  potash  it 
gires  off  aniline.    Boiling  aqueous  ammonia  oonrerts  it  inta  suoeinamlic  add  (p«  460). 

THraeolaaiaid«f  (C^l(*O^YT!f\  (Chiosza  and  Gerhardt,  Ann.  Ch.  Phazm.  xc 
108.)— Produced,  togetner  with  argentic  chloride,  by  treating  argentic  succinimide  with 
an  ethereal  folntion  of  succinic  chloride : 

2(C*fl*0*y'AgN  +  (C^H-O^^Ol*  -  2Aga  +  {0*&*O^\ 

It  is  slightly  soluble  in  ether,  easilv  soluble  in  absolute  alcohol,  and  czystallises  in 
small  triangular  plates  which  melt  at  88^.  By  aqueous  alcohol  it  is  quickly  decom- 
poied,  yiehung  succinic  acid,  ethylic  8ucdnate,and  succinimide. 

mroOXWIO  JUrarrBSma.  C^H«0*  »  {C*B*0*yO,  Anhydrous  Succinie 
AM,  (D'Arcet>  Ann.  Ch.  Fhys.  [2],  Iriii.  282. — Gerhardt  and  Chiozza,  Compt. 
rend,  zxzri.  1060. — ^Kraut,  Ann.  Ch.  Pharm.  cxzxrii.  254.) — Obtained:  1.  By  boil- 
ing succinic  add  very  rapidly  in  a  retort,  and  absorbing  the  water  as  fiut  as  it  con- 
denses.— ^2.  By  distilling  succinic  acid  once  or  twice  with  phosphoric  anhydride 
(D'Arcet). — 3.  By  heating  the  add  with  phosphoric  pentachlonde : 

C*H«0«  +  PCI*  -  2HC1  +  POCl*  +  C«H<0». 

^4.  Bv  heating  ethylic  succinate  with  chlorobenzene.    (Kraut,  p.  463.) 

Succinic  anhydride  is  a  white  mass,  less  soluble  in  water^  but  more  soluble  in 
alcohol^  than  sucdnic  add.  It  dissolves  in  boiling  absolute  alcohol,  apparently  without 
formation  of  ethylic  sucdnate,  and  is  deposited  from  the  solution  in  long  needles.  It 
is  very  little  soluble  in  ether ^  either  cold  or  boiling.  Melts  at  119*6^  (Kraut).  By 
solution  in  boiling  water,  it  is  reconverted  into  succinic  add.  With  diy  ammonia-gas 
it  becomes  hot»  and  forms  succinimide,  together  with  water : 

C*B«0«.0  +  NH»  -  H«0  +  C*H*0*.HN. 

With  phosphoric  pentaehloride,  it  yields  sucdnic  chloride  and  phosphoric  ozychloride : 

C*H*0«.0  +  PCI*  -  POCl*  +  c*H*o«a«. 

•VCOXWZO  OB&omZBB,  or  Chloride  of  Succinyl,  (C^H^O^TP.  (Gerhardt 
and  Chiozza,  loc.  ciL) — Produced  as  above,  by  distilling  succinic  anhydride  with 
phosphoric  pentachlonde,  and  purified  by  rectification.  It  is  a  fuming,  strongly  re- 
acting liouid,  boiling  at  about  190°.  With  water  it  easily  yields  sucdnic  acid ;  with 
alcohol,  ethylic  sucdnate. 

Dibromosuccinio  Chloride^  C*n^r*0'.Cl',  is  obtained  by  heating  sucdnic  chloride 
with  bromine  to  120° — 130°,  for  three  or  four  hours  (Per kin  and  Buppa,  Chem. 
Hoc«  Qu.  J.  xiii.  102);  also  by  direct  addition  of  bromine  to  fumaric  chloride, 
0«H'0*C1*  (KekuU).  It  is  a  liquid,  which  boils  at  220°  (KekuU),  and  is  converted 
by  water  into  dibromosuccinic  acid.    (P  e  r  k  i  n  and  D  u  p  p  a.) 
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mOCCXMlO  m'tl  IWIWffi  «.  Of  snoemic  ethen  eontauung  monatomic  alcohol- 
ndides,  only  tlie  neutanl  methylic,  ethjUe^  cetylic^  and  benujdzolio  ethen  hare 
hitherto  been  obtained. 

M»T«Ti.ic  SuoeiKAT«,C«H»0*  -  (^^^jgjjjo*,   is    produced    by    passing 

hydrochloric  acid  gas  into  a  solntion  of  succinic  acid  in  methylic  aloohoL  When 
pQiilLed  in  the  nsoal  way,  it  forms  a  crystalline  mass,  melting  at  20^,  and  solidifying 
again  at  16^.  It  is  nearly  insoluble  in  crater,  but  dissolres  in  alcohol  and  ether ;  boils 
at  198^.  Spedilc  gniTity  of  liquid  »  1- 179  at  20^ ;  of  vapour  6-29.  (Fehling,  Ann. 
Ch.Phann.xliz.  195.) 

Ethtlic  Succikatb,  CTff^O*  «  ^.QrH[s<,>0*.— Prepared  like  the  methylic 

ether,  or  by  distilling  10  pts.  succinic  acid,  20  pts.  alcohol,  and  5  pts.  strong  hydro- 
ehlone  acid,  and  pnrifpng  the  oily  pioduct  by  distillation  over  massicot  (l^Arcet, 
Ann.  Ch.  Phys.  [2],  Iviii.  291) ;  also  by  dropping  alcohol  into  a  retort  in  which 
SQoeime  acid  is  neated  to  a  temperature  near  its  boiling-pomt  (Qaulthier  de 
Glanbry).  It  is  an  oil,  slightly  soluble  in  water,  boiling  at  214^,  ana  burning  with  a 
yellow  flame.    Specific  gravity  of  liquid  »  l*0d6 ;  of  vapour  »  6*22.    (I^Aroet.) 

When  potassium  is  introduced  into  ethylic  succinate,  the  liquid  becomes  hot,  gives 
off  hydrogen,  and  forms  a  pasty  mass,  £iom  which,  after  treatment  with  water  and 
cryetallisation  of  the  undissolved  portion,  yellowish  laminm  are  obtained,  having  the 
composition  (>H*0*  ^therefore,  perhaps,  et^lsucdnic  anhydride,  C*B*(C*K*)0'].  The 
crystals  melt  at  183^;  sublime  at  206^ ;  and  are  decomposed  by  alkalis  into  alcohol 
and  an  alkaline  suoeinate.  With  ammonia  they  form  a  light-yellow  substance^  crys- 
tallising in  needles  (Fehling»  Ann.  Ch.  Phaim.  zliz.  192).  fiespeetang  the  r8ti<mal 
formula,  seeG^euther.    (Zeitschr.  Ch.  Pharm.  1866,  p.  6.) 

EthyUc  succinate  heated  with  chlorobenzene  (chloride  of  phenyl)  in  a  sealed  tube 
to  260°,  for  several  hours,  yields  ethylic  chloride,  ethylic  bensoate,  and  succinic 
anhydride  (Kraut,  Ann.  Ch.  Pharm.  czxzvii.  264) : 

^^(C«H»)«1^  +  C^»0C1  -  C«H»C1  +  ^^|o  +  (C*H«0«)r'.0. 

SubstUution-produets  of  Eth^io  Sueemate  (Cahours,  Ann.  Ch.  Pharm.  zlvii.  29; 
Halaguti,  ibid.  Ivi.  291). — ^When  ethylic  succinate  is  saturated  with  chlorine,  and' 
then  exposed  to  sunslnne  in  a  botUe  filled  with  chlonne-gas^  a  crystallisable  substance 
is  formed,  which  melts  at  116°— 120^  has  the  composition  C'HCP'0\  and  may  there- 
fore be  regarded  as  ethylic  succinate  in  which  all  tne  hydrogen,  except  one  atom,  is 
replaced  by  chlorine.  By  distillation  it  is  resolved,  at  about  290°,  into  carbonic 
anhydride,  chloride  of  tiichloracetyl,  trichloride  of  carbon,  and  probably  chlorosue- 
cide,  C^a«0: 

C"HC1"0*  -  CO*  +  C»C1H).C1  +  CCl*  +  C»HC1«0. 

With  alcohol  it  yields  neutral  ethylic  carbonate  (i.  800),  ethylic  trichloraoetate  (i.  879), 
hydrochloric  acid,  and  the  eihylie  ether  of  chlorosuccie  acid. — ^The  chlorinated 
ether,  or  the  product  formed  from  it  by  the  action  of  alcohol,  yields,  when  treated  with 
potash,  carbonate,  chloride,  Ibrmate,  and  chlorosuceate  of  potassium.  (Mala- 
guti.) 

Laurent  and  Gerhardt  suppose  that  Malaguti's  chlorinated  ether  contains  no 
hydrogen,  but  consists  of  percbiatinated  ethylic  succinate,  C'Cl'H)^    Gerhaidt  regards 

chlorosucdc  acid  as  C'HCl'O*  «   ^^a^  f  q  (trichloracrylic  add),  and  chlorosuocide 

as  the  corresponding  chloride,  CHyl'O.Cl.  These  formulae  a£R>rd  simple  explanations 
of  all  the  reactions,  but  they  do  not  agree  well  with  the  analytical  numbeis  obtained 
b^  Cahours  and  Malaguti. — Chlorinated  ethylic  succinate,  treated  with  ammonia, 
yields,  amonff  other  products,  a  compound  designated  byMalaguti  as  chlorazo- 
succic  acid  (CHCft'ON),  but  reguded  hy  ikurent  as  tetnushlorosuccinimide, 
CCl*0*.HN(p.  461).  For  further  details  respecting  these  chlorinated  compounds,  see 
Gerfaardf  s  Traiti,  il  466,  477. 

CBTTtio  Succinate,  C»H~0*  -  ^/'c''^X|o».     (Tttttscheff,  Bcp.   Chim. 

pure,  ii.  463.)— Piroduced  by  heating  1  at.  succinic  add  and  2  at.  ethal  for  16  hours  (to 
what  temperature  ?).  Ciystallises  from  hot  ether-alcohol  in  white  laminte,  melting  at 
68°,  slightly  soluble  in  alcohol,  more  soluble  in  ether. 

Bbkzhtdbolic  StJCciNATB,  C*»H*0*  »  ^^^glnalO'.— Produced  by  heating 
sucdnic  add  with  benzhydrol ;  described  under  Phskilbxmzotl  (iv.  479). 
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B,  Succinic  Ethers  contaming  Diatomic  Jlcohot-rttdides, 

Only  two  of  these  ethers  have  yet  been  obtained,  -viz.,  the  acid  and  neutral  snceinatetf 
of  ethylene,  both  discovered  by  Lonrenzo.    (Ann.  Gh.  Fharm.  cx7.  358.) 

Ethylene-auceinic,   or    GlycoUuceinie  Acid,  (>H»0*  =     (C^Hn-yO*.— 

Produced  by  heating  succinic  add  with  glycol  to  \bfPi  C«H<0«  +  G*H*0*  - 
C^"0»  +  H«0. 

It  forms  small  crystals,  melting  below  100^,  soluble  in  water  and  alcohol,  insoluble 
in  ether. 

Neutral  Ethyl  enie  Succinate,  or  Succinate  of  Gfycol,  C«H«0*  «  ^^JoTH^rl^*' 

remains  when  ethylene-succinic  acid  is  heated  to  800^,  as  a  crystalline  mass,  which 
melts  at  about  90^,  is  insoluble  in  water  and  in  ether,  but  may  be  czystallised  from 
boiling  ulcohol. 

SVCCUHITB.  An  amber-coloured  variety  of  lime-gamet.  The  name  is  applied 
also  by  Breithaupt  to  amber. 

SVCOZVOn.  This  name  has  been  applied  to  a  volatile  oil  obtained  by  the 
distillation  of  neutral  calcic  succinate  (p.  455). 

•VCCnro-4iVXJnnJXXO  ACJZB.    Syn.  with  SuLFEOSTTOCiNic  Acn>. 

Syn.  with  Aitbkb. 

C^H^O*.    The  diatomic  radicle  of  succinic  acid,  &c. 

SVCCnnxzC  ACZB.    Syn.  with  Snoonac  Aero. 

BXrcClBTMKMn  (from  suceinum  and  stearin). — The  name  applied  by 
Pelletier  and  Walter  to  the  portion  of  Colophonium  euecini  which  is  insolable  in 
alcohol  and  ether.    (See  Ajcbeb,  i  163.) 

SVCROSa.    Syn.  with  Camb-sugab. 

BUST.  The  solid  fat  of  the  ox  or  sheep.  Mutton-suet  is  more  solid  than  beef- 
suet,  and  consists  mainly  of  stearin,  together  with  palmitin,  and  small  quantities  of 
olein  and  hircin ;  melts  at  50^  (Arzbacher).  Beef-suet  contains  more  stearin  than 
human  fat^  more  palmitin  than  mutton-suet,  and  about  the  same  quantity  of  olein ; 
melts  at  47^.  (Arzbacher.) 

UUOAMBm  Under  this  name  are  included  a  number  of  organic  compounds, 
mostly  of  vegetable  origin,  which  are  soluble  in  water,  mostly  crystallisable,  have  a 
sweet  taste,  and  neutral  reaction  to  vegetable  colours,  and  in  the  state  of  solution  rotate 
the  plane  of  vibration  of  a  ray  of  polarised  light  They  may  be  divided  into  f  er- 
mentable  or  true  sugars,  and  non-fermentable  sugars  or  saccharoi'ds. 

A.  Fermentabie  Sugars. — These  sugars  are  carbohydrates,  represented  by  the 
general  formula  C'H^O^  and  may  be  subdivided  into  the  two  following  groups,  the 
first  including  those  sugars  which  are  directly  susceptible  of  vinous  fermentation,  the 
second  those  which  undergo  this  transformation  only  after  conversion  into  sugars  of 
the  first  group : 

a.    C»«H»«0«  (Glucoses). 

Molecular  rotatory  power. 
Dextrose  or  Dextroglucose  (ii.  855)  ...  +   56^ 

T       1  T         1  ^     /••  Q«o\  (-106°  at  14° 

Leevulose  or  Leevoglucose  (u.  863)  .        .        .         J  _  ^go  ^  qqo 

Galactose  (iii.  1023) +  SZ'' 

To  this  group  belong  also  jl  number  of  sugars  differing  more  or  less  in  properties 
from  the  three  preceding,  viz.  Maltose  (iii.  999),  Mannitose  (iii.  826);  the  sugar 
found  byMeissner  (Jahresb.  1861,  p.  800)  as  a  normal  constituent  of  muscular  flesh ; 
Dulcitose,a  product  of  the  oxidation  of  dulcite  by  nitric  acid  (Carlet,  Ann.  Ch. 
Phsfm.  cxvii.  143);  the  sugar  which  Berthelot  obtained  (ii.  856)  from  mannite  and 
glycerin  by  the  action  of  a  peculiar  ferment ;  and  many  of  the  sugars  resulting  from 
the  decomposition  of  natural  glucoeides  under  the  influence  of  acids  (ii.  865). 

b.    C'*H"0"  (Cane-sugar  and  its  isomers). 

Molecular  rotatory  power. 

Saccharose  or  Cane-sugar        .        .        .        +   73*8*^ 


Parasaccharose 
Lactose  or  Milk-sugar 
MeJezitose  (iii.  868) 
Melitose  (iii.  869) 
Mycose  (iii.  1068) 
Trehalose      „ 


+  108O 
+   59-3 
+   94 
<»-102 
+ 192-6 
+  199 
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The  SQgan  of  thi^  group  ma^  be  regarded  as  ethers  of  the  glncosee,  being  related  to 
them  in  the  same  manner  as  diethylenic  alcohol  to  gljool,  or  an  diglycerin  to  glycerin 
(iii.  676,  884): 

Gloeose.  SaccfaaroM« 

B.  Non-fermentable  Sugars  or  Saceharoids. — ^Of  these  bodies,  the  first  fonr  in  the 
following  list  have  the  composition  of  the  glucoses ;  the  rest  are  not  carbohydrates,  but 
contain  a  quantity  of  hydrogen  larger  than  is  sufficient  to  convert  the  whole  of  the 
oxygen  into  water : 

M  olacular  rotatoTV  power. 

Eucalyn,  Cra»0«  (ii.  601)        ...  +  fifio  (nearly) 

Sorbite,  C*H>20«  (v.  352)          .        .        .  -46-9° 

Guerdtose,*  OTI"0«  ?  (v.  37)           .        .  0° 

Inosite,  C«H«0«  (iii.  274)        ...  0^ 

Mannite,  C«H>*0«  (iiL  826)       ...  (P 

Duldte,  C^»*0«  (ii.  348)         ...  O^ 

l8odulcite,t  C«H"0*  (v.  7)       .        .        .  +  7-6<^ 

Querdte,  C^«0*  (v.  6)           ...  +  83'5o  (nearly) 

Finite,  C5«H»«0»  (iv.  662)          .        .        .  +68-60 

Eiythromannite,  C>«H»0"  (ii.  604)  .        .  (P 

In  these  tables  the  valne  of  the  molecular  rotatonr  power  is  given  for  the  transition- 
tint  (iii.  672),  which  is  the  same  as  that  for  the  medium  yellow  ray,  and  is  commonly 
expressed  by  the  symbol  [a]/.  The  Talue  for  the  red  ray  is  relaited  to  this  by  the 
equation : 

■•  ■*  30      ■" 

The  molecular  or  speeifie  rotatory  power  [a]  is  given  by  one  of  the  following 
equations ; 

I.    [•]  -  — f-^  •        .        (ia-  673.) 

n.     [a]   -     ±Z  or  [«]    -    -±- 
^  Ip  vl 

In  these  equations,  a  or  a  is  the  observed  angle  of  rotation ;  c,  the  concentration  of  the 
solution  (1  grm.  of  solution  oontaininff  e  grms.  of  substance) ;  8,  the  specific  gravity 
of  the  solution ;  X  or  /,  the  length  of  the  column  of  liquid  in  decimetres. { 

Further :  p,  tiie  weight  of  tlu  substance  in  grammes ;  V,  the  volume  of  the  solution 
containing  it 

Also :  V,  the  concentration  of  the  solution  according  to  Yolume,  t.e.  the  quantity  of 

grammes  of  the  substance  contained  in  1  cub.  cent,  of  solution,  so  that  v  ■■  ^  ■■  •  .  9. 

The  equation  I.  is  used  when  the  concentration  and  specific  gravity  of  the  solution 
are  known  ,*  the  conation  II.  when,  as  is  generally  the  case,  the  solution  is  prepared 
by  weighing  out  the  substance,  and  filling  up  the  liquid  with  water  to  a  given  bulk. 

The  molecular  rotatory  power  of  most  sugars  is  but  little  afiected  by  temperature ; 
that  of  Isevulose,  howeyer,  diminishes  rapidly  as  the  temperature  rises.  A  recently  pre- 
pared mixture  of  crystallised  dextrose  (grape-sugar)  exhibits,  when  recently  prepared, 
a  rotatoiy  power  of  about  112°;  but  it  decreases  gradually  at  ordinary  temperatures, 
and  quickly  when  the  liquid  is  heated,  and  ultimately  remains  constant  at  +  66°. 

Mixtures  of  dextrose  and  lasvulose  exhibit  dextro-  or  Isevo-rotation,  according  to  the 
proportions  in  whidi  the  two  are  mixed ;  this  is  seen  in  different  samples  of  honey^ 
and  in  fruits.  Inverted  sugar  (ii.  863),  produced  by  the  action  of  acids  on  cane- 
sugar,  is  a  mixture  of  dextrose  and  Isevulose  in  equal  quantities.  Its  specific  rotatory 
power  varies  greatly  according  to  temperature:  at  15°  it  is  [a]  a  —  ^j>  +  '/  m 

*  The  lugar  obtained  by  decomposing  auercltrin  with  dilate  sulphuric  acid  Is,  according  to  R I  g  a  u  d 
(Ann.  Ch.  Fharm.  xc.  195),  identical  with  dextrose  in  every  respect,  excepting  that  it  is  optically 
inaetiTO. 

t  According  to  HIasIweti  and  Pfaandler,on  the  other  hand  ( Jahresb.  1864,  p.  564),  quercitrln 
thus  treated  yields  a  saccharine  substance,  which  they  call  i  s  od  u  1  e  i  t  e,  crystallising  In  che  same  form 
as  cane-sngar,  but  diffiering  therelVom  in  properties  and  composition.  Thecryttals  contain  C<iH>so^.H<0« 
and  melt,  with  loss  of  their  crysullisatton-water,  between  105^  and  1  lOP.  Isodnlcite  dissoWet  in  2-09  pts. 
water  at  ISO,  ami  fj  ai«o  readily  dissolved  by  hot  abeolute  alcohol.  It  reduces  an  alkaline  cuprle 
solution,  and  forms  with  nitric  acid,  a  nftro-compound  containing  C*H*(NO'^0^.— Hydrated  isodulcite 
Is  Isomeric  with  mannite  and  diilclte « the  anhydrous  compound  with  plnite  and  quercltc. 

X  In  the  equation  given  under  Light  (ill.  673),  the  unit  of  lengtn  for  /,  Is  1  centimetre'  and  the 
tpedflc  rotatory  power  of  cane-sugar  there  calculated  from  the  formula  is  7*8^,  whereas  m  the  table 
on  p.  464,  where  the  unit  of  length  is  supposed  to  be  a  decimetre.  It  is  ten  times  as  much,  namely  73-8°. 
VOL.  V.  H  H 
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*25<>;  at26^iti8  -12*5^;  at  90^  it  la  nearly  -  0,  and  at  highar  tampentnrea  the 
mixtore  beoomee  d^xtrorotatozy. 

Chemical  Seactions  of  Sugars:  1.  J)eoomponium  by  heat, — ^AJl  sngan  aro  de- 
compoeed  \ff  heat.  Those  which  contain  water  of  cryatalliBation  give  it  off  at  100^  or 
alitUe  aboTe — viz.,  grape-Bngary  melitose,  trehalose,  encalyn,  and  inoeite  at  100^,  mele- 
zitose  at  110^,  myoose  at  180^.  At  somewhat  higher  temperatures  the  glucoses  giye 
off  more  water,  and  yield  anhydrides  analogous  to  mannitas  (iii.  823) :  thua 

Dextrose}     r«Ti«nt  5HH)  +  Cra"0»  CUueosan 

LevuloseJ     ^^^     "    JH«0  +  C^»»0» Laevolusan. 

When  further  heated,  they  yield  a  number  of  somewhat  indefinite  compounds,  desig- 
nated by  the  general  name  c  aramel ;  and  at  still  higher  temperatures,  they  undergo 
complete  decomposition,  giring  off  carbonic  oxide,  carbonic  anhydride,  marsh-gas, 
acetic  add,  aldehyde,  acetone,  furfurol,  liquid  hydroctirbons,  and  other  products.  The 
sugars,  G^H^O",  appear  to  be  first  conrerted  by  heat  into  a  mixture  of  glucoses  and 
glucosanhydrides  (0.  ^.,  cane-sugar  into  dextrose  and  beyolusan),  which  are  resolyed 
by  further  heating  into  the  products  above  mentioned. 

2.  Oxidation, — Sugars  are  easily  oxidable.  With  strong  oxidising  agents  they 
mostly  yield  products  of  comparatively  simple  constitution,  such  as  carbonic,  formic, 
and  oxuie  acids.  Glucose  and  cane-sugar,  &C.,  distilled  with  a  mixture  of  manganic 
peroxide  or  potaenc  chromaie  and  sulphuric  acid,  or  with  peroxide  of  lead  and  water, 
yield  chiefly^  formic  and  carbonic  acids ;  milk-sufiar  distilled  with  potauio  ehromate 
and  sulphuric  acid  yields  the  same  products,  togeuier  with  aldehyde. 

By  prolonged  boiling  with  strong  nitric  acid^  sugars  yield  chiefly  oxalic  add.  With 
more  dilute  aeid,  and  at  lower  temperatures,  adds  are  formed  nearer  in  composition  to 
the  sugars — chiefly  mudc,  saccharic,  and  tartaric  acids,  sometimes  also  raoemic  add. 
The  formation  of  Uie  isomeric compoimds,  mucic  and  saccharic  acids, is  represented 
by  the  equation : 

Tartaric  add  is  probably  formed  by  further  oxidation  of  saccharic  add;  and  race* 
mic  add  by  oxidation  of  mudc  add  (p.  85). 

Cane-sugar,  glucose,  and  indeed  most  other  sugars,  yield  by  this  gradual  oxidation, 
onlv  saccharic  add ;  milk-sugar  yields  mucic  with  a  small  quantity  of  saccharic  add ; 
meiitose  yields  saodiaric  with  a  small  quantity  of  mudc  acid. 

Sugars  are  oxidised  by  many  metallic  oxides  and  salts,  and  therefore  act  as  reducing 
agents :  thus  from  tUver-ealU,  espedally  in  presence  of  ammonia,  they  throw  down 
metallic  silver ;  from  cwpHc  salts,  espedally  in  alkaline  solution,  they  predpitate 
cuprous  oxide  (ii.  860).  The  glucoses  m  general  exert  a  stronger  redudng  action  than 
cane-sogar  and  its  isomers ;  of  the  latter,  milk-sugar  reduces  more  quickly  than  cane- 
sugar.  The  products  formed  in  these  reactions  have  not  been  very  dosely  investigated. 
(See  GAi.i.icnc  and  PBcroxAcnc  Acins,  iii.  1024.) 

8.  Very  strong  nitrie  acid  (spedflc  gravity,  1*526),  or  a  mixture  of  strong  nitric 
and  sulphuric  acids,  converts  sugars  into  nitro-compounds :  cane-sngar  thus  treated 
yields  nitro-saccharose,  probably  G**H'*(NO')*0" ;  inosite  yields  ciystallisable 
nitro-inosite,  (>H\NO*)W;  isodulcite,  C«H»*0«.H«0,  yields  C«H»(NO«)»0»;  dex- 
trose^ milk-sugar,  and  trehalose  yield  nitro-compounds  whose  composition  has  not 
been  exactly  ascertained. 

4.  Reactions  with  other  acids, — ^By  boiling  with  dilute  sulphuric  or  hydrochloric 
add,  cane-sugar  and  its  isomers  are  converted  into  glucoses  : 

C»«H«0»   +  H*0     -     C^wO«  +  C«H"0*. 

In  this  manner  meleeitose  yields  2  at  of  dextrose ;  lactose  yields  2  at  of  galactose  ; 
cane-sugar  yields  1  at  dextrose  •¥  1  at.  Isevulose;  and  meiitose  yields  1  at  dextrose  -i- 
'1  at  encalyn. 

The  glucoses  offer  considerable  resistance  to  fiirther  transformation  by  dilute  mine" 
ral  adds ;  but  ultimately  they  turn  brown  and  decompose,  the  more  quickly  as  the 
add  is  less  dilute,  yielding  brown  humus-like  products  oi  indeterminate  composition ; 
this  transformation  is  most  quickly  effected  by  strong  hydrochloric  acid. 

Concentrated  sulphuric  add  acts  on  the  sugars,  C^H^O",  much  more  strongly  than 
on  the  glucoses.  A  strons  syrup  of  cane-  or  milk-sugar  mixed  with  concentrated  sul- 
phuric addj  is  immediately  decomposed  with  great  intumescence,  evolution  of  sul- 
phurous anhydride  and  various  volatile  products,  and  separation  of  a  black  carbona- 
ceous mass.— Dextrose,  on  the  other  hand,  mixed  with  strong  sulphuric  add,  forms, 
without  blackening,  a  sulpho-acid,  G*«H«SO^  =»  4C«H>K)*S0",  the  action  being 
exactly  similar  to  that  of  the  organic  adds  on  the  glucoses  (p.  467) : 

4(?H»K)«  +  H«SO<  =  H«0     +     C"H«SO". 
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Wk^apkorie  add  appean  alBO  to  Ibvm  a  similar  compound  with  deitroae. 

The  glucoses  heated  with  solotions  of  organie  actds  act  like  polyatomic  alcohols 
yidding  ethereal  eomponnds  called  saccharides)  which  resemble  the  mannitic  ethers 
(ii.  621),  inasmuch  as  they  are  deriTatiTes,  not  directly  of  glncose,  C*H^'0',  but  of 
glncosan,  C^»«0*:  thus— 


DMtroMb  Butoric 

add. 

C«a"0«  +   2C"H««0«  -  3BP0     » 
DextroM.  Stoarte 

add. 


DextroM. 


6C«H*0«      - 
Acetic 
add. 


7HK) 


C*H>«0«  +     2C*H«0    -  2H«0 
DextroM.  Alcohol. 


BOratyryl-gluMMii. 

Dbtearyl-gloooMui. 

(>H*(C»BW))«0» 
Hexacetjl-gluootaii. 

Dlethyl-glucoaaa. 


Cane-sugar  and  its  isomers,  heated  with  organic  adds,  are  fi^t  conyerted  into 
glucoses,  and  then  into  saccharides  as  aboye. 

With  tartano  add,  the  sugars  appear  to  form  seyeral  different  compounds.  The 
following  are  described  by  Bert  helot  (Ckifn,  org,  ii  294) : 


1.  From  Dextrose,       C«H»*0«  +  4C«H«0« 

2.  „  Cane-sugar,  C^»»0«  +  2C*H"0« 
8.  „  Milk-sugar,  C^»«0«  +  40*H«0« 
4.     i,             ..          8C^>«0*  +  4C«H«0« 


n 


6H«0 
8H«0 
8H«0 
7H«0 


CUCQUQU 

C"H»"0" 
C«H~0*» 
C«<H*K)" 


6.  SeaeHons  tdth  AlkaUa, — Sugars  act  like  weak  acids,  inasmuch  as  they  are  capable 
of  forminff  saline  compounds  with  certain  bases,  or,  in  other  words,  of  exchanging  part 
of  their  nydrogen  for  metals.  Thus  dextrose,  C*H"0*,  forms  with  baryta  the  com- 
pound CH^Ba'C* ;  and  cane-sugar  forms  with  the  same  base,  a  compound  whidi 
may  be  formulated  as  C»*H"Ba''0'».H«0,  or  as  C^^H^O^^.Ba'O.  Dextrose  and  cane- 
sugar  also  form  saline  compounds  with  potash  and  soda;  these  compounds  are  obtained 
by  agitating  the  alcoholic  solutum  of  the  sugar  with  alcoholic  potaim. 

in  aqueous  solution,  on  the  other  hand,  the  glucoses  are  yezy  easily  decomposed  by 
alkalis,  eyen  when  yeiy  dilute.  The  decomposition  takes  place  slowly  in  the  cold, 
more  quickly  on  heating,  the  liquid  first  turning  yellow,  then  brown,  and  yielding  a 
quanti^  oi  indeterminate  brown  humous  substance.  Dextrose  thus  treated  yields 
glucic  acid  (ii.  8^8),  as  the  first  product  of  the  reaction. 

The  sugus,  C"H''0*S  are  for  the  most  part  much  less  readily  attacked  by  alkalis 
than  the  ^ucoses ;  they  are  not  attacked  1^  dilute  alkaline  solutions  in  the  cold,  and 
but  sloidy  eyen  when  heated ;  but  they  are  decomposed  by  boiling  with  concentrated 
alkaline  liquids.    When  fused  with  caustic  alkalis  they  yield  oxalic  acid. 

In  general  those  sugars  (and  other  carbohydrates),  which  are  most  easily  attacked 
by  adds,  offer  the  greatest  resistance  to  the  action  of  alkalis. 

The  sugars  and  other  carbohydrates,  when  treated  with  ammoma  in  the  form  of  gas, 
or  of  aqueous  solution,  are  capable  of  forming  compounds  somewhat  resembling  gela- 
tin, and  containing  in  some  cases  as  much  as  14 — 19  percent,  nitrogen.  Dusart 
(Compt  rend.  lii.  974),  by  heating  glucose,  milk-sugar,  or  starch  with  aqueous  ammo- 
nia to  160^,  obtained  nitrogenised  substances,  which  were  predpitated  by  alcohol  in 
tenadous  threads,  and  formed  with  tannic  add  an  insoluble,  non-putrefying  compound. 
Similar  results  wero  obtained  by  Schiitaenberger  (Jahresb.  1861,  p.  910). 
P.  Th6nard  (ibid.  p.  908),  by  operating  in  a  similar  manner,  but  at  a  temperature  of 
280^,  obtained  yellow  or  brown  nitrogenised  products — some  soluble,  others  in- 
soluble in  water,  and  containing  as  much  as  19  per  cent,  nitrogen.  These  results  are 
espedally  interesting  in  connection  with  the  obserration  made  by  Hunt  (Jahresb. 
1847-48,  p.  845),  that  bone-gdatin  has,  approximately,  the  composition  of  an  amide  of 
the  carbohydrates: 

C^»0«  +  2NH«     «     C^'«N*0«  +  4H«0; 

and  that,  on  the  other  hand,  gelatin  and  similar  substances,  when  boiled  for  some  time 
with  sulphuric  add,  yield,  among  other  products,  sugars  resembling  glucose. 

Action  of  thrmenU.'^The  glucoses,  yiz.  dextrose,  laeyulose,  and  galactose,  are  directly 
susceptible  of  yinous  fermentation ;  that  is  to  say,  when  their  aqueous  solutions  are 
placed  in  contact  with  yeast  at  a  certain  tempeiature,  they  are  immediately  resolyed 
into  aleihol  and  carbonic  anhydride:  CH^K)*  »  2C*H*0  +  2C0*»    Cane-sugar  and 


*  Produoed  by  beating  cane.migar  with  ethylbromlde  and  potash. 
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its  homolognes,  on  the  other  hfind,  do  not  nndergo  this  change  until  they  hftve  first 
been  converted  into  glucoses,  this  action  being  due  to  a  pecoliar  soluble  ferment, 
analogous  to  diastase,  contained  in  the  yeast  ^p.  471).  Bespecting  the  Tarious. 
circumstances  attending  vinous  fermentation,  ana  the  action  of  other  ferments  on 
sugars,  see  Eerxbmtation  (ii.  623). 

Most  of  the  sugars  enumerated  in  the  preceding  tables  (pp.  464,  465),  have  already 
been  described  in  their  alphabeticalplaces.  We  haye  here  to  consider  in  detail  the  one 
to  which  the  name  sugar  is  especially  applied,  viz, : 

Cake-svoab  or  Saochasosh.* 

This  kind  of  sugar  is  very  widely  diffused  in  the  vegetable  Icingdom,  and  has  been 
lately  shown  to  exist  in  many  plants,  froni  which,  in  consequence  of  the  modes 
of  extraction  formerly  adopted,  only  grape-sugar  (dextrose),  or  uncrystallisable  fruit- 
sugar  (a  mixture  of  dextrose  and  Iffivulose),  had  been  obtained.  It  is  veiy  abundant 
in  the  stems  of  certain  grasses,  especially  in  the  s  u^ar-cane  {Saccharum  officmarum), 
which  contains  more  than  20  per  cent  of  it,  unmixed  with  any  other  kind  of  sugar, 
and  the  sorgho  or  Chinese  sugarcane  {Sorghum  saccharatum,  p.  854), which  con- 
tains it  to  the  amount  of  9  to  9  J  per  cent.  The  juice  of  maiz  e  -stems,  cut  shortly  after 
flowering,  contains  a  quantity  of  sugar  amounting  to  between  7*4  and  7*9  per  cent,  of 
the  juice,  and  about  naif  consisting  of  cane-sugar  (Liidersdorff). — Cane-sugar  is 
abxmdant  in  many  fleshy  roots,  as  those  of  the  carrot  and  parsnip,  and  especi^y  in 
that  of  beet  {Btta  vulgaria)^  which  contains  on  the  average  from  7  to  11  per  cent,  of 
it,  sometimes  as  much  as  14  per  cent. ;  and  in  the  stems  of  certain  species  of  birch 
and  maple,  especially  of  the  sugar-maple  {Acer  soceAaHnvm),  and  of  many  kinds  of 
palm.    (See  Falh-suoab,  iv.  336.) 

Most  sweet  fruits  contain  cane-sugar  together  with  inverted  sugar  (ii.  863) ;  some^ 
as  walnuts,  hazelnuts,  almonds,  coffee-beans,  and  St.  John's-bread  (the  fruit  of  Cera'- 
tenia  sUiqua)y  contain  only  cane-sugar.  Hone^  and  the  nectars  of  flowers  contain  cane- 
sugar  together  with  inverted  sugar ;  the  sugar  in  the  nectars  of  cactuses  is  almost  wholly 
cane-sugar. 

Manna  from  Sinai  (the  produce  of  Tamarix  fnamtifera)  contains  55  per  cent  cane- 
sugar,  25  inverted  sugar,  and  20  dextrin,  &c.  Maana  from  Kurdistan  contains  61 
per  cent,  cane-sugar,  16*5  inverted  sugar,  and  22'5  dextrin,  dec  (Bertl^elot,  Con^t. 
rend.  liii.  583.) 

Cane-sufiar  has  been  known  in  India  and  China  from  very  early  times,  and  in  !Europe 
siiice  the  tune  of  Alexander  the  Great.  The  culture  of  the  sugarHSUie  was  imported, 
in  the  fourteenth  and  fifteenth  centuries,  from  Nubia,  Arabia,  and  E^ypt,  into  Spain, 
Portugal,  and  the  Canary  Islands,  and  afterwards  to  America :  it  was  only  after  this 
last  importation  that  it  came  into  general  use.  The  presence  of  cane-susur  in  beet  and 
other  plants  indigenous  in  Europe  was  first  demonstrated,  in  1747,  by  Marggraf,  and 
its  preparation  on  the  large  scale  from  beet  was  introduced  by  Achard.  The  chemical 
composition  of  cane-sugar  was  established  by  Gay-Lussac  and  Thinaxd. 

Preparation, — Cane-sugar  has  not  yet  been  formed  artificially.  It  is  prepared  almost 
exclusively  from  the  juice  of  the  sugar-cane,  and  of  field-beet  or  mangold-wurzel ; 
smaller  quantities  are  obtained  from  the  soigho  and  the  sugar-maple. 

1.  From  the  Sugar-cane. — ^The  ripe  canes  cut  close  to  the  ground  and  stripped  of 
their  leaves  are  crushed  between  rollers,  and  the  expessed  juice,  which  is  apt  to  run 
quickly  into  fermentation  by  the  action  of  the  albuminous  matters  which  it  contains,  is 
c^/s0a2ai  by  heating  it  in  a  copper  boiler  to  about  60^  C.  (140^  F.),  with  a  small  quan- 
tity of  lime.  The  impurities  then  form  a  scum,  which  is  removed  as  fast  as  it  collects. 
The  juice,  when  sufficiently  clarified,  is  rapidly  concentrated  to  about  23^  of  the  hydro- 
meter, then  passed  through  doth  filters  and  evaporated  to  a  very  thick  syrup,  which 
is  run  into  shallow  vessels  to  accelerate  cooling,  then  poured  into  vessels  having  their 
bottoms  pierced  with  holes  which  are  kept  plugged.  The  syrup,  after  being  left  at  rest 
for  some  nours,  is  agitated  to  promote  the  crystallisation  of  the  sugar;  and  as  soon  as 
it  has  set  into  a  solid  mass,  the  plugs  are  removed,  to  allow  the  still  remaining  liquid  to 
run  0%  and  the  syrup  is  again  boiled  till  it  no  longer  yields  any  crystals.  The  last 
mother-liquors,  which  are  thick,  brown,  and  refuse  to  crystallise,  are  called  molasses 
or  treacle,  and  are  used  chiefly  for  the  preparation  of  rum. 

The  solid  sugar,  obtained  as  above,  is  sent  to  Europe  under  the  name  of  raw  sugar, 
orMuscovadosugar.  It  is  a  vellowish  granular  powder,  still  impregnated  with 
treacle,  and  ofl»n  contaminated  with  foreign  substances,  which  impart  to  it  a  more  or 
less  disagreeable  taste :  hence  it  requires  refining. 

The  formation  of  molasses  is  entirely  due  to  the  conversion  of  the  cane-sugjar  into 
imerystiUlisable  sugar  by  the  heat  to  which  the  juice  is  subjected ;  the  fresh  juice  of 

*  For  Literature  see  Gmelin^s  Hamdbook,  xt.  ta7. 


CANE-SUGAR.  469 

ttoirnd  canes  contains  nothing  but  erystaUisable  sugar.  Great  improTements  have 
recently  been  effected  in  the  methods  of  boiling  down  syrups,  especially  by  the  use  of 
Tacuum-pans,  whereby  a  beautiful  crystallised  product  is  obtained  from  the  juice  at- 
the  first  evaporation,  and  the  formation  of  molasises  is  greatly  diminished. 

On  the  manufacture  of  sugar  from  the  cane,  see  Ur^»  Diet,  of  ArUy  &c.|  iii.  802 — 
816. — Manufacture  of  Maple-sugar,  ihid,  p.  826. 

2.  From  Beetroot. — The  roots  of  mangold-wurzel  are  reduced  to  a  fine  pulp,  from 
which  the  juice  is  separated,  either  by  pressure,  after  adding  a  quantity  of  water  equal  to 
20  per  cent,  of  the  weight  of  the  root ;  or  by  lixiviating  it  with  cold  water ;  or,  finally,  by 
subjecting  it  in  perforated  cylinders  to  the  rotatory  action  of  a  centrifugal  machine. — 
The  juice  is  heated  to  68^  by  hot  steam,  every  1000  quarts  being  mixed  with  a  quantity 
of  milk  of  lime  prepared  from  12  lbs.  of  lime,  and  the  mixture  is  further  heated  to  the 
boiling-point,  whereby  phosphate  of  calcium,  albumin,  albuminate  of  calcium,  and 
other  matters  are  separated,  in  the  form  of  a  dense  white  crust.  The  heating  is 
interrupted  as  soon  as  the  boiling  juice  begins  to  break  through  the  crust,  the  dear 
liquid  below  is  run  of^  and  the  muddy  residue  is  submitted  to  pressure.  The  calcareous 
tMn  tyrwp  thus  obtained  is  treated  with  carbonic  acid  (from  0*6  to  0*8  per  cent,  lime, 
however,  remains  dissolved  as  sugar-lime) ;  separated  by  subsidence  and  decantation 
from  precipitated  carbonate  of  calcium ;  filtered  through  bone-black,  which  removes  a 
small  quantity  of  sugaivlime ;  and  evaporated  to  20 — 27P  Bm.,  either  in  open  pans  or 
in  a  vacuum-apparatus.  The  thick  sjfrup,  again  filtered  through  bone-black,  and 
evaporated  in  vacuo  at  about  22"  barometric  pressure,  till  it  becomes  thick  enough  to 
draw  out  into  threads,  yields,  after  cooling  and  standing,  ciystals  of  cane-sugar ;  and 
the  mother-liquor,  when  further  evaporated,  yields  a  second  and  third  crop,  till  nothing 
remains  but  uncrystallisable  molasses.  The  last  very  dark-coloured  crop  of  crystals 
is  moistened  with  water,  and  freed  from  adhering  molasses  by  means  of  the  centrifugal 
machine.  The  mixture  of  all  the  successive  crops  of  crystab  thus  obtained  constitutes 
raw  beet-sugar.    (For  details,  see  Handw,  d,  Cnem,  ix.  1101.) 

"Refining. — To  obtain  pure,  colourless,  crystallised  sugar  from  raw  sugar,  the  latter,  dis- 
solved in  about  a  third  of  its  weight  of  water,  is  mixed  with  a  small  quantity  of  milk  of 
lime,  and  heated  to  the  boiling-point;  and  the  juice  is  decanted  from  the  impurities,  which 
separate  in  the  form  of  a  crust,  then  filtered  through  bone-charcoal,  and  evaporated  in 
a  vacuum- pen.  The  strongly  concentrated  juice  is  made  to  crystallise  by  moderating 
the  heat  and  running  in  small  quantities  of  nnthickened  juice,  whereupon  a  magma  of 
sugar-crystals  immediately  forms.  To  give  them  the  requisite  hardness,  heat  is  again 
applied,  the  crystalline  magma  is  left  to  drain  in  the  sugarloaf  moulds,  and  the 
formation  of  small  uniform  crystals  is  promoted  by  stirring  and  breaking  up  the  crust 
which  forms  on  the  sur&ce.  When  the  crystaUisation  is  complete,  the  apex  of  the 
mould,  which  has  previously  been  closed,  is  opened,  to  allow  the  s^p  to  drain  off, 
and  that  which  remains  adhering  to  the  crystals  is  displaced  by  pouring  in  pure  sugar- 
syrup.  By  due  desiccation,  the  locf-tugar  or  refined  sugar  of  commerce  is  obtained. 
{Ur^a  Diet,  of  Arts,  &c.  iii.  802.) 

Formerly  the  clarification  of  the  syrup  was  effected  by  adding  a  certain  quantity  of 
the  serum  of  bullock's  blood ;  on  heating  the  syrup,  the  albumin  of  the  serum  became 
coagulated  and  rose  to  the  surface,  carrying  with  it  the  greater  part  of  the  impurities. 

Preparation  on  the  small  scale, — ^The  sacchariferous  portion  of  a  plant,  after  being 
dried  and  pulverised,  is  boiled  with  2  pts.  of  strong  alcohol,  and  the  filtrate  is  left  to 
cool;  it  then,  after  some  time,  deposits  crystals  of  sugar.     (Marggraf.) 

From  fruits,  likewise  containing  uncrystallisable  (inverted)  sugar,  cane-sugar  may 
be'extmcted  by  filtering  the  expressed  jmce  (after  adding  an  equal  volume  of  alcohol, 
if  necessary,  to  prevent  alteration),  then  saturating  it  with  slaked  lime,  and  filtering. 
The  filtrate  heated  to  the  boiling-point,  and  again  filtered  at  that  temperature,  leaves 
on  the  filter  insoluble  sugar-lime,  which,  after  thorough  washing  with  water,  is  to  be 
decomposed  by  carbonic  acid.  The  sugar-solution  is  then  evaporated  to  a  i^rup, 
decolorised  with  animal  charcoal,  mixed  with  alcohol  till  it  becomes  turbid,  and  left 
to  crystallise.  The  insoluble  sugar-lime  produced  at  the  boiling  heat  does  not  contain 
more  than  {  of  the  total  quantity  of  sugar  present :  hence  the  treatment  with  lime 
must  be  repeated.  If  the  decomposition  of  the  sugar-lime  by  carbonic  add  yields  very 
turbid  liquids,  they  must  be  predpitated  with  basic  acetate  of  lead,  and  the  filtrate 
treated  with  sulphydric  acid.     (B u  i gn  e t.)  * 

Properties. — Cane-sugar  separates  fix>m  its  solutions  by  slow  evaporation  in  large 
erystaiB  (sugar^candy),  having  the  form  of  monodinic  prisms,  generally  with  hemihedral 
£ices.  Axes  aib'.e  '^  0*7952  :  1  :  0'7.  Angle  of  axes  b,  o  ^  760  44';  ooP  :  ooP 
(orthod.)  «  101°  30';  -I-  Poo  :  +  Poo  (dinod.)  -  98«>  60';  +  poo  :  c  =-  64®  12'.— 
Ordinary  combinations,  odP  .  oP  .  ooPoo  {Jig.  780),  and  ooP  .  oP  .  ooPoo  .  +  Poo 
•  [^^1  ifi9'  781).    By  the  cooling  of  hot  satuiated  solutions,  the  sugar  is  obtained 
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in  masaes  of  smaller  aystals  htmng  the  same  form  (loafHn^ar>.  The  crystals  exhibit 
phosphorescence  when  broken ;  also  when  a  strong  dectric  discnazge  is  passed  through 
them«    Specific  grayity  »  1*606. 

%•  780.  Fiff.  78L 


Cane-sngar  is  Teiy  soluble  in  water,  dissdTing  in  a  third  of  its  weight  of  odd, 
and  still  more  easily  in  hot  water :  concentrated  solutions  are  sympy.  It  is  insoluble 
in  eiher  and  in  cold  absolute  alcohol ;  boiling  alcohol  dissolyes  about  1^  per  cent,  of  it ; 
aqueous  alcohol  dissolyes  it  much  more  readily. 

Percentage  of  Cane-augar  in  Aqueoiu  SoluHone  of  different  Deneiiiee. 
(Extracted  from  the  Tables  of  Balling  and  Briz.) 


peroeat. 
65 

1-2610 

60 

1-2900 

65 

1-8190 

70 

1-3507 

75 

1-8824 

80 

1-4159 

85 

1-4499 

90 

1-4849 

95 

1-5209 

99 

1-5504 

SpecUle  tnTitj 
per  oeot.  at  17-5<>. 

1  1-0040 

6  1-0200 

10  1-0404 

15  1-0614 

20  1-0882 

25  1-1059 

.      SO  1-1295 

35  1-1540 

40  1-1794 

45  1-2057 

50  1-2165 

The  aqueous  solution  of  cane-sugar  turns  the  plane  of  a  polarised  ray  to  the  right, 
for  the  transition-tinty  [a]  »  +  73-8^.  The  lotatoiy  power  yaries  bat  little  with 
changes  of  temperature. 

Cane-sugar  melts  at  160^  to  a  clear  liquid,  and  solidifies  on  cooling  to  a  transparent 
amorphous  mass,  commonly  called  bar  ley -sugar,  which  gradually  becomes  opaque 
and  crystalline. 

DeoompoeUiona. — 1.  Cane-sugar  heated  a  little  abore  160^,  is  oonyerted,  without 
loss  of  weighty  into  a  mixture  of  dextrose  and  Iseyolusan  (iL  864) : 

C»«H«*0"  -  C»B[»*0«  +  C^«0». 

At  a  higher  temperature,  water  is  giyen  aS,  the  dextrose  bein^  probably  conyexted 
into  gluoosan  (ii.  854) ;  afterwards,  at  about  210^,  more  water  is  giyen  ofi^  and  caramel 
remains  ( 1 ).  At  a  stiU  higher  temperature,  an  inflammable  gaseous  mixture  is  giyen  gS, 
consisting  of  carbonic  oxide,  marsn-gas,  and  carbonic  anhydride ;  a  distillate  is  obtained, 
consisting  of  brown  oils,  acetic  add,  acetone,  and  aldehyde;  and  a  considerable  quantity 
of  charcoal  remains  behind.  The  brown  oils  contain  a  small  quantity  of  fur&rol  (ii. 
750),  and  a  bitter  substance  called  assamar  (i.  418).  (For  further  details  respecting 
these  products,  see  Gm.  xy.  248.) 

2.  £y  prolonged  boiling  with  water,  cane-suear  is  conyerted  into  a  mixture  of 
dextrose  and  loBmose,  called  inyerted  sugar  (ii.  868),  because  the  rotatory  power  of 
the  IsByulose  is  greater  than  that  of  the  dextrose : 

C»«H«0"  +  H«0  -  C^»«0«  +  C«H»*0«. 
Saoduuroie.  DextroMu        LbtoIom. 

This  transfoxmation  is  accelerated  by  the  presence  of  acids»  and  apparently  also  of  certain 
salts.  Yerr  dilute  aeids  conyert  tlie  cane-sugar  into  inyerted  sugar,  slowly  in  the  cold, 
yeiy  quickly  when  heated.  Different  adds  aet  wiih  yazious  degrees  <n  rapidi^^ 
minenid  more  quickly  than  organic  adds,  sulphuric  add  most  quiddy  of  all.  Wnen 
sugar  is  boiled  even  with  yery  dilute  adds,  especially  if  the  boiling  be  long-continued, 
a  number  of  brown  amorphous  products  are  formed,  called  ulmin,  ulmic  acid,  &e. 
(Gm.  XT.  254) ;  if  the  air  has  access  to  the  liquid,  formic  add  is  likewise  produced.— 
Concentrated  l^drochloric  add  decomposes  sugar  yery  quickly. 
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Strong  sulphuric  add  decomposes  dry  mgar  when  heated,  and  a  ooncentrated  solu- 
tion, even  at  ordinary  temperatures,  with  copious  evolution  of  sulphurous  anhydride 
and  formation  of  a  large  quantity  of  black  carbonaceous  matter.  By  this  reaction 
cane-sugar  may  be  distinguished  firom  fflucoee  (ii.  859,  8d4), 

3.  Cane-suaar  is  xery  easily  oxidise£  It  reduces  m^mt-  and  mercury-saUs  when 
heated  with  them,  and  precipitates  gold  from  the  chloride.  Pure  eupric  lifdraU  is  but 
slowly  reduced  by  it,  even  at  the  boiling  heat ;  in  presence  of  alkali,  howerer,  a 
blue  solution  is  formed,  and  on  boiling  the  liquid  cuprous  oxide  is  precipitated*  An 
alkaline  solution  of  ewprio  tartrate  is  very  slowly  reduced  by  cane-sugar. — Cane-sugar 
takes  fire  when  triturated  with  8  pts.  pertmde  of  lead,  and  forms  with  chlorate  of 
potaseium  a  mixture  which  detonates  on  percussion,  and  burns  vividly  when  a  drop  of 
oil  of  vitriol  is  let  fall  upon  it.  Cane-su^,  distilled  with  a  mixture  of  mUpkurie  acid 
and  tiumganic  peroxide,  yields  formic  acid.  Heated  with  dilute  nitric  acid,  it  yields 
saccharic  and  oxalic  adds.  1  pt.  sugar  mixed  with  3  pts.  nitric  add  of  speciflo 
gravity  1*25  to  1*30,  and  hoibdd  to  50^,  is  wholly  converted  into  saochario 
add: 

C»«B["0"  +   O*  -  2C«H»»0»  +  H«0. 

At  the  boiling  heat,  the  product  consists  chiefly  of  oxalic  add.  Vezy  strong  nitiie 
add,  or  a  mixture  of  strong  nitric  and  sulphuric  adds,  converts  sugar  into  nitro- 
s ac char o 8 e,  probably  C^'H**(NO')*0".  Susar  is  likewise  oxidised  hy  chloride  of 
lime,  but  the  products  have  not  been  examinea 

4.  Cane-suffar  does  not  turn  brown  when  triturated  with  alkoKe,  a  character  by 
which  it  is  distingniBbed  from  glucose :  it  combines  with  them,  however,  forming 
compounds  called  sucrates.  By  boiling  with  poiaah4^  it  is  decomposed,  but  much 
more  slowly  than  the  glucoses.  When  fiued  with  potasdum^M^rate  containing  water, 
it  yields  chiefly  formic,  acetic,  and  propionic  acids ;  with  dry  potassium-hydrate  it 
yields  oxalic  add  (Gottlieb,  Ann.  Ch.  Fharm.  lii.  122).  Distilled  with  soda-lime,  it 
yields  snuill  quantities  of  ethylene,  tritylene,  and  amylene  (Berthelot,  Jahresb.  1867, 
p.  426) ;  and,  when  distilled  with  quieklime,  it  gives  cdf  acetone,  metacetone,  &c. 
(Gottlieb.) 

6.  "Dry  chorine  does  not  attack  8iu;ar  at  ordinary  temperatures ;  but  at  100^,  a 
brown  substance  is  formed,  partly  soluble  in  water.  On  passing;  chlorine  into  sugar- 
water,  hydrochloric  add  is  uowly  formed,  together  with  carbonic  acid,  a  brown  sub- 
stance, and  an  uncrystallisable  organic  add. — Perchlorides  act  upon  sugar  (and  other 
carbohydrates)  in  the  same  manner  as  free  chlorine,  produdng  dark-coloured  products. 
T]^  reaction  is  applied  by  Maumen^  (Coinpt.  rencL  xxx.  314)  to  the  detection  of 
sugar  and  analogous  substances  in  liquids.  For  this  puipose  a  drop  of  the  liquid  is 
placed  on  a  strip  of  white  merino,  previously  steeped  in  a  solution  of  stannic  chloride 
and  dried ;  and  the  strip  is  warmed  over  a  hot  coal  or  the  flame  of  a  lamp :  the 
presence  of  any  saccharine  substance  will  then  be  indicated  by  the  production  of  a 
black  spot. 

6.  Sugar  does  not  ek\>Borh  fluoride  of  boron  in  the  cold,  but  on  applying  heat^  thegaa 
is  absorbed,  and  the  sugar  is  blackened. 

7.  Cane-sugar  is  not  directly  fermentable,  but  when  its  dilute  aqueous  solution  is 
mixed  with  yeast,  and  exposed  to  a  warm  atmosphere,  it  is  first  resolved  into  a  mixture 
of  dextrose  and  Ivvuloee  (p.  470),  which  then  enter  into  fermentation,  yielding  alcohol 
and  carbonic  anhydride : 

C«H»K)«  -    200«  +  2C«H«0. 

When  equal  weights  of  cane-susnr  and  glucose  are  dissolved  in  equal  quantities  of 
distilled  water,  and  a  very  small  quantity  of  yeast  added  to  each,  the  glucose  imme- 
diately begins  to  ferment,  even  at  the  mean  temperature  of  summer  (aK»ut  20^) ;  but 
the  cane-sugar  remains  unaltered  for  months,  even  at  30^ — 40°.  To  bring  it  to  the 
fermenting  state,  it  is  necessary  to  add  seven  or  eight  times  the  original  quantity  of 
yeast  (H.  Rose,  J.  pr.  Chem.  xxiii.  898).  The  conversion  of  cane-sugar  into  inverted 
sugar  is  effected  by  the  soluble  ferment  in  yeast  (analogous  to  diastase),  and  by  the 
lennent  contained  in  most  fruits. 

Eeiimation  of  Cane-mtgar:  Saccharimetry. — ^If  the  solution  contains  nothing  but 
cane-sugar,  the  spedfic  gravity  is  observed,  and  the  percentage  of  sugar  determined 
therefrom  (md.  i^f»).  If  other  substances  which  affect  the  density  are  likewise  present, 
the  quantity  of  cane-sugar  may  be  determined : 

1.  From  the  weight  of  carbonic  anhydride  formed  in  the  vinous  fermentation  of  the 
sugar,  or  from  the  quantity  of  alcohol  thereby  produced.  According  to  older  state- 
ments, 100  pts.  cane-sugar  yield  (after  deduction  of  6*26  pts.  water),  61-44  pts.  car- 
bonic anhydride  and  63'80  absolute  alcohol ;  according  to  I'asteur's  direct  determina- 
tion, 49'12  pts.  carbonic  anhydride  and  61*01  absolute  alcohol,  the  remaining  portion 
of  the  sugar  being  consumed  in  the  formation  of  glycerin  and  succinic  adoL    See 
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ii.  628;  also  Btiig net's  deBcriptaon  of  the  process.  (Ann.  Ch.  Pbys.  [31,  IzL 
239.) 

2.  From  the  weight  of  cnproos  oxide  which  the  sugar  can  reduce  fifom  potassio- 
cnpric  tartrate,  or  from  the  volume  of  a  standard  solution  of  that  salt  decomposed  by 
the  sugar.  For  this  reaction,  the  cane-sugar  must  be  prenouidy  heated  with  acids,  to 
convert  it  into  inverted  sugar,  which  reduces  the  same  quantity  of  cupric  oxide  as 
grape-sugar.    (See  Oluoosb,  ii.  863.) 

3.  Frwn  the  Rotatory  Power  of  the  SohUum, — ^If  the  solution  contains  only  cane- 
sugar,  or,  at  least,  no  other  optically  active  substance,  the  amount  of  sugar  may 
be  calculated  from  the  rotatory  power  in  the  manner  described  under  Ligbt 
(iii.  673).  Turbid  or  gummy  solutions  are  mixed  with  ^  their  volume  of  isin- 
glass-solution;  then,  after  agitation,  with  Ih  vol.  alcohol,  whereupon  the  mixture, 
without  being  heatpd,  coagulates,  and  yields  a  filtrate  adapted  for  observation. 
Coloured  solutions  are  decolorised  by  animal  charcoal;  but  as  this  substance 
(according  to  some  statements)  takes  up  sugar,  the  first  fourth  of  the  liquid  that  runs 
through  is  rejected,  and  only  tae  remainder  used  for  the  observation.  If,  in  addition 
to  cane-sugar,  the  solution  contains  grape-sugar,  inverted  sugar,  or  any  other  optically 
active  substance,  whose  rotatazy  power  is  not  altered  by  heating  with  acids,  the 
amount  of  cane-sugar  may  be  determined  by  observing  Uie  rotatoir  power  of  the 
solution,  both  before  and  after  inversion,  the  temperature  being  likewise  observed  in 
the  latter  case.  The  first  observation  having  been  made^  100  cc.  of  the  solution  are 
mixed  with  10  c.c.  fuming  hydrochloric  add,  the  mixture  heated  to  68^,  and  kept  at 
that  temperature  for  a  quarter  of  an  hour.  Since  the  rotatory  power  of  the  solution 
cooled  to  the  original  temperature  (supposing  the  observation  to  have  been  made  in  a 
tube  longer  by  one-tenth  than  the  former),  remains  unaltraed  in  so  fur  as  it  was  duo 
to  the  glucose,  whereas  the  cane-sugar  has  been  replaced  by  inverted  sugar,  the 
amount  of  cane-sugar  may  be  calculated  from  the  rotatory  power  peculiar  to  this 
inverted  sugar,  as  follows: — ^The  rotatory  power  (a)  observed  before  inversion  was. 
made  up  of  the  molecular  rotatory  power  (c)  of  the  eane-sogar  (C),  and  that  of  the 
grape-sugar  (^  G) :  therefore 

a  mM  e  C  +  ff  G, 

The  rotatory  power  (cT)  observed  after  inversion  is,  in  like  manner,  made  up  of  the 
unaltered  rotatory  power  of  the  grape-sugar  (y  G)t  and  that  of  the  inverted  sogar  (•  C) ; 
therefore : 

a'  ^  iC  +  ffG. 

Consequently  the  difference,  a  —^  d,  oi  the  rotations  observed  before  and  after 
inversion,  is  equal  to  c  C  —  t  (7: 

or,  finally : 

Suppose,  for  example,  a  sugar-solution  before  invernon  turns  the  plane  of  polarisation 
25*96*^  to  the  right,  and  after  inversion,  6*80^  to  the  rights  at  a  temperature  of  14^; 
then  a  »  26*96  and  tf  —  6*80.  Now,  the  molecular  rotatory  power  of  cane-sugar  (o) 
is  78*8<',  and  that  of  inverted  sugar  is  26^  at  the  temperature  of  15^:  conse- 
quently, 

73-8    +    27  98-8 

which  quantity,  therefore,  gives  the  number  of  parts  by  weight  of  cane-sugar  contained 
in  a  unit  of  weight  of  the  solution  employed,  or,  when  multiplied  by  100,  the  percen- 
tage of  cane-sugar  in  the  solution. 

Suppose  another  sucar-solution,  before  inversion,  to  turn  the  plane  of  polarisation 
9'36<^  to  the  right,  and  after  inversion  lO-SO^'  to  the  left  (=  — 10'80<'  to  the  right): 
in  this  case,  a  »  936;  a'  -  -10-80,  a  -  <i  ^  9*36  +  10*80  »  20*16,  which 
number  divided  by  98*8  again  gives  0*2,  or  20  per  cent,  of  cane-sugar  in  the  solution. 
If,  in  both  cases,  the  nature  of  the  second  optically  active  substance  present  in  addition 
to  the  cane-eugar  is  known,  its  quantity  may  be  determined  from  the  observations  just 
described ;  if,  on  the  other  hand,  its  quantity  is  previously  known,  its  nature  may  be 
determined.  Thus,  it  might  be  inferred  that  grape-sugar  was  present^  in  the  first  case, 
besides  the  cane-sugar  in  the  ori^nal  solution,  and  inverted  sugar  in  the  second.  This 
mode  of  proceeding,  however,  is  admissible  only  when  the  ddSection  after  inversion 
has  been  observed  at  a  temperature  for  which  the  molecular  rotatoiy  power  of  the 
inverted  sugar  (which  varies  with  the  temperature)  has  been  previously  determined. 

Biot,  Compt  rend.  xv.  523,  619,  and  694  [3],  xvii.  755.— CI  erg  et,  Ann.  Ch.  Fhys. 

3],  xxvi.  175;  Jahresb.  1849,  p.  126.) 


[ 
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Ckmpownds  and  JkriwUinfea  of  CcoM-^ugar, 

I.  With  Aci  ds. — ^The  compounds  formed  by  the  action  of  acidB  on  cane-sngar  may 
be  divided  into  two  groups : 

a.  Ethereal  Compounds  of  Cane-euffor  itself, — ^The  only  known  compound  bebnging 
to  this  group  is : 

JR^t^ro«a6cAaro««,  G"H"(NO*yO"  ?,  produced  by  adding  cane*8ugar  to  a  mix- 
ture of  strong  sulphuric  and  nitric  acids.  It  is  an  amorphous  mass,  which  detonates 
when  struck.    (Gm.  zv.) 

/3.  Ethereal  compounds  of  the  glucoses,  produced  from  cane-su^  by  the  action  of 
adds.  To  this  class  belong  the  saccharides  obtained  by  heating  cane-sugar  with 
acetic,  butyric,  and  stearic  acid  (ii.  855 ;  ▼.  144). 

II.  With  Bases.  (P^ligot,  Ann.  Oh.  Pharm.  m.  69,  92;  Izzx.  342.— Stein, 
ibid.  zzx.  82.— Soubeiran,  ibid,  xliii.  125,  227.— Bert  helot,  Jahresb.  1866, 
p.  635) : 

Potassium-  and  Sodiumrcompounds  of  cane-sugar,  Ci^H"KOi|  and  C**H>>NaO",  are 
formed,  as  gelatinous  precipitates,  on  mixing  an  alcoholic  solution  of  cane-sugar  with 
potash-  or  soda-ley. 

A  barium-compound,  C"H»*Ba'0".IPO  or  0"H«0".Ba''0,  is  obtained,  as  a  crystal- 
line precipitate,  on  adding  hydrate  or  sulphide  of  barium  to  an  aqueous  solution  of 
sugar.    It  may  be  crystalhsed  from  boiling  water,  but  is  insoluble  in  alcohol. 

Calciumroompounds. — ^lame  dissolves  in  sugar-water  much  more  readily  than  in 
pure  water.  The  solution  has  a  bitter  taste,  and  is  completely  but  slowly  precipitated 
by  carbonic  acid.  There  are  three  or  four  of  these  compounds,  which  may  be 
approximately  represented  by  the  following  formulae : 

(1.)  C"H«0».Ca''0.  (8.)  d»H«0".2Ca''O.2H«O. 

(2.)  2C»«H"0».8Ca"0  (?).  (4.)  C»«H«^»».3Ca-0. 

The  constitution  of  these  compounds  is  hot  exactly  known ;  but  a  part,  at  least,  of  the 
calcium  probably  replaces  hydrogen  in  the  sugar. 

The  first  compound,  mono  calcic  sucrate,  is  soluble  in  water,  and  is  obtained  as 
a  white  precipitate  on  adding  alcohol  to  a  solution  of  calcic  hydrate  in  sugar-water, 
not  containing  too  much  lime. — The  oompotmd  (2)  is  formed  when  sugar-water  is 
boiled  with  excess  of  calcic  hydrate,  and  the  filtrate  is  evaporated :  it  is  probably  a  mix- 
ture of  (1)  and  (3). — The  compound  (3)  is  precipitated  hj  alcohol,  &om  the  liquid 
obtained  by  digesting  sugar-water  with' excess  of  calcic  hy<uate.— The  compound  (4) 
is  slightly  soluble  in  water,  and  separates,  on  heating  a  cold-digested  solution  of  calcic 
hydrate  in  sugar-water,  as  an  amorphous  mass :  hence  solutions  of  lime  in  sugar-water 
usually  solidify  to  a  pasty  mass  when  boiled. 

Magnesia  and  lead-oxide  are  likewise  dissolved  by  sugar-water.  A  crystalline  lead- 
compound,  C"H"Pb'0*',  is  obtained  by  boiling  sugar-water  with  litharge,  and 
leaving  the  filtrate  to  cool;  by  mixing  sugar-water  with  neutral  lead-acetate  and 
ammonia ;  or  by  precipitating  neutral  lead-acetate  with  a  solution  of  sugar-Ume. 

III.  With  Salts.— o.  With  Chloride  of  Sodium,  C«H«0»».NaCL--This  compound 
separates,  in  smaU  deliquescent  crystals,  tram  a  mixed  solution  of  common  salt  and 
sugar.     (P^ligot,  Ann.  Ch.  Pharm.  xxx.  71.) 

fi.  With  Borax,  3C'«H«0".(Na«0.2B«0»).5H«0.— Borax  dissolves  in  sugar-water 
more  freely  than  in  pure  water,  and  the  solution,  when  evaporated  or  precipitated  with 
alcohol,  yields  this  compound. 

Varaaaeeliarose.  This  is  an  isomer  of  cane-sugar,  produced,  according  to  J o  d  i  n 
(Compt.  rend.  liii.  1252 ;  Iv.  720 :  Jahreeb.  1861,  p.  722 ;  1862,  p.  473),  by  spontaneous 
fermentation.  An  aqueous  solution  of  cane-sugar  containing  phosphate  of  ammonium 
left  to  itself  in  summer  (between  June  15  and  September  15,  1861),  yielded,  under  cir- 
cumstances not  further  specified,  a  crystallisable  sugar  isomeric  with  saccharose,  together 
with  an  amorphous  sugar  having  the  composition  of  a  glucose,  both  dextrorotatory. 
Parasaccharose,  C^H'O",  is  very  soluble  in  water,  nearly  insoluble  in  alcohol  of  90 
per  cent.  Specific  rotatory  power  at  10^  »  + 108^,  appearing  to  increase  a  little  with 
rise  of  temperature.  It  does  not  melt  at  100°,  but  becomes  coloured,  and  appears  to  de- 
compose. It  reduces  an  alkaline  cupric  solution,  but  only  half  as  strongly  as  dextrose 
(1  at  parasaccharose  «  5  at.  OuO ;  1  at.  dextrose  =  10  at.  CuO).  It  is  not  perceptibly 
altered  by  dilute  sulphuric  acid,  even  at  100^ ;  hydrochloric  acid  weakens  its  rotatory 
power,  turns  the  solution  brown,  and  heightens  its  reducing  power  for  cupric  oxide. 

Varaflvcose*  This  is  the  amorphous  dextrorotatory  sugar  produced,  together 
with  parasaccharose,  as  above  described.  When  dried  at  15^,  it  has  the  composition 
C*H"0*.H'0.   It  is  hygroscopic,  gives  oflf  half  its  water  of  crystallisation  at  60°  and  the 
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whole  at  100®,  meltiiig^  and  tarniiig  brown  at  the  same  time.  ItB  speeifie  rotatoiy  power  is 
about  +  40®.  It radnoea  alkaline  cnpiic  soliitioiia  lees  strongly  than  glueoee,  and  abont 
as  strongly  as  milk-sngar  (1  at.  paiaglnoose  ■»  7  at.  CaO).  It  is  not  perceptibly 
altered  by  dihite  adds,  even  with  aid  of  neat^  excepting  that  its  xotatoty  power  is  dimi-' 
nifihed  to  about  +  82®,  and  its  reducing  action  is  inoessed  to  about  that  of  glucose. 
(Jodin.) 

SfWAXf  JJiVMJRTBB*  The  miztoie  of  dextrose  and  IsTulose  in  equal  nnmben 
of  atoms,  produced  by  the  taransfozmation  of  cane-sogar  under  the  influence  of  adds 
(iL883). 

MUQiAM  OV  JPJllirm.  This  term  is  aj^lied  especially  to  the  nnayBtalliBable 
mixtures  of  dextrose  and  Isemloee  contained  in  many  froits.  Some  froits,  however, 
contain  erystallisable  sngais — riz.,  dextrose,  saccharose,  or  the  two  together  (p.  468). 

BUfUkM  OT  liWIITIi    Nentral  plumbic  acetate  (L  16). 

SVOAB-OAVBT.    Ganenragar  crystallised  by  slow  eraporation* 

UUQMM^^AMMm  Saeeharum  officinarum, — ^This  important  grass,  which  yields  by 
far  the  larger  quantity  of  the  sugar  at  present  consumed,  thriyes  only  in  hot  climates. 
It  has  been  known  in  India  and  China  from  Tery  early  times,  and  its  cultiyation 
appears  to  have  been  introduced  into  the  West  Indies  in  tne  fifteenth  century.  There 
are  several  varieties  of  the  cane.  The  longest  known  is  the  creole  or  common  sugar- 
cane, which  grows  freely  in  every  region  between  the  tropics  on  a  moist  soil,  and  even  at 
an  elevation  of  3,000  feet  above  the  sea-leveL  A  superior  variety  is  the  Otaheitan  cane, 
whidi  18  stronger,  taller,  quicker  in  growth,  and  much  more  productive  in  sngar.  The 
cane  thrives  b^t  on  a  light  rich  soil,  especially  on  one  manured  with  nitrogenous  refuse. 

The  fresh  cane  contams,  according  to  two  analyses  by  Pjligot  and  Dupuy : 

Water        •        .        .        .  721  72*0 

Sugar         ....  18*0  17*8 

Woody  fibre)  ^^  J  9-8 

Salts             {     •        '        '  ^^  \  0-4 

100*0  100*0 

The  Creole  cane  of  Havanna  has  been  analysed  byCasaseca  (Ann.  Ch.  Phys. 
[8]  XXV.  321),  with  the  foUowing  results : 


Cane 
eatin,  pedad.  Bind. 

Water 77*0  77*8  69*6 

Sugar  and  other  soluble  substances    .    12*0  16*2  11*5 

Woody  substance       ....     11*0  6*0  19*0 

100*0  100*0  1007 

Cssaseca  finds  that  the  juioe  is  richer  in  sugar  at  the  base  of  the  cane,  and  becomes 
gradually  poorer  towards  the  top. 

The  specific  gravity  of  cane-juice  varies  from  1*046  to  I'llO,  but  is  generally  from 
1*070  to  1*090,  or  from  lO^'  to  IZ^  Bm.  It  is  opaque,  frothy,  and  of  a  yeUowish-green 
colour.  On  boilinff,  a  green  scum  rises,  and  the  liquid  remains  of  a  pale-yellow  colour. 
The  green  scum  (dried)  consists,  according  to  Arequin,  of  50  per  cent,  of  a  peculiar  wax: 
called  cerosie,  lO'O  green  matter,  22*7  aU)umin  and  woody  fibre,  8*3  calac  phosphate, 
and  14*0  silica.  The  pure  juice  contains  81*0  per  cent  water,  18*20  sugar,  0*45  or- 
ganic matter  predpitated  by  lead-salts,  and  0*35  saline  matter. 

The  ash  of  the  cane  contains,  according  to  Stenhouse : 


Si0<. 

p«o». 

SO*. 

CaO. 

MgO. 

KH>. 

Na*0. 

KQ. 

NmCt 

46-46 

8*23 

4-65 

8-91 

4-50 

10-63 

.   • 

7*41 

9*21  » 

100 

41-37 

4-59 

10-93 

911 

6-92 

15*99 

•   • 

8*96 

213  - 

100 

46-48 

8*16 

7*52 

5-78 

15-61 

11-93 

0-57 

•  • 

3*95  - 

100 

60-00 

6-56 

6-40 

509 

13-01 

13-69 

1-88 

.  • 

8*92  - 

100 

The  proportion  of  salts  in  the  juioe  varies  considerably  with  the  soil -on  which  the 
canes  are  grown.    (  Urt^s  Dietumiry  of  Jrts,  &c  iii  808.) 

See  SoBGHO  (p.  854). 


snaAS-KAVia.  Acer  MMcAoriftMn.— The  stem  of  this  tree»  which  grows  wild 
in  masij  parts  of  North  America,  yields  a  su^  identical  with  that  of  the  cane.  To 
obtain  it,  the  trees  are  bored  in  the  early  spring,  and  the  juice,  collected  in  vessels  sus- 
pended beneath,  is  boiled  as  quickly  as  possible  to  prevent  fermentation.  As  soon  as  the 
EVTup  flows  from  the  stirrer,  m  thick  orops  of  the  consistence  of  honey,  it  is  strained 
through  a  wooden  sieve,  then  left  to  stand  for  eight  or  ten  hours,  cknfied  with  a 
little  white  of  egg,  boiled,  skimmed,  and  quickly  evaporated  to  the  oystallidng-point. 


SULPHACETAMIDE^SULPHACETYLENIC  ACID.    475 

•U&MaoaTAMlD&    This  name  is  applied  by£.8ehiilge  (Zeitschr.  Ch. 
Phazm.  1865,  p.  73),  to  the  compound  y    t^*        [  ^>  produced  by  the  action  of  am- 

monitun-sulphide  on  chloracetamide,  the  corresponding  add,  ^  H'     i  ^*'  ^^ 

called  snlphacetic  acid  (monomlpAaceiadure) ;  but  as  this  latter  name  has  long  been 
appropriated  to  the  acid,  C'HH)'.SO',  produced  by  the  action  of  salphuric  anhydride 
on  acetic  acid,  it  is  better  to  designate  Schnke's  add  as  thiodiacetic  acid,  and  the 
amide  as  thiodiacetyl-diamide,  a  namevhich  expresses  thattbe radicle,  OH^O', 
contained  in  it  is  derired  from  a  double  molecule  of  acetyl,  G*H*0*,  by  the  subetitation 
of  S^  for  H*.    (See  TmoDi^cKno  Acm.) 


C«H^90»     -    C«HK)«J30»    (^^''^^')'' 1 0« 


(C^BPO)") 

(SO)"  [O*.  QlycolyUwlfhurouBaeid.  Sidpho-^seigsaun.  EB^iffaehwrfsSure.  (Mel- 
H«  j 
sens,  Ann.  Ch.  "PbyB.  [3],  ▼.  892;  x.  870.^-Bnckton  and  Hofmann,Chem.  See. 
Qu.  J.  iz.  247.)— This  acid  is  produced:  1.  By  the  action  of  sulphuric  ^ihydride  on 
acetic  add.  Gladal  acetic  add  is  gradually  saturated  with  sulpnuric  anhydride^  the 
liquid  bdng  cooled  after  each  addition ;  the  mixture  is  diluted  inth  water,  and  neutza- 
Used  with  lead-carbonate ;  the  filtered  solotion  is  evaporated  to  theciystallising-point; 
and  from  the  lead-salt  thus  obtained,  the  snlphacetic  add  is  separated  by  sulphydric 
add  TM el 8 ens). — 2.  By  the  action  of  fuming  sulphuric  add  on  acetamide  or  acetoni- 
tiile  (Buckton  and  Hofmann) : 

C«H»N  +  H«0  +  2H«S0*     -     C«ffSO»  +  NH*.H.SO*. 
AceUmltrlle.  8alph«c«tic 

acid. 

lliis  is  the  reaction  whidi  chiefly  takes  plaee  when  the  materials  are  gradually  mixed, 
and  the  mixture  is  cooled  from  tune  to  tune ;  if,  on  the  other  hand,  the  temperature  is 
allowed  to  rise^  carbonic  anhydride  is  erolred,  and  disnlpihomethoJic  add  is  produced, 
instead  of  sulphacetic  add,  according  to  the  equation : 

C*H*N  +  8H«S0*    -     CH*S«0«  +  NH*.H.SO*  +  CO*. 

Sulphacetic  add  forms  deliquescent  prisms,  which  melt  at  62^,  and  decompose  at 
200^.  It  is  ym  soluble  in  water,  forming  an  add  solution,  which  is  not  decomposed 
by  boiling  ^elsens).  The  acid,  heated  with  fiumng  sulphuric  acid  or  sulphuric 
anhydride,  is  converted  into  disulphometholic  add.    (Buckton  and  Hofmann.) 

Sulphacetic  add  is  dibanc.  Its  salts  are  aU  soluble  in  water,  the  burium-salt  being 
the  least  soluble ;  they  are  insoluble  in  alcohol.  Wlien  heated  with  strong  sulphurio 
add,  they  give  off  carbonic  and  sulphurous  anhydrides. 

BidpkttcetaU  of  FokMkm,  CB'£'SO«.H*0,  is  deposited  from  a  hot  solution  on 
cooling,  in  small,  hard,  easily  pulverisable  easy  stale. — ^The  harivmHtaU,  when  pure,  forms 
small  opaque  crystals,  C^^'SO^-fH^O,  which  give  off  a  third  of  their  water  at  100^ 
and  the  whole  at  250^.— The  kad-aaU,  C^BL^Pb^SO*,  is  deposited,  sometimes  in  radiate 
groups  of  short  transparent  needles,  sometimes  in  opaque  nodules,  whidi  do  not  retain 
any  water  at  120^— The  silver-salt,  C'H'Ag'SO*,  is  deposited  from  a  boiling  saturated 
solution  in  ranall  flat  prisms,  bevelled  at  the  ends.  In  the  mother-liquor  obtained  in 
the  preparation  of  this  salt  by  saturating  the  add  with  silver^xide,  Mekiens  found  a 
salt  containing  CBPAg^H)*,  doubtless,  dfsulphometholate  of  silver. 

(CHT) 
8V&»BACamaMIO    ACD*    Aoetsehwifsdure,    CK^SO*  -    (S0<)"  VO*. 

H«    ) 

(Kiimmerer  and  Carius,  Ann.  Ch.  Phaim.  cxzxi.  165;  Jahvesb.  1864^  p.  326.)— 

This  add,  isomeric  with  sulphacetic  add,  is  produced  by  heating  1  at.  argentic  sulphate 

(mixed  with  glass  powder)  wiUi  2  at,  chlonde  of  acetyl  to  120^,  and  treatii^  the  pro* 

duct  with  water: 

Argontlc  AMtomilpliurio 

•ulpfaate.  anhydride. 

(so«r  7  rsoT )         cwo) 

(C«H«)*    V0«      +       BPO        -       (C»H»)'^0«    +    ^w     fo. 
(C«HK)).H)  mi  ■"    > 

Acetofulphurlc  Sulphaeatj-  Acetic 

anbydnde.  leiuc  acid. 
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By  neotnlinng  the  resnltiiig  solntion  with  lead-carbonate,  decomposing  the  filtrate 
with  eulphydzic  acid,  and  oTaporating  in  a  Tacaum,  the  sulphaoe^lenie  acid  ia  obtained 
aa  a  Tiacid  liquid,  which  gradually  deoomposes  into  anlphniic  and  acetic  acids.  With 
pentachh>ride  of  phoephonis  it  first  yields  the  chlonde,  CH'SOH/l*  (which  boils  at 
160^,  and  is  resolyed  by  water  into  hydiochlorie  and  snlphacetylenic  add),  and  then, 
as  final  products,  chloride  of  chloracetyl  *  and  chloride  of  sulphuiyl : 

Salphacetf-  Sulphacetyle- 

lenic  acid.  bIc  chloride. 

^,|^,  +  pa»   -   so«a«  +  c«HK3io.a  +  pci» 

8a1phac«C]r-  Chloride  of        Chloride  of 

loiicchloikle.  ftuIphuryL  chloracetyl. 

By  this  behayiour,  according  to  Kammerer  and  Carius,  snlphacetylenic  acid  is  distin- 
guished from  snlphaoetic  acid :  they  do  not,  howerer,  state  distinctly  in  what  manner 
the  latter  acid  reacts  with  pentachloride  of  phosphorus.  (Compare  SuuvoBBiizTXBinc 
Acid.) 

Snlphacetylenic  acid  is  dibasic — ^The  potassmmrsalt,  CH'E'SO'.HK),  is  easily 
soluble  in  water,  and  aystaUises  in  needles  and  short  prisms. — ^The  barium'SaU, 
CR^BeTQO^JEDO,  is  somewhat  sparingly  soluble^  and  crystallises  in  hard  right  rhombic 
prisms. 

Syn.  with  Mbtbtuc  Solpbamate  (p.  477). 
CO  ACZB.    NH»SO» ^"^  MO  -  (SOT V;;.— This    com- 


NH»SO«  -  NH«(^«)''|q  ^  (SO«)''|q.— This 


pound,  the  amic  add  of  sulphuric  add,  is  not  known  in  the  fine  state,  that  is  to  say, 
as  a  hydrogen-salt ;  but  the  so-called  anhydrous  sulphate  of  ammonia,  called  "sulpha^ 
ammon"  by  H.  Bose,  "sulphamide"  by  I>nmas,  is  probably  its  neutzal  ammoniom- 
salt. 

H*  )^ 
N$uiral  3ulphamate  of  Ammonium,  N^«SO«  «  22m*.SO*  -  (S0*)'7^:* 

SBose,  Pogg.  Ann.  zxxii.  81 ;  zlrii.  471 ;  zliz.  188.}— This  salt  is  produced  when 
ammonia-gas  is  passed  orer  a  thin  layer  of  sulphuric  anhydride,  care  being  taken 
to  renew  the  sur&oe  frequently  by  scraping,  as  otherwise  the  lower  portions  will  not 
be  attacked  by  the  ammonia.  The  product  is  a  white  crystalline  powder,  haying  a 
bitter  taste,  and  perfectly  neutral  if  it  does  not  contain  dther  free  ammonia  or  nree 
sulphuric  anhydride.  It  is  permanent  in  the  air,  dissolves  without  sensible  decompo- 
sition in  9  pts.  of  water,  and  is  insoluble  in  alcohol.  The  dry  salt  is  decomposed  by 
heat,  giying  off  ammonia  and  sulphurous  anhydride,  and  leaving  a  residue  of  sulphate 
of  ammonium.  Platinic  chloride  added  to  the  aqueous  solution,  throws  down  half  the 
nitrogen  as  ammonium-chloroplatinate.  The  caustic  alkalis  and  their  carfoooates 
decompose  the  salt^  eyen  in  me  cold,  with  evolution  of  ammonia.  The  aqueous 
solution  is  douded  by  chloride  of  barium,  the  precipitate  gradually  increasing  on 
standing,  and  especially  if  the  liquid  be  heated ;  but  the  precipitation  is  neyer  complete, 
not  more  than  half  the  sulphur  being  separated  as  sulphate  of  barium. 

The  aqueous  solution,  evaporated  over  oil  of  vitriol  in  a  yacuum,  yields  transparent^ 
colourless,  hemihedral  crystals,  belonging  to  the  quadratic  system.  These  crystals 
have  exactly  the  same  composition  as  the  original  pulyerulent  salt,  and  were  therefore 
designated  by  Rose  as  parasulphatammon.  They  doubtless  consist  of  the  pure 
neutral  eulpnamate  of  ammonium,  quite  free  from  adhering  sulphuric  acid.  They 
dissolve  in  water  more  easily  than  the  original  salt,  forming  a  perfectly  neutral 
solution,  which  reacts  in  the  same  manner  with  platinic  chloride,  but  gives  no  predpi- 
tate  with  chloride  of  barium,  except  after  prolonged  boiling. 

The  mother^liquor  of  parasulphatammon  yields,  by  further  evaporation,  a  hydrated 
salt,  2K'H*S0'.HK),  in  mdistinct  deliquescent  crystals,  very  soluble  in  water,  and 
exhibiting  signs  of  decomposition,  as  their  solution  is  faintly  acid,  and  immediately 
gives  a  slight  predpitate  with  chloride  of  barium. 

AeidSulphamateof  Ammonium,  N«H*S0'.NH»S0«.— Produced,  simultaneously 
with  the  nentzal  salt,  as  a  hard  vitreous  mass^  which  deliquesces  rapidly  in  the  air, 

■  The  chloride  of  chloracetyl  If  coiiTerted,  by  exceti  of  phosphoric  pentachloride.  Into  a  ooloarieu 
llqafd.  probably  C<IISC1«,  noc  deoompotlble  by  potaih-lej,  but  resolved  by  water  at  1M°  Into  hydro- 
caloric  and  moDocUoraceUc  add. 
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loddiMolTes  inir^arwith  a  hiflsing  ngise  (H.  Rose).  Aeoordme  to  Woronin 
(lUp.  Chim.  rnue,  ii.  452),  an  aqneous  solution  of  the  neutral  siuphamate  left  to 
evaporate  in  the  air,  ^elds  an  abundant  ciTStallisation  of  the  acid  siuphamate.  Its 
solution  ia  not  precipitated  bj  chloride  of  barium,  excepting  after  neutralisation  with 
ammonia  (it\fra). 

Sulphamate  of  JBarium. — ^When  a  solution  of  the  neutral  ammonium-salt  is 
mixed  with  an  exactly  equiyalent  quantity  of  baiyta-water,  ammonia  is  erolved, 
and  the  filtered  liquid  yields  crvstals  of  an  easily  soluble  barium-salL 

The  precipitate  formed  by  chloride  of  barium  in  a  solution  of  the  add  ammonium- 
salt  mixed  with  ammonia,  consists  of  a  basio  sulphamate  of  barium,  which,  when 
treated  with  the  proper  quantity  of  sulphuric  acid,  yields  a  precipitate  of  barium- 

sulphate  and  a  solution  of  netUral  barium^tulphamate,  KKE*Ba''S*0<  »  (SO^)^^. 

Ba"} 
This  salt  forms  weU-deTeloped  dystals,  sparingly  soluble  in    cold  water,  and   is 
decomposed  by  hot  water,  with  formation  of  barium-sulphate.    (Woronin.) 

Sulphamate  of  Potassium,  obtained  by  decomposing  the  barium-salt  with  sulphate 
of  potassium,  forms  small  transparent  crystals ;  on  addition  of  barium-chloride  and 
ammonia  to  its  solution,  it  is  converted  into  basic  sulphamate  of  barium,  (Woro- 
nin.) 

sraPBAinc  ■THJUtS.    Methylio  Sulphamate,  or  Sulphamethylane, 

CH*NSO'a  (SO*)"}-^.— This  compoiind,  which  has  the  composition  of  anhydrosul* 

phate  of  methylamine,  is  formed  by  dissolving  meth^lic  sulphate  in  aqueous  ammonia, 
and  czystallises,  by  evaporation  in  a  vacuum,  in  large,  very  deliquescent  crys- 
tals. 

Whww'LnatituaMdis   or   smpHaiiilie    Add,     CWNSO*    »     (SOT[^q    or 

im(C^»XSOT|o.    (Gerhardt,  J.  Pharm.  [3],  x.  fi.—Buckton  and  Hofmann, 

Chem.  Soc  Qu.  J.  ix.  259.— B.  Schmitt,  Ann.  Ch.  Pharm.  cxx.  129.)— This  acid, 
isomeric  with  amidosolphobenzolic  acid,  C*!H*(NH')SO',  is  formed  by  the  action  of 
sulphuric  acid  on  aniline,  or  on  oxanilide  (phenyloxamide)  : 

C»H«(C«H»)«N«0*  +  2H*S0*  «  2C«H»NS0»  +  CO  +  C0«  +  HK). 

Oxanilide.  Sulphanillo 

acid. 

RreparoHon. — 1.  From  the  mixture  of  oxanilide  and  formanilide  obtained  by  heat- 
ing oxalate  of  aniline  (iv.  427).  This  mixture  is  made  up  into  a  thick  paste  with 
strong  sulphvic  acid,  and  gently  heated  as  long  as  effervescence  continues;  then 
expomd  to  moist  air  in  a  sh^ow  dish,  till  it  solidifies  to  a  crystalline  pulp  of  sulpha- 
nilic  acid,  which  may  be  purified  by  washing  with  cold,  and  recrystaalising  m>m 
boiling  water  (G-erhardt). — 2.  By  dissolving  aniline  in  a  slight  excess  of  sulphuric 
add,  evaporating  to  dryness,  and  heating  the  residue  with  constant  agitatioor,  as  long 
as  vapours  of  aniline  (?)  continue  to  escape.  The  product  is  purified  as  before  (Ger- 
hardt).— Schmitt  mixes  1  pt.  of  aniline  by  drops  with  2  pts.  of  fuming  sulphuric 
add  in  a  porcelain  dish,  heats  the  brown  syrupy  liquid  till  it  becomes  dark-brown 
and  gives  off  a  large  quantity  of  sulphurous  anhydride ;  and  pours  the  thick  syrup 
when  cold  into  cold  water :  the  sulphanilic  acid  then  separates  as  a  black  crystalline 
mass,  which  may  be  purified  by  repeated  recrystallisation  from  hot  water,  with 
addition  of  animal  charcoal.  This,  according  to  Schmitt,  is  the  best  mode  of  preparing 
sulphanilic  add :  Gerhardt,  on  the  other  hand,  preferred  the  preparation  from  oxani- 
lide. 

fi-Sulphanilic  ^cu2.— Laurent  (Compt.  rend.  xxxi.  538)  obtained  an  acid,  having 
the  composition  of  sulphanilic  acid,  by  treating  nitrosulphobenzoate  of  ammonium  with 
sulphydric  acid.  Kolbe  (Ann.  Ch.  Pharm.  cxiii.  318)  suggested  that  the  acid  thus 
obtained  was  not  identical,  but  only  isomeric,  with  Gerhardt's  sulphanilic  acid ;  and 
this  supposition  has  been  corroborated  by  Schmitt^  who  has  pomted  out  several 
differences  in  the  characters  of  the  two  adds  and  their  salts  (infra).  Kekul& 
{Lehrbuch,  ii.  605)  regards  it  as  probable  that  Laurent's  acid  is  the  true  phenylsul- 
phamic  or  sulphanilic  acid,  and  that  the  add  produced  by  the  action  of  sulphuric  acid 
on  aniline  or  oxanilide  is  amidosulphobenzoUc  add.  Till  this  question  is  satisfac- 
torily dedded,  it  may  be  convenient  to  designate  Laurent's  add  as  ^-sulphanilic  add. 
Schmitt  prepares  this  add  by  mixing  1  pt  of  nitrobenzol  with  5  or  6  pts.  of  fuming 
sulphuric  acid,  leaving  the  mixture  for  several  days  in  a  warm  place,  and  shaking 
it  frequently  till  dl  the  nitrobenzol  has  disappeared.      The  viscid  mass  is  then 
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nentnliBed  with  eaiboiiAte  of  lead ;  the  oolonrless  solntioii  of  plumbic  nitrosolphobeii- 
zolate,  obtained  hj  boiling  and  filterioff  the  liquid,  is  deeompoeed  bj  snlphjdrie  acid ; 
the  Uqaid,  filterod  ftom  iMd-tnlphide,  la  neatnlised  with  carbonate  of  CMurinm ;  and 
the  remdting  barinni'Salt  (whidi  sepantea  in  waity  dystalB)  ia  diaaolTed  in  a  laig« 

Snantity  of  water,  and  mixed  with  a  laige  excess  of  baiyta.  Snlphjdrie  add  gas  is 
[len  passed  into  the  liqnid,  till  the  taste  of  the  nitzo-aeid  is  completely  removed ;  and 
the  liqnid,  filtered  ft6m  hyposnlphite  of  barinm,  is  again  treated  with  snlphydric  acid. 
The  iUtered  solution  of  the  Darinm-salt»  treated  with  an  esactlj  eqniralent  quantity  of 
sulphuric  add,  yields  the  aqueous  /3-sidphanilic  add,  which  may  be  obtained  in  crys- 
tals by  eyaporation. 

Properties, — Sulphanilic  add  (from  aniline  or  oxanilide)  crystallises  from  hot  water 
in  shining  rhombic  plates,  containing,  according  to  Schmitt,  (^H'NSO'.HK).  It  is 
slightly  soluble  in  cold  water,  1  pt.  [of  the  anhj^rous  or  hydrated  add?]  dissolving 
in  128  pts.  of  ice-cold  water,  and  in  112  pts.  at  15^  (Schmitt);  still  less  soluble  in 
alcohol  (G-erhardt),  insoluble  in  alcohol  and  in  ether  (Schmitt).  From  a  concen- 
trated solution  of  a  siilphanilate,  it  is  predpitated  by  acids  in  slender  needles. 

llie  crystals  give  offueir  water  paraally  on  exposure  to  the  air,  completely  at  100^ ; 
the  effloresced  add,  if  exposed  for  some  time  to  tnis  temperature,  assumes  a  brownish 
colour,  but  may  be  heated  to  220^  without  deoompodng.  At  higher  temperatures  it 
decomposes,  leaving  a  carbonaceous  reddue,  and  giving  off  sulphurous  anhydride ;  also, 
if  distilled  in  a  retort,  sulphite  of  aniUne,  which  ci^rstallises  in  the  receiver.  Heated 
with  a  solid  caustic  alkali,  or  with  potash-lime,  it  fpres  off  aniline  and  leaves  an 
alkaline  sulphate.  Heated  with  strong  nitrie  add,  it  evolves  a  large  quantity  of  gas, 
and  forms  a  deep  red  liquid,  but  no  crystals  (G-erhardt).  Its  aqueous  solution  is 
coloured  red-brown,  without  predpitation,  by  ekromic  acid,  Chlorin&'Uiaier  colours  it 
pale-crimson,  gradually  changing  to  red-brown  (O-erhardt).  According  to  Schmitt, 
the  aqueous  solution  is  not  altered  either  by  chlorine  or  bv  iodine.  Brorniney  added 
even  to  a  dilute  solution  of  the  add,  renden  it  mill^,  and  throws  down  after  a  while  a 
white  curdy  predpitate  (Gerhardt).  From  a  hot  solution  it  throws  down  white 
interlaced  needles  of  t  r  i  b  ro  m  a  n  i  1  i  n  e : 

C«H^SO»  +  Br*  -  C^«Bi*N  +  SO"  +   SHBr. 
Salphanilie  Tribroauml- 

add.  line. 

If  only  4  at.  bromine  be  added,  dibromosulphanilie  acid,  C'H^Br'NSO',  is 
likewise  fbimed,  and  remains  dissolved  (Schmitt,  p.  479).— With  ni^roiu  acid,  it 
ibnns  diaaosnlphobenzolic  acid  (Schmitt): 

2C«H^S0»  +  NK)«  -  2C^«iraO»  +   8HK). 

Salptuintlie  Dlazotulpho- 

add,  bensoUc  add. 

/3-Sulphanilic  add  crystallises  from  its  aqueous  solution  by  evaporation  in  long 
pointed  czystals,  which  contain  2C^'KS013H*0,  give  off  their  water  partially  at 
ordinary  temperatures,  completely  at  100^,  and  becoming  white  and  opaque.  It  is  in- 
soluble in  etner  and  alcohol,  easily  soluble  in  hot  water.  With  bromine  it  behaves 
somewhat  differently  from  sulphandic  add,  inasmuch  as,  though  its  concentrated 
solutions  are  rendered  turbid  by  bromine,  the  liquid  filtered  therefrom  does  not 
give  any  precipitate  with  chloride  of  barium,  as  is  the  case  with  that  obtained  in  like 
manner  from  sulphanilic  add  (p.  479). 

Sulphanilates. — Sidphanuic  add  is  a  strong  add,  and  decomposes  carbonates 
with  effervescence.  Its  salts  are  soluble  and  crystallisable ;  their  solutions  oive,  with 
chromic  add  and  bromine-water,  the  same  reactions  as  the  free  acid.  The  /3-sul- 
phanilates  differ  from  the  sulphanilates  in  crystalline  form.    (Schmitt.) 

Stdphanilate  of  Ammonium,  G*H*(NH*)KSO',  is  very  soluble,  and  crystallises  by 
spontaneous  evaporation,  in  shining  rectangular  plates. — ^The  aniline-salt  is  very 
soluble. — ^The  barium-salt  forms  rectangular  prisms,  moderately  soluble  in  water. — 
The  eupric  salt,  C»*H'"Cu"N*SK)*.4H»0,  forms  small  truncated  prisms  of  a  very  dark 
green  colour,  which  retain  their  water  at  100°. — ^The  silver-salt  ciystaUises  in  shining 
soiles. — The  sodiumrsalt,  C'R*^ti,'S30\B*0,  crystallises  from  aqueous  solution  by 
spontaneous  evaporation,  in  fine  octagonal  plates,  insoluble  in  ether,  but  soluble  in 
boiling  alcohol,  whence  it  crystallises  in  white  needles. 

Dibromosulphanilie  Acid,  C«H>Br*NSO*  (Schmitt,  loc.  o^.).— Produced  when 
4  aL  bromine  are  added  to  a  hot  solution  of  1  at.  sulphanilic  add : 

C^'NSO*  +  Br*  -  C*H»Bi^SO«  +  2HBr. 

It  remains  in  solution ;  is  separated  by  filtration  from  the  tribromaniline  formed  at 
the  same  time  (p.  478) ;  precipitated  as  a  barium-salt  by  addition  of  barium-chloride ; 


N 
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md  ftom  this  aaXt,  purified  by  reotfystaUisatioii,  the  dibromosnlphanilic  ftcid  is  sepa* 
rated  by  sulphuric  add. 

Dibiomosulphanilic  acid  crystallises  ficom  aqueous  solution  in  laige  colourless 
prisms,  which  contain  2OH*Bx^S0*.8H'0,  and  ^ve  off  their  water  of  crystallisa- 
tion g^iaduallj^  at  ordinary  temperatures,  more  quickly  at  110^,  becoming  dull  and 
opaque.  It  dissolyes  readily  in  loaier,  whether  hot  or  cold ;  sparingly  in  cold,  more 
eariiy  in  hot  alcohol.  The  concentrated  aqueous  solution,  mixed  with  a  small 
quantity  of  oil  of  ritriol,  immediately  yields  the  pure  add,  in  the  fonn  of  a  network  of 
needles.  The  aqueous  solution  has  a  yeiy  sour  and  cooling  taste :  it  gives  a  aystalline 
predpitate  with  ekloride  of  bariumf  acetate  of  lead,  and  nitrate  of  silver,  A  concen- 
trated Bidution  warmed  with  Hne,  gives  off  hydrogen,  foiming  a  zinc-salt^  which 
separates  out.  The  dehydrated  add  bears  a  heat  of  180^  without  alteration, 
but  decomposes  at  a  somewhat  higher  temperature,  yielding  tribromamline  and  sul^ 
phurous  anhydride,  and  leaving  a  difficultly  combustible  charooaL  It  also  gives  off 
tribromaniline  (not  dibromanilme,  as  might  be  expected)  when  heated  with  potash  or 
slaked  lime.  The  aqueous  solution  is  coloured  brown  by  chlorine,  and  on  heatinff  the 
liquid,  a  pungent  oil  separates  out. — Nitroue  acid  passed  into  theaqueoue  somtion 
converts  tne  add  into  diazo-dibromosulphobenzolic  acid,  C*H*Br*N'80*. 

The  dibromosulphanilates  aystallise  in  needles,  and  are  more  or  less  soluble 
in  water.— The  barium^ealt,  C"H«Ba'^r«N«SK)«.2H"0,  prepared  as  above,  gives  off  its 
water  at  110^  without  alteration  of  appearance,  and  does  not  decompose  till  very 
strongly  heated.--The  lead-salt,  C'«H4>VBrWS*0«.2BPO,  is  permanent  in  the  air, 
and  gives  off  its  water  at  110<=^.— The  silver-salty  CH^AgBr^SO*,  forms  somewhat 
reddish  needles. — The  potassiu/m'  and  sodium-salts,  obtained  by  decomposing  the 
corresponding  carbonates  with  the  aqueous  acid,  are  sparinglv  soluble  in  alcohol,  and 
separate  in  needles  on  addition  of  alcohol  to  their  aqueous  solutions. — The  ginc-salt  is 
obtained,  as  above  mentioned,  by  the  action  of  the  add  on  metallic  zinc 

VheBsrMlsvlpluunlo  or  BisolpliMdlle  Aeld,  CfH'NS*0*  »    ||^2« 

HV 

(Buokton  and  Hofmann,  Chem.  Soe.  Qu.  J.  iz. — Oarius,  Zdtschr.  Ch.  Fharm* 
1861,  p.  682 ;  Jahresb.  1861,  p.  634.)— -Two  acids  having  this  composition  have  been 
obtained,  viz. — a.  By  heating  sulphanilie  acid  (p.  477)  with  fuming  sulphuric  add  to 
160^  or  170^,  for  six  or  seven  hours,  till  it  assumes  the  consistence  of  tieade.  On 
dissolving  the  sjrupy  residue  in  water,  saturating  with  carbonate  of  barium,  and 
evaporating  the  filtrate,  a  barium-salt  is  obtained,  which  after  repeated  solution  in 
water,  and  evaporation  under  reduced  pressure,  remains  as  a  mass  of  microseopio 
crystals,  having,  when  dried  at  i90O— 200<',  the  composition,  G^'Ba^NSK)*,  showutg 
that  the  add  is  dibasic.  From  the  lead-salt,  prepared  in  a  similar  manner,  the  firee 
add,  OHrNSK)*,  may  be  separated  by  the  action  of  sulphydric  add.  It  has  a  veir 
add  and  pungent  taste,  is  very  difficult  to  enrstallise,  and  is  insoluble  in  alcohol, 
which  predpitates  it  from  strong  solutions  in  white  grains,  especially  on  addition  of  a 
little  ether. — ^The  silver-salt,  C*H*Ag*NS*0*,  prepared  bv  neutralisinaf  the  aqueous 
add  with  carbonate  of  silver,  crystall^es  from  aqueous  solution  in  smaU  plates,  and  is 
precipitated  by  ether-alcohol  in  colourless  crystalline  grains.  (Buck ton  and  Hof  •* 
mann.) 

0,  By  the  action  of  ammonium-sulphite  on  nitrobenzol  (Car ins): 

C^"NO«  +  3(NH<)«S0»  -  Cm*(NH*)«NS«0«  +  (NH*)«SO*  +  H*0  +  2NH«. 
Mltroben-  /S-Ditulphanllate  of  Salphat* 

>ol*  Ammonium.  of  Ammo- 

Dlum. 

When  1  at.  nitrobenzol  and  3  at.  neutral  sulphite  of  ammonium  are  boiled  together 
in  dilute  alcoholic  solution,  for  six  or  eight  hours,  in  such  a  manner  that  the  condensed 
vapours  may  flow  back  again,  and  the  resulting  solution  is  evaporated,  sulphate  of 
ammonium  separates  out  first,  then  laminar  crystals  of  jB-disulphanilate  of  ammo* 
nium,  which  are  difficult  to  purify.  It  is  best,  therefore,  to  convert  this  salt,  by 
treatment  with  baryta,  into  the  barium-salt,  (XH*Ba'T^S*0*.  This  salt  is  easily 
soluble  in  water,  insoluble  in  absolute  alcohol,  and  crystallises  in  colourless  prisms. 
It  may  be  boiled,  without  decomposition,  in  neutral  or  alkaline  solutions,  as  also  may 
the  other  salts  <^  the  same  add;  but  on  attempting  to  separate  the  /9-disulphanilie 
add  from  them,  it  splits  up,  by  assumption  of  1  at.  water,  into  aniline  and  suphurio 
add: 

OW^SKy*  +  2H*0  -  C«H*N  +  2H«S0*. 

This  decomposition,  and  the  dissimilarity  of  the  barium-salts  of  the  two  adds  just 
described,  shows  that  these  acids  are  not  identical,  but  only  isomeric.    The  latter* 
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from  its  mode  of  formation,  and  the  mode  of  decomposition  just  mentioned,  is  piobablj 

C«H»\ 

N 


Q, ;  whereas  the  former,  resulting  from  the 


fte  true  phenyldiaulphwiic  add.  [^If 

action  of  sulphuric  acid  upon  aniline  (amidobenzol)^  may  rather  be  regarded  as  amido- 
disnlphobenzoUc  acid,  CWa:»(NH*)S«0«. 


(cm.*y 


VbenyldlsQlpliodlaiiilo    Aold,  C'H'K^SK)^    «     {SO*yyx^. --Dithiobemolic 


Acid»  (Hilkenkamp,  Ann.  Ch.  Pharm.  zcv.  86;  Jahresb.  1855,  p.  636.) — ^Produced 
as  an  ammoninm-salt,  by  the  action  of  sulphite  of  ammonium  on  nitrobenzol,  probably 
containing  dinitrobenzol: 

Cra*(NO«)»  +  6(NH*)«S0»  «  (yR'Qm^yS^S^*  +  4(NH«)=S0«  +  2NH». 
The  materials  (80  grms.  nitrobenzol,  340  girns.  dry  sulphite  of  ammonium,  and  1  litre 
of  anhydrous  alcohol,  together  with  a  little  carbonate  of  ammonium,  to  keep  the  mix- 
ture aUcaline)  were  oohobated  for  seyeral  hours ;  and  the  liquid  decanted  from  the 
sulphate  of  ammonium,  which  separated,  was  evaporated  to  an  oily  consistence ;  it  then 
deposited  a  large  quantity  of  white  laminae  (doubtless  consisting  of  phenyldisulpham- 
ate  of  ammonium),  together  with  a  small  quantity  of  hard  slender  needles,  consisting 
of  the  phenyldisulpho3iamate,  C^'(NH*)*N*S*0*.  This  salt  is  very  soluble  in  water 
and  in  aqueous  alcohol,  sparingly  soluble  in  absolute  alcohol,  insoluble  in  ether;  when 
heated  it  chars,  swells  up,  and  emits  the  odour  of  sulphurous  acid.  Its  aqueous 
solution  is  slightly  acid. 

All  the  phenyldisulphodiamates  are  easily  soluble.  The  barium-salt, 
G^'Ba''N*SK)*,  obtained  by  decomposing  the  ammonium-salt  with  baiyta-water, 
forms  crystalline  crusts,  insoluble  in  alcohol  and  ether. 


BenjCTlAlsiUpluiiiilo  Aold.     CrH*KS*0*  -  (SO*)nQs.  Tolyldiaulphamic  Acid, 

ThiotcluoUdure.  Disulfuryl-toluyhaure.  (Hilkenkam]^,/io<T.  ctif. — Caria8,2^itschr. 
Ch.  Fharm.  1861,  p.  632 ;  Jahresb.  1861,  p.  634.) — Obtained  in  the  same  manner  as 
phenyldisulphamic  add,  by  the  action  of  ammonium-sulphite  on  nitrobenxylene  (nitio- 
toluol).  According  to  Hilkenkamp,  the  ammonium-^alt,  which  is  the  direct  product  of 
the  reaction,  has  the  composition  C'H'(NH*)NS*0* ;  and  the  potasaiump-saJU,  obtained 
by  decomposing  it  with  potash,  contains  C'H"£NS*0' ;  which  would  imply  either  that 
the  acid  is  monobasic,  or  that  these  are  acid  salts.  According  to  Carius,  the  bariun^ 
salt,  obtained  by  decomposing  the  ammonium-salt  with  baiyta- water,  has  the  composi- 
tion C'H'Ba'l^S'O',  showing  that  the  acid  is  dibasic,  like  phenyldisulphamic  acid. 
The  other  bencyldisulphamates  resemble  the  corresponding  phenyl-compounds  (p.  479), 
and  the  acid,  when  separated  from  them,  splits  up  in  like  manner  into  sulphuric  acid 
and  benzylamine.    (C ar i us.) 

C'H"  )^ 
CmmenjldUiilpluunie  Aeld.    C*H'^S*0«  »  (SO')*l^y    Dtsuywryl-cumenyU 

sawrt,  (Carius,  loc,  cU.). — ^Prepared  in  like  manner  from  nitrocumol.  The  salts 
are  similar  to  the  phenyldisulphamates,  the  barium-salt  haying  the  composition 
C^^'Ba'T^S'O',  and  the  acid  separated  from  it  is  resolyed  in  like  manner  into  sulphu- 
ric acid  and  cumenylamine. 

SV&FSAMXBB.    (^^P'JN*.— According  to  Begnault  (Ann.  Ch.  Phys.  [2] 

Inix.  170),  this  body  is  produced,  together  with  sal-ammoniac,  when  dry  ammonia-gas 
is  passed  over  sulphuric  chloride,  S0*C1* ;  but,  according  to  H.  Hose,  the  product  £us 
-ftirmed  is  a  mixture  of  sal-ammoniac  and  neutral  sulphamate  of  ammonium  (sulpha- 
tammon). 

See  SrupHAzoTiSBD  Acids  (p.  482). 


C'H^'S-.^'^*^)"!!^.  (Hofmann.Proc.Roy. 


Soc.  X.  698.)— This  base,  metameric  with  phenylsulphocarbamide,  [(CS)"(C*H*)H*]N* 
(i.  756),  and  analogous  to  Chancel's  oxybenzodiamide  (i.  755),  is  produced  by 
the  action  of  ammonium-sulphide  on  nitrobenzonitrile,  C'H*(NO')N.  When  this 
compound  is  boiled  with  an  aqueous  solution  of  ammonium-sulphide,  a  large  quantity 
of  sulphur  separates  at  first ;  and  on  evaporating  the  liquid,  a  yellowish  oil  is  deposited, 
which  Bolidinee  but  imperfectly,  and  is  diflScult  to  purify.  This  oil  is  a  weak  base, 
haying  the   composition    of  amidobenzonitrile,   C'H*N'  »  C'HXNH')N;   and  by 
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prdbynged  contaot  wHh  aminoiiiiuii-mlphide,  it  is  gtadually  eonTerted  into  solphamido- 
beaxamine: 

CrHXNO«)N  +   8H«8     «     «H»0  +  S«  +  C»H«N«. 

Nitrobeoso*  Amidobenio* 

nitrlle.  nitril«« 

and  C'H«N«  +    EPS    -    C'HW«S. 

AmMobenxo-  Salphamido- 

aitiile.  beoBuniae. 

SuIphamidobeDSunine  is  very  soluble  in  iilcolioland  in  ether,  and  ciystaUiBes  from  hot 
water  in  white  shining  needles.  It  dissolTes  easily  in  acids,  and  is  precipitated 
therefrom  by  potash  and  ammonia.  It  forms  a  crystallisable  hydrochlorate  and  an 
orange-yellow  ciystalline  chloroplatinate. 


«C  AOnK  C'H«C1(NH«)S0».— When  chlor- 
amidobenzoic  acid,  C*H*C1(NH*)0'  (obtained  by  the  action  of  potassinm-cyanide  on 
ethylic  chlorobensoate),  is  treated  with  strong  salphnric  acid,  and  the  dilated  solution 
is  boiled  with  barium-carbonate,  sulphamiaochlorobenzoate  of  barium, 
C'H'Ba"Cl(NH')80*>  is  prodnoed,  and  separates  from  the  solution  in  nodular  groups 
of  crystals.  (D.  Cnnze  and  H.  Hubner,  Ann.  Ch.  Pharm.  czxxr.  106;  J^iresb. 
1865,  p.  S80.) 

StnbFlkAMZBOVZO  AOn*  A  syrupy  deliquescent  acid,  produced  by  tritu- 
zating  starch  with  strong  sulphuric  acid.  Its  salts  are  all  amoiphous,  deliquescent^ 
easily  soluble  in  water,  and  yeaj  unstable,  so  that  their  composition  is  difficult  to 
determine.  The  caleiumsalt  appean  to  contain  C*«H«*Ca"0*\2S0*»  (Qm^  xy.  104. 
— Oerhardt^  ii.540.) 

SV&raAimov.    Syn.  with  Svjupbatahxok. 
smb^KAMMOMCO  AC11I.    See  SirLFHAZonsn>  Acins  (p.  482)* 
SU&VBAinXIO  AODft    See  Sulfhtiuo  Ethbbs. 


A  name  proposed  by  Graham  Ibr  the  radicle  S0\ 

snFKAJI  JVtf  AlO  or  MWUBMJLM  K VHOUEO  AOIB.  An  acid  produced  by 
the  action  of  strong  sulphuric  acid  on  anise-camphor  (i.  297).  Its  soluble  ssJts  colour 
feme  solutions  deep  yiolet»  almost  black.  The  oariwn'SaU  appears  to  have  the  compo- 
sition Ba''0.2(G*«H"0.S0*).    (Gerhardt,  J.  pr.  Chem.  zzxn.  267.) 

AOUK    See  BcLVBAjao  Acid  (p.  477). 

rZBZC  ACZB.    See  Aiosic  Acid  (i.  808). 


CH^SO*. }     Products  formed  by  the  action  of  sul- 
■VXiyBAVZSO&ZBa.    C^^H'^SO*.         >         phuricacidonanisol(i.  306)« 

[     See  Amtimokt,  Svinonfes  or  (L  834,  885). 

See  Absbhic,  Sulphidk  of  (L  388,  891). 

Syn.  with  StTLFHiDs  of  Oaoodtx.  (i.  409). 

WntyWAiillTgyBa  or  UmwHAUAm^Mm  Syn«  with  SinLPHia^TiDB.    (See 
IsJLTTDB,  iii.  411.) 

iOWm    Neutral  sulphamate  of  ammonium. 

See  SULFHTTB,  OZTGBN-AaDS  OF. 

Syn.  with  Svlfhan. 


and  StDnbFBASXVZO  ACIAS.    See  Sulfhazotisbd  Acn>s. 


I  0».  TUobemaldin.  C*»H'»NS«?— A 
product  of  the  action  of  ammonia  on  hydride  of  thiobensyl  or  sulphide  of  stilbene 
(i-571): 

BCH^S  +  NH»    -    C»>H>^S«  +  H^ 

On  mixing  1  toL  bitter-almond  oil  dissolTed  in  4  or  5  vols,  ether  with  1  toL  ammonium- 
sulphide,  and  leayinff  the  ether  to  eyaporate  in  a  shallow  vessel,  the  compound  sepa- 
rate in  laige  czystals,  which  melt  at  128^,  dissolve  in  20  to  30  pts.  of  ether,  and  are 
Vol,  V.  11 
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deoomposed  by  boiling  alcohol,  vith  evolation  of  iidphydrie  add.    (Laiireiit»  Aon; 
Ch.  Phye.  [3]  xxrvi  842.) 

SV&PBAZOTZ8BD  AOIB8.  (Fr^my,  Ann.  Ch.  Fhys.  [3]  xv.  408 ;  Handw. 
yii.  679.)— A  seriea  of  acids,  the  potassinm-salts  of  which  are  formed  by  the  action  of 
Bulphnroufl  anhydride  upon  a  solution  of  potassium-nitrite  containing  a  large  excess  of 
free  alkali.  Sulphurous  anhydride  combines  with  the  elements  of  potassium-nitrite  and 
water  in  sereral  proportions,  forming  compounds  which  ciystallise  readily,  and  in  which 
neither  sulphurous  nor  nitrous  acid  can  be  detected  by  the  usual  tests.  The  solutions  of 
these  salts  form,  with  salts  of  barium,  precipitates  containing  the  correspcmdins  acids. 
These  compounds  are  all  decomposed  by  boiling  their  solutions,  ammonia  and  sulphuric 
acid  being  found  ajnong  the  prooucts ;  some  of  them  eyen  experience  a  similar  decomposi- 
tion at  ordinary  temperatures. 

The  derivation  of  some  of  these  salts  from  potash,  water,  sulphurous  and  nitroas 
anhydrides,  may  be  represented  by  the  following  formulsB : 

Sulphazite  of  potassium,  3K«0.S«H«N«0'«  -  3K*0  +  N«0«  +   3S0«  +   3H«0 

Sulphazate  „  8K«0.S*H*NH)"  -  3K«0  +  N»0«  +   4S0«  +  8H«0 

Sulphazotote  h  8K«0.S»H«N*0w  ^  sk^O  +  NK)«  +  6S0«  +  8H«0 

Sulphammonate     ^  4K«0.a»H«N«0«  -  4K«0  +  N«0>  +  8S0«  +   3H*0 

SutvhammtmaU  of  Potassium  is  formed  by  mixing  the  strong  solutions  of  nitrite  and 
sulphite  of  potassium ;  it  is  then  deposited  in  beautiful  silky  needles. — The jBvlphazate 
is  formed  by  the  action  of  sulphurous  anhydride  on  nitrite  of  potassium  in  alkaline 
solution ;  tne  stUpharite  by  the  action  of  water  on  the  sulphazate ;  the  ntlphasotate 
separates  in  large  rhombohedral  crystals,  on  evaporating  an  aqueous  solution  of  the  • 
sulphazate.    Neither  of  these  acids  can  exist  in  the  free  state,  t.  e.  as  hydrogen-salts. 

Fr^my  also  describes: — Metasulphazotate  of  potassium,  SK'O.S^H'NK)**,  formed, 
together  with  the  sulphazotate,  by  the  action  of  sulphurous  anhydride  on  nitrite  of 
potassium:  acid  not  isolated. — BidphazUite,  K'O.S*HNO,  produced  by  the  action 
of  silver^xide  in  the  cold  on  a  solution  of  the  neutral  sulphazotate :  add  not  isolated. — 
Metasulphazilite,  3E*0.S«H*NK)^,  formed  in  like  manner  at  the  boiling  heat— At^Aa- 
midaUy  K'O.S'H'NO^  formed  from  the  sulphammonate  by  the  action  of  water :  acid 
not  isolated. — StdphaHdieaeid,  2H*0.S'H'N'0',  is  obtained  by  deoompodngthe  barium- 
salt  (the  mode  of  preparation  of  which  is  not  given)  with  an  equivalent  quantity  of 
sulphuric  acid.  By  saturating  it  with  potash,  the  potassium-salt,  2K*0.S^'K'0',  is 
obtained  in  regular  six-sided  laminse. 

BWEMBBMBAmMm    Syn.  with  DxsuLpmsiLTTDB  (iii.  412). 

8U&VBIBB8  and  8VUSTB&ATB8.  The  term  sulohide  (formerly  wl- 
phuret),  in  its  widest  sense,  indudes  all  compounds  in  which  sulphur  forms  the  dec- 
tronegative  constituent  Sulphur  unites  in  this  way  with  all  the  metals,  with  most  of 
the  non-metallic  dements,  and  with  many  organic  radides.  The  sulphides  are,  for  the 
most  part,  analogous  in  compodtion  to  tiie  oxides,  and,  like  the  latter,  may  be  divided 
into  add  and  bade  sulphides,  or  sulphur-adds  and  sulphur-bases,  which  are  capable  of 
uniting  together  and  forming  sulphur-salts.  To  the  class  of  add  sulphides  bdong  the 
sulphides  of  the  non-metallic  dements,  and  those  metallic  sulphides  which  are  soluble 
in  sulphide  of  ammonium — viz.,  the  sulphides  of  antimony,  arsenic,  tin,  molybdenum, 
tungsten,  vanadium,  gold,  and  platinum ;  the  other  metallic  sulphides  and  the  sulphides 
of  the  alcohol-radides  are  basic. 

Mbtjlllio  Sulphidbs. — Fk<edaely  as  we  have  oxides  and  hydrates  formed  on 
the  type  of  one  or  more  atoms  of  water,  so  we  have  sulphides  and  sulphydrates 
derived  from  one  or  more  atoms  of  sulphydric  acid.  The  more  or  less  basylous 
sulphides,  like  their  corresponding  oxides,  may  be  divided  into  three  principal  classes, 
monatomic,  diatomic,  and  triatomie,  formed  respectively  on  the  types  of  one,  two^ 
and  three  atoms  of  sulphydric  acid.  The  first  dass  indudes  hemisulphides  andproto- 
sulphides,  with  the  corresponding  sulphydrates.  Hemisulphide  of  nickel,  Ki*S,  sul- 
phide of  dnc,  Zn'S,  and  sulphydrate  of  sodium,  HNaS,  may  be  taken  as  examples. 
The  second  class  indudes  disulphides  and  disulphydrates.  Disulphide  of  platinum, 
Pt"S',  and  sulphvdrate  of  barium,  Ba"H'S*,  may  be  taken  as  examples.  The  third 
class  includes  the  trisulphides  with  their  corresponding  sulphydrates,  such  as 
trisulphide  of  bismuth,  Bi'S*,  and  trisulphide  of  diromium,  Gr^.  It  is 
observable  that  while  f^e  trioxides  constitute  a  most  important  dass  of  oxides, 
the  trisulphides  are  a  very  unimportant  dass  of  sulphides.  As  a  rule,  they  do  not 
occur  native,  are  scarcely  aaliflable,  and  do  not  result  from  the  ordinaiy  analytical 
processes  which  produce  the  other  metallic  sulphides  with  such  facility. 

The  sulphides  differ  much  from  one  another  in  the  rapidity  and  completeness  with 
which  they  are  decomposed  by  adds.  When  finely  pulverised,  they  are  all  decomposed 
more  <a  less  perfectly  by  hydxochloric  add  gas,  but  some  of  them  are  attacked  rery 
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■knrly  by  the  boiling  liquid  add.  All  salifiable  sulphides,  however,  behave  like  their 
oorrespondin^  azidee,  when  decomposed  b^  hydroehlorie  acid,  and  yield  one  atom  ot 
•nlphydzic  acid  for  eiery  atom  of  sulphur  m  the  sulphide^  thua: 

Fe"S   •+  2Ha     «      ffS  +     Fe"a«/ 

fiin^S"  +   4Ha     -     2H«S  +  2Sn"Cl«. 

6i^  +  6Ha     «     3H«S  +  2Sb*'OT. 

With  xeferenee  to  the  diatinction  between  solphides  and  snlphydrates,  it  may  be 
observed  that  the  sulphydrates  of  the  baeylous  metals — ^lithium,  sodium,  potassium, 
calcium,  strontium,  barium,  and  magnesium  —  are  well-defined  compounds,  which  dissolve 
in  water,  forming  colourless  solutions.  The  solutions  of  the  sulphydrates  of  magnesium 
and  calcium  are  decomposed  by  ebullition,  with  evolution  of  sulphydric  acid,  thus : 
Mg'^S*  +  2H«0  =  MgHH)*  +  2H«S.  But  the  other  sulphydrate  solutions  may 
be  evaporated  down,  wbareby  they  yield  colourless  transparent  crystals  of  their 
respective  sulphydrates.  These  basylous  sulpfaydratee  are  usually  made  by  saturating 
their  corresponding  hydrates  with  sulphydric  acid  gas.  The  dry  alkaline  sulphydrates, 
when  heated  to  redness  out  of  contact  with  air,  are  decomposed  into  sulphydric  add 
and  metallic 'sulphide :  Ba"H^'  »  H'S  +  Ba'S;  but  the  sulphydrates  of  potassium 
and  sodium  require  a  very  strong  heat  to  effect  their  decomposition.  The  sulphides  of 
the  add-forming  metals  also  appear  to  form  definite  sulphydrates,  corresponding  to 
their  respective  oxygen-adds ;  but  the  nature  of  these  compounds,  and  still  more  of  the 
Bulphydrates  of  the  intermediate  metals,  is  not  well  established.  It  is  not  dear,  for 
instance,  whether  the  so-called  hydrated  sulphide  of  zinc  consists  of  Zn^'H'S*,  or 
Zn"8.H»0,  or  Zn'T[««.Zn"HK)«.  The  hydrated  sulphides  of  the  ferric  and  plumbic 
familiftg  seem  indeed  not  to  be  sulphydrates ;  for  when  soluble  salts  of  the  metals  of 
these  &milies  are  added  to  solutiona  of  alkaline  sulphydrates,  sulphydric  add  is 
evolved: 

Fe"SO*  +  H«0  +  2KHS     -    K«S(>«  +  Fe'S.HH)  +  H«S. 

Moreover,  it  is  not  dear  that  all  sulphides  predpitated  from  metallic  solutions  by 
ezcess  of  sulphydric  add,  or  a  sulphydrate,  are  necessarily  either  hydrated  or  sulphy- 
drated,  despite  their  greater  solubility  in  acids,  and  their  difference  in  colour  from  the 
nndoabtedly  anhydrous  sulphides  made  in  the  diy  way.  We  know,  for  instance,  that 
the  difference  between  the  native  scarlet  sulphide  of  mercury  and  the  predpitated 
black  sulphide,  or  that  between  the  native  grey  sulphide  of  antimony  and  the  precipi- 
tated orange  sulphide,  is  not  a  differenee  of  hydration  at  all,  but  one  of  molecuLur  con- 
dition, t.  e.  allotropy. 

The  protosulphides  of  the  alkali-metals  and  alkaline  earth-metals  dissolve  in  water, 
forming  colourless  solutions,  from  which,  by  evaporation,  the  solid  sulphides  may,  it  is 
said,  be  again  procured,  and  in  the  crystalline  state.  It  is  not  improbable  that  the  solu- 
tions really  contain  mixtures  of  alkaline  hydrate  and  sulphydrate,  resulting  from  the  reac- 
tion of  the  sulphide  with  water,  thus :  K^  +  H*0  ^  EHS  +  EHO.  At  any  rate, 
predsely  similar  solutions  are  made  by  mixing  equal  quantities  of  alkaline  hydrate  and 
sulphydrate.  With  the  exception  of  the  above  sulphides  of  the  basylous  metals,  all 
sulphides  and  hydrated  sulphides  are  insoluble  in  water,  or  veiy  nearly  so.  Those 
which,  like  the  trisulphide  of  arsenic,  are  sparingly  soluble  in  pure  water,  are  insoluble 
in  addulated  water.  This  trisulphide,  when  recently  prodpitated,  is  slowly  but  com- 
pletely decomposed,  by  boiling  with  water  into  arsenious  and  sulphydric  acids. 

As  a  role,  the  sulphides  and  oxides  of  the  same  metal  have  similar  formulse,  and 
correspond  in  their  general  behaviour.  Occasionally,  indeed,  we  have  metallic  oxides  to 
which  there  are  no  corresponding  sulphides  (the  peroxide  of  manganese,  for  example), 
and  more  frequently  metallic  sulphides  to  which  there  are  no  corresponding  oxides, 
—the  hemisulphide  of  iron  and  the  disulphide  of  arsenic,  for  example.  Among  the 
sulphides  to  which  there  are  no  oonesponding  oxides,  perhaps  the  most  remarkable  are 
the  alkaline  polysulphides.  The  metel  potassium,  for  instance,  is  said  to  form  the 
comTOunds  K«8,  K«S*,  K»S«,  K»S*,  and  K*S*  (iv.  707). 

When  protosulphide  of  potassium  is  fbsed  with  excess  of  sulphur,  the  pentasulphide 
is  formed  as  a  dark  liver-coloured  mass  which  sinks  beneath  the  excess  of  melted 
sulphur.  It  is  a  very  definite  compound,  soluble  in  water,  forming  a  deep  orange 
liquid,  which  may  also  be  obtained  by  boiling  an  excess  of  sulphur  with  a  solution  o£ 
the  protosulphide.  Its  composition  corresponds  with  that  of  toe  sulphate  and  hypo- 
Boljoite  <r  tnioeulphate  of  potassium,  thus : 

K%0\  Sulphata. 

K*SW,  Thiosulphate. 

E'SS  Pentasulptdde; 
Ii2 
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It  18  doabtftil  whether  the  three  intermediate  polysalphides  are  other  than  mix* 
turee  of  proto-  and  penta-snlphide.  They  may,  howerer,  be  definite  sulphides  corres- 
ponding to  the  polythionic  series  of  ozygennNilts,  thns : 


K«S«,  Disnlphide, 
K«S«,  Trisulphide. 
K*S*,  Tetrasnlphide. 
K^,  Fentasnlphide. 


K"S*0»  Dithionate. 
K«S«0«,  Trithionate. 
K*8*0«.  Tetrathionate. 
K*S*0«,  Pcntathionate. 


It  is  observable,  moreover,  that  the  three  intermediate  polysnlphides  result  from 
definite  reactions,  and  that  the  disulphide  and  trisulphide  correspond  to  definite  oxides. 
The  yellow  colour,  which  solutions  of  alkaline  protosulphide  and  sulphydrato  acquire 
by  exposure  to  air,  is  due  to  the  production  of  polysulphides,  thus :  2KHS  +  0  = 
K'S*  +  H'O.  The  yellow  solutions  of  the  polysulphides  eventually  become  colourless 
by  absorption  of  oxygen,  which  produces  a  thiosulphate,  accompanied,  in  the  case  of 
the  tri-,  tetra-,  and  penta-sulphiaes,  with  a  deposit  of  sulphur.  The  polysulphides  do 
not  appear  to  form  corresponding  polysulphydrates ;  for  when  sulphur  is  boiled  with 
solutions  of  sulphydrates,  there  is  always  an  evolution  of  sulphydric  add,  thus : 

2KHS  +  S     «     K»S«  +  H«S. 

The  distinction  between  neutral  and  salifiable  sulphides  is  much  less  marked  even 
than  that  between  neutral  and  salifiable  oxides.  I>isulphide  of  iion,  for  instance,  is 
obviously  the  representative  of  the  non-salifiable  peroxide  of  manganese.  The  two 
compounds,  when  heated  in  dose  vessels,  undergo  precisely  similar  decompositions : 

3MnO«     «     Mn»0*  +   0«. 
8FeS«       -     Fe>S*     +  8*. 

On  the  other  hand,  the  trisulphide  of  iron  is  obviously  the  representative  of  the 
salifiable  tiioxide  of  that  metal,  and  should  correspond  with  it  in  its  reaction  with 
hydrochloric  add,  thus : 

Fe«0«  +   6HC1     -     2Fea«  -¥•  SHK). 
Fe«3^    +  6HC1     -     2FeCl«   +   SH'S. 

But  sulphydric  acid  has  the  property  of  redudng  trichloride  of  iron  to  the  state  of 
dichloride,  with  a  deposition  of  sulphur,  thus :  2FeCl*  -i-  H*S  »  2FeGl'  +  2HC1 
+  S.  Hence  the  actual  behaviour  of  trisidphide  of  iron,  when  treated  with  hydro- 
chloric acid,  corresponds,  not  with  that  of  the  salifiable  trioxide  of  iron,  but  with 
that  of  the  indififerent  trioxide  of  cobalt : 

OoH>»    +   4HC1     -     2CoCl«    +   2H»0     +   O. 
Fe«S«    +  4HC1     -     2FeCl«    +  2H«S     +  S. 

The  sulphides  of  the  chlorous  metals  have  characters  corresponding  to  those  of  the 
corresponding  metallic  oxides ;  that  is  to  say,  they  unite  with  the  sulphides  of  the 
basylous  metals  to  form  corresponding  soluble  salts.  The  disulphide  of  tin,  and  the  tri- 
Kilphides  and  pentasulphides  A  antimony  and  arsenic,  for  instance,  dissolve  in  sulphy- 
dratc  of  potassium  or  ammonium,  just  as  the  corresponding  oxides  dissolve  in  oxhydrate 
of  potassium  or  ammonium.  Thus  we  have  stannate  of  potassium,  K*SnO'  or  K'O.SnO  *, 
and  sulphostannate  of  potassium,  K'SnS'  or  K'S.SnS'.  When  these  chlorous  sulphides 
dissolve  in  alkaline  hydrates,  they  form  both  sulphosalts  and  oxysalts,  thus : 

8SnS»  +   fiKHO     »     2K«SnS»  +  K«SnO«  +  3H»0. 

Bespecting  the  modes  of  formation  and  the  reactions  of  metallic  sulphides,  see  fur- 
ther Mbtals  (iii.  940);  also  Od ling's  Manual  of  Chemistry  (i.  153). 

On  the  sulphides  and  sulphydrates  of  alcohol-radicles,  see  Ethsbs  (ii.  511). 

The  individual  sulphides,  inorganic  and  organic,  are  specially  described  in  connec- 
tion with  the  several  elements  and  organic  radicles. 


iZOOnc  AOZD.    See  Iiroioo-suLPHUBrc  Acids  (iii.  258). 

EB.    Syn.  with  Sutphindiootic  Acm. 

UUU^MMMJLTAMO'UB  JLCTDm    An  add  produced,  according  to  Laurent,  by  (he 
action  of  ammonium-sulphite  on  disulphisatyde  (iiL  412). 

Syn.  with  Disttlphisattdb. 

See  SXTLFKUB,  OXTGBN-JLCIDS  OF. 

AoxD,  CTgpNso*  -  ((rH«o«rv^.  «  ^^^^ 

(Limpricht  and  XXslar,  Ann.  Ch.  Fhano.  cvi  27;  Jahresb.  1868,  p.  275— Engel- 
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hardt^Fetenb.  Acad.  Ball.  xvi.  878;  Jafaresl).  1858,  p.  278.)— This  acid,  the  amic 
add  of  sulphobensoie  acid,  is  prodnoed:  1.  By  heating  aulphobenzaniide,  or  ethyUul- 
phobenzoata  of  ammonium,  with  potash  (Limprichtand  Uslar): 

CH'N'SO*  +  H«0     -     C'HT^SO*  +   NH». 

fiulphobao-  Sulphoben* 

uaiide.  samic  add. 

Also  from  the  com^und  G^'N'SO*  (the  hydrochlorate  of  which  is  formed  by  treat- 
ing snlphobenzamide  with  pentachloride  of  phosphorus,  p.  686),  likewise  with 
elimination  of  ammonia  (Limprieht  and  Uslar) : 

CrH«N«SO«  +  2H«0     -     C'H'NSO*  +  NH». 

3.  Togetlier  with  other  products,  by  the  action  of  sulphuric  anhydride  on  benzoni* 
trile.    (Ingelhardt) 

Preparatwn, — 1.  Snlphobenzamide,  stirred  up  to  a  paste  with  strong  potash-ley,  is 
heated  in  the  water-bam  for  several  hours,  till  a  clear  solution  is  obtained.  This  is 
diluted  with  water,  and  supersaturated  with  hydrochloric  acid,  whereby  the  sulpho- 
benzamic  acid  is  obtained  as  a  bulky  precipitate,  which  is  purified  by  recr^'stallisatioQ 
from  boiling  water.     (Limprieht  and  Uslar.) 

2.  Vapour  of  sulphuric  anhydride  is  slowly  passed  into  well-cooled  benzonltrile, 
whereby  a  crystalline  mass  is  produced  (if  the  action  goes  on  more  quickly,  a  vitreous 
mass  is  formed,  which  yields  other  products).  On  treating  the  crystalline  mass  with 
cold  water,  to  remove  excess  of  sulphuric  add,  and  dissolving  the  residue  in  boiling 
alcohol,  needle-shaped  czystals  separato  at  first,  but  afterwards,  on  addition  of  ether, 
rhombohedral  ciystals  of  sulphobenzamic  add.     (E  n  g  e  1  h  a  r d  t.) 

PropertifM. — Sulphobenzamic  add  crystallises  ftova.  a  boiling  saturated  solution  on 
cooling,  in  scales  resembling  chlorate  of  potassium  (Limprieht  and  Uslar);  in  rhom- 
bohedral czystals  or  in  needles,  consisting  of  aggregates  of  small  rhombohedrons 
(Engelhardt).  It  is  very  sparingly  soluble  in  cold  water,  more  soluble  in  ether, 
easily  in  hot  water  and  in  alcohol.  It  melts  at  a  temperature  above  200°,  and 
solidifies  in  a  ciystalline  mass  on  cooling ;  at  ft  higher  temperature  it  volatilises  in 
white  vapours,  and  finally  bums  with  a  luminous  fbune.  It  reddens  litmus,  decom- 
poses can)onate8,  but  does  not  dissolve  zinc. 

Decompontums, — 1.  Sulphobenzamic  add  appears  to  be  resolved  by  prolonged 
heating  into  ammonia  and  sulphobenzoio  anhydride.  The  aqueous  solution,  when 
evaporated,  leaves  sulphobenzoic  add. — 2.  When  1  at.  sulphobenzamic  add  is  heated 
to  150^ — 200^  with  li  at.  pentaehloride  of  phosphorus^  as  long  as  phosphoric  oxy- 
chloride  continues  to  distil  over,  a  yellow  oily  liquid  is  left,  consisting  of  sulphoben- 
samic  chloride^  C'H*NS0*C1,  which  is  converted  by  water  into  hydrochloric  and  sulpho- 
benzamic adds,  (C*H«NS(KJ1  +  H*0  «  HCl  +  C'H'NSO<),  and  by  ammonia  into 
snlphobenzamide  (Limprieht  and  Uslar).  Bj  distilling  sulphobenzamic  acid  with 
pentachloride  of  phosphorus,  a  distillate  is  obtained,  containing — besides  oxychloride 
of  phosphorus — cnlorobenzonitrile,  chlorobenzoie  chloride  (in  small  quantity),  cmd  the 
chloride  of  an  easily  soluble  acid,  probably  isomeric  with  sulphobenzamic  acid. 

The  same  chloride  appears  to  be  obtained,  together  with  amorphous  si^phobenzamic 
add,  by  heating  1  at.  sulphobenzamic  add  with  1  at.  of  the  pentachloride.  On 
treating  the  yellow  tumefied  residue  with  ether,  the  amorphous  sulphobenzamic 
acid  remains  as  a  white  pulvemlent  mass,  which  is  insoluble  in  water,  alcohol,  and 
ether,  but  is  converted,  by  heating  with  water  to  170^ — 180%  Into  ordinary  ciysteU- 
lised  sulphobenzamic  add.    (Li m pri ch t  and  Uslar.) 

3.  Sulphobenzamic  acid  tieated  with  sulphuric  anhydride  yields  a  brown  visdd 
mass,  firom  which,  by  boiling  with  plumbic  carbonat^^,  a  salt  is  obtained,  having  the 
composition  of  plumbic  sulphobenzoate. 

Sulphobenzamates.— Sulphobenzamic  add  is  monobasic.  All  its  salts  are  more 
or  less  soluble  in  water. — The  amnumium'Sdlt  separates  in  laminar  crystals,  on 
evaporating  a  solution  of  the  add  in  ammonia. — The  barium-salt,  C'*H"Ba'N'S'0', 
4H*0,  separates  from  the  evaporated  neutral  solution  as  a  soft;  wavdlitic,  crystalline 
mass,  which  gives  off  its  water  at  110°. — The  calcium-salt,  dried  at  120^,  has  the 
composition  C"H'«Ca'TT*SK)«.— The  saver-salt,  CH'AgNSOMI'O,  is  precipitated  by 
silver-nitrate  fsom  the  solution  of  the  ammonium-salt,  in  slender  silky  needles ;  it 
may  be  reczystaUised  firom  boiling  water,  and  does  not  blacken  on  exposure  to 
light 

The  solution  of  the  ammonium-salt  gives,  with  neutral  Uad-acetate,  a  predpitate, 
crystallising  in  small  needles ;  with  ferrotts  salts  a  white,  with  /<  rrie  salts  a  fiesh- 
coloured,  precipitate ;  with  eupric  salts,  a  precipitate  consisting  of  small  needles,  solu- 
ble in  ammonia ;  with  mereurous  salts,  a  white  predpitate  turning  black  on  boiling ; 
with  mercuric  chloride,  a  crystalline  precipitate  separating  firom  water  in  lamins ;  with 
ginc-salts  no  precipitate. 
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Eihflic  Sulfhohengamatt,  or  Suipkcbensanie  Biksr^  €?B%0WyS90*, 
n  obtainad  Ij  psMta^  fajdiociilone  add  |as  ii^  the  alwiboKe  goihiticn  at  the  acid ; 
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hj  deoompomig  the  lUTer-aalt  with  etfaybe  iodide ;  or  hj  twting  the  olechoKc  ooh- 
tiOD  of  smpbol^iizoie  chloride  with  ammoiiia-gM.  It  ojetalliflee  in  splendid  shining 
needles,  wbidi,  aecoiding  to  Eefentein,  are  monodinic  pisms,  ooP .  ooPod  .qP. — T, 
haying  their  axes  in  the  ratio  of  1 :  2  :  4.  "Whea  cantionalj  heated,  it  melts  without 
deoompoaitioa,  and  solidifies  in  the  eiystalHne  state  on  ooolug;  at  a  higher  tempera- 
ture it  ffiTes  off  white  fnmes,  and  hums  with  a  bright  flame.  It  disBolTss  easilj  in 
warm  alcohol  or  ether,  somewhat  less  easily  in  boiling  water.  8tn>n(|^  eanslic  potash 
dissolyes  it,  at  ordinary  temperatures,  without  eyolotion  of  ammonia ;  at  100®  with 
formation  (k  alcohol  and  potassic  snl|)hobenzamate;  at  higher  temperatoies  also  with 
eyolution  of  ammonia.  It  does  not  dissolye  menmrie  oxides  and  only  a  small  qoantity 
of  sHyer-oodde.    (Li  m pri  c h t  and  U si ar.) 

(Limpricht  and  Usiar,  Ann.  Gh.  Phann.  cu.  289;  cvi.  27. — Jahiesb.  1857,  p.  336 ; 
1858,  I).  275.>— Obtained  by  treatiiM^  snlphobensoic  diloride  with  strong  aqneons 
ammonia.  The  product,  washed  with  water,  dried,  and  redystallised  from  absolute 
alcohol,  with  addition  of  animal  charcoal,  yields  anhydrras  sulphobenzamide ;  if 
aqueous  alcohol  be  used,  a  mixture  of  the  anhydrous  amide  and  a  hydrate  ronfr-RinS^g 
1  at  water  is  obtained. 

Sulphobenzamide  dissolyes  readily  in  hot  water  and  hot  alcohol.  The  hydrate^ 
whidb  crystallises  in  needles,  giyes  c^its  water  at  100^;  at  170°  the  compound  fuses, 
and  between  270°  and  290®  it  slowly  decomposes,  but  without  formation  of  snlphoben- 
simide. — ^When  treated  with  pciash,  it  giyes  off  ammonia,  and  is  conyerted  into  sulpho- 
benzamic  acid  (p.  485^. — ^With  peutacmaride  of  phospharui  at  100°,  it  deoomposefl^ 
according  to  the  equation  : 

C^"N«SO»  +  PC1»  -  <rH«N»SO«.HCl  +  POCl*  +  Ha; 

forming  a  yellow  syrup,  which  is  further  decomposed  during  the  distillation,  yieldins 

Shosphoric  ozychloride  and  chlozobenxonitrife.  The  compound  C'H'N'SO'.HCl 
issolyeB  in  etber  and  in  alcohol,  but  does  not  crjrstaUise  there&om ;  with  water  or 
ammonia,  howeyer,  it  yields  the  crystallisable  compound  CH'N'SO',  which  dissolves 
in  potash,  and  by  prolonged  heating  therewith  is  conyerted  into  sulphobeniamie  acid. 


L     JHphmylnapkobeturamide,     CrH«(C«H>)^0*,    is 

produced  by  mixing  sulphobenzmc  chloride  with  aniline.  When  cfystallised  fiom 
alcohol,  with  aid  of  animal  charcoal,  it  forms  small  white  fhsible  crystals,  easily 
soluble  in  alcohol  and  ether,  slightly  soluble  in  cold  water,  decomposed  by  hot  potash- 
ley  with  separation  of  aniline. 


;  C"fl»«SO*  (Mitscherlich,Pogg.  Ann.  xxxi.  628.— 
Freund,  Ann.  Ch.  Pbarm.  cxx.  76. — Otto,  ibid,  cxxxy.  154.)— A  compound  formed, 
together  with  phenylsulphurous  acid,  by  the  action  of  sulphuric  anhydride  on  benzol. 
On  treatiujif  the  thickjiquid  product  wiUi  a  large  quantity  of  water,  the  sulphobenzide 
separates  in  tbe  crystalline  form,  while  the  phenylsolphuious  acid  remains  m  solution. 
The  sulphobenaide  ma^  be  purified  by  crystallisation  firom  ether,  or  by  distillation 
(Mitscnerlich).  It  is  also  produced,  together  with  benaol,  by  distilung  aqueous 
phenylsulphurous  acid,  and  czystallises  in  the  receiyer.    (Freund.) 

Sulphobenzide  czystallises  from  alcohol  in  rhombic  plates*  It  melts  at  100° 
(Mitscherlich),  at  128°  (Freund),  at  128°— 129°  (Otto),  and  boils  at  a  much 
higher  temperature.  It  dissolyes  in  aleohol  and  in  ether,  is  insoluble  in  alkalis,  but 
dissolves  in  acids,  and  is  precipitated  therefrom  by  water.  Strong  suipkurie  acid 
dissolyes  it  when  heated,  and  converts  it  into  phenylsulphurous  add.  Chlorins 
converts  it,  at  the  boiling  heat,  into  trichlorobenzol  (Mitscherlich). — ^Withnen^a- 
eklarids  rf  pkosphorus  it  forms  monochlorobeniol,  chloride  of  sulpho^eny^  and 
trichloride  of  phosphorus  (Otto) : 

c>«H»«so«  +  pca»  -  o^HJi  +  c^«o«oi  +  pa». 

»IO  AOm.    Sjn.  with  PxannrLsuLpHUBOvs  Aoq>. 
(SOy*  VO*.    (Hitscherlxch,  Pogg.  Ann.  zzzi.  287.— Fehling,  Ann.  Gh.  Phaan. 
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zxTii.  322. — ^Limprieht  and  Uslar,  ibid,  eii.  239;  evi  27. — ^Kefersteia,  Urid, 
cvi.  385.) — ^ThiB  acid  is  produced : — 1.  By  paMing  the  Tapour  of  sulphuric  anhydride 
into  benzoic  add,  or  by  mixing  1  pt.  of  uie  anhydride  irlth  2  pta.  benzoic  acid.  The 
mass  is  treated  with  water,  ynaeh  dissolves  sulphuric  and  sulpnobenzoic  acids,  leaving 
the  excess  of  benzoic  acid  undissolved;  the  solution  is  saturated  with  carbonate  of 
barium ;  and  the  filtered  solution  is  mixed,  while  still  warm,  with  a  q^uantity  of  hydro- 
chloric add  suffident  to  combine  with  half  the  baryta  in  solution.  Acid  sulphobenzoate 
of  barium  then  separates  on  cooline,  and  on  decomposing  the  solution  of  this  salt  with 
the  exact  quantity  of  sulphuric  acidrequired  to  precipitate  the  barium,  and  evaporating 
the  filtered  solution  till  it  no  longer  boils  at  150°,  the  sulphobenzoic  add  separates 
on  cooling  as  a  crystalline  mass. 

2.  By  the  action  of  sulphuric  acid  on  benzonitrile,  disulphobenzolic  add  being  formed 
at  the  same  time: 

(rH*N  +  H«0  +  2H«S0«     -     CH'SO*  +   (NmH)SO*. 

Benso-  Salpbo- 

bemotc 
add. 

C^»N  +  3H*S0«    -     C«H«S«0«  +  (NH*.H)SO«  +   CO*. 

B«nso-  Disulpho- 

nitrilo.  bensolic 

add. 

On  nentralising  the  product  of  the  reaction  with  carbonate  of  barium,  etaporatiitg, 
redissolving  in  water,  and  adding  alcohol  by  separate  portions,  sulphobenzoate  of 
barium  aystallises  out  first,  and  afterwards  the  disolphobenzolate.  (Suck ton  and 
Bof  mann,  Chem.  Soc.  Qu.  J.  ix.  256.) 

3.  By  the  action  of  water  on  sulphooenzoic  chloride : 

C'H^O»CP  +  2H«0  -  C'H«SO»  +  2HC1. 

Sulphobenzoic  acid  forms  a  solid  crystalline  mass,  which  may  be  heated  to  150^ 
without  decomposition :  it  deliquesces  gradually  in  damp  air,  but  recovers  its  solid 
form  in  a  dry  atmosphere.  It  is  not  altered  by  boiling  with  acids  or  alkalis,  but  on 
fusing  it  with  solid  potash,  the  sulphur  is  conveorted,  partly  into  sulphuric,  partly  into 
sulphurous  acid. — By  a  mixture  of  2  pts.  oil  of  vitriol  and  1  pt.  nitric  acid,  it  is  con- 
verted into  nitroBulphobenzoio  add,  CrHXNO')SO*. — ^With  2  at.  pentachloride  oi  phos- 
phorus, it  forms  sulphobenzoic  chloride : 

C'H«SO»  +  2Pa»  -  CH*SO»CP  +   2P0C1*  +  2Ha. 
With  1  at  of  the  pentachloride,  the  product  is  sulphobenzoic  chlorhydrate : 

c'H>so»  +  pa»  -  c^H*so»|gQ  +  poa»  +  hol 

Sulphobenzoates. — Sulphobenzoic  acid  is  dibasic,  forming  add  and  neutral 
salts,  the  former  beinff  for  the  most  part  less  soluble  than  the  latter. — ^The  neutral 
barium-salty  CH^Ba'S^O',  obtained  by  boiling  the  solution  of  the  add  salt  with 
barium-carbonate,  forms  indistinct  crystals,  very  soluble  in  water,  and  bearing  without 
decomposition  a  temperature  as  high  as  that  of  boiling  oil.— The  acid  barium-salt, 
C'H*Ba''S0*.C'H«S0*.3H*0,  prepared  as  above  described,  crystallises  in  monodinic 
prisms:  oP  .  ooP .  ooPoo,  with  the  angles  oP  :  ooP  -  98<*6';  oeP  :  ooP  -  82«»  21 
(Fehlinff).  The  crystals  give  off  their  water  at  200^  dissolve  in  20  pts.  water  at 
20**,  and  have  an  add  reaction.—The  lead-salt,  C'H*Pb''S0*.2H*0,  is  obtained  in 
solution  by  boiling  the  add  with  excess  of  lead-carbonate,  and  separates  on  cooling  iiT 
stellate  groups  of  slender  needles.  Gives  off  its  water  at  200°. — The  neiUral  potas- 
sium-salt, C'H^K^O*,  forms  beautiful  deliquescent  crystals :  the  acid  salt  is  efflores- 
cent.— The  sUver-salt,  C^^Ag%0*.HH),  crystallises  in  a  vacuum  in  small  yellowish 
frisms,  which  dissolve  easily  in  water,  and  give  off  1  at.  water  when  dried.  (Peh- 
ing.) 

The  add  sulphobenzoates  of  magnesium  and  zinc,  also  the  add  fexrous,  cobaltous^ 
and  cupric  salts,  form  beautiful  crystals.    (Mitscherlich.) 

Jkriffotwes  of  8ulphobengoio  Aeid, 

mtrosulpkobenMoio  Acid,  C^H»(N0«)S0».  (Limpricht  and  Uslar.)— Pre- 
pared by  adding  sulphobenzoic  or  sulphobenzamic  add  to  a  cold  mixture  of  strong 
nitric  and  sulphuric  adds,  diluting  with  water  after  some  time,  neutralising  with 
carbonate  of  barium,  and  decomposing  the  resulting  barium-salt  with  sulphuric  acid. 
It  crystallises  from  a  concentrated  solution  in  well-defined  crystals. — ^The  neutral 
barium-salt,  C^H'Ba''(N0')S0',  forms  easily  soluble,  nodular,  mostly  yellowish 
crystals,  containing  3   or  §  at.  water.—The  aeid  barium-salt,  C'H'Ba''(N0>)S0«. 
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G'H*(NO*)SO',  corystallises  In  smaXi,  limpid,  radiAting  prisnui,  oontaiiifiig  4  at.  water. 
^-The  nlversaltf  obtained  by  boiling  the  add  with  silvei^ozide,  OTsti^sei  in  smal] 
nodules,  easily  soluble  in  water,  insoluble  in  alcohol. 

^mt<;9<i</f  Aoitfnrof e^tft<;,  CTH'VSO*  »  (rH«(NH*)SO^, produeedbyootttinQed 
digestion  of  nitrosulphobenzoic  add  with  aqueous  sulphide  of  ammonium,  separates, 
on  supersaturating  tne  concentrated  filtrate  with  hydrochloric  acid,  in  white  con- 
centri<^y-grouped  needles,  having  an  add  reaction,  easily  soluble  in  hot  water,  less 
soluble  in  alcohol,  nearly  insoluble  in  ether.  When  heated,  it  chnt  without  prerious 
fusion.  It  dissolres  easily  in  ammonia,  and  the  solution  forms,  with  nitrate  of 
silver,  a  white  predpitate,  whidi  turns  black  on  boiling.  Amidosulphobenxoic  add 
does  not  appear  to  unite  with  other  adds,  at  least  not  in&  hydroddoric  add.  (Lim  - 
pricht  and  Uslar.) 

SlTLPSOBBinbQZC  CK&O&BTD&Am.    C'HHiSSO^  -  C'H«SO*|^q    - 

(crH-or)ci 

*  (SO)    >Qg.  ChUfrwoBurgtcff'SuffobenzoetSure. — ^This  oompound,  analogous  to  Wil- 

liamson's  sulphuric  dilorhydrate,  S0*.C1.H0,  is  obtained: — 1.  By  heating  1  at.  sul- 
phobonzoic  acid  with  1  at.  pentadiloride  of  phosphorus,  till  the  greater  part  of  the 
phosphoric  oxychloride  has  distilled  off,  and  adding  water  to  the  residue  to  dissolve 
out  bydrochloric  and  phosphoric  adds. — 2.  By  leaving  anlphobenadc  chloride  in 
contact  with  water  for  several  weeks : 

C»H^CI«80«  +  H«0     -    CTBKJiaO*  +  HCl. 

It  is  a  white  erystalline  powder,  soluble  in  ether,  decomposed  by  alcohol  and  by 
boiling  water,  insoluble  in  cold  water.  It  mejts  very  easi^,  and  decomposes  at  a 
higher  temperature.  By  boiling  water  and  by  alkalis  it  is  converted  into  sulphoben- 
«>ie  add.    (Limpricht  and  Uslar.) 


smbraoBxvzozc  om&osma. 


CH*S0KJ1»  -  (^^)*|  ^'.-Prepared  hTce 


the  preceding,  but  with  2  at.  phosphoric  pentachloride  to  1  at.  sulphobenzoic  add  dried 
at  100^.  It  is  a  yellowish-brown,  visdd,  oily  liquid,  having  a  faint  unpleasant  odour, 
heavier  than  water,  and  vety  slowly  decomposed  thereby.  Boiling  water  dissolves  it 
more  quickly,  forminff  hydrochloric  and  sulphobensoic  acids. — Alkaiit  decompose  it  in 
a  similar  manner.  When  heated  to  300°  it  decomposes  wi  th  strong  intumescence,  giving 
off  chloride  of  chlorobenaoyl  (i.  567 ),  and  leaving  a  carbonaceous  mass. — Alcohol  dissolves 
it,  with  great  rise  of  temperature  and  formation  of  ethylic  sulphobenzoate.  Anhydrous 
ether  appears  to  dissolve  it  without  decomposition. — ^A^ueous  ammonia  converts  it 
into  sal-ammoniac  and  sulphobeiuamide :  the  latter  is  also  formed  by  passing 
ammonift-gas  into  the  ethereal  solution  of  the  chloride. — ^With  anUine  it  forms  sulpho- 
benzanilide  and  hydrochlorate  of  aniline.  Alcohol  saturated  with  ammonia,  dissolyes 
it  with  great  rise  of  temperature,  forming  ethylsulphobepzoic  acid.  (Limpricht 
and  Uslar.) 

8ir&FHOBBmOZO  JmLBItB.  The  only  ones  known  are  the  add  and  neutral 
ethylic  ethers. 

Ethylic  Sulphobenzoatc,  G"H*«80«  >-  G^HVC<H>)'SO*.  (Limpricht  and 
Uslar,  Ann.  Oh.  Pharm.  di.  262.) — ^Absolute  alookol  becomes  strongly  heated  in 
contact  with  sulphobensoic  chloride;  hydrochloric  add  and  chloride  of  ethyl  are 
given  off;  and  on  evaporating  the  liquid  over  the  water-bath,  ethylic  sulpbobenzoate 
remains  in  the  form  of  a  syrupy  residue  having  a  &int  ethereal  odour.  It  dissolves  in 
water  in  all  proportions,  and  cannot  therefore  be  purified,  like  most  compound  ethers, 
by  washing  with  water.  On  heating  the  aqueous  solution,  the  ether  is  resolved  into 
alcohol  and  aulphobenzoio  add.  It  cannot  be  distilled  without  decomposition ;  when 
heated  in  a  retort,  it  leaves  a  large  quantity  of  charcoal ;  swells  up  considerably,  and 
yields  a  small  quantity  of  distillate  having  a  disagreeable  odour.  Treated  witb  gaseous 
or  aqueous  ammonia,  it  yields  ethylsulphobenxoate  of  ammonium, 

EthyUulphobensoic  Acid,  C»H»»SO*  =  C'H*(C«H»)SO*.  (Limpricht  and 
Uslar,  loccit) — ^Produced  in  the  form  of  an  ammonium-salt,  by  dissolving  sulphobenzoic 
chloride  in  alcoholic  ammonia,  or  by  dissolving  sulphobenzoic  ether  in  alcohol,  and 
passing  ammonia  through  the  solution.  On  evaporating  the  liquid,  the  ammonium- 
salt  is  obtained  in  cryst^s ;  and  by  dissolving  these  in  water,  precipitating  the  ammonia 
with  platinic  chloride,  removing  the  excess  of  platinum  by  sulphuretted  hydrogen,  and 
evaporating  the  filtrate  at  the  heat  of  the  water-bath,  ethylsulphobenzoic  add  is 
obtained,  in  the  form  of  a  yeUowish  syrup,  which  does  not  show  any  signs  of  crystalli- 
sation, even  after  standing  for  several  days.  The  add  appears,  however,  to  be  crys- 
talUsable,  but  difficult  to  obtain  in  the  crystalline  form,  on  account  of  its  pronwess  to 
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deoompocdtxon ;  for  on  deoompoeing  the  barium-salt  with  an  equivalent  quantity  of 
Balphnric  acid,  and  evaporating  the  filtrate  over  the  water-bath,  a  syrap  was  obtained, 
which  Botidified  in  a  crystalline  mass  on  cooling,  but  on  being  satnrated  with  barium- 
carbonate,  3rielded  a  mixture  of  sulphobenzoate  and  ethylsulphobenzoate  of  barium. 

The  BithyUuiphobeneoates  are  all  yeiy  soluble :  they  are  most  readily  prppared  from 
the  ammonium-salt  by  precipitating  the  ammonia  with  platinic  chloride,  remoring  the 
excess  of  platinum  with  sulpbydric  acid,  and  neutralising  the  filtrate  with  the  required 
base. — The  aimmonium-'Mltt  G'H'(NH^)SO,  crystallises  in  large,  well-defined,  four- 
sided  tables,  with  yeiy  distinct  cleavage  parallel  to  the  shorter  side  of  the  base.  It 
is  insoluble  in  ether,  but  dissolves  readily  in  water  and  in  alcohol,  forming  neutral 
solutions. — ^The  barium-Mit,  CH^Ba'S^O**.  xHK),  crystallises  from  a  very  concen- 
trated aqueous  solution,  in  small  rhombic  tables,  which  effloresce  over  oil  of  vitriol. — 
The  nlver-Mli  forms  stellate  groups  of  small  needles. — ^The  aodiumsoHt  CH'NaSO^, 
formv  nodular  groups  of  milk-white  needles,  easily  soluble  in  water  and  in  alcohoL 

SmbFBOBBVZOlb.    C^*S.    Syn.  with  Stjuphidb  of  Benztlbkb  (i.  677). 

BVXiFBOBaMZOXiABnBB.  C^'NSO*  «  N.H*.C«H*SO'.  (Stenhouse, 
Proc.  Roy.  Soc.  xiv.  361.)— Produced  by  heating  sulphobenzolate  (phenylsulphite)  of 
ammonium  to  200^.  Crystallises  from  alcohol  or  water  in  laminae  resembling  naph- 
thalene, which  melt  at  163^. 

mwnumomwanolMKm  C"H>*SO*.  (Stenhouse,  loc.  cU.y-A  compound 
isomeric  with  sulphobenzide  (p.  486),  produced  by  heating  phenylic  sulphide  (iv.  417) 
with  strong  nitric  acid,  or  more  readily  by  digestingit  with  acid  potassium-chromate 
and  sulphuric  acid  diluted  with  2  pts.  of  water.  When  ciystallised  from  benzol,  it 
forms  monoclinic  prisms,  exhibiting  the  combination  [  odPoo  j  .  ooPoo  .  Pn  .  oP,  with 
the  angles  (approximately  determined)  [  ooPoo  1  :  ooPoo  »  86^30'  and  94^  30'; 
r  ooPoo  ]  :  Pn  =  71°  40' ;  ooPoo  :  oP  «  69<^  40 .  The  crystals  are  tabular,  from  pre- 
dominance of  [  ooPoo  ].  From  hot  alcohol  it  separates  in  crystals,  resembling  chlorate 
of  potassium,  but  for  the  most  part  of  the  same  form  and  with  the  same  angles  as 
&om  benzoL  It  dissolves  easily  in  ether  and  in  carbonic  disulphide,  but  with 
difficulty  in  boiling  water,  from  which  it  crystallises  completely  on  cooling.  It 
melts  at  126^,  and  distils  at  a  higher  temperature.  It  dissolves  in  hot  sulphuric  acid, 
and  is  precipitated  there&om  by  water.  A  mixture  of  nitric  and  sulphuric  acids  con- 
verts it  into  an  axidation-product»  sparingly  soluble  in  hot  alcohol,  and  crystaHiaing  in 
needles. 

smbFBOBXMSOXiBVIO  ACZB.    Syn.  with  Bxkztlsulphubous  Acid.    (See 

SUX^HUBOUS  ElHBBS.) 

Sir&PBOBBWZOXAO  AOZB.    Syn.  with  PHBinrLSVLFHTJBOus  Acid.    (See  Sul- 

FHT7B0DS  EtHEBS.) 

Bianlpliobenmolio  Add.  Syn.  with  PHBNTUQai-8Ui.FHUB0U8  Acid.  (See  Sxtlfhv- 
sous  Ethhbs.) 

•tlXFBOBBBZOIiZC  OBIiOBZBB.    Syn.  with  Sn.PHOPHB3nrLic  Chloridb. 

SmUPBOBSBZOTXi,  BTBBIBB  OF.  C'H'S.  A  compound  formed  by  the 
action  of  ammonium-sulphide  on  an  alcoholic  solution  of  bitter-afmond  oil  (i.  671). 

BmbFBOBUTTIiZO  ACIB.  Syn.  with  TsiBTLSUL^nrBic  acid.  (See  Sulphu- 
Bio  Ethxbs.) 

SmbFBOCACOBTZJtO  JLOXB«    See  AssBifiDBS  of  Methtl  (i.  409). 

SVIiPBOCABIVHIC  ACIBa    Syn.  with  TvTMYLeuLPXuaovB  Acm.    (See  Sul- 

VHUBOtTS  EtHBRA.) 


SBXiBBOCAB^BOBZO  ACZB.  C*H>«SO*.  (Walter,  Ann.  Ch.  Phys.  [81, 
ix.  177.) — ^An  acid  produced  by  the  action  of  sulphuric  add  on  camphoric  anhydride 
(i.  730)  I 

C"ID«0>  +  H«SO«  «  (ra»«SO«  +  CO. 

To  prepare  it,  camphoric  anhjrdride  is  introduced  by  smaU  portions  into  an  excess  of 
strong  sulphuric  add,  and  the  dear  solution  is  heated  to  65^.  Carbonic  oxide  is  then 
rapidly  evolved,  and  the  liquid,  after  being  left  at  rest  to  deposit  unaltered  cam- 
phoric anhydride,  then  filtered  and  left  to  evaporate  in  a  vacuum,  deposits  crystals  of 
Bulphocamphoric  add,  sometimes  having  a  green  colour.  For  purification  they  are  le^ 
to  drain  in  a  funnel  plugged  with  asbestos,  then  pressed  between  bibulous  paper,  and 
crystallised  several  times  from  alcohol  till  they  become  colourless. 
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Bolubfo  in  vster,  aloohol,  ind'  ether.  The  eryetals  contain  2  at.  crater,  which  they  give 
off  in  a  Tacmim.  The  aod  melts  between  160®  and  165°,  and  decompoees  at  a  nigher 
tempeiatare.  It  disaolves  bIowIj  in  cold,  quickly  in  boilins  nitric  aeid»  without  alter- 
ation or  erolntion  of  red  fiunea.  Strong  enlphnric  add  diasolTea  and  ultimately 
chars  it 

Sulphocamphorie  add  is  dibadc,  its  neutral  salts  being  represented  by  the  formula 
C*H'*]C<SO«.— The  ammoniumrsalt,  G*Hi\NH«)^SO«.H'0,  forms  stellate  groups  of 
crystals,  which  are  very  soluble  in  water,  and  redden  litmus. — The  potasnumsaU, 
C'H'^K'SO',  crystallises  by  eraporation  in  very  fine  needles,  having  a  cooling  styptic 
taste.  It  is  neutral  to  test-papers,  Teiy  soluble  in  water,  slightly  soluble  in  aleohoL 
Sometimes  cauliflower-heads  of  crystals  are  obtained,  apparently  consisting  of  an  add 
salt. — The  barium-^alt,  C^H'^Ba'SO*,  forms  a  colonrlees  or  slightly  yel£>w  gummy 
mass,  which  faintly  reddens  litmus-paper,  is  Teiy  soluble  in  water,  slightly  soluble  in 
alcohoL — ^A  bario^upric  salt,  C"H'^"Cu'*S'0",  is  obtained  by  precipitating  a  cold 
solution  of  the  bariam-salt  with  cnpric  sulphate. — ^The  lead-Mlt,  C^'^Pb'^0',  is 
an  amorphous  mass,  having  a  sweet  taste,  s<^nble  in  water,  insoluble  in  alcohol,  red- 
dening htmus-paper. — ^The  sUver-sdlt,  CH'^Ag'SO',  is  obtained,  by  saturating  the  add 
with  silTeiM>zide  and  CTaporatinff,  in  crystalline  crusts,  soluble  in  water,  slightly 
soluble  in  cold,  somewhat  more  in  hot  alcohol :  this  salt  likewise  reddens  litmus. 

SmbFSOCAVKT&ZO  AOUI.  Syn.  with  OtTiLSULyHUHic  Acm.  (See  Sul- 
VHUBio  Ethers.) 

smbraootABaamo  AOm.    CH«NS>  -  (CSrVg.       (Zelse^   Ann.    Gh. 

Fharm.  zlyiii.  96. — ^Debus,  ibid.  Izxiii.  26.) — ^The  sulphur-analogue  of  carbamic  add 
(L  749).  Its  ammonium-salt,  GS^NH*)N£^,  is  produced : — 1.  By  direct  combination 
of  ammonia  with  carbonic  disnlphide :  C^  •>-  2NH*  «  CH<N^.  When  a  mixture  of 
1  roL  absolute  alcohol  saturated  with  ammonia-gas  and  a  solution  of  0*16  toL 
carbonic  disnlphide  in  0*4  toI.  alcohol,  is  exposed  in  a  dosed  flask  to  a  tempcmtuie  of 
16^,  it  gradually  turns  brown,  and  deposits  plumose  crystals  of  ammonium-trisulpho- 
carbonate,  afterwards  larser  and  more  shining  prismatic  ciystals  of  the  salphocuba- 
mate.  The  liquid,  after  it  has  ceased  to  deposit  crystals,  yidds  a  Anther  quantity  of 
the  sulphoearbamate  by  distillation. 
2.  By  the  deoompodtion  of  ammonium-trisulphocazbonate : 

To  effect  this  transformation,  the  trisulphocazbonato  is  andosed  for  80  or  40  hours 
with  alcohol  in  a  well-dosed  flask. 

Sulphocarbamic  add  is  obtained  in  the  free  state  by  decomposing  the  ammonium- 
salt  with  dilute  sulphuric  or  hydrochloric  add.  It  then  separates  as  a  colouriees  or 
reddish  oil,  heavier  than  water,  and  having  a  peculiar  odour,  somewhat  like  that  of 
eulphydric  add«  It  is  somewhat  unstable,  being  gradually  resolved  into  sulphocyanio 
and  sulph^dric  adds ;  in  presence  of  water,  it  also  yields  cyanic  add  or  ito  producte  of 
decompoeitioii : 

CH«NS«     «     CHNS  +  ffS. 
Sttlphocftr-  Salphocfw 

bamlc  acid.  anic  add. 

CH*NS»  +  H«0     =     CHNO  +  2BPa 

Cyanlo 
add. 

Metallic  Sulphoearbamates. — Sulj^oearbamic  add  is  monobadc;  it  decom- 
poses carbonates  with  effervescence.  Ite  salte  are  easily  resolved,  eepedally  by  heat 
or  by  the  action  of  alkalis,  into  sulphydzio  add,  sulphocyanic  acid,  and  metallic 
sulphide: 

2H»(03)'TfSN  =  2(CS)"HN  +  H«S  +  ITO. 

ulphocar< 
hamatft. 


Sulphocar-  Solphoaranle  i 


Sulphoearbamate  of  Ammonium,  CH*(NH*N)S',  crystallises  in  long  lemon- 
yellow  prisms,  easily  soluble  in  water,  less  sduble  in  alcoboL  Exposed  to  moist  air 
it  ddiquesces,  and  is  converted  into  a  liquid,  consisting  almost  entirely  of  ammonium- 
sulphydrate.    Heated  with  potash,  it  yields  sulphocyaoate  and  sulphide  of  potasdum, 
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together  irith  vater  and  ammonia.  Chlorine^  hronUne,  and  iodine  oonwt  it  into 
hjdzaDZQtin  or  snlpliocarbammoniTim-flQlphide  (iii.  178) : 

2CH«(NH«)NS«  +  OT     -     2NHH31  +  C*HWS«. 
AmmoDium-sul-  Hydransotin. 

phoeartemate. 

The  same  tiaDsformation  is  effected  by  ferric  salts  mixed  with  excess  of  sulphuric  or 
hydrochloric  acid. 

Cuprous  Sulphoearbamatef  CH'Cu'NS',  is  a  yellow  powder,  insoluble  in  water 
and  in  alcohol.— 4he  lead-salt,  C^^PV'N'S*,  is  precipitated  by  neutral  lead-acetate 
from  the  solution  of  the  ammonium-salt,  in  white  flocks,  which  turn  red  on  drying  and 
blacken  when  boiled  with  water. — The  einc-saltf  C*H*Zn"N'S*,  is  a  white  pulyerulent 
precipitate. 

A  solution  of  ammonium-sulphocarbamate  is  not  precipitated  by  calcium-  or  barium- 
salts.  It  forms  a  yellowish-ereen  precipitate  with  nicket-aulphate,  white  with  mercurie 
chloride,  yellowish-lnrown  with  platinie  chloride ;  with  a  dilute  solution  of  silver-titrate 
a  yellow  precipitate,  which  soon  turns  black.  A  mixture  of  the  concentrated  solutions 
of  ammoniam-sulphocafbamate  and  chromic  stUphate  deposits,  after  a  while,  a  small 
quantity  of  colourless  needles  containing  chromium  and  sulphur;  and  the  mother- 
hquor,  after  some  hours,  deposits  a  blue  substance. 

BUXinoCAMMAXXC  BTHXltS.  Sulphocarbamic  acid,  like  other  amic  adds, 
may  giTo  xiae  to  two  isomeric  groups  of  ethers,  according  as  an  atom  of  hydrogen 


H 

H 
bebnging  to  the  ammonia-type  or  to  the  water>type  in  the  foRnnla,  /no  v' )  _  >  ^^  '^^^^'^ 


H   i^  ,. 
H   {8 


by  an  alcohol-iadicle,  the  relation  between  the  two  groups  being  the  same  as  that  which 
exists  between  ethylcarbamlo  acid  and  ethyUc  carbamate  (i.  750,  751): 

Etbylcarbamie  EthyUc  car- 

acid,  bamata. 

To  the  first-mentioned  group  of  sulphocarbamic  ethers  belong  amylsulphocarbamie 

acid,    (CSr   ra  *  '^^  its  amylammonium-salt,     (OS)"       >q  ,  the  latter  being  pro- 

E.      r  NH"(C»H")) 

duced  by  the  action  of  amylamine  on  carbonic  disulphide,  and  the  amylcarbamie  acid 
separate  from  it  by  hydrochloric  add  (see  AxnjjtnnB,  L  207)  r  <^  allyl-sulphocar- 

bamic  or  sulphosinapic  acid  (q.v.),  

Ethers  derived  from  sulphocarbamic  acid,  CH*NS*,  by  the  substitution  of  an  alcohol- 
radicle  for  the  hydrogen  of  the  water^type  have  not  yet  been  obtained ;  but  two  com> 
pounds  are  known,  -^ich  may  be  derired  in  this  manner  &om  the  unlmown  oxy  sul- 
phocarbamic acid,  CH'NSO,  Tis. : 

Ethylic  Qxysulphocarbamate  or  Xanthamide   .        •        •    CnSIISO    «     (CS)")-^. 

^  )n 

Amylic  Qxysulphocarbamate  or  Xanthamylamide     .        .  G^H^'KSO     a    (f^'fO* 

Btbylio  CtaiymilpliQoarbamaAe  or  »tintnttmlfla»  C'H'NSO.  (Debus,  Ann. 
Gh.  Phann.  Ixxii.  1 ;  Ixxv.  127 ;  Ixxxii.  253.) — This  compound  is  produced: — 1.  By 
the  action  of  ammonia  on  neutral  ethyUc  disulphocarbonate  (xanthie  ether): 

Xanthie  Zantha-  Mercaiitan. 

ether.  mlde. 

2.  By  tha  aetion  of  ammonia  on  ethyldiaulphoearbonic  sulphide  (p.  496): 


i^y\%  +  NH.   -   (OS) j^  +  m;\l  ^  a 


Bthyldittilpbo-  Xanthie  Xantha^ 

carbonic  >uiphide.  acid.  mide; 
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To  pmare  the  oompoimd  in  considerable  qmuititT,  Debns  ^paduaUr  adds  carbo- 
nic disnlphide  to  an  alcoholic  solution  of  potash  till  tne  liquid  is  completel  j  neutral, 
then  dilutes  it  -with  two  Tolumes  of  water,  and  passes  chlorine  into  it.  The  chlorine 
decomposes  the  xanthat>e  of  potassium,  forming  chloride  of  potassium  and  ethyldi- 
Bulphocarbonie  sulphide,  which,  being  insoluble  in  the  dilute  alcohol,  fiUls  to  the 
bottom.  As  this  compound  is  easily  decomposed  hj  an  excess  of  chlorine,  it  is  adri* 
sable  to  add  to  the  liquid  a  small  quantity  of  potassium-iodide,  which  will  not  be  deoom- 

Edsed  as  long  as  there  is  any  xanthate  present,  but  will  impart  a  brown  colour  to  the 
quid  as  soon  as  the  whole  of  the  xanthate  is  decomposed.  The  oily  ethyldisulpho- 
carbonic  sulphide  is  then  washed  with  water,  dissolved  in  a  mixture  of  1  pt.  ether  and 
2  pts.  alcohol ;  and  dry  ammonia-gas  is  passed  into  the  solution,  whereby  it  gradually 
becomes  turbid,  and  deposits  long  needles  of  sulphur.  The  filtered  liquid,  e\'aporated 
in  a  vacuum,  leaves  a  saline  residue,  consisting  of  ammonium -xanthate  and  xanthamide, 
the  latter  of  which  may  be  dissolved  out  by  ether,  and  remains,  on  evaporation,  as  a 
yellow  oil,  which  ultimately  crystallises,  and  maybe  obtained  pure  by  recrystallisation 
from  a  small  quantity  of  ^oohoL 

Xanthamide  crystallises  by  spontaneous  evaporation  in  monoelinic  prisms  or  octa- 
hedrons, often  of  considerable  size.  Dominant  fiices,  +P  and  — P  with  oP.  Angle 
oP  :  -P  -  118°;  oP :  +P  =  105°  The  plane  anffles  of  oP  are  nearly  -  90**. 
Cleavage  perfect,  parallel  to  oP.  The  crystab  melt  at  about  36^,  dissolve  sparingly  in 
water,  but  are  dissolved  in  all  proportions  by  alcohol  and  ether. 

Xanthamide  is  resolved  by  distfllation  into  mevcaptan  and  cyanic  add  (or  at  160^» 
cyanuric  add) : 

C80.C«H».H*N   a    C*H«S  +  COHN» 

Xanthamide.  Mercap-        Cjanle 

tan.  add. 

When  boiled  irithjpoto«A  or  haryta-water,  it  is  resolved  into  alcohol  and  sulphoqwiie 
add: 

CSO.C*H».H«N     «     C^«0  +  C8HN. 

When  nitrous  acid  vapour  is  passed  into  water  containing  xanthamide  in  suspension, 
a  crystallisable  substance  is  formed,  designated  by  Debus  as  oxysulphocyanate 
of  eth^l;  its  composition  is  approximately  represented  by  the  formula  C'H'*NH)'S, 
and  it  is  probably  formed  by  the  union  of  2  at.  xanthamide,  with  elimination  of  hydro- 
gen and  sulphydric  acid : 

2C«H'N0S  -  H«S  -  H«     -     C«E»N«0^. 

Compounds  of  Xanthamide  with  MettdUe  Salts. — a.  With  cuprous  chhride,  xantha- 
mide forms  four  compounds,  containing  1,  2,  8,  and  4  at  xantluunide  to  1  at^  Cud. 

The  compound  CH'NOS.CuCl,  is  obtained  as  a  white  crystalline  predpitate^  on  adding 
hydrochloric  acid  to  an  aqueous  solution  of  xanthamide  mixed  with  excess  of  cupric 
sulphate.  It  is  nearly  insoluble  in  water,  but  dissolves  in  hot  alcohol,  and  crvstaUises 
on  cooling  in  small  very  brilliant  rhombohedrons,  approaching  veiy  dosely  to  the 
cube.  It  is  likewise  formed  on  mixing  an  alcoholic  solution  of  xanthamide  with  a  neu- 
tral solution  of  eupric  chloride.  The  liquid  first  becomes  blood-red,  then  colourless, 
strongly  add,  and  deposits  sulphur ;  and  the  filtrate  yields,  by  spontaneous  evapora- 
tion, first  rhombohedral  crystals  of  the  compound  CH^NOS.CuCl,  then  long  needles 
of  the  compound  above  mentioned  as  Qzysulphocyanate  of  ethyl. 

The  compound  2C'H'N0S.CuCl  is  deposited,  in  hbinlng  rhombic  tables,  on  adding 
rather  more  than  1  at.  xanthamide  to  the  preceding  compound,  and  evaporating.  It  is 
insoluble  in  water,  vezy  soluble  in  alcohol,  and  i^>pears  to  be  dimorphous,  inasmuch  as 
a  concentrated  alcoholic  solution  deposits  it  in  huge  hexagonal  prisms,  whereas  from  a 
dilate  solution  it  separates  in  rhombic  tables. 

By  increasing  the  proportion  of  xanthamide,  the  compounds  SCH^OS.CuCl  and 
4C'H'N0S.CuCl  may  be  obtained,  both  in  well-defined  crystals.  All  these  compounds 
are  more  fasible  and  more  soluble  in  alcohol,  as  they  contain  a  larger  proportion  of 
xanthamide.  The  crystals  decompose  after  some  weeks^  sulphide  of  copper  being  set 
free. 

/3.  With  Cuprous  Iodide, —  A  boiling  alcoholic  solution  of  the  compound, 
dC'H^OS.CuCt  mixed  with  a  hot  solution  of  iodide  of  potassium,  deposits,  after 
some  hours,  concentrically-grouped  needles  of  the  compound  2CH'N0S.CuI; 
the  mother-liquor,  on  further  concentration,  yields  lamiiue  of  the  compound 
3C*H'N0S.CuI ;  and  the  liquid  finally  deposits  xanthamide  and  chloride  of  potas- 
bium. 

y.  With  Cuprous  Sulphocyanate. — An  alcoholic  solution  of  the  compound  2C*H^N0S. 
CuCl,  mixed  with  sulphocyanate  of  potassium,  yields  a  white  crystalline  predpitate, 
which  appears  to  oonsist  of  C"H'N08.10CyCuS(?).  A  hot  concentrated  solution  of 
the  compound  3C'H'N0S.CuCI  yields,  with  sulphocyanate  of  potassium,  an  immediate 
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pneipitate,  consiBtiDg  of  colourless  tables  of  the  oompound  2C'H'NOS.8CyCaS.  If 
this  compound  be  left  immersed  in  the  mother>]iqnor  for  some  days,  the  crystals 
become  larger,  acquire  a  yellowish  colour,  and  are  converted  into  the  compound 
C*H'NOS.CyCua 

An  alcoholic  solution  of  the  compound  G'H'NOS.CuGl  yields  with  sulphocyanate 
of  potassium,  nothing  but  a  white  pulyerulent  precipitate  of  cuprous  sulphocyanate. 

8.  With  other  8alts.^T!he  oomoound  SCH'NOS.CuCl  is  decomposed  at  the  boiling 
heat  by  zinc,  which  precipitates  tne  copper  and  forms  chloride  of  zinc ;  but  this  salt 
does  not  combine  with  the  xanthamide,  neither  does  xantbamide  appear  to  unite  with 
ferrous  chloride,  chloride  of  barium,  or  chloride  of  potassium.  With  Tnercuric  chloride, 
however,  it  appears  to  be  capable  of  forming,  under  certain  circumstances,  compounds 
similar  to  those  which  it  yields  witb  cuprous  chloride. 

Amylio  Ozysnlpbooarbamatev  Aiayl¥»ntHaintd»>  or  XaattaamjrUunldey 

C«H'*NOS  -  CSO.C»H".H«N.— This  compound,  discovered  by  M.  W.  Johnson 
(Chem.  Soc.  Qu.  J.  v.  242),  and  prepared  similarly  to  the  ethyl-oompoimd,  has  been 
already  described  among  the  sulphur-compounds  of  amyl  (L  206). 

(csr) 

SV&VBOOAS&aJimiB.    CH«N^     -      H'    VN*.— This  compound  has  not 

H*  i 

yet  been  obtained.  It  contains  the  elements  of  sul^homnate  of  ammonium,  CNS.NH\ 
but  is  not  actually  formed  from  that  compound  m  the  same  manner  aa  carbamide 
(urea)  from  cyanate  of  ammonium. 

Several  substitution-derivatives  of  sulphocarbamide  aM  however  known,  and  have 
been  already  described  under  Cabbakidb  (i.  754),  viz. : 


Allylsulphocarbamide . 
Naphthyl-allylsulphocarbamide 
Fhenylsulphocarbamide 
Diphenylsulphocarbamide    . 
Phenyl-allylsulphocarbamide 


N«(CS)''.CraMP 

N*(CS)*.C'*H^C»H».H« 

N«(CS)''.C^».H« 

N».(CS)''.(C«H»)«.H* 

N'.(CSy'.C^».C«H».H«. 


These  compounds  are  formed  by  the  action  of  ammonia  and  alcoholic  ammonia  on 
sulphocyanic  ethers ;  and  compounds  of  analogous  constitution,  but  having  half  the 
nitrogen  replaced  by  phosphorus,  are  obtained  by  the  action  of  triethylphosphine  on 
the  sulphocyanates  of  aUyl  and  phenyl  (iv.  611),  «.^. : 

P(C«H»)«     +     (CS)''(C^»)N '     -•     p  I  (CS)".OH».(C^»)«. 

Triethyl*  Phenyllc  Phenjl-triethyl-salphocarbo- 

phoiphloe.  MiIpliocyapAte.  pbotpbamidto. 


smbFHOO  ABliTmx»M»     '  -^  >N. — ^This  is  the  compound  more  generally 

CIS  f 

called  sulphocyanic  acid,  and  otherwise  formulated  as    n^[S".      That  this  acid 

may  really  be  regarded  as  the  imide  of  sulphocarbonio  acid  is  shown: — 1.  By  its 
formation  from  ralphocarbamic  acid,  (CS'H^  »  CSHN  +  H*S),  and  in  the 
decomposition  of  sulphocarbamic  ethers  (p.  492). — 2.  By  its  formation  when  carbonie 
disulphide  is  heated  m  a  sealed  tube  with  alcoholic  ammonia : 

(CS)*^     +     NH«      -      ^^H^'JN     +     H«S; 

and  by  the  analogous  formation  of  ethylic  sulphocyanate,  when  ethylamine  is  substi* 
tnted  for  ammonia  in  this  reaction. 


Carbonic  disulphide,  OS',  unites  directly  with 
metallic  sulphides,  forming  compounds  called  trisnlphocarbonates,  or  simply 
sulpho carbonates,  analogous  to  the  carbonates,  and  represented  by  the  general 
formula  M*S.CS«  or  M«CS». 

They  are  likewise  nrodticed,  together  with  carbonates,  by  the  action  of  carbonio 
disulphide  on  hydratea  metaUio  oxides,  e.ff.  with  aqueous  potash : 

8CS«     +     6KH0       »      2K«CS«     +     K«CO«     +     8H*0 

The  sulphocarbonates  of  the  alkali-metals  and  alkaline  earth-metals  are  red, 
brown,  or  yellow  compoundSf  soluble  in  water  and  in  alcohol,  and  in  some  cases  crys- 
tallisable.  They  are  easily  converted  into  carbonates,  by  boiling  their  aqueous  solu- 
tions, water  being  decomposed  and  sulphydric  acid  evolved,  e.ff. : 

K»CS«     +     3H*0      =      SBPS     +     K«CO». 

A  similar   decomposition  takes  place  slowly  in  the  aqueous  solution  at  oirdinaiy 
temperatures. 
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Bj  deoompOBing  a  metailie  solphootrbonate  with  hjdioefalorie  acid,  hydrie  snl- 
phoearbonate,  or  svlphoearbonie  acid,  H'GS',  is  obtained  in  the  foim  of  a 
jellow  oily  liquid,  thus : 

K«CS»     +     2HCI      «      2KC1     +     H«CS». 

The  sidphocarbonates  of  the  heavy  metals  are  insoluble  in  water,  and  are  formed 
b^  precipitation.  Solutions  of  the  alkaline  sulphocarbonates  give  a  brown  precipitate 
with  cupric  salts,  veUow  with  dilute  solutions  of  ai^gentic  nitrate  and  mercuric 
chloride,  red  with  lead-salts.  A  solution  of  calcic  sulphocarbonate  forms,  with  auric 
chloride,  a  greyish-brown  precipitate  containing  Au'S*.3CS';  with  platinic  salts,  a 
black-brown  precipitate  containing  PtS'.2CS'.  All  these  precipitates  blacken  more 
or  less  quickly  when  kept,  owing  to  their  conversion  into  sulphiaes. 

For  details  respectinff  the  metallic  sulphocarbonates,  see  GmelirCs  Handbook  (vols, 
iii.,  iv.,  v.,  and  vi.),  under  the  several  metals. 


This  tearm  belongs  properly  to  the  compound 
H'CS',  obtained  as  above ;  but  it  is  sometimes  applied  to  carbonic  disulphid^  GS', 
which  should  rather  be  called  carbonic  sulphanhydride. 


BVUmOOAXSOSZO  MTHMMBm  These  are  bodies  having  the  oompoeition  of 
carbonic  ethers  (i.  799),  in  which  the  oxygen  is  replaced,  wholly  or  partly,  by  sulphur. 
The  following  table  eidiibits  their  names  and  formate,  the  ethyl-  and  ethylene-oom- 
pounds  being  taken  as  examplei : 


Ethyl-monoflolphocarbonie  acid 
Ethylie  monosulphocarbonate . 
Ethyl-disulphocarbonic  add    . 
Ethylie  disulphocazbonata 
Ethyl-trisulphocarbonic  add   . 

Ethylie  trisulphocazbonate 

Ethylenic  disulphoearbonate    . 
Ethylenic  trisulphoearbonate    . 


cwjc^ 


r}l 


co^sj^. 


cos» 


COS*  I 


C«H» 
C«H» 

C^» 


C*H' 
(00) 

CH*  l" 


CH»  ) 


o 


C*H» 


^  i    H 

COS*.C«H* 
CS".C*H* 


(^) 

C*fl 

(CS) 
CT'H' 

(CS)" )  0 
(C^H*)''JS 

(CS)^  {« 

(C'fl*)"!^- 


'4 


,8 


It  is  not  at  present  known  with  certainty  whether  the  mono-  and  disulphocarbonio 
ethers  contain  the  radide  CO  or  CS — whether,  for  example,  ethyldisulphocarbonio 

acid  should  be  regarded  as  (CS)''Vq'  or  as  (CO)''>S';  but  the  formulse  above  given  are 

H     3^  H     3 

those  which  accord  best  with  the  principal  reactions  of  these  compounds. 

Fonnation  and  Beaetions. — a.  The  metallic  salts  of  the  acid  sulphocarbonie 
ethers  arepoduoed  in  the  same  manner  as  those  of  the  oi^carbonic  ethers  (i.  801): 
thus  carbonic  dioxide  unites  with  sulphethylate  (mercaptioe)  of  potassium,  to  form 
ethyl-monosulphocarbonate  of  potassium,  just  as  it  unites  with  etlwlate  of  potassium 
to  form  Uie  ethyl-carbonate;  and,  in  like  manner,  carbonic  disulphide  acts  on 
ethylate  of  potassium  or  alcoholic  potash,  so  as  to  form  ethyl-disulphocarbonate  of 
potassium ;  and  on  mercaptide  of  potassium,  or  an  alcclivolic  solution  of  the  sulphydrate, 
so  as  to  form  the  ethyl-trisulphocarbonate,  thus :  "^ 

C0«  +  (C»H»)KO  -  (C«H»)KCO".  Ethyl-carbonate. 

C0«  +  (C«H»)KS  =  (C*H»)KCO«S.  Ethyl-monosulphocarbonate. 

CS*  +  (C«H»)KO  -  (C«H»)KCOS«.  Ethyl-disulphocarbonate. 

CS«  -f  (C^»)KS  =  (C«H»)KCS».  Ethyl-trisulphocarbonate. 

fi.  The  neutral  sulphocarbonie  ethers  (containing  monatomic  alcohol- 
radides),  are  produced  by  the  action  of  the  chlorides,  bromides,  &c.  of  aloohol-radides 
on  the  metallic  salts  of  the  corresponding  acid  ethers,  e^, : 
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(P*H»)KCS»  +  C«HH2l  -  KCI  +  (C«H»)«CS^. 

Fotaitlc  ethrl-  Ediylie  fcrliul- 

Criralphocarbo-  phocartMoate. 

nate. 

y.  The  same  n eutral  ethers  aze- decomposed  by  hydxate  or  snlphydrate  of  potaa* 
mum,  eepecuJly  in  alcoholte  solution,  yielding  a  salt  of  an  acid  sulpbocarbonic  ether, 
together  with  alcohol  or  mereaptan ;  e^, : 

(C*fl»)»CO»S  +  KHO  »  (C«H»)HO  +  (C«H»)K0O«a 

(C»H»)«CO«S  +  KHS  =  (C*H»)HS  +  (C«H»)KCO-& 

(C«H»)HX)S»  +  KHS  =  (C«H»)HS  +  (C*H«)KCOS«. 

(C«H*)«COS«  +  KHO  -  (C«H*)HS  +  {C«H»)KCO«a 

9.  Etfayldisnlphocarbonie  acid  is  resolyed  by  ^ting  (to  24°)  into  alcohol  and  car- 
bonic disulphide : 

(C*H»)HCOS«  -  (C«H»)HO  +  CS«. 

The  decomposition  of  the  free  acid  is  therefore  represented  by  an  equation  exactly 
similar  to  that  by  which  its  potassium-salt  is  formed :  it  is  likewise  analogous  to  that 
of  ethylcarbonic  acid  (i.  801);  but  in  the  latter  case  the  decomposition  takes  place 
spontaneously  at  ordinary  temperatures,  whereas  ethyldisulphocarbonie  acid  may  bo 
separated  in  the  free  state  from  its  salts,  and  decomposes  only  when  heated. 

€.  When  iodine  acts  on  a  metallic  salt  of  an  acid  sulphoearbonic  ether  (an  ethylsul- 
phocarbouate,  for  example)  in  alcoholic  solution,  peculiar  compounds  are  formed,  called 
ethylsulphocarbonic  sulphides.  A  molecule  of  iodine  acts  on  two  molecules 
of  tne  ethylsulphocarbonate,  abstracting  the  two  atoms  of  metaJ,  while  the  residues 
of  the  two  molecules  of  ethylsulphocarbonate  remain  united,  forming  ethylsulpho- 
carbonic sulphide ;  e.ff. : 

2(C^*)KC0S*  +  r  -  2KI  +  (C«H*0)Kra*. 
Potanic  ethyU  Ethyl-disulpbo- 

disuIphocarbOQS^.  carbonic  tul- 

pbtde. 

2(C«H»)KC0«S  +  P  =  2KI  +  (C«H»S)«C«0*. 
Fotaasle  ctbyl-mono-  kthyUmonocul- 

fQlphocarlMiDate.  pbocarbonie 

lulphide. 

These  bodies  may  be  regarded  as  compounds  of  carbonic  dioxide  or  disulphide  with 
akoholic  peroxidefl  and  persulphides,  just  as  the  ordinary  sulpbocarbonic  ethers  may 
be  regarded  as  compounds  of  carbonic  dioxide  or  disulphide  with  alcoholic  protoxides 
and  protoeulphides. 

They  are  decomposed  by  heat,  yielding  a  neutral  sulpbocarbonic  ether,  together  with 
carbonic  oxide,  dioxide,  or  disulphide  and  free  sulphur ;  e.ff, : 

C«H"0«S*  «  (C»Ha)«CO»S   +   CS»  +   S. 
Etbyl-dUuI.  ethyllc  mono- 

pbocarbonic  lulpbocarbf^ 

•olphide.  nate. 

or: 

C«H'»0«S*  -  (CTE»)«COS«  +  CO    +  S». 

Bthyl-di&ulpho-         Ethyltc  diiul- 
carbonic  solphide.       phocarbonate. 

cra»«o^  =  (c«H»)*co«s  +  co«  +  a 

EtbyUmono-         EthTlic  mono- 
•ulphocarbo*  •uiphocaitoo* 

nic  sulphide.  nate. 

They  are  alao  decomposed  by  hydrate  or  sulphydrate  of  potassium,  sulphur  being 
separated,  and  the  potassium-salt  <^  the  corresponding  acid  sidphocaibonio  ether  being 
produced. 

Cr  The  sulpbocarbonic  ethers  of  diatomic  alcohol-radicles  are  formed 
by  the  action  of  diatomic  alcoholic  bromides,  iodides,  &c,  on  sulphocarbonate  ot' 
sodium;  e.ff.: 

^lil'l^  +  ((?H«rBi*  -  2N«Br  +   ((^jrjs*. 
These  ethers  are  oxidised  by  fuming  nitric  add,  yielding  diatomic  sulphurous  ethers ; 

^S>0  ^.  0-  =  c^*|0«  +  C0»  +  80». 


CPH*JS 

Etbylenk 

disiupho-  fulphitai 


Etbylentc    .  Ethylenio 

lUJl" 
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Sulphocarbonie  Ethers  containing  Monatondc  Alcohol-radicUs, 

a.  Allyl'Compoundt, 


JLIlyl-dlsiiliMMeai^boiilo  Aeltf*  C^H*OS*  »  (CS)''>g.— The  potaannm-flalt  of 

this  add  is  obtained,  inyellow  needles,  hy  treating  allylie  alcohol  with  potash  and 
carbonic  disolphide.    (Hofmann  and  Cahoiirs»  i.  146.) 

AUjUe  TirlsvlplioowbOBatet  CHI'S*  ->  /(is^)s|s'-  (HnBemann,Ann.Gh. 

Fharm.  czxri.  269.)— Prodnced  by  the  action  of  allybc  iodide  on  sodinm-trisnlpho- 
carbonate  at  ordinary  temperatures,  in  the  same  manner  as  the  corresponding  ethyl- 
compound.  It  is  a  yellow  oily  liqnra,  having  an  extremely  pungent  and  ^ensivo 
odour;  specific  gravity  &=  0*943;  boiling-point  between  170^  and  175^.  It  is  con- 
verted by  strong  nitric  add  into  allylsulphurous  add,  and  by  ammonia  into  sulpho- 
cyanate  of  ammonium  and  sulphydrate  of  allyl. 

/3.  Amyl-eompounda. 

Amjl-dtonlphocMl^onle  or  Tantham jlic  Actd,  CfH'*OS*  -  (CSrVg.  (De 

Koninck,  Bull  de  FAcad.  de  Bmxelles  [2],  ix.  646. — Erdmann.  J.  pr.  Chem. 
zzxi.  1. — Balard,  Ann.  Oh.  Fhys.  [3],  zii.  307. — ^M.  W.  Johnson,  Cnem.  Soc  Qu.  J. 
▼.  142.) — The  potassium-salt  of  this  add  is  obtained  by  the  action  of  carbonic  disul- 
phide  on  a  solution  of  potash  in  amylic  alcohol ;  and  on  treating  this  salt  with  hydros 
chloric  add,  the  zanthamylic  acid  separates  as  a  colourless  or  pale-yellow  oily  liquid, 
having  a  very  disagreeable  pungent  odour ;  it  must  be  dried  over  chloride  of  calcium, 
to  preserve  it  from  decomposition.  It  reddens  litmus  strongly,  bums  with  a  veiy  bright 
flame^  colours  the  skin  deep  yellow,  and  appears  to  be  somewhat  heavier  than  water. 

Amjfldisulphocarbojiate,  or  Xanthanijflate  of  Ammonium  (obtained  in  the  prepara- 
tion at  xanthamylamide,  p.  498X  crystallises  from  alcohol  and  ether  in  colourless 
prisms,  which  may  be  sublimed  by  careiiil  heating.  It  is  decomposed  by  water,  slowly 
also  by  exposure  to  the  air,  yielding,  among  other  products,  sulphocyanate  of  ammonium 
and  a  yellow  oil. — ^The  potaanum-wdt^  G*H"EOS*,  prepared  as  above,  solidifies  to  a 
magma  of  crystalline  scales,  having  a  pale-yellow  colour  and  nacreous  lustre.  It 
dissolves  in  water,  alcohol,  and  ether,  and  precipitates  many  metallic  solutions. 

The  cuprous  salt  is  obtained  by  precipitation  with  cupric  sulphate,  in  lemon-yellow 
flocks  — ^The  Uad-^tj  C"H^b*0^\  is  a  yellowish-white  predpitate,  which  blackens 
when  boiled.  On  adding  an  alcoholic  solution  of  lead-acetate  to  a  strong  solution  of 
the  ammonium-salt  mixed  with  a  large  quantity  of  alcohol,  and  leaving  the  liquid  to 
evaporate,  xanthamylate  of  lead  separates  in  small  shininff  lamine  (Johnson). — ^The 
mercurous  salt,  obtained  by  predpitation  with  mercuric  chloride,  is  white,  and  does  not 
blacken  on  boiling. — The  suver-salt  is  a  white  predpitate,  yrhich  bladcens  on  boiling 
and  on  exposure  to  light. 

Amyl-dlsalpbooarboiiie  SvlplUde,  Gi*H**0*S^  «-  (0*H"0)<GS«  - 
(C*H"S)*C«0*8*.  Amyldiojrysulphocarbonate.  (M.  W.  Johnson,  Chem.  Soc.  Qu.  J. 
V.  142.)  —Produced  by  the  action  of  iodine  on  xanthamylates  (p.  496).  Hydrate  of 
potassium  is  triturat^  in  a  mortar  with  amylic  alcohol  and  carbonic  disulphide, 
avoiding  an  excess  of  amylic  alcohol ;  and  the  product,  after  being  mixed  with  a  little 
water,  is  treated  with  powdered  iodine.  The  reaction  takes  place  rapidly,  and  amyl- 
disulDhocarbonic  sulphide  separates  as  a  yellowish  odorous  oil,  which  must  be  washed, 
and  mem  dried  over  chloride  of  caldum.  It  beffins  to  boil  at  187^»  and  decomposes, 
yielding,  amongst  other  products,  an  oil  having  Uie  compodtion  of  amylic  disulphocar- 
Donate.  With  ammonia  it  yields  amyldisulphocarbonate  (xanthamylate)  of  ammo- 
nium, amylic  sulphocarbamate  (xanthamylamide),  and  a  depodt  of  sidphur : 

C»«H«0«S*  +  NH»  -  C«H»*OS«  +   C«H'»NOS  +  a 

Xanthamy-         Xanthamyl- 
lic  add.  amide. 

(Be sains,  Ann.  Ch.  Fbys.  [2],  xx.  606.) — Obtained  by  distilling  the  product  of  the 
action  of  iodine  on  xantnamylate  of  potassium.  It  is  an  amber-coloured  oil,  having 
a  strong  ethereal  odour.  « 

Methylamylie  Disulphoearbonate,  (CH*XOH")00S',  is  obtained,  accord- 
ing to  Johnson,  bv  distilling  a  mixture  of  amyldisulphocarbonate  and  methylsnlphate 
of  potasdum.    When  digested  with  amTonia,  it  yields  xanthamylamide. 


SULPHOCARBONIC  ETHERS.  497 

Etkvlamylic  Disulphocarbonate,  (C*H*XC*H")COS*,  obtained  in  like  manner, 
18  tt  jeliow  oiL 

Amjtie  VMMaptaoMtfbonate,  C"H»8    «  (c*^njj|^-    (HuBemann,  Ann. 

Ch.  Fharm.  czxvL  269). — Prepared,  like  the  corresponding  ethjl-oomponnd  (p.  600), 
by  the  action  of  amylic  iodide  in  alcoholic  eolation  on  trisnlphocarbonate  of  sodinm. 
It  ie  a  Yellowish  oilj  liquid,  having  an  unpleasant  odour,  insoluble  in  water,  soluble 
in  aleohol,  ether,  chloroform,  and  benzoL  Specific  gravity  »  0*977.  Boiling-point 
between  246^  and  248^ 

7.  Cetyl'Comp9und> 

€:etyldlsiU]Aooa>t>Mito  j^eidt  C"H*«OS>  «  (C^*B?*)RCO&.  SidpJkoeai^ocetw 
AM.  Xanthocetio  Jcid.  (Desains  and  De  la  ProTostaye,  Ann.Ch.Phy8.  [31,  li. 
494.)-— Known  oiily  as  a  potassium-salt,  C"H**KOS',  which  is  prepared  by  adding 
pulverised  potassium-hydrate  to  cetylic  alcohol  saturated  with  carbonic  disulphide, 
and  gently  heating  the  pasty  mass,  which  forms  alter  some  hours,  with  four  times  its 
volume  of  alcohol  of  40^,  keeping  the  temperature  below  the  boiling-point.  The  solution 
on  cooling  deposits  the  salt  in  b)2ky  flakes,  which  may  be  purified  by  successive  washing 
with  alcohol  and  ether.  After  drying  in  the  air,  it  forms  a  very  fine  crystalline  powder, 
havinff  a  fidnt  odour,  and  unctuous  to  the  touch ;  it  is  very  hygroscopic,  but  is  not 
wetted  by  water.    When  digested  with  hydrochloric  acid  it  reprwluces  cetylic  aloohoL 

The  alcoholic  solution  of  the  potassium-salt  forms,  with  mereurio  chloride,  a  white 
precipitate;  with  acetate  qfleada^  white,  and  with  nitrate  of  silver  a  yellow  precipitate^ 
both  of  which  blacken  rapidly ;  with  HncsaUs,  a  white  gdatinous  precipitate. 

8.  Ethyl-compounds, 


Aoid,C«H«0«S  =  (C«H»)HCO«S.  (Debus,  Ann. 
Ch.  Pharm.lxxv.  130,  136,  142;  Ittxtj  258.)— The  potassium-aalt  of  this  add  is 
produced  by  the  action  of  hydrate  or  sulphydrate  of  potassium  on  ethylio  monosulpho- 
earbonate,  or  of  potash  on  etn^lic  disulphocarbonate  ^see  ec^uations,  p.  496,  y).  Chancel 
pcepttres  it  by  passing  carbonic  anhydjide  into  an  alcoholic  solution  of  potassic  mer- 
captide: 

C«H»KS  +  C0«     «     (OTa»)KCO«S. 

Eth^rlsulphocarbonate  of  potassium  eiystallises  in  long  needles  or  shining  colour- 
less prisms,  apparently  isomorphous  with  xanthate  of  potassium.  It  is  very  soluble 
in  water,  but  not  deliquescent.  Its  aqueous  solution  decomposes  gradually  at  ordinary 
temperatares,  and  instantly  at  the  boiling  heat,  yielding  ethylic  carbonate,  sulphide  and 
sulpnydrate,  together  with  aloohoL 

■th^lmoBMnlplioMAoiiio  SnlplUday  C^>*0«S>  -  (C*HH))*.2C0S  » 
(C^^S)>.2C0*.  Bicarbonate  de  bisulpkure  cPUhyle.  (Chancel,  Compt  rend,  zzzii. 
644.) — Obtuned  by  adding  iodine  to  an  alcoholic  solution  of  potassic  ethylmonosul- 
phocarbonate  (p.  496).  It  is  a  colourless,  highly  refractive  oil,  insoluble  in  water, 
very  soluble  in  alcohol  and  ether,  heavier  than  water ;  stains  paper.  It  is  decomposed 
by  alcoholie  potash,  yielding  ethylmonoeulphoearbonate  and  smphide  of  potassium, 
together  with  sulphur. — ^With  aleoholio  avunonia,  it  yields  sulphur,  sulphydrate,  and 
carbonate  of  ammonium,  together  with  crystals,  probably  consisting  of  ethylic  carba- 
mate (urethane). — ^When  ammonia-^as  is  passed  into  its  ethereal  solution,  crystals  of 
sulphur  are  deposited,  and  the  liquid  retains  in  solution  sulphide  and  allophanate  of 
ethyl  (i.  138): 

2C«H»«0*S«  +  4NH»  -  2C*H»NK)«  +  C*H"S  +  S«  +  H»S  +   2H'0. 

Ethylic  alio-  Ethylic 

phanate.  tulphide. 

amylto MonMQiplMMarboiiata,  C*H>*0*S  =^  (C<H*)<CO^.  (Debus,  Ann.  Ch. 
Pharm.  Izxv.  136.) — ^^roduced :  1.  In  small  quantity  by  the  action  of  ethylic  chloride 
tfn  ethylmonosulphocarbonate  of  potassium  (see  equations,  p.  494,  jS). — 2.  In  larger 
quantity  by  diy  distillation  of  etnyldisulphocarbonic  sulphide,  obtained  by  the  action 
of  iodine  on  xanthate  of  potassium.  The  decomposition  begins  at  130^,  and  becomes 
violent  at  170^ ;  so  that  it  becomes  necessaiy  to  remove  the  source  of  heat,  and  leave 
the  action  to  go  on  by  itself.  The  first  portion  of  the  distillate  thus  obtained  is  a 
mixture  of  carbonic  disulphide  and  ethylic  monosulphocarbonate ;  the  latter  consists  of 
ethylic  disulphocarbonate,  distilling  at  200^  (see  equations,  p.  494,  c).  The  monosul- 
phocarbonate must  be  rectified  till  it  boiU  constantly  at  162^. 

Ethylic  monosulphocarbonate  is  a  strongly  refracting  liquid,  having  a  pleasant 
ethereal  odour.  Specific  gravity  *-  1*032  at  1°.  It  is  insoluble  in  water,  but  dissolves 
easily  in  alcohol  and  ether.     Mixed  with  alcoholic  sulphydrate  of  potassivm  and 

V01..V.  KK 


498  SULPHOCAKBONIC  ETHERS. 

cooled  to  0^  it  depoeits  erystals  of  potassic  ethylmonofulphocarboiiate,  wliile  ethylie 
Bulphydrate  remains  in  solution ;  with  alcoholic  potashj  the  same  products,  together  with 
alcohol  and  potassie  carbonate  (see  eqaations,  p.  496,  y).  When  saturated  with  am* 
moniargas  and  concentrated,  it  yields  jellow  needles,  mixed  with  a  gelatinous  substance. 

StbjMlsiilptaooarbOBle  or  ■gantmn  Aeld«  C^'OS'  >-  (C^*)HCOS'.  (Zeise, 
Schw  J.  xxxvi.  1 ;  xliii.  160 ;  Pogg.  Ann.  xxxv.  467. — Couerbe,  Ann.  Ch.  Phys.  [2] 
hd-.  226. — Sacc,  Ann.  Ch.  Fhann.  li.  346. — ^Debus,  ilnd.lLxn,  1 ;  Ixzv.  121 ;  Ixjcxii. 
263.— Desains,  Ann.  Ch.  Phys.  [3]  xz.  496. — Hlasiwetz,  Ann.  Ch.  Phann.  cxzii. 
87.) — ^The  potassium-salt  of  this  acid  is  produced  by  adding  carbonic  disulphide  to 
alcoholic  potash,  or  by  the  action  of  potassie  sulphydiate  on  neutral  ethylip  oUsulpho- 
carbonate  (xanthic  ether). 

When  fused  hydrate  of  potassium  is  dissolved  in  half  its  weight  of  absolute  alcohol, 
carbonic  disulphide  then  slowly  added  till  the  liquid  no  longer  exhibits  an  allcaline 
reaction,  and  Uie  mixture  cooled  to  0^,  xantbate  of  potassium  separates  in  colourless 
needHee,  and  an  additional  quantity  may  be  obtained  by  eraporating  the  mothez^liquor 
in  a  yacuum,  after  the  excess  of  carbonic  disulphide  Iuib  been  separated  by  water.  To 
obtain  the  free  aeid,  the  potassium-salt  is  placed  in  a  large  cylin<hrical  vessel,  and 
treated  with  dilute  sulphuric  or  hydrochloric  acid ;  a  milEy  liquid  is  then  formed, 
from  which  the  acid  may  be  more  completely  separated  by  further  addition  of  water. 

Xanthic  acid  is  a  colourless  oil,  heavier  than  water,  and  insoluble  therein ;  it  has 
a  strong  odour,  and  its  taste  is  acid,  astringent,  and  bitter.  It  first  reddens  litmus,  and 
then  bleaches  it.  It  is  very  inflammable,  and  gives  off,  in  burning,  the  odour  of  sulphu- 
rous acid.  It  cannot  be  heated  without  decompositicm,  becoming  turbid  at  24^,  then 
beginning  to  boil,  and  being  resolved  into  alcohol  and  carbonic  disulphide :  CH'OS' 
a  CH'O  +  CS*.  When  exposed  to  the  air,  it  becomes  covered  with  a  white  cmst 
It  expels  carbonic  acid  from  its  alkaline  salts. 

The  xanthates  or  ethyldisulphocarbonates,  (CS)">g' are  decomposed  by 

distillation,  yielding  chiefly  carbonic  anhydride,  sulphydric  acid,  carbonic  disulphide, 
and  a  sulphuretted  oil,  and  leaving  a  residue  of  metallic  sulphide  mixed  with  charcoal. 
The  oil,  called  by  Zeise  xanthoffenolf  appears  to  be  a  mixture  of  ethylic  sulphide  and 
sulphydrate  with  another  sulphuretted  body. 

The  xanthates  of  the  alkali-metals  are  veiy  soluble  in  water  and  in  aloohoL  The 
ammonium-salt  is  obtained  by  satmradng  the  acid  with  ammonium-carbonate,  or  by 
decomposing  the  barium-salt  with  ammonimn-sulphate. 

Xanthate  ofBotasnum,  (C*H»)KCOS*,  is  most  easily  prepared  by  adding  to  absolute 
alcohol  an  excess  of  very  pure  caustie  potash  and  an  excess  of  carbonic  disulphide. 
The  mixture  immediately  solidifies  to  a  mass  of  interlaced  siU^  needles,  which  must 
be  washed  ou  a  filter  with  cdier,  then  pressed  between  bibulous  paper,  and  dried  over 
oil  of  vitriol. 

The  salt  crystallises  in  shining  colourless  prisms,  which  tnm  slightly  yellow  on 
exposure  to  the  air.  It  is  very  soluble  in  water  and  alcohol,  but  insoluble  in  ether. 
Its  aqueous  solution  decomposes  when  heated  above  60^,  yielding  potassie  trisulphocar* 
bonate^  alcohol,  sulphydric  acid,  and  carbonic  anhydride: 

2C»H»K0S«  +  2H«0     -    WO»  +  2C*H«0  +  H»S  +  C0«. 


nitric  add  decomposes  the  xanthate  with  violence. 

XanthaU  of  Sodium  forms  yellow  needles. — ^The  barium^^aU,  C*H'*Ba''0^*.2H'0, 
forms  very  unstable  laminae,  soluble  in  water. — The  caleium-salt  is  a  gummy  mass. 

The  soluble  xanthates  form  a  white  precipitate  with  lead-salts,  yellow  with  cupric 
salts  (hence  the  name  of  the  add),  light-yeilow  with  argentic  and  mercurous  salts,  the 
last-mentioned  predpitate,  however,  quickly  becoming  brown  and  black. 

The  xanthates  of  the  heavy  metals  may  be  obtained  in  the  crystalline  form,  by 
decomposing  a  solution  of  sodium-ethylate  in  a  laige  quantity  of  carbonic  disulphide 
with  the  solid  chlorides  of  the  heavy  metals,  the  mixture  being  kept  at  the  boiling- 
point  till  the  reaction  is  complete. 

The  liquid  chlorides  of  antimony,  arsenic,  and  tin,  mixed  with  8  pts.  carbonic 
disulphide,  are  introduced  into  the  solution  of  sodium-ethylate  by  a  dropping  apparatus, 
the  action  being  moderated  by  cooling.  The  liquid  is  separated  from  the  resulting 
chloride  of  sodium  by  pressure  through  fine  linen,  and  the  ciystals  obtained  by  its 
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qpontaneous  erspontion  are  purified  by  reoiystalliMtioii  from  carbonic  disnlphide,  and 
finally  by  rapid  washing  with  ether.  The  antimony-,  arsenic^,  and  iron-salta  dissolve 
zeadily  in  carbonic  disulphide,  eyen  in  the  cold ;  the  chiominm-,  cobalt-,  and  nickel- 
salts  on  wanniBg ;  the  tin-  and  mereory^salts,  which  crystallise  most  qnicklyi  vequim 
prolonged  boiling  to  dissolye  them.  These  salts  are  likewise  solnblo  in  ether  and  in 
alooh^    (Hlasiwet^) 

XanthaU  of  Antimony,  ^^J  \  (COS*)*  «  /C«HMW*'l  8**  P'^P*'®^  **  *^'^®  ^^^ 

pentachloride  of  antimony,  forms  large,  lemon-yellow,  triclinic  crystals,  which 
behaye  like  the  followinff.— Xan/Aoto  of  Arsenic,  (C*H*)'As'"(GOS*)*,  forms  nearly 
colourless  monodiaie  taUesi  which  melt  easily,  are  deoomnosed  by  heat,  leaying  a 
residue  of  azsenions  sulphide,  and  are  decomposed  by  warm  nydroduoric  acid. — 2^n- 
iikatedf  Bismuth,  (C*H7'5i"'(C0S*)',  crystallises  in  shining  golden-yellow  laminssand 
tBJb\eB.-^anthaUof  Chromium,  (C*H*)'Cr"'(COS')',  forms  shining  dark-blue  cnrstals, 
dissolying  with  yiolet-blue  colour  in  carbonic  disulphide. — Xanthate  of  Cobalt, 
.  (C'H*^*Co"(COS'^*,  forms  large,  well-defined,  black  crystals,  dissolying  in  carbonic 
disulpMdfi  witii  oaA  gi«s»green  colour.    (Hlasiweta.) 

Copper-salts, — ^Xanthate  of  potassium,  added  to  the  solution  of  a  cupric  salt,  forms  at 
first  a  blA^'btown  precipitate  of  mnprie  xanthate,  which  quickly  changes  into  beauti- 
ful yellow  fiodcs  of  cuprous  xanthate.  This  salt  is  not  sensibly  attacked  by  sulphydric 
acul,  but  aftaline  sulphides  deecHnposs  it  immediately.  Jt  is  decomposed  by  hot 
hydrocAilorio  and  snlplraric  acids,  and  strongly  attacked  by  nitric  acid.    (Z  ei  s  e.) 

Ferric  Xanthate,  (C*H*)"Fe*'(COS')',  crystallises  in  yery  fine,  regularly  formed,  mono- 
olinic  cnrstals, haying  a  black  eolom*,  and  dissolving  in  carbonic  disulphide  with  brown- 
black  colour.    (Hlasiwetz.) 

Xanthate  of  Lead,  (C*H*)*Pb''rC06*)*,  prepared  by  adding  carbonic  disulphide  and 
hydrate  of  lead  to  alcoholic  potaui,  erystulises  in  colourless  silky  needles,  yery  stable, 
insoluble  in  water  and  in  etl^,  moderately  soluble  in  builing  alcohol.  It  is  slowly 
decomposed  by  sulphydric  acid,  immediately  b^  sulphide  of  ammonium.  Its  solution 
is  gradually  deeomposed  by  baling,  more  quickly  on  addition  of  potash,  depositing 
sulphide  of  Isad.  A  solution  of  cupric  sulphate  poured  on  the  crystals  immediately 
trausfoims  them  into  yellow  cuprous  xanthate.    (I)ebu s.) 

Mercuric  Xanthate,  (C'H*)*H«''(COS*)',  prepared  by  the  method  of  Hlasiwets,  crys- 
tallises in  scsles  haying  a  satiny  lustre.— The  nvskd-salt,  (C*H*)^i''(COS*)*  crystallises 
in  large,  blad^  monodinic  tables,  dissolying  in  carbonic  disulphide  with  yellowish- 
green  colour.    (HlasiwetB.) 

Concentrated  solutions  of  silver-salts  form  with  soluble  ^nthates,  a  black  precipi- 
tate ;  dilute  solutions  give  a  yellowish  precipitate,  which  quickly bladcens.     (Zeise.) 

Stannous  Xanthate,  (C*H*)^9n'(  COS*  A  ^pared,  according  to  the  method  of  Hlasiwets, 
with  stannic  chloride,  crystallises  in  snining  golden-yellow  laminae  and  tables. 

BtbjldtanlplioeaAOBle  Bolpiuae,  C«Hi*0*S«  -  (C*H*0)*.2CS*.  Aeih^- 
dioxysulphocarbonat  (De sains,  Ann.  Ch.  Riys.  [3]  xx.  469. — Debus,  Ann.  Ch. 
Pharm.  Ixxii.l ;  Jahresb.  1849,  p.  419.) — ^Produced  by  the  action  of  iodine  on  xanthates. 
If  an  alcoholic  solution  of  potassic  xanthate,  exactly  decolorised  by  iodine,  be  left  to 
eyaporate  at  a  moderate  temperature,  this  compound  is  deposited,  after  a  few  days,  in 
lamellar  crystals,  which  may  be  purUied  by  washing  with  water.  It  may  also  be  pre- 
pared from  xanthate  of  lead. 

Ethyldisolphocarbonic  sulphide  melts  at  the  hajt  of  the  hand  to  a  yeUowirii  oil, 
insoluble  in  water,  and  hayiuff  a  yeiy  persistent  but  not  unpleasant  odour.  It  is  yery 
soluble  in  absolute  alcohol  and  in  ether.  Its  solution  does  not  precipitate  acetate  of 
lead ;  when  boiled  with  nitrate  of  silyer,  it  giyes  a  precipitate  of  sulphur.  With  mar- 
cuiic  chloride  it  forms  a  white  precipitate,  which  bladtens  at  40® ;  and  with  platinie 
chloride,  after  a  while,  a  brown  pulyarolent  precipitate. 

It  is  decomposed  by  heat^  the  decomposition  commencing  at  about  1S0°,  and  two 
modes  of  deoovposition  going  on  simultaneously,  viz. : 

aWH)^     =     C*H'«0*S  +   CS«  +   S. 
Bthjllc  mono. 
•uipbocarbooaU. 

and  C^»*0"8*     «     0»H'«OS*  +  00  +   S«. 

Etbylic  dltnl- 
pboourbooate. 

With  aleoholic  potash,  it  yields  a  deposit  of  sulphur  and  a  solution  of  potassic  xanthate, 
carbonate,  and  sulphide : 

C«H'H)*S*  +  2K*0     «     C*H»K0S*  +   C»H»K0»  +  K*S  +   S. 

Xaotbate.  Ethjl-car- 

bonate. 

KK  2 
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Cra»KO«  +  KHO    -    K«CO»  +  (?HK). 
EthyUcar.  Cubonate.     Aleohol. 

bonace. 

With  ndphjfdraU  of  potasHum,  it  yields  sulphur,  a  large  quantilj  of  snlphydric  acid 
gas,  and  a  solution  of  zanthate: 

C«H'«0«S«  +  2KHS     -    2(?H*K0S*  +  H«S  +  S. 

Ammonia-gas  passed  into  its  alcoholic  solution  forms  xanthate  of  ammoniun  and 
ethylic  snlphocarbamate  (zanthamidsi  p.  491)  t 

(>H«0«S*  +  NH»     -    C»H«OS»  +  C'H'NOS  +  S. 

Xanthle  Xantha- 

acld.  mide. 

Sjjfdroehloricacidm&yhe  distilled  over  ethyl-disulphocarbonic  sulphide  irithoutdeoom* 
posing  it    Sulphuric  acid  attacks  it  in  the  cold,  evolving  sulphurous  anhydride. 

Potassium  or  sodium  added  to  its  ethereal  solution  mixed  with  a  little  alcohol  unites 
rapidly  with  it,  forming  a  zanthate  (Drechsel,  Zeitschr.  f.  Chem.  1865,  p.  853): 

(C«H»0)«C«S*  +  K«     -     2(C*H»)KC0S«. 

BtbyUe  Binapbooarbonate  or  lgimfli«ti»i     gamtilc  BtlMr.    0*H**OS*  «» 

(CS)*rQ*     (ZeisOf  Ann.  Ch.  Pharm.  Ivi.  29.— Debus,  ilrid.  Izzv.  121.)— Produced: 

— 1.  By  the  action  of  ethylic  chloride  on  potassic  xanthate. — 2.  By  the  dry  dis- 
tillation of  ethyl-disulphocarbonie  sulphide  (p.  499).  It  has  a  pale-yellow  colour, 
a  sweetish  taste,  and  a  not  vezy  disagreeable  odour ;  is  neutral  to  test-paper,  and  has 
a  spedflc  gravitv  of  1*0703  at  18^  It  boils  at  200^ ;  bums  with  difficulty,  if  not 
previously  heated. 

Xanthic  ether  is  quite  insoluble  in  water ;  alcohol  and  ether  dissolve  it  in  all  propor- 
tions. It  dissolves  iodine^  forming  a  brown  liquid.  Potassium  attacks  it  but  slighUy, 
and  only  when  heated.  It  is  decomposed  by  strong  sulphuric  add,  and  by  a  mixture  of 
that  acid  with  filming  nitric  acid,  forming  oily  pr^ucts :  it  is  not  attacked  by  hydro- 
chloric acid.  Its  alcoholic  solution  forms  a  white  precipitate  with  mercwie  chloride.  It  is 
not  decomposed  by  mercuric  oxide,  or  by  protoxide  or  peroxide  of  lead,  even  when  heated 
therewith.  With  an  alcoholic  solution  ox  hydrate  or  sulphydrate  of  potassium,  it  yields 
.  mercaptan  and  ethylmuno-  or  ethyl-disnlphocarbonate  of  potassium. — ^When  ammonia^ 
gas  is  passed  into  its  alcoholic  solution,  and  the  liquid  then  left  to  itself  for  a  day,  it 
yields  a  distillate  of  ethylic  sulphide  and  ammonium-sulphydrate,  and  a  residue  of 
ethylic  snlphocarbamate  (xanthamide) : 

2(?H»«0S«  +  2NH«     -    H«S  +  (C»H'»)«S  +  2C«HTT0S. 

Eihyl-methylie  Disulphoearbonate,  C«H^S«  «  rCH^(C«H»).COS*. 
(Chancel,  Ann.  Ch.  Phya  [3]  xxxv.  468.)--Obtained  by  distilljnff  together 
1  at  xanthate  and  1  at  methylsulphate  of  potassium.  It  is  a  pale-yel&w  limpid 
liquid,  having  a  specific  gravity  of  1*123  at  11^,  a  sweet  taste^  and  a  strong,  ethereal, 
not  unpleasant  odour.  It  boils  at  179^,  and  distils  entirely  without  decomposition. 
Vapour-density  «  4*652.  It  easilv  takes  fira,  and  bums  with  the  blue  flame  of 
sulphur,  emitting  large  quantities  of  sulphurous  anhydride.  It  is  insoluble  in  water, 
but  soluble  in  alcohol  and  ether.  Ammonia  converts  it  into  xanthamide  and  methylic 
Bulphydrate. 

atliyl-«riaiilplio«urbonlo  A«ld.  C*H'S*  -  (C*H«)HCS*.  THsulphuretted 
Carbovinic Add.  Sulphoxanthio  Acid.  (Chancel, Compt.rend.xmL  642. )— -The po- 
tassium-^alt  of  this  add,  CH*KS',  is  fonned  by  the  direct  union  of  carbonic  disul- 
pliide  with  sulphethylate  (mercaptide^  of  potassium.  It  is  a  white  salt,  soluble  in  water 
and  in  alcohol;  foims  yellow  predpitates  with  silver-,  mercury-,  and  lead-salts ;  and 
with  copper-salts  a  precipitate  of  a  veiy  brilliant  scarlet  colour,  resembling  mercnrio 
iodide.  These  precipitates  decompose  quickly  when  heated,  yielding  metallic  sulphides. 
The  precipitate  formed  in  a  solution  of  cupnc  sulphate,  is  a  cuprous  salt,  whose  foma- 
tion  IS  accompanied  by  that  of  a  persulphide,  probably  containing  C^**S*  ^ 
(C'H'S)*.2CS'.  The  potassium-salt  decomposes  at  100^  into  pentasulphlde  of  potassium, 
and  an  oil  having  the  composition  of  sJlylic  sul|idiide : 

2C^»KS«     -     K«S»  +  (C*H»)«S. 

aitaylie  TriniliAoottrlNiiiate.  C*H>*S'  -  (C>H*)*GS'.  SulphoearbonaU  of 
Ethylic  Sulphide.  (Schweitzer,  J.  pr.  Chem.  xxxit  254. — ^Debus,  Ann.  Ch. 
Pharm.  Ixxv.  147. — Husemann,  GottinflrerNachrichten,  1861,  p.  275 ;  Jahresb.  186I» 
p.  844.) — ^This  ether  is  produced :  1.  By  tne  action  of  ethylic  chloride  or  iodide  on  tri- 
sulphocarbonate  of  potassium.  Vapour  of  ethylic  chloride  is  psssed  into  the  red 
liquid  precipitated  on  saturating  an  alcoholic  solution  of  neutral  potassic  sulphide  with 
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Carbonic  disulphide ;  the  liquid  is  then  left  at  rest  for  a  while,  and  the  vapour  again 
pused  into  «t.  Chloride  of  potaasium  is  then  gmdoally  deposited,  and  on  ad£ng 
water  to  the  decanted  liquid,  ethylie  trisnlphocarboaate  separates  as  an  oil,  which  may 
be  purified  from  excess  of  carbonic  disnlpnide  by  washing,  rectification,  and  agitation 
with  aqueous  potash  (Sehweitser). — 2.  Trisulphocarbonate  of  sodium  is  mixed  in  a 
long-necked  fiask  provided  with  an  upright  conaensing-tube,  with  an  alcoholic  solution 
of  (^ylic  bromide  or  iodide.  The  mixture  soon  becomes  heated  to  the  boiling-pointy 
and  the  reaction  is  complete  in  about  a  quarter  of  an  hour.  The  ethylic  trisu^hocar- 
bonate  thus  produced  is  separated  from  the  alcoholic  solution  by  water,  then  dried 
over  diloride  of  calcium,  and  distilled  till  it  exhibits  a  constant  boiling-point,  (flu so- 
man n.) 

Ethylic  trisulphocarbonate  is  a  yellow  oil,  heavier  than  water,  insoluble  therein,  very 
soluble  in  alcohol  and  in  ether :  it  has  a  slightly  alliaceous  odour,  and  an  agreeable  sac- 
charine taste,  somewhat  like  that  of  anise.  According  to  Schweitzer,  it  becomes  red 
when  heated,  and  boils  between  237^  and  240^.  Acconling  to  Husemann,  it  boils  con- 
stantly at  240^.  It  bums  with  a  blue  flame.  Alcoholic  potash  quickly  decomposes  it 
into  trisulphocarbonate  of  potassium  and  sulphydtate  of  ethyl. 

Aooording  to  Berend  (Ann.  Ch.  Fharm.  cxxviii.  333 X  this  ether  unites  directly  with 
brominet  without  evolution  of  hydrobromic  add,  forming  the  compound  0*H'*S'Bi', 
which  dissolves  in  ether,  benzol,  carbonic  disulphide,  and  excess  of  bromine,  and 
ctystallisee  from  the  latter  by  slow  evaporation  in  large  six-sided  prismr.  It  is  decom- 
posed by  water,  with  formation  of  hydrobromic  acid ;  potash  also  abstracts  the  bro- 
mine, reproducing  the  original  ether.  The  bromine  is  also  separated  by  strong  nitric 
or  sulphuric  acid* 

«.  Methyl'OompoundK 

Mettijl-dlgQlpliooarboiilo  Aeld.  (CH*)HCOS^.  XanthonutlwUe  Aeid,  (Du- 
mas and  Peligot,  Ann.  Ch.  Pharm.  [2]  xxiv.  66. — ^De sains,  ibid.  [3]  xx.  504.)— 
The  potassium-Mlt  of  this  acid,  (CH')&COS',  obtained  by  adding  carbonic  disulphide 
to  a  solution  of  potash  in  wood-spirit*  crystallises  in  silky  fibres. — The  lead-aaU  ooDr 
tains  (CH■)»Pb"C«0«S^ 

The  aqueous  solution  of  the  potassium-salt^  treated  with  a  solution  of  iodine  in  wood^ 
spirit,  deposits  oily  drops  of  methyl-disulphocarbonic  sulphide,  C^H*0*S^  » 
(CH*0)«C»S* : 

2(CH«)KC0S«  +  !•     -     2KI  +  C«H«0«*. 

Ketliylle  Btaolplioearban«te«  C*H*08*  -  (CH*)'COS'.  XanthoTMikylio 
Ether.  (Cahours,  Ann.Ch.Phys.[3],xix.  168.— Zeise,t6i(2.p.  123.)— When  the  mix- 
ture of  potassic  methyl-disulphocarbonate  and  iodine  just  mentioned  is  heated,  the 
methyl-aisulphocarbonic  sulphide  first  formed  is  decomposed,  sulphur  and  potassium- 
iodide  being  deposited,  and  carbonic  oxide  evolved ;  and  on  adding  water  to  the  mixture, 
methylic  disulphocarbonate  is  deposited  in  the  form  of  an  oil : 

C^H'O^*    =     (CH«)«COS«  +  CO  +  S«. 

This  ether  is  a  very  mobile,  slightly  yellowish  liquid,  having  a  strong,  persistent, 
slightly  aromatic  odour.  It  boils  at  170°— 172°.  Spedfio  gravity  of  Uie  liquid  ■■ 
1*143  at  15° ;  of  the  vapour,  4*266.  With  alcoholic  potash,  it  yields  methylic  sulphy- 
Irate  and  carbonate  of  potassium. 

MetHylio  Trlsii]plioe«rt>Miate,  (CH*)*CS*.  (Cahours,  Ann.  Ch.  Phys.  [3], 
xix.  163.)— Obtained  by  distilling  a  mixture  of  the  concentrated  solutions  of  calcic 
methylsulphate  and  potassic  trisulphocarbonate.  It  is  a  yellow  liquid,  having  a 
strong  pungent  odour,  nearly  insoluble  in  water,  but  dissolved  in  all  proportions  by 
alcohol  and  ether.  Boils  at  200°— 206°.  Specific  gravity  —  1*159  at  18°.  Vapour- 
density  a  4*652.  With  hromiM  it  forms  red  crystals,  eontaining,  aecoiding  to 
Cahours,  CH^Br^*  »  (CH*Br)H:;S' ;  acoordinff  to  Berend,  on  the  contrary  (Ann. 
Ch.  Pharm.  cxxviii.  833),  the  methylic  trisolj^oearbonate  unites  directly  witA  the 
bromine,  without  elimination  of  hydrogen. 

Sulphocarhonio  Ethers  containing  Diatomic  Ateohol-radidea^ 

Amylealo  THaiilpboo«r1»oiiat6f   /ruWi^wS*,  obtained  by  the  action  of  an 

alcoholic  solution  of  amylenic  bromide  on  trisulphocarbonate  of  sodium,  is  a  somewhat 
viscid  liquid,  of  more  or  less  yellow-brown  colour,  and  specific  gravity  -*  1*073. 
(Husemann,  Jahresb.  1862,  p.  434.) 

aibjto&le  THsnlpbocarbPiiate,  CS.C^H^JS*.    (Hnsemann,  Ann.  Oh.  Phann. 
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cxziii.  83;  Jahiesb.  1861,  p.  661.)— Obtained  by  the  actioD  of  alcoholic  bromide  of 
ethylene  on  trisulphocarbonate  of  sodium.  It  ifl  but  slightly  soluble  in  alcohol,  and 
separates,  during  the  reaction,  as  a  thick  golden-yellow  liquid ;  and  by  diasolring  it 
in  ether  or  ether-alcohol,  and  leaving  the  solution  to  OTaporate,  it  is  obtained  inlaige^ 
transparent,  yellov  crystals,  which  are  combinations  of  a  rhombic  prism  with  a  rhombic 
octahedron  restine  on  the  prismatic  fiices,  and  a  macrodome.  It  has  an  unpleasant 
alliaceous  odour,  dissolves  slowly  in  alcohol,  better  in  ether^«Icohol  and  in  ether,  veiy 
easily  in  carbonic  disulphide,  benzol,  and  chlorofonn.  It  melts  at  66*5°»  and  when 
once  fused,  solidifies  again  but  slowly.    Specific  gravity  »  1*476. 

Etbylenic  trisulpho^bonate  is  converted  by  can/monioi  into  sulphocyanate  of  ammo- 
nium and  ethylenic  sulphydrate : 

C^JS.  +  2NH.    -    j^JM  +  C^JS.. 

Heated  with  sulphydraie  of  potasgium,  it  vields  ethj^lenic  sulphydrate  and  potasaium- 
trisulphocarbonate.  (Morine  acts  atron^y  upon  it,  producing  great  heat,  which 
causes  the  crystals  to  melt,  and  forming  a  dark-red,  very  fetid  liquid.  M^erately 
dilute  nitric  aeid  removes  one-third  of  the  sulphur,  and  converts  the  ether  into 
ethylenic  disulphocarbonate  (tf(/ra) ;  but  fuming  nitric  add  heated  with  it  as  lonff 
as  nitrous  fumes  are  evolved,  removes  the  whole  of  the  carbon,  as  well  as  one-Udra 

of  the  sulphur,  and  converts  it  into  ethylene-sulphurous  acid,  //m4\^-tn(o* 

(Buckton  and  Ho^ann's  disnlphetholic  acid).    See  Sulpeubous  Ethkbs* 

Bdijlenie  IHaolplioearboiiata  or  Zaatliato.  /Q^iv^lg-  (Husemann,  Ann. 

Ch.  Fharm.  cxxvi.  269.)-— Ethylenic  trisulphocarbonate,  treated,  as  above  mentioned, 
with  moderately  dilute  nitric  add,  yields  this  compound  as  a  white  cTTstalline  mass, 
which,  after  pressure  between  paper,  crystallises  m>m  alcohol  in  long  tnin  rectangular 
tables,  it  distils  in  a  stream  of  hydrogen,  without  decomposition ;  is  insoluble  in 
irater,  but  dissolves  easily  in  alcohol,  ether,  diloroform,  and  beniol ;  and  separates  firom 
the  last  two  liquids  as  an  oil,  wfaidi  does  not  solidify  till  touched  with  the  crystallised 
ether. 

at«tliytoiiloT>isiilp1ioearboaatef  CS.CH*J3*.  (Husemann,  Ann.  Ch.  Pharm. 
czxvi.  269;  Jahresb.  1862,  p.  433.) — This  compound  separates,  on  gently  heating  an 
alcoholic  solution  of  methylenic  iodide  with  trisulphocarbonate  of  sodium,  as  an  amor- 
phous, yellowish-white,  inodorous  powder,  which  is  insoluble  in  water,  and  is  con- 
verted by  fuming  nitric  acid  into  methylene-sulphurous  or  disulphometholio  add, 
(SO)«.CH«.H«.0«. 

Trltylenlo  or  Propyleiile  Trlfttdplioearboiiate,  CS.CPH^S*,  obtained  in  like 
manner  with  bromide  of  tritylene,  is  a  thick  brownish-yellow  liquid,  insoluble  in 
water,  and  having  an  offensive  odour.  It  has  a  specific  jgravity  of  1*31  at  20^ ;  cannot 
be  distilled  without  decom^ition,  except  in  a  stream  of  hydrogen ;  is  converted,  by 
moderately  dilute  nitric  acid,  into  a  light-yellow  resinous  mass ;  by  the  strong  add 
into  trity lene-sulphurous  (disulphopropolic)  add.    (Husemann.) 

Tetrylealo  or  Bvtyleaio  Trto«lpliooai1l>oimt6v  CS.C^H'.S',  obtained  in  like 
manner,  is  a  more  mobUe  liquid,  having  a  somewhat  ycUowish-bzown  colour,  and  a 
specific  gravity  of  1  -26  at  20^.    (Husemann.) 

SVXiVBOOASBOVnviO  AOIBk  S^.  with  Enm^msmuBOGABBoino  or  Xam- 
Tmc  Aom  (p.  498). 

SV&VBOCSno  ACm.    Byn.  ^th  Cwylsulphubio  Acid.    (See  SuifEUBio 


smWHOCK&OBMUWSAanBa.    CH'CIN'SO*    -    (CH>G1S^'|2^    ^ 

((rHH310)'')j^ 

(SO)"     yf.  .    (B.  Otto,  Ann.  Ch.  Pharm.  cxziii.  216.)— An  amide  produced  by 
H*       S 
the  action  of  alcoholic  ammonia  on  sulphochlorobenEoic  chloride,  C'H'CISO'.CI'.    It 
forms  yellowirii  crystalline  grains,  easily  soluble  in  absolute  alcohol  and  in  ether. 

BU&PBOCBXiOBOBBMXOlC  AOIB.  C'HH:aSO«    -    (C'HK^l^)"!    q,  . 

(CH'aO)') 

(SO)"     >0'.    (Otto,  loc,  cit,y—VtodjkO&di  by  treating  monochlorobenzoio  add  with 

sulphuric  anhydride.    The  visdd  mass  is  gently  warmed  with  a  little  ordinary 
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sulphuric  aeid»  till,  on  dilnting  with  water,  onlj  a  imall  Quantity  of  chlorobenzoic  acid 
remainB  undecomposed.  The  dilute  solution  is  neutmbsed  with  carbonate  of  lead, 
and  the  filtrate  is  evaporated ;  whereupon  mdphockiorobenMoate  of  lead,  C'H'Pb"C]SO*. 
8H*0,  is  at  first  deposited  in  concentric  groups  of  silky  needles,  afterwards  a  granular 
mass,  probably  a  mixture  of  the  neutral  and  acid  lead-salts. 

Sulphochlorobenaoie  acid,  obtained  by  decomposing  the  lead-salt  with  sulphuretted 
hydrogen,  is  easily  soluble  in  water,  alcohol,  and  ^ar,  and  oystaUises  from  the 
aqueous  solution  in  long  white  hydrated  needles. 

The  nmtnd  potastiumrsaU,  G*H*K'C1S0*.3H'0,  forms  small  needles,  which  dissolve 
readily  in  water  and  in  alcohol,  and  siTe  off  their  water  at  120°. — The  acid  salt, 
2C'H*KG1S0*.8H'0,  crystallises  £rom  alcohol  in  concentric  groups  of  needles^  some* 
what  less  soluble  than  the  neutral  salt. 

The  netOral  bonumsalt,  C'H*Ba''GlS0*.2H*0,  forms  indistinct  crusts ;  the  acid  9alt, 
G'*H*Ba*Cl'S'0'*.4H*0,  sometimes  forms  solid,  well-developed,  wavellitic  oystals^ 
sometimes  granular  crystals. 

The  acid  ealeium^dt,  0*«H«Ca"01«S*0*«.dHH),  sepantes  from  hot  dilute  alcohol  in 
large  ciyatals  resembling  onpric  sulphate. 

(C'HKJIO)*) 

Di9ulphoehlorobingoicAcid,C'UHJlS^  '^       (SO)*     VO*,  is  obtained,  to- 

H«       ) 
gather  with  sulphochlorobessoic  acid,  by  heating  the  product  of  the  action  of  sulphuric 
anhydride  on  cblorobensoic  acid  for  some  time  with  ordinary  sulphuric  acid. 

BinbVBOOHOUUO  AOm.    Syn.  with  Tavbochouo  Acm. 

S'TXiFHOCZraAXBO  ACIS.   0»BP80«  -  (^^'^gj)^!©*    -       (SOf   |o«. 

(Herzog,  J.  pr.  Chem.zziz.  51.)— Obtained  by  mixing  1  pt.  cinnamic  acid  with  8  to 
12  pts.  fuming  sulphuric  acid  of  spedflc  gravity  1-92  to  1*87,  saturating  the  diluted 
solution  with  carbonate  of  barium,  decomposing  the  filtered  liquid  with  basic  acetate 
of  lead,  and  treating  the  precipitate  with  sulphuretted  hydrogen. 

Solphocinnamic  acid  remains,  on  evaporation  in  vacuo,  as  an  amorphous  slightly 
hygroscopic  mass,  very  soluble  in  water  and  in  alcohol.  From  its  alcoholic  solution 
it  is  deposited,  by  spontaneous  evaporation,  in  elongated  prisms  containiDg  CH'SO*. 
8H^0.  It  precipitates  the  solutions  of  basic  lead->aoftate  and  meicozous  nitrate,  alao. 
that  of  barium-chloride  after  some  time. 

Sulphocinnamates. — Sulphoeinnamic  acid  is  dibasic,  ■  forming  neutral  salts, 
G*H<M*SO*,  and  acid  aalts,  C"H'MSO^  or,  for  diatomic  metals,  C'*H"M''SK)'«  - 
0'H*M''80*.0'H^80*.  The  sulphocinnamates  are  for  the  most  part  veiy  soluble  in  water. 
Those  of  the  alkali-metals  and  alkaline  earth-metals  yield,  when  heated,  a  mixture  of 
sulphate  and  sulphite,  and  after  strong  calcination,  a  residue  &om  which  acids  eliminate 
sulphuretted  hydrogen. 

The  neutral  barium-saltt  C'H'Ba'SO'.HK),  is  nearly  insoluble  in  water.  When 
boiled  with  water  acidulated  with  nitric  arid,  it  deposits  needles  of  the  aoid  salt, 
C"H«'Ba'SH)'*.2H<0.  The  laUer  is  slightly  soluble  in  water  and  in  alcohol,  permanent 
ID  the  air  at  ordinary  temperatures,  but  becomes  dull  and  gives  off  its  water  at  100°. 
The  crystals  dissolve  readily  in  dilute  aqueous  ammonia,  and  the  solution,  after  a 
short  time,  deposits  prisms,  which  give  off  water  and  ammonia  on  exposure  to 
the  air. 

The  neutral  potaeeiMJn^-ealt,  C*H'E'SO*,  obtained  by  double  decomposition,  is  smor- 
phons,  and  very  soluble  in  water.— The  acid  salt,  0"H'KSO*,  obtained  by  adding  hydro- 
chloric acid  to  the  solution  of  the  neutral  salt,  crystallises  in  agglomerated  needles. 

The  eilver-'»alt,  CH'Ag^O*,  is  obtained  by  decomposing  the  barium-salt  with 
silver^solphate,  and  evaporating  in  a  vacuum,  as  a  grey  amorphous  shining  emst^ 
easily  decomposed  by  heat. 

■V&VBOCUlOPno  AOIB.     Syn.  with  CTTXEVTL-srLFHVsoiJS   AdP.    (See 

SULFHtJBOTTS  BiSBRS.) 

SmbPBOUUMJLUmi  •  (C^")'SO'.— This  comfjound  appears  to  be  formed, 
together  with  cumenyl-sulphurous  acid,  when  cumol  is  treated  with  faming  su'phurio 
acid,  and  separatee,  on  oilution  with  water,  as  a  aolid  body,  insoluble  in  water, 
alcohol,  ether,  and  benzoL    (Beilstein  and  Kogler,  Jahresb.  1865,  p.  559.) 

(C«H«0)''ig 
■VZiVHOOTAVACBTXO  ACZn.    CH'NSO'     -  GN    [^.     Syn.   with 

TmOGTAMOOLTCOLUO  AciD  (q.  v.). 
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CNHS  -  ^[S  -  ^^|n.  HydnwlplUcymiie 


Mid.  Sidphocvankydfie  Acid,  Sutpkoearbmidi, — ShdpkurdUd  Ckyame  And  (Por- 
Tett). — sAwefeMausSimre,  Blutsaure,  AndraeoikUmBdun  (Grotthms).— J^AMiaii- 
wasserstojfsdure  (B  e r e  el  i  n  b). 

This  acid,  the  salphnr-analogiie  of  cyanic  acid,  was  first  observed  by  Bnehols  in 
1799  {BeUrSffe  svvr  ErweUenmff  und  Bsnchtifunff  der  Ckende,  i  88),  and  by  Bink 
(1804,  A.  GehL  ii.  460),  afterwards  more  oustinctly  recognised  by  Porrett  (PhiL 
Trans.  1814,  p^  527),  determined  as  to  its  cfaemiofd  constitution  by  Berzelins 
(Schw.  J.  zzxi.  42),  and  fdrtber  examined  by  Wohler  (GUb.  Ann.  lziz.271),  Liebig 
(Ann.  Ch.  Pharm.  z.  9;  zxri.  174;  tttit.  199;  L  887;  liii  380),  Parnell  ri6f£ 
zxxiz.  178),  Volckel  (Md.  xliiL  80),  and  othersi  The  metallic  solpboeyanales  have 
been  analysed  chiefly  by  Clans  (J.  pr.  Ghem.  zr.  401)  and  Meitxendorff  (Pogg. 
Ann.  ItL  63). 

Occttrrence, — Snlphocjanate  of  potassinm  or  sodinm  oecvrs  in  tvt  small  qnantity 
in  the  saliva  of  man,  and  of  the  sLeep  (L.  Gmelin).  Gobel  fonnd  it  in  a  human 
saliTaiy  calculus.  The  distilled  waters  of  certain  crudferons  plants  (cochleana»  mnstard, 
radish,  &c.)  give  with  ferric  salts  the  characteristic  reaction  of  snlphocyanic  add. 

Formation. — Snlphocyanic  add  and  its  salts  are  prodneed :  1.  By  the  direct  combi- 
nation of  cyanides  with  sulphur,  just  as  cyanates  are  formed  by  the  combination  of 
cyanides  with  oxygen ;  s^.,  by  the  calcination  of  cyanide  or  ferrcN^raaide  of  potaasium, 
&c.  with  sulphur,  or  by  boiling  a  solution  of  potassic  cyanide  with  sulphur;  also  by 
calcininff  azotised  charcoal  with  potassic  sulphate,  or  with  a  mixture  of  potassic  carbo- 
nate and  sulphur. 

2.  By  the  action  of  cyanogen-gas  on  monosulpbides  or  persulphides.  In  the  former 
case^  a  cyanide  is  also  formed,  just  as  the  action  of  cyanogen  on  a  protoxide  gives  rise 
to  the  formation  of  a  cyanide  and  a  cyanate : 

CN  +  K^    -     CNK  -¥  CNEa 

In  the  case  of  a  disulphide,  the  action  is  one  of  simple  combination ;  with  hi^^ber  sul- 
phides a  separation  of  sulphur  takes  place ;  thus : 

2CN  +  E>S>     »     2CNKS  ;   2CN  +  K^  -  2CNKS  +  S*. 

8.  By  the  reaction  of  certain  cgranides  with  metallic  persulphides;  e^.,  mereurie 
cyanide  and  potassic  trisulphide  mixed  in  aqueous  solution : 

Hg"Cy«  +  K«S»     -     2CyKS  +  Hg-S. 

A  similar  reaction  is  produced  when  Prussian-blue  is  boiled  for  a  long  time  with 
potassic  liver  of  sulphur ;  also  when  aqueous  pentasulphide  of  potassium  is  mixed 
with  hydrocyanic  aod,  sulphydric  acid  being  then  evolved  and  sulphur  predpi- 
tated: 

2HCy  +  K»S»     -     2CyKS  +  H«8  +  S». 

In  like  manner  hydrocyanic  add,  sulphur,  and  aqueous  ammonia,  to  which  a  small 
quantity  of  ammonium-sulphydrate  is  added  to  facilitate  the  soliitiQii  of  the  sulphur* 
yield  sulphocyanate  of  ammonium : 

HCy  +  NH«  +  S     -     Cy(NH*)S. 

A  solution  of  hydrocyanic  acid  saturated  with  sulphydric  add,  is  conrerted,  on  eno* 
sure  to  the  air,  into  snlphocyanic  add,  in  proportion  as  the  hydrogen  of  the  sulphy* 
drio  add  is  taken  up  by  the  oxygen  of  the  air.  Hence  the  contamination  of  Vauque- 
lin's  prussic  add  (prepared  by  decomposing  mercuric  cyanide  with  sulphydric  add) 
with  sulphocyanic  add. 

4.  By  the  action  of  carbonic  disulphide  on  alcoholic  ammonia,  the  two  liquids  being 
heated  together  in  a  sealed  tube: 

(CS)"S  +  NH*    -     (CSy.H.N  +  H«8. 
6.  By  the  decomposition  of  aqueous  sulphocarbamic  add  (p.  490) : 

6.  By  the  action  of  alkalis  on  ethylic  sulphocarbamate  (xaathamide»  p.  491) : 

These  last  three  reactions  indicate  that  snlphocyanic  add  has  the  constitution  of 
sulphocarbimide  (p.  498). 

7.  When  animia  substances  are  charred  by  heating  with  oil  of  vitriol,  the  nsidue. 
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oil  bfling  flubjeeted  to  a  stzonger  heat,  yields,  amongst  other  products,  sulphocjanateof 
ammoiiiiim.    (O.  Henr^,  J.  Chim.  mM.  zzi.  301.) 

8.  Snlpho^nic  add  is  formed,  together  with  carbamide  (urea),  by  the  action  of 

solphydno  add  on  ammonio-cnpric  folminate.    (G-ladstone,  Ann.    Gh.  Pharm. 

lOT.  1): 

(NH*)«Cn''C*N*CM  +   3H«8     -     2CN«H<0  +  2CNHS  +  2HH)  +  CulS. 
Ammonlo<uprlc  Carbumlde.        Sulpbocyank 

9.  Snlphocyanic  add  is  formed  in  certain  decompositions  of  volatile  oil  of  mustard 
(allyl-snlphocyanie  ether). 

iViwaro^um.— Solphoc^aaio  add,  or  hydric  snlphocyanate,  is  separated  from  the 
metame  sulphoeyanates  by  the  action  of  stronger  adds.  It  may  be  obtained  in  the 
anhydrous  state  by  heatinff  dry  mercurous  sulphocyanate  in  a  stream  of  sulphydric  or 
hydrochloric  acid  gas ;  and  in  aqueous  solution  by  the  same  reaction,  the  mercurous 
cyanide  being  suspended  in  water, — or  by  decomposing  the  barium-salt  with  an  exactly 
equivalent  quantity  of  sulphuric  add. 

Properties. — Anhydrous  snlphocyanic  add  is  a  colourless  liquid,  which  cxystallises  at 
12*5^  m  six-sided  prisms.  It  boils  at  86°  (Ar tus),  at  102*5^  (Vogel),  has  a  pungent 
odour  like  that  of  acetic  add,  reddens  litmus  strongly,  and  has  a  veiy  add  taste. 
The  aqueous  solution  exhibits  similar  properties. 

DeeompotUwM, — 1.  The  anhydrous  acid  is  veiy  unstable,  and  is  quickly  resolved 
into  hydrocyanic  and  persulphocyanic  acids  (iv.  878) : 

8CSHN     -     CHN  +  C*H*N«S». 

The  aqueous  solution  decomposes  slowly  in  the  cold,  quickly  when  heated,  partly  into 
carbonic  dioxide,  carbonic  disulphide,  and  ammonia : 

2CSHN  +  2H«0     =     CO*  +  OS*  +   2NH»; 

partly  into  carbonic  dioxide,  sulphydric  add,  and  ammonia: 

CSHN   +  2H»0    -     C0»  +  H«S  +  NH»; 

partly  also  in  the  same  manner  as  the  anhydrous  add,  yielding  a  solution  of  hydro- 
cyanic add  and  a  yellow  predpitate  of  persulphocyanic  acid.  In  consequence  of  this 
last  decomposition,  sulphocyanic  add  acts  poisonously,  like  hydrocyanic  add.  All 
these  reactions  are  accelerated  by  boiling  the  sulphocyanic  add  with  concentrated  acids. 
Sulphocyanic  add  saturated  with  tulphydrie  actd,  yields  after  a  while  carbonic 
disulphide  and  ammonia. — ^With  chlorine  and  nitric  acidf  it  yields  a  yellow  predpitate 
of  persulphocyanogen  (iv.  380). — Gently  heated  with  metallic  jfine,  it  gives  off  sulphy- 
dric add;  more  slowly  with  iron. 

acetallio  Svlplioeyaiiates.    Sulphocyanides.    Rhodanidea, — SulphoOTanic  add 
is  monobasic,  forming,  with  monatomic  metals,  salts  represented  oy  the  general 

CN  >        rosy* ) 

formula  mC*^  ^'      M  v^'    ^^®  sulphoeyanates  are  for  the  most  part  soluble  in 

water  and  in  alcohol.  They  are  decomposed  by  the  stronger  acidst  with  elimination 
of  sulphocyanic  add,  which  then  generally  undergoes  farther  decomposition.  Cold 
dilute  adds,  however,  exert  this  action  only  on  sulphoeyanates  corresponding  to 
sulphides  which  are  decomposed  by  the  same  adds :  thus  they  do  not  decompose  the 
sulphoeyanates  of  mercury,  copper,  and  silver. — Hitric  acid  and  chlorine  decompose  the 
solutions  of  sulphoeyanates,  precipitating  persulphocyanogen.  All  sulphoeyanates  are 
decomposed  by  heat^  more  or  less  strong,  into  nitrogen,  cyanogen,  carbonic  disulphide, 
and  metallic  sulphide.  Caldned  with  potaseie  hydrate^  they  give  off  carbonate  of 
ammonium. — SiQphocyanate  of  potassium  ignited  with  metallio  iron,  yields  sulphide 
of  iron  and  (^anide  of  potassium. 

Soluble  sulphoeyanates  give,  with  a  mixture  otcuprie  asid  ferrous  svlphatea,  a  white 
precipitate  of  cuprous  sulphocyanate  insoluble  in  water ;  ihey  also  give  white  pre- 
dpitates  with  mercurouSf  argentic,  and  auric  ealie, — ^With  ferric  salts  they  g^ve  no 
raedpitate,  but  a  blood-red  coloration,  or  reddish-yellow  in  case  of  very  great  £lution. 
The  reaction  is  extremely  delicate.  •  A  piece  of  ordinary  paper  held  over  a  solution  of 
potassie  sulphocyanate  mixed  with  concentrated  hydrochloric  add,  becomes  reddened 
by  the  action  of  the  evolved  sulphocyanic  add  on  the  small  quantity  of  iron-salt  con- 
tained in  it.  The  red  colour  of  ferric  sulphocyanate  may  be  distinguidied  from  that 
of  other  ferric  salts  by  two  characters :  1.  It  is  not  turned  yellow  by  addition  of 
hydrochloric  add,  even  in  large  quantity. — 2.  On  immeraing  a  piece  of  zinc  in  the  liquid, 
sulphydric  acid  is  given  off,  and  may  be  detected  by  its  power  of  blackening  a  strip  of 
paper  impregnated  with  solution  of  lead-acetate. 

Sttlfhoctanate  of  Aluminium  is  a  gummy  mass,  the  solution  of  whidi  is 
decomposed  by  evaporation. 
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SvxPBOCTA.irATBOvAicxoNiVK,NH*CNS  -•  NHK)ya—Tlu8  salt  is  obtained: 
1.  By  deoompofling  the  caprio  salt  with  sulphjdiste  of  ammoniiim,  and  evaporating  the 
filtrate. — 2.  By  mixing  hydiocTanic  add  with  polysnlphide  of  ammonium  (a  soliition 
of  snlphnr  in  ralphydntte  of  ammoninmX  and  separating  the  resulting  snlphov^anata 
of  ammonium  from  precipitated  snlphnr  by  water  or  alcohol.  (This  mode  of  forma- 
tion is  employed  as  a  test  for  hydrocyamc  aeid,  ii.  219).  The.pmssic  add,  prepared 
by  distilling  180  pts.  potassic  ferrocyanide  with  90  pts.  strong  snlphoric  add  and 
40  pts.  water,  is  digested  with  the  sulphide  of  ammonium  obtained  by  saturating  60  pts. 
aqueous  ammonia  of  spedfic  gravity  0*96  with  sulphydric  add,  adding  60  pts.  more  of 
the  ammonia-solution  and  60  pts.  sulphur ;  the  mixture  is  boiled  till  the  whole  of  the 
ammonium-sulphide  is  decomposed  with  precipitation  of  sulphur ;  and  the  liquid  is 
filtered  and  evaporated.  The  product  amounts  to  40—60  ptM.  of  dry  snlphocyanate 
of  ammonium.    (Liebig.) 

3.  By  treating  carbonic  disulphide  with  excess  of  ammonia : 

CS»  +  4NH«  -  (NH*)CSN  +  (NH*)«a. 

A  mixture  of  1600  cc.  aqueous  ammonia  [of  what  strength?]  and  200  cc  carbonic 
disulphide  and  1600  cc.  alcohol  of  86  per  cent  is  distiued  down  to  one-half,  after 
staucQng  for  24  hours ;  the  residual  liquid  is  evaporated  to  thecrystaUising-point ;  and 
the  snlphocyanate  thus  obtained  is  purified  by  one  reciystaUisation.  The  alooholio 
distillate,  which  contains  a  large  quantity  of  ammoninm-sulphide^  mav  be  used  for  a 
second  and  even  a  third  preparation.    (Mil Ion,  J.  Pharm.  [SJ,  xxxviii.  401.) 

For  preparation  on  the  large  scale,  u-^1  i  s  has  patented  a  similar  process,  in  which, 
however,  the  use  of  alcohol  is  avoided,  and  the  carbonic  disulphide  is  made  to  act  upon 
a  mixture  of  concentrated  ammonia  and  sulphide  of  ammonium,  the  materials  being 
mixed  in  the  cold,  and  a  small  quantity  of  fixed  oil  (amounting  to  2  or  3  per  cent  of 
the  carbonic  disulphide)  added,  to  form  an  emulsion  with  the  ammonia  and  fadlitate 
the  admixture.  An  ammoniacal  solution  of  ammonium-sulphocarbonate  is  thus  formed, 
which,  after  separation  from  the  layer  of  oil  which  fioats  on  its  surfSuse  (to  be  used  in 
a  subsequent  operation),  is  subjected  to  distillation.  The  sulphocarbonate  of  ammonium 
is  thereby  resolved  into  sulphocyanate  of  ammonium  and  sulphydric  add : 

(SWyCSF    -     (NH*)CNS  +  2m3; 

the  former  remaining  in  the  retort,  while  the  latter  passes  over,  together  with  excess  of 
ammonium-sulphide,  and  may  be  condensed  in  a  receiver  containing  aqueous  ammonia, 
thereby  supplying  material  for  future  operations. — ^The  sulpho<minate  of  ammonium 
thus  obtained  is  easily  converted  into  otner  sulphocyanates  by  distillation  with  fixed 
bases.  (B^p.  Ghim.  App.   1862,  p.  146;  see  also  Siilfhoctanatb  of  Potassittic, 

„4130 

TTTOgether  with  mezcaptan,  by  the  action  of  alcoholic  ammonia  on  ethyHe  trisul- 
phocarbonate  (H u s  em  an n) : 

(C«H»)«CS»  +  2NH«  -  (NH*)CNS  +  2C«H«S. 

Sulphocvanate  of  ammonium  crystallises  in  colourless  deliquescent  plates,  which  are 
very  soluble  in  water  and  in  alcohol,  melt  at  147°f  and  decompose  at  a  higher  temper- 
ature, giving  off  carbonic  disulphide,  sulphydric  acid,  and  ammonia,  and  leaving  a 
residue  of  melam,  which  is  finally  converted  into  hydromellone.  According  to 
Liebigf  8  formula  (iii.  866,  874) : 

8(NH0CNS     =     2CS'  +  4KPS  +  6NH»  +  C«N»>H». 
Snlphocyanate  Melam. 

of  amnumiom. 

and 

C«N"H»     «    2NH»  +  C«N»H«. 

Mdan.  RfdroaeHone. 

Sttlphootanatb  of  Babiuic,  Ba''Cy*S'.2H'0,  crystallises  in  long,  shining, 
deliquescent  needles,  very  soluble  in  water  and  alcohol,  and  containing  12*4  per  cent, 
water,  which  they  give  off  between  160<*  and  170°. — ^A  compound  of  this  salt  with 
mercuric  ctfonide^  Ba'^Cy'S'.Hgf'Cy',  separates  in  small  nacreous  laminse,  from  a  warm 
solution  of  the  component  salts.    (Bockmann,  Ann.  Ch.  Pharm.  xxii.  163.) 

Stjlphoctanatx  of  Bismuth,  Bi'"Cy*S*,  if  a  yellow  powder. 

SuLPHOCTANATB  OF  Cadmium,  Cd''Cy'S^  foHus  shiniug,  colourless,  anhydrous 
crystals,  slightly  soluble  in  water.  Ammonia  dissolves  them,  and  the  solution  yields 
crystals  of  cadmamfnoniumsulphocsfanate,  (S^RKyd^yCj^S  which  are  decomposed  by 
water. 

SulphoctaitatbofGaloiw,  Ga"Cy%*.8H'0,  forms  deliquescent  needles,  very 
soluble  in  water  and  in  alcohoL^The  compound  Ca'Cy^S^eHg^Cy*,  obtained  like  the 
corresponding  barium-salt,  forms  shining  wite  laminse.    (Bcckmann.) 

Chboxic  Sui^phoctanatx,  Cr*'Cy'S\ — Chromic  hydrate  dissolves  easily  in 
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dilute  flnlphocyuue  acid,  fonnrng  a  greeniah-tiolofc  flolvtion,  whioh  drlM  up  orer  oil  of 
vitriol  to  a  blaekiah-green,  amarphoiu»  deliquegcent  miui.  (Olssen,  /.  pr.  OhenL 
xcYi.  349.) 

^'^?-Q4*    (A-  Boinoeke,  Ann.  Gh.  Pharm.  ezzvi.  113.) — ^The  amnumium'^t  of 

tluB  add,  JPQrB.'HJf*^*  -  N*CrH«(NH')CyS«,  iB  obtained  by  gradnaUy  adding 
pnlyeriaed  dichromate  of  potaaainm  to  toaed  aulphoeyanate  of  ammoniam,  tiU 
the  mass  becomes  solid.  Ammonia  is  then  given  oil^  with  strong  intumescence ;  and 
on  treating  the  product  with  hot  water,  filtering  to  separate  an  amorphous  substance, 
and  introducing  lumps  of  sal-ammoniac  into  the  filtrate,  the  ammoniacal  compound 
above  mentioD^  separates  in  small  shining  scales.  Its  formation  may  be  represented 
by  the  equation : 

8(NH«)CyS  +  Ci*0«    -     2(N»CrH»».Cy*S*)  +   2NH»  +   8H«0. 

This  compound  dissoli-pg  with  ruby-red  colour  in  water,  alcohol,  and  ether,  and 
erystallises  from  water  in  small  rhombic  dodecahedrons  resembling  garnets.  It  bears, 
without  decomposition,  a  heat  of  120^,  but  decomposes  at  a  red  heat,  leaving  sulphide 
of  chromium ;  and  when  heated  with  water,  yielda  sulphocyanate  of  ammonium,  sul- 
phocyanate  of  chromium,  and  chromic  ozide.  It  is  easily  decomposed  also  by  dilute 
acids  and  alkalis — in  the  latter  case,  according  to  the  equation : 

2(N»CrH»Cy««)  +  8KH0    -     SKCyS  +  6NH"  +   Cr«0«  +  6H«0. 

The  tame  oomjiound  appears  to  have  been  obtained  by  Horland  (Chem.  Soe.  Qu.  J. 
xiii.  262),  who,  however,  assigned  to  it  the  formula,  Cr''(yS'.(NH*)*0. 
The  molecule,  NH\  in  the  salt  just  described,  may  be  replaced  by  other  metals.  The 

(KKJr'^T} 
potasHumsalt,  H  >Py^S*,  is  obtained  by  treating  the  ammonium-salt  with 

strong  potftsh-ley,  and  recrystallising  from  hot  water.  It  forms  ruby -coloured  laminse 
or  c^es,  dissolves  with  deep  ruby  colour  in  water,  alcohol,  and  ether,  and  decomposes 
like  the  ammonium-Rait,  when  boiled  with  water,  acids,  and  alkalis. — The  sodium-salt, 
NXCr'TI*)HNaCy*S*,  prepared  in  like  manner,  ctystallises  in  unctuous  scales. — ^The 
mercune  salt,  N*(Cr'*H*]p'H*Hg^Cy^,  is  obtained,  by  precipitation  with  mercuric 
cMoride,  asaflocculent  rose-coloured  precipitato,  insoluble  in  water  and  in  dilute  acids. 
It  decomposes  above  160°  into  sulphide  of  mercury  and  sulphide  of  chromium, 
and  by  filing  with  potash  into  ammonia,  sulphocyanic  acid,  mercuric  oxide,  and 
chromic  oxide.— The  cuprous  salt,  N\Cr"'H»)HGuCy*S*,  is  obtained,  by  treating  the 
ammonium-salt  with  cupric  sulphate  and  sulphurous  acid,  as  a  ydlow  pulventlent 
predpitate,  decomposed  py  heat  and  by  potash  similarly  to  the  mercuric  salt. — The 
ammonium-salt  forms,  with  nitrate  of  sUver,  a  rose-coloured  predpitate  quite  insoluble 
in  water  and  in  dilute  adds ;  and  wiik  Uad-saltSf  a  yellowish-red  predpitate  soluble  in 
boiling  water. 

The  hydrogen-salt,  or  £ree  add,  is  obtained,  by  decomposing  the  mercuric  salt  sus- 
pended in  water  with  sulphydric  add,  as  a  deep  red  solutioOt  which  is  decomposed  by 
boiling,  but  dries  up  at  low  temperatures  to  a  red  amorphous  mass.  The  solution  has 
an  acid  reaction,  decomposes  carbonates,  and  acquires  a  still  darker  red  colour  when 
mixed  with  ferric  chloride. 

SuLPHOCTANATS  OF  CoBALT. — ^Recently  predpitated  oobaltous  hydrate  dis- 
solves in  aqueous  sulphocyanic  add,  forming  a  brown-red  liquid,  which  turns  blue  on 
concentration,  and  finally  leaves  a  crystalline  yellowish-brown  inaM»  very  soluble  in 
water  and  in  alcohol,  and  forming  a  compound  with  ammonia. 

SuxFHOcTANATBs  OF  CoPFBB. — The  cuprtc  Salt,  Cu^Cy'S*,  is  a  black  crystalline 
powder,  obtained  by  predpitating  a  concentrated  solution  of  a  cupric  salt  with  sulpho- 
cyanate of  potassium,  care  being  taken  not  to  add  the  latter  in  excess.  The  precipi- 
tate is  converted  by  washing  into  a  cuprous  salt,  and  is  not  formed  in  dilute  solutions. 
It  dissolves  in  ammonia,  and  the  solution  yields  small  needles  of  cupramnumium'Sul' 

phocyanate,  (Sm*CuTOj^\ 

The  cuprous  salt,  Cu"CyS,  is  precipitated  as  a  white  powder,  on  adding  a  solution  of 
potassium-sulphoc^anate  to  a  mixture  of  cupric  and.ferrous  sulphates.  It  is  insoluble 
m  water  and  in  acids,  which  do  not  decompose  it^  but  dissolves  in  ammonia,  formiug  a 
crystalline  compound. 

SuLFHOOTANATBS  OF  GoLD. — Ou  mixiug  the  solutions  of  potassium-sulpho- 
cyanate  and  auric  chloride,  a  flesh-coloured  predpitate  is  formed,  soluble  in  ammonia. 
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When  a  edliitioli  of  fturic  chloride  nentnlised  with  add  pofauwinm-carbonate,  is 
added  to  a  solution  of  potassinm-salphocjanate  kept  in  ezoessi  a  bulky  orange-red 
precipitate  is  formed,  consisting  of  poUumo-aurio  ndj^koeyanate,  KAa"py*S*  m. 
K.Cjm.AxrCy*&.  On  heatinff  the  liquid,  the  precipitate  dissolres,  and  partly  separates 
on  coolinff  in  orange-red  nerales  of  unaltered  composition :  the  greater  part,  however, 
remains  in  solution,  and  decomposes  on  evaporation,  with  reduction  of  metallic  gold 
and  evolution  of  sulphocyanic  add,  so  that,  finally,  chloride  of  potassium  and  potassio- 
aureus  sulpho<r^anate  ciystaUise  out.  The  predpitate  of  potassio-auric  sulphocyanate 
is  decomposed  by  water,  and  dissolves  in  alcohol  and  in  ether.  The  alcohohc  soluti<m, 
mixed  with  hvdrochloric  add,  deposits  after  a  while  copper-red  needles ;  soda  deco- 
lorises the  solution,  and  separates  a  black-blue  powder ;  ammonia  causes  the  forma- 
tion of  white  needles ;  ferric  chloride  colours  the  solution  blood-red ;  other  metallie 
salts  form  dark-coloured  precipitates. — PotoMUhourous  sulphocyanate,  KAuCy*S*, 
is  most  readily  obtained  by  mixing  a  solution  of  yotasaium-snlphocyanate,  warmed  to 
80^,  with  snuJl  quantities  of  neutral  auric  chloride,  as  long  as  the  red  predpitate 
disappears  on  stirring.  The  salt,  separated  by  evaporation  and  purified  by  recrystalli- 
sation,  forms  long,  straw-yellow,  truncated  prisms,  which  melt  at  1(H)^,  and  are 
resolved  into  sulphur,  carbonic  disulphide,  metallic  gold,  and  sulphocyanate  of  potas- 
sium. The  aqueous  solution,  mixed  with  hydrochloric  add,  sometimes  deporits  copper- 
red  needles;  it  forms  white  predpitates  with  ammonia,  ferric  chloride,  mercurie 
chloride,  aigentic  nitrate,  and  neutral  plumbic  acetate;  yellow-brown  with  cuprio 
sulphate ;  black-brown  with  stannous  chloride ;  black  with  mercurous  nitrate. — ^It  is 
coloured  red  by  ferrous  sulphate,  with  predpitation  of  gold ;  brown  bv  sulphydrie 
acid ;  it  blackens  slowly  on  exposure  to  light. — ^The  predpitate  formed  by  anuponia, 
NH'jLuCyS,  gradually  decomposes  and  turns  black;  hot  water  abstracts  ammonia 
firom  it,  leaving  a  green  powder.  (P.  T.  01  eve,  EongL  Vetenskap.  Akad.  Forhand- 
lingar,  xx.  238;  Jahresb.  1865,  p.  296.) 

SuLPHOOYANiLTis  OF  Ibok. — Thi^ferTouB  salt  is  soluble^  of  pale-green  colour, 
and  veiy  unstable. 

The  jerric  salt  is  blood-red,  nearly  black,  deliquescent,  soluble  in  water  and  in 
alcohoL  The  blood-red  colour  of  this  salt  is  produced  whenever  a  sulphocyanate  is 
mixed  with  a  ferric  salt.  It  is  destroyed  by  slkslis  which  precipitate  ferric  oxide ; 
also  by  many  adds  (e^.  phosphoric,  arsenic,  iodic,  oxalic),  even  in  small  quantitv ;  but 
restored  by  addition  of  a  ferric  salt ;  hydroddorio  add,  even  when  concentrated,  does 
not  decolorise  the  liquid ;  nitric  add,  o^  the  other  hand,  decomposes  the  sulpho(7anate» 
and  destroys  the  colour  (p.  606). 

Sni.PHocTiLNATB8  OF  Lbad. — The netOrol saUfFWCj^.  is  gradoally depodted 
in  opaque  shining-yellow  crystals,  on  mixing  a  solution  of  lead-acetate  with  sulphocya- 
nate of  potasdum.  The  oystals  are  monodinic,  exhibiting  the  dominant  combination, 
+  P  .  -8P.  oP  .  odP2  .  +3Poo.  Angle  ooP2  :  ooP2  (dinod.)  »  120<»88'; 
oP  :  odP2  -  111® 81';  oP  :  +P  -  116<»65' ; oP:  -8P  =  U9^  8';  oP:  8Pao  »  87<>  45*. 
Axes,  a  :  6  :  c  -  0-028  :  1*1162  :  1.  Angle  6  :  c  *  66<>  20*.  Spedfic  gravity  of 
crystals  *  3'82.  The  salt  is  but  slowly  decomposed  by  sulphydrie  acid.  It  is  insoluble 
in  wat«r,  but  boiling  water  converts  it  into  a  baste  salt,  Pb  Cy«S«.Pb'B«0«.  The  latter 
is  likewise  obtained  on  mixing  sulphocyanate  of  potassium  with  ammoniacal  plumbic 
acetate,  or  with  the  basic  acetate,  as  a  white  curdy  predpitate,  becoming  yellowish 
and  pulverulent  when  dry. 

SuLPHOcTANATS  OF  Maonbsiuic,  ])iIg"Cy*S'.4H*0.— Coiifiised  crystals,  very 
soluble  in  water  and  in  alcohol.  The  compound  Mg''0y*S^Hg''0y*,  prepared  like  the 
corresponding  barium-salt,  is  a  white  ay stalline  powder.    (Bockmann.) 

SuLPHOCTANATB  OF  Makoanbsb. — ^Vcry  soluble. 

SxTLPHOCTAKATBS  OF  Mbbcv  bt. — The  msrcurous  salt,  Hg'CyS,  is  a  white  pre- 
dpitate, formed  on  mixing  mercurous  nitrate  with  sulpho<rfanate  of  potassium  (Woh- 
ler);  according  to  Clans,  the  solutions  should  be  very  dilute.  The  dry  predpitate 
swetis  up  suddenly  when  heated,  giving  off  nitrogen,  carbonic  disulphide,  and  vapour 
of  mercury,  and  leaving  a  grey  mass  resembling  graphite,  which  by  calcination  is  con- 
verted into  mellone.  On  account  of  this  property,  the  salt  is  used  for  the  preparation 
of  the  toys  called  "  Pharaoh's  serpents.**  It  is  resolved  by  boiling  water  into  metallic 
mercury  and  mercuric  sulphocyanate. 

The  mercuric  salt,  Hg^Cy*S^  is  obtained  as  a  white  predpitate,  composed  of  anhy* 
drous  needles,  on  mixing  mercuric  chloride  with  sulphocyanate  of  potassium ;  it  is  very 
slightly  soluble  in  water,  moderately  soluble  in  alcohol  (Orookes).  A  solution 
of  mercuric  oxide  in  sulphocyanic  acid  yields,  by  evaporation,  needles  containing 
water  (Berzelius). — An  oxysulpkoeyanate,  Hg*Cy'S'.2Hg''0,  is  obtained,  by  adding 
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ammonia  to  the  solution  of  mercuric  sulphocyanate,  as  a  lemon-yellow  powder,  which 
decomposes  quickly  at  ISO^i  and  leaves  mellone  when  calcined. 

Meicnric  snlpho^^ate  fonns  several  doable  salts,  which  have  been  examined  chiefly 
by  Cleve  (Kongl.  Vetenskap.  Akad.  Forhandlingar,  zxii.  9 ;  J.  pr.  Chem.  xci.  227). 
—The  eobaU-Mlt,  Hg'Co'CyS*  -  Hg"Cy«S«.Co'XyS«,  is  fonned  by  direct  union  of 
its  component  salts,  or  by  gradually  adding;  mercuric  cyanide  to  a  solution  of  cobaltous 
sulphofTanate  acidulated  with  sulphocyanic  acid,  separates  in  indigo^blue  four-sided 
prisma,  permanent  in  the  air,  slightly  soluble  in  water  and  in  dilute  hydrochloric  acid, 
easily  in  nitric  acid.  The  same  compotmd  is  sometimes  also  fontied* (together  with  the 
yellow  salt,  Hg*0y'.0o'Cy*8'.4HH)),  on  mixing  mercuric  cyanide  with  snlphoo^anate 
of  cobalt — ^The/»TOi»sa/^,  HgTe^Cy^S^,  separates,  from  a  mixture  of  mercunc  sul- 
phoOTanate  and  ferrous  chloride  left  for  some  time  in  a  yacnum,  as  a  brown  crystalline 
powder,  permanent  in  the  air. — The  nickel-saliy  Hg'^i''Cy^^2H*0,  separates  from  a 
mixture  of  the  component  salts,  in  small  sky-blue  needles,  which  dissolve  readily  in  hot 
water,  and  give  off  their  water  of  crystallisation  at  120^.  Zine-mercuric  auiphocya' 
naUt  H^'Zn'Cy^S^  is  formed,  on  mixing  mercuric  sulphocyanate  with  a  zine-salt,  as 
a  white  precipitate,  nearly  insoluble  in  cold  water.     (Cleve.) 

A  potasticmercurie  aulphocyanate^  Hg"KCy*8«  «  Hg'Cy^'JKCvS,  is  prepared  by 
triturating  mercurous  chloride  with  a  strong  solution  of  potassiunl-sufphocyanate. 
The  liouid,  filtered  from  the  black  magma  thus  produced,  yieMs  by  evaporation  a  mix- 
ture of  yellow  tables,  cubes,  and  octahedrons,  easily  separated  by  mechanical  selection. 
The  yellow  tables,  which  constitute  the  potassio-mercunc  sulphocyanate,  am  purified  by 
ciystallisation  from  boiling  alcohol,  whence  the  salt  separates  in  itadiate  groups  of  white 
nacreous  needles.  It  diss(3ves  sparingly  in  cold,  more  easily  in  hot  water ;  very  easily 
in  aqueous  chloride  of  ammonium  or  potassium  ;  easily  in  alcohol,  espedally  at  the 
boilioff  heat ;  also  in  ether.  Ammonia  added  to  the  aqueous  solution  tluows  down  the 
oxysulphocyanate  above  described.    (Glaus,  J.  pr.  Chem.  xv.  407*) 

SuLPHOCfAKATB  ov  NiCKSL  is  obtained,  as  a  yellow  ciystalline  powder,  by 
evaporating  the  green  solution  of  nickel-oxide  in  sulphocyanic  acid.  It  mssolves  in 
ammonia,  forming  a  blue  liquid,  which  yields  blue  efflorescent  crystals,  (N'H'Ni' ) 
Cy^*.2NH»,  decomposible  by  water. 

SuLPEOcTANATB  OF  PALLADIUM is  easily  soluble  in  water. 

SuLPHOCTANATBS  ofPlatiituh. — FUxiwio  tulphoeyanaU  diOtB  not  appear  to  be 
known  in  the  separate  state. — Thb  pUOinoua  taUt  Ft 'Oy^',  probably  constitutes  the 
red  or  brown  non-dystaliine  substance  obtained  by  decomposing  one  of  the  following 
double  salts  with  chlorine  or  nitric  acid ;  e,g.,  with  chlorine  and  sulphocyanate  of  po- 
tassium: 

K»Pt«'Cy««  +   lia«  +   16H«0    -    PfCy'S*    +    2KHS0*  +   2H»S0*  +  22HC1 

+  4HCy. 

It  is  insoluble  in  water  and  in  alcohol,  is  not  attacked  hj  potash,  but  is  coloured 
yellow  by  ammonia.  It  gave  by  analysis  8*68  and  8'72  per  cent,  carbon,  9*92 
nitrogw,  18*77  sulphur,  62-27  and  62*02  platinum,  besides  0*39  and  1*5  hydrogen, 
the  formula FtCy*S"  requiring  7*64  carbon,  8*93  nitrogen,  20*88  solphur,  and  6306 
platinum. 

Lovhle  Salts  of  the  Ftatinum-MUphocyanates,  (G.  B.  Buckton,  Chem.  Soc.  Qu.  J. 
vii.  22.) — The  sulphocyanates  of  platinum  fonn  two  series  of  double  salts,  called  sul- 
phocyanoplatinites  and  sulphocyanoplatinates,  analogous  to  the  chloro- 

Slatimtes  ai^  chloroplatinates,  and  represented  by  the  following  general  formuln,  H 
enoting  a  monatomic,  and  N  a  diatomic,  metal : 

Sulphocyanophitinites     .        .        .    5J!|Pt;'Cy«8*    =   jr(>«|i|l*t"Cy«8». 

Sulphoeyanopktinatea   .        .        .    ^jPt^CyS*  -  ™(^|l*t*'(y8«. 

The  potassium-salts  are  formed  by  the  action  of  potassie  sulphocyanate  on  platinous 
and  pladnic  chloride  respectively.  The  salts  of  the  alkali-metals  and  alkaline  earth- 
metals  are  soluble  in  water ;  those  of  the  heavy  metals  are  insoluble,  and  are  formed  by 
double  decomposition.  All  these  salts  are  strongly  coloured,  exhibiting  various  shades 
of  colour,  from  light-yellow  to  dark-red.  They  are  quickly  decomposed  by  heat,  emitting 
a  peculiar  odour.  Ammonia  attacks  the  salts  of  both  series,  forming  sulphocyanate  of 
platosammonium  (p.  513).  Their  decomposition  by  chlorine  and  by  mtric  add  has 
been  mentioned  above. 

The  following  table  exhibits  the  reactions  of  the  soluble  salts  of  the  two  series  with 
various  metallic  solutions : — 
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ReafenU. 

SulphofTinoplatinitat. 

SulphoqrwBopUtiiMtes. 

Neutral  Lead*flaItB  . 
Basic  Lead-salts 
Ferrous  salts  . 
Cobalt-salts     . 
Cuprous  salts . 
Cupric  salts     .  *     . 
Mercuious  salts       .        , 

Silyer-salts 
Auric  salts      • 

flalts  of  Platosamine 
Salts  of  IHplatosamine    . 

Chromic  add  .        , 

Fenocyanide    of  Potas- 
sium    •        .        •        . 

No  change 

Pale-yellow  precipitate 

No  change 

No  change 

Purplish-black  precipitate) . 

Purplish-black  precipitate . 

No  precipitate :  liquid 
changes  colour  when 
heated  .... 

Pale-yellow  precipitate 

Salmon-coloured  precipi- 
tate      .... 

Vine  yellow  precipitate 

Flesh-coloured  precipitate . 

Copious  reddish  precipitate, 
with  CTolution  of  hydro- 
cyanic acid    . 

Nearly  white  precipitate  on 
boiling  .... 

Soluble  golden  laminte 
Fine  red  precipitate 
Black  shining  grains 
Orange-red  precipitate 
Rich  brown  precipitate 
Brick-red  precipitate 
Orange  precipitate 

Bed  or  orange  precipitate 
Salmon-coloured     precipi- 
tate 
Copious  orange  precipitate 
Fine  yermilion-Kd  precipi- 
tate 
No  precipitate 

Prussian-blue    formed   on 
boiling 

1.  Sulphocyanoplatinites,  IPPt^CyS*)*. 

Hydrie  SulphoeyanopUstmite  or  3ulphocyanoplatirwu9  AM,  H'Pt"Cy^S*. — Obtained 
by  cautiously  decomposing  sulphocyanoplatinite  of  barium  with  dilute  sulphuric  acid, 
llie  aqueous  solution  is  speedily  decomposed  by  evaporation,  even  in  vacuo,  the  sul- 
phur being  oxidised  at  the  expense  of  the  water.  The  chief  products  of  the  decompo- 
sition are  sulphocyanic  acid  and  a  red  or  yellow  deposit  rich  m  platinum. 

Sulpkoeyanoplatinite  o^ Potassium. — Obtained:  1.  By  dissolving  platinous chloride  in 
sulphocyanate  of  potassium,  the  solution  being  attended  with  considerable  rise  of  tem- 
perature.— 2.  Bettor,  by  the  action  of  sulphocyanate  of  potassium  on  chloroplatinate  of 
potassium,  the  sulphocjranate  being  in  excess.  As  sulphocyanoplatinite  of  potassium 
IS  extremely  soluble,  and  does  not  ciystaUise  well  by  evaporation,  it  is  best  to  use  the 
snlphoejanate  of  potassium  in  the  form  of  a  concentrated  solution,  and  to  add  the 
platinum-salt  by  small  quantities  at  a  time,  so  as  to  avoid  too  great  a  rise  of  tempera- 
ture. The  liquid  on  oooUng  deposits  a  mass  of  small  needles,  which  must  be  purified 
from  chloride  of  potassium  by  solution  in  strong  alcohol,  from  which  again  the  salt  is 
best  recovered  by  spontaneous  evaporation.  The  crystals  are  then  pressed  between 
paper  to  remove  the  excess  of  sulphocyanate  of  potassium,  and  the  salt  once  more  crys- 
tallised from  an  aqueous  solution. 

It  forms  stellar  groups  of  crystals,  which  when  examined  b^  the  microscope  appear 
like  six-sided  prisms  of  a  fine  red  colour.  They  dissolve  readily  in  2^  pts.  of  water  at 
15*50,  and  are  soluble  to  any  extent  in  warm  alcohoL  The  solution  of  the  pure  salt 
is  orange-red ;  a  port-wine  colour  denotes  impurity.  The  oystals  are  not  deliquescent, 
and  when  perfectly  dry,  do  not  appear  to  be  affected  by  a  temperature  of  100^.  The 
salt  is  decomposed  by  ammonia,  yielding  sulphocyanate  of  platosammonium  which 
ciystallises  out,  and  sulphocyanate  of  potassium  which  remains  in  solution. 

BulphocyafwplaHnite  of  SUver,  Ag*Pt"Cy^S*. — ^Cnrdy  precipitate,  somewhat  resem- 
bling ^pboeyanate  of  solver,  partiaUy  soluble  in  ammonia,  with  decomposition.  It 
dissolves  in  sulphocyanate  of  potassium,  but  the  solution  is  decomposed  by  water. 

(^N*H'*Pt"^''Cv'S* ) 
Tetrammonioplatinaus   Sulpkoeyanoplatinite,    ^  Pt'Cv'S'l'  ^'  Sulpkoeyano- 


fiatinite  of  Diammo-platoso^iammotNUfn, 


[N'H*(NH*)«Pt"] 


Pr  ( Cy*S*.— Obtained,  as  a 

bulky  flesh-coloured  precipitate,  by  decomposing  the  chloride  of  diplatosammonium 
with  a  soluble  sulphocyanoplatinite. — Heated  on  platinum-foil,  it  gives  off  ammo- 
niacal  gas,  fiises  into  a  black  bubbling  mass,  and  then  bums  like  tinder,  leaving 
bright  spongy  platinum.  It  is  quite  insoluble  in  water  and  in  alcohol,  but  dilute 
hydrochloric  acid  dissolves  it  ratner  freely.  It  is  polymeric  with  sulphocyanate  of 
platosammonium  (p.  513). 

2.  Sulpkocyanoplatinates. 

Sulphoeyanoplatinic  Acid,    H'Pt^'Cy'S*. — Obtained  by  predpitatinff  a  warm  and 
concentrated  solution  of  the  lead-salt  with  sulphuric  acid.    The  filtered  liquid  is  of  a 
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deep-red  eolonr,  and  has  a  Bttonslj  acid  taste.  It  diiiplaoea  carbonic  add  from  its 
alkaline  salts,  and  dissolyes  metalBc  zinc,  with  eyolntion  of  hydrogen,  and  prodnction 
of  a  vellov  insoluble  substance.  When  rapidly  evaporated  in  vacuo,  it  leaves  a  con- 
fused semi-crystalline  mass.  When  concentrated  over  the  water-bath,  it  is  quickly 
decomposed,  leavins  a  brown  amorphous  mass,  rich  in  platinum.  On  distilling  it  at  a 
gentle  heat,  an  acid  U<^uid  passes  over,  containing  hydrocyanic  and  sulphocyanic  acids. 
It  combines  dinetly  with  bases. 

8tdphocymwplaiifuUe  ofJmmonium, — The  add  does  not  combine  rapidly  with  free 
ammonia;  but  the  salt  is  easily  prepared  by  boiling  1  pt.  of  ammonium-sulphate  lor  a 
few  minutes  in  a  strong  solution  of  3*5  pts.  potassic  sulphocyanoplatinate ;  it  may 
be  separated,  after  cooli^,  from  the  sulphates  of  ammonium  and  potassium,  bv  means 
of  alcohol,  aud  purified  by  recrvstallisation  from  hot  water.  It  crystallises  in  hexa- 
gonal plates  of  a  fine  crimson  colour.  It  is  stable  at  ordinary  temperatures,  but  gives 
off  the  odour  of  sulphocyanic  acid  when  its  aqueous  solution  is  boiled. 

SulpkoeyanopiaiinaU  of  P&tasMum. — ^Prepared:  1.  By  the  action  of  potiissio 
sulphocyanate  on  platinic  chloride.  When  platinic  chloride  is  added  to  a  cold  solution 
of  potassic  sulphocyanate,  a  precipitate  of  potassic  chloroplatinate  is  formed, 
with  evolution  of  ndphocvanic  acid.  But  if  the  platinic  chloride  be  poured  into  a 
strong  solution  of  the  sulphocyanate  previously  heated  to  70°  or  80°,  no  predpitate  is 
formed ;  but  the  liquor  acquires  a  deep-red  colour,  and  on  cooling  deposits  beautiful 
laminiB  of  potassic  sulphocyanoplatinate.  This  process  involves  a  oondderable  waste 
of  potasdc  sulphocyanate,  in  consec^uence  of  the  presence  of  fr<ee  hydrochloric  acid, 
which  likewise,  if  the  temperature  rises  above  a  certain  point,  decomposes  the  product, 
forming  a  brown  flooculent  predpitete  (platinous  sulphocyanate). 

2.  Bettor :  a  solution  of  4  pte.  chloroplatinate  of  potassium  is  added  to  a  solution 
of  6  pts.  pure  sulphocyanate  of  potassium  (weighed  in  the  fused  stete)  in  a  moderate 
quantity  of  water,  and  the  mixture  is  heated  nearly  to  the  boiling-point : 

K«Pt»'Cl«  +   6KCyS  -  K«Pt«'CyS«  +  6KCL 

A  defldency  of  the  sulphocranate  must  be  avoided,  as  in  that  case  an  insoluble 
brown  substence  is  formed,  which  renders  the  purification  of  the  crystals  vexy  difficult. 
The  filtered  liquid,  on  cooUng,  deposite  the  sulphocyanoplatinate  in  beautiful  crystals, 
often  of  large  nze.  To  remove  traces  of  chloride  of  potassium,  the  crystals  may  be 
redissolved  in  boiling  alcohol,  and  the  solution  passed  torough  a  filter  surrounded  with 
hot  water,  to  prevent  too  rapid  ciystallisation. 

Sulphocyanoplatinate  of  potassium  forms  six-sided  prisms  or  htminse,  of  a  deep 
carmine  colour  and  very  nauseous  taste.  The  aqueous  solution  yields  the  salt  in 
hexagonal  plates,  but  from  the  alcoholic  solution  it  is  often  deposited  in  double  six- 
sided  pyramids  united  base  to  base,  and  with  truncated  suramite.  Permanent  in  the 
air  at  ordinary  temperatures.  It  dissolves  in  12  pts.  water  at  60^,  much  more 
freely  in  boiling  water,  and  still  more  in  boiling  alcohol.  The  solutions  have  a  deep- 
red  colour,  becoming  yellow  when  very  dilute.  One  drop  of  the  saturated  solution 
gives  a  distinct  yellow  tinge  to  a  gallon  of  water. 

Decompositions. — 1.  Sidphoeyanoplatinate  of  potassium  is  decomposed  at  a  red 
heat,  yielding  sulphocyanate  of  potassium,  gaseous  producto,  and  reduced  platinum. — 
2.  Whm  gently  heated  in  contact  with  the  air,  it  burns  with  a  blue  sulphurous  flame 
and  peculiar  odour. — 8.  Sulphuric  add  converts  it  into  sulphocyanio  add,  suphocya- 
nate  of  potasdum,  and  platinic  sulphide : 

K«Pt''Cy^«  +  2H*S     «    PtS«  +  2KCyS  +  4HCya 

Similarly,  with  sulphide  of  ammonium : 

K*Pt«'Cy«S»  +  2(NH*)«S     -     PtS«  +  2KCyS  +   4NH*CyS. 

4.  The  salt  is  decomposed  by  strong  sulphuric  and  hydrochloric  add.  Nitric  add 
and  chlorine  likewise  decompose  it,  yieloing  platinous  sulphocyanate,  PfCy'S',  and 
other  producte  (p.  509). — 5.  Ammonia  and  carbonate  of  ammonia  added  to  a  saturated 
solution  of  the  salt,  quickly  decompose  it,  changing  the  colour  to  pale-yellow  in  a  few 
minutes,  and  predpiteting  sulphocyanate  of  platosammoniutn,  in  fine  yellow  needles, 
the  liquid  retaining  in  solution  sulphate  and  sulphocyanate  of  potassium,  together 
with  smphocyanato  and  cyanide  of  ammonium : 

8K«IV'Cy^    -H    8NH»    +    4HK)    -    8(N»H«Pt7'CyS»  +  K«SO*  +   4KCyS  + 

2NH*CyS  +   6HCy8  +  HCy. 

6.  Potash  eonverte  the  salt  into  a  red  gelatinous  mass,  without  evolution  of  ammo- 
nia.— 7.  When  it  is  gentiy  heated  with  carbonate  of  potassium,  carbonic  anhydride 
is   evolved;    the    mixture    becomes   partially  decolorised;   sulphocyanoplatinite  of 


512  SULPHOCYANIC  ACID. 

potasBimn  is  deposited,  and  the  liquid  retaioB  in  solution  sulphate^  sulpbocyaiiate  of 
potassium,  and  cyanide  of  potassium : 

8K«R«'CyS«  +  4K*C0«    -   3K«Pt"CyS*  +  K«80«  +  SKCyS  +  KCy  +  4C0« 

— 8.  A  pure  solution  of  potassic  sul^hocyanoplBtinate  does  not  produce  a  blood-z«d 
colour  with  ferric  salts;  but  the  mixture  becomes  nearly  black  and  opaque  when 
heated,  from  formation  of  a  substance  which  separates  in  heavy  lostrous  grains. 

Sidphocyanoplaiinate  of  Sodiwm^  obtained  by  precipitating  the  lead-salt  with  sul- 
phate of  sodium,  crystallises  readily  in  broad  garnet-coloured  tables,  soluble  in  water 
and  in  alcohol. 

SulpkoeyanoplatiruUe  of  Barium. — Prepared  by  dissolving  3  pts.  of  the  dry  potas- 
sium-salt in  an  aqueous  solution  of  1  pt  of  chloride  of  barium  (or,  as  an  excess  of  the 
latter  is  desirable,  9  pts.  K7tCy^*  to  4  pts.  Bad*),  evaporating  the  solution,  and 
extracting  with  alcohoL — Crystallises  in  long  flattened  prisms  of  a  deep-red  colour, 
and  often  of  considerable  size.    Not  so  stable  as  the  potassium-salt. 

Cuprio  SiUpkocyancyplatmate, — ^Precipitated  on  mixing  a  solution  of  the  potassium- 
salt  with  cupric  sulphate.  Exhibits  a  brick-dust  colour  when  first  precipitated,  but 
changes  at  a  boiling  heat  to  a  black  insoluble  powder.  Forms  a  fine  green  solution 
with  ammonia,  but  on  the  addition  of  hydrochloric  acid,  the  oopper-salt  is  reproduced, 
with  dark-brown  colour. 

Bulphocyanoplatinates  ofJran,^^  Ferrous  salt,  Fe''R<''Cy*S*.— Obtained  by  adding  a 
slightly  acidulated  solution  of  ferrous  sulphate  to  a  concentrated  solution  of  potassic 
sulphocyanoplatinate.  Black  crystalline  precipitate,  which,  when  examined  by  the 
microscope,  is  seen  to  be  compoeed  of  shining  six-sided  lamion  with  round^nl  edges. 
It  is  not  affected  by  dilute  sulphuric,  hydrochloric,  or  nitric  acid ;  but  strong  nitric  acid 
dissolves  it,  with  formation  of  sulphuric  acid.  Cold  solution  of  potash  converts  it  into 
ferric  oxide  and  a  yellow  liquid  containing  platinum  and  sulphoc^nic  acid.  It  is  in* 
soluble  in  water  and  in  alcohol. 

fi.  Ferric  Salt. — ^Prepared  in  like  manner  with  ferrous  salt,  but  not  precipitated 
till  the  mixture  is  boiled.    Besembles  the  ferrous  salt. 

Sulphocyanoplatinates  of  Lead,-— a.  Neutral,  Pb"Pt'^Cy^*.— Precipitated  in  the 
form  of  brilliant  golden  hexagonal  plates,  on  mixing  the  concentrated  solutions  of 
neutral  acetate  of  lead  and  sulphocyanoplatinate  of  potassium.  Soluble  in  alcohol; 
lees  soluble  in  cold  water,  with  which  it  may  be  washed ;  cannot  be  cijstallised  from 
hot  water  without  decomposition. 

/9.  Basic,  PVCPbTtt^Cy^S*.— Obtained  as  a  brilliant  red  precipitate,  on  mixing  the 
concentrated  solutions  of  potassic  sulphocyanoplatinate  and  basic  lead-acetate.  Inso- 
luble in  water ;  readily  soluble  in  dilute  nitric  and  in  acetic  acid. 

Mercurous  Sulphocyancplatifuue,  Hg'Pt'^Cy'S'. — ^Heavy  curdy  precipitate,  obtained 
by  adding  mercurous  nitrate  to  sulphocyanoplatinate  of  potassium.  Its  colour  is  deep 
(xange  at  first,  Sut  changes  to  a  ^ale  primrose-yellow  when  the  liquid  is  heated  to  the 
boiling-point  In  the  drr  state,  it  bears  a  considerable  degree  of  heat  without  altera- 
tion. Heated  in  the  air-bath  to  between  140^  and  150^,  it  suddenly  swells  up  into  a 
substance  having  a  peculiar  metallic  and  arborescent  appearance,  somewhat  like 
coarse  tea,  and  emits  a  jet  of  spontaneously  inflammable  gas.  No  further  change  is 
observed  till  the  temperature  rises  to  250° ;  but  at  a  heat  below  redness,  mercurial 
vapours  and  cyanogen-gas  are  liberated ;  and  finally  the  mass,  if  exposed  in  an  open 
crucible,  bums  away  uke  tinder,  leaving  a  residue  of  platinum.  The  salt,  when 
suljected  to  dry  distillation,  in  a  retort,  yields  a  mixture  of  nitrogen-gas  and  vapour 
of  carbonic  disulphide. 

8ulpkocyanop£aHnate  of  Silver,  Ag*Pt*'Cy*S^ — ^Prepared  by  decomposing  a  solu- 
tion of  the  potassium-salt  with  nitrate  of  silver.  Heavy,  curdy,  deep  orange-coloured 
precipitate,  which  shrinks  and  agglutinates  into  a  tenacious  mass  when  boiled  with 
water,  but  hardens  a^[ain  on  boiling.  The  dry  salt,  when  gently  heated,  swells  up 
considerably,  and  if  m  contact  with  the  air,  takes  fire  and  bums  with  a  blue  fiame. 
Before  the  blowpipe,  it  fuses  into  a  metallic  bead  of  silver  and  platinum. — Nitric  acid 
decomposes  it  rapidly,  with  formation  of  sulphuric  acid,  evolution  of  nitric  oxide,  and 
precipitation  of  a  yellow  substance. — ^When  recently  precipitated,  it  dissolves  in  cold 
aqueous  ammonia,  but  the  solution  decomposes  at  a  higher  temperature.  The  salt  is 
decomposed  by  hot  caustic  potash,  yielding  sulphocyanate  of  potassium,  platinicoxidey 
and  oxide  of  silver: 

Ag'Pt'^Cy^   +   6KH0     -     flKCyS  +  PtO»  +  Ag*0  +   3fl«0. 

It  dissolves  in  sulphocyanate  of  potassium,  but^  on  adding  water  to  the  liquid,  sul- 
phocyanate of  silver  is  precipitated,  and  sulphocyanoplatinate  of  potassium  remains  in 
solution : 

Ag«Pt'-Cy»S«  +   2KCy3     -     2AgCy8  +  K«PfCy^. 
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'  SvLPVocTAKAtfe  br  Platosahvoniux,  C^«N<S*Pt  -  OTET^Pt^CyS*.— 
Dob  salt,  polymeric  and  metameric  with  tetrammonioplatanons  solphocyanopiiitiiiita 
(p.  ^10),  10  obtained :  1.  'By  the  action  of  ammonia  on  snlpnocyanoplatinite  of  potaasittm : 

B^PfCyS*   +  2NH»     -     N»H«Pf.Cy»S«  +   2KCyS. 

8.  By  the  action  of  ammonia,  or  its  carbonate,  on  sulphocyanoplatinate  of  potassiam 
(see  p.  611).  Canstic  ammonia  acts  more  quickly  than  the  carbonate,  but  must  not 
be  used  in  the  concentrated  state,  aa  the  product  is  then  contaminated  with  an  inso- 
luble substance.  The  ciystals  are  collected  on  a  filter,  washed  with  cold  water,  and 
recrystallised  from  hot  fdcohoL — ?.  By  double  decomposition  with  sulphoc^anate  of 
potassium  and  chloride  of  platosammonium : 

N'H-PfCP  +  2KCyS     -     N^-Pt'.Cy'S"  +   2KCI 

One  part  of  sulphocyanate  of  potassium  and  1*6  pt  chloride  of  platosammonium  are 
dissolyed  together  in  water ;  the  mixture  heated  nearly  to  its  boiling-point ;  an  equal 
volume  of  alcohol  added,  to  increase  the  solubility^  of  the  product ;  and  the  liquid 
filtered  hot.  Sulphocyanate  of  platosammonium  is  then  deposited  in  czystals,  on 
cooling. 

This  salt  forms  straw-yellow  needles,  which,  when  examined  by  the  microscope, 
appear  to  be  rhomboidal  prisms.  Melts  between  100^  and  110^,  to  a  clear  gamet- 
oolouied  ^^rup»  which  haiclens  again  as  it  cools.  It  dissolves  sparingly  in  cold  water, 
more  readily  m  alcohoL  It  decomposes  at  180^,  gi%'ing  ott  ammonia  and  hydrocyanic 
acid ;  and  ii  exposed  to  the  air,  cTolves  also  sulphurous  anhydride  and  leaves  metallic 
platinum ;  no  Sulphide  of  carbon  is  given  oft  It  is  not  attacked  by  hydrochloric  or  by 
dilute  sulphuric  acid.  The  aqueous  solution  produces  no  change  in  salts  of  copper, 
lead,  or  mercniy ;  but  when  added  to  a  solution  of  sulphate  or  nitrate  of  silver,  it 
forms  a  light-yellow  precipitate  containing  platinum.  When  boiled,  it  gives  off 
•ammonia,  and  deposits  the  yellow  insoluble  matter  above  mentioned;  the  same  effect 
appears  to  be  produced  by  caustic  potash. 

SuLPHocTANATB  OF  PoTJLSsitJK,  CNK8  —  KCySL — ^This  salt  is  prepared: 
1.  By  ftising  cyanide  of  potassium  with  sulphur,  or  2  pts.  of  the  ferrocyanide  witn  1  pt; 
sulphur ;  or  by  fusing  17  pts.  of  potassic  carbonate  with  32  pts.  sulphur,  and  adding 
46  pts  of  diT  potassic  ferrocyanide.  The  heat  must  be  continued  till  the  melted  mass 
gives  off  buomes,  which  bum  in  the  air  with  a  red  flame ;  and  it  must  be  carefully 
regulated,  as  if  it  is  insufficient,  part  of  the  ferrocyanide  will  remain  undecomposed ; 
and  if  it  be  too  much  raised,  part  of  the  resulting  sulphocyanate  will  be  converted  into 
mellanide.  The  f^ised  mass,  when  cold,  is  dissolved  in  water ;  the  iron  contained  in  the 
solution  is  precipitated  by  carbonate  of  potassium ;  the  filtrate  is  evaporated  to  dryness ; 
the  residue  digested  with  alcohol,  and  the  alcoholic  solution  left  to  evaporate.  To 
avoid  the  use  of  alcohol,  Meillet  (J.  Phaim.xzvii.  628)  neutralises  the  mtrate  sepa- 
rated from  tlie  iron  precipitate  with  acetic  acid,  evaporates,  and  purifies  the  sulpho* 
cyanate  by  cryst^sation* — 2.  Sulphocyanate  of  potassium  may  also  be  prepared,  in 
the  same  manner  as  the  sodium-salt,  by  fusing  1  pt.  of  anhydrous  potassic  ferro- 
cyanide with  3  pts.  of  the  anhydrous  hyposulphite  (Fr  oh  de). — 3.  Gelis  prepares  sulpho- 
cyanate of  potassium  on  the  laige  scale  by  heating  sulphocyanate  of  ammonium  with 
potash,  or  sulphocarbonate  of  ammonium  with  sulphide  of  potassium  (p.  606) : 

2(NH*)«CS«     +     K»S      -      2KCKS     +     2(NH*)HS     +     8H^. 

Sulphocyanate  of  potassium  cirstaUises  in  long  striated  prisms,  or  in  needles  with 
Ibur-sided  summits,  veiy  much  like  saltpetre.  They  are  anhydrous,  and  have  a  specific 
gravity  of  1'866 — 1*906  (Bodeker).  The  salt  is  very  deliquescent,  fusible,  and  veiy 
soluble  in  l)oiling  alcohoL  It  has  a  cooling  pungent  taste,  somewhat  like  that  of 
radishes,  and  is  poisonous. 

The  aqueous  solution  of  potassic  sulphocyanate  decomposes,  with  evolution  of 
ammonia,  gradually  at  ordinary  temperatures,  more  quickly  at  the  boiling  heat.  The 
alcoholic  solution  is  more  stable.  The  concentralea  solution  dissolves  recently  pre- 
cipitated araentieeyantde,  which  is  thrown  down  from  it  in  the  ciystalline  state  on  dilu« 
tion.  It  likewise  dissolves  a  considerable  quantity  of  recently  precipitated  araentie 
chloride,  also  of  argentic  etUphocifanate,  forming  therewith  a  crystalline  compound. 
(  Sulphocyanate  of  potassium,  when  melted  in  dose  vessels,  bears  a  dull  red  heat 
without  decomposition,  but  when  calcined  in  contact  with  the  air,  it  yields  sulphate ;  if 
the  salt  is  ^oist,  sulphide  of  potassium  is  obtained,  with  evolution  of  ammonium-car- 
bonate. 

When  dry  chlorine  is  passed  into  melted  sulphocyanate  of  potassium,  chloride  of 
■ulphur  is  given  off,  together  with  solid  chloride  of  cyanogen,  which  sublimes  in  needlee* 
At  a  certain  stafle  of  the  decomposition,  a  thick  red  vapour  is  evolved,  which  condenses 
int4>  a  red  or  yeUowish-red  sublimate  containing  67*9  per  cent  sulphur ;  and  a  residue 
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10  left,  oonmfltmg,  Moordiiig  to  liebig,  of  ehloride  of  potasnwn  aa4  impore  maUabe. 
Acoordinff  to  V olckel  (Fogg.  Aim.  Iviii.  162),  neithev  the  red  fabliinate  nor  the 
mellone  u  produced  if  Uie  chlorine  ie  quite  diy  and  free  from  hjdxochlorio  acid* 
Chlorine  paraed  into  an  aqneooe  solution  of  the  snlphocyanote,  not  too  dilate,  thiows 
down  an  orange-oolonred  precipitate  of  persulphocyanojifen  (iy.  880).  An  alooholio 
eolation  of  Mine  is  not  decolorised  bj  an  alcoholic  eolatioa  of  potasaic  aolphoeymate^ 
even  at  the  boiling  heat. 

StT(mg  nihrio  ocuf  added  to  the  aqneooa  eolation  throws  down  penolphocTonogen. 
IMhite  nitric  acid,  nitrons  acid,  and  other  oxidising  lagents,  also  impart  to  the  eolation 
a  deep  but  transimt  blood-red  ooloor,  which  is  distingoished  from  that  piodooed  bj 
ferric  salts  by  its  greater  instability.  (Jahtesb.  1862,  p.  429 ;  1867,  p.  287;  1886, 
p.  294.) 

Permanganate  of  potassiam,  peroxide  of  manganese,  and  peroxide  of  lead,  oxidise  only 
the  snlphnr  of  the  solphocyanate,  converting  it  into  solphoric  acid,  the  formation  of 
which  is  probably  preceded  by  that  of  a  cyan(^n-compoand  containing  a  smaller  pro- 
portion of  solphar  than  the  snl^hocyanate.    (Hadow,  Chem.  Soe.  Qa.  J.  zi.  174.) 

When  dry  nydrocHhrio  acid  is  passed  over  fased  snlphocyanate  of  potassiam,  great 
heat  is  prodaced ;  hydrocjranic  acid,  carbonic  disalphide,  and  sal-ammoniac  are  given 
cff;  and  a  thick  yellowish-red  sublimate  is  formed,  which,  when  exposed  to  moist  air, 
(^ves  o£f  acid  vapours  capable  of  reddening  ferric  salts.    (L  i  e  b  i  g. ) 

Snlphocyanate  of  potassiam  gently  heated  with  pentaeMoride  of  9ho9phoru$,  yieUds 
gaseous  duoride  of  cyanogen,  phosphoric  sulphochloride,  and  chloriae  <tf  potassiam: 

KCyS     +     PC1»      -      PyCl     +     KCl     +     PSa». 

At  a  higher  temperatord  other  products  are  formed.  (Schif  f,  Ann.  Ch.  Pliann*  evL 
116.) 

An  aqaeous  solution  of  potasaic  sulphocyanate  yields,  by  ehetrolj^tia^  snlphorie  aeid, 
flolphurons  acid,  hydrocyanic  acid,  and  sulphur.  (Schlagdenhauffen,  J.  Fhana* 
[3Xxlix.lOO.) 

Bry  sulphocyanate  of  potassium  heated  with  metallic  iron  is  converted  into  farro* 
cyanide  of  potassium,  together  with  farrous  and  potasaic  sulphides : 

6KCyS     +     Fe»      -      K*Fe"Cy«     +     6Fe''S     +     K«S. 

This  process  is  applied  by  Gelis  to  the  manufacture  of  the  ferrocyanide.  (See 
lUp.  Chim.  App.  1862,  p.  870;  Biehardson  and  Watts's  Chemical  TeeknUogy^ 
[6],  i.  899.) 

SuLPHOCTA.KA.TB  OF  SiLVBB,  AgCyS. — ^Whito  curdy  precipitate,  insoluble  in 
water  but  soluble  in  ammonia,  whence  it  oystallises  in  shiniDg  scales  free  from 
ammonia.  Dry  chlorine  free  from  hydrochloric  hcid,  converts  it  into  solid  chloride  of 
cyanogen,  chloride  of  sulphur,  and  chloride  of  silver ;  with  moist  acid  chorine,  it 
yields  also  a  red  sublimate.  It  dissolves  easily  in  aqueous  sulphocyanate  of  potas- 
sium, and  the  saturated  solution  left  over  sulphuric  acid,  deposita  rhomboidal  octa- 
hedrons of  the  double  salt  KQyS.AgGyS,  which  is  completely  decomposed  by  water^ 
melts  without  decomposition  at  140^,  but  decomposes  at  a  higher  temperature. 

SnLPHOCTA.KA.TB  OF  S  ODIUM,  I^aCyS. — ^This  salt  maybe  produced  in  the  same 
manner  as  sulphocyanate  of  potassium,  also  by  fusing  cyanide  or  ferrocyanide  of 
potassium  with  hyposulphite  of  sodium : 

4KCy     +     4Na«8«0»       -       4NaCVS     +     2B?S0<     +     Na*SO*     +     Na«S; 
2KWCy  +   12Na«SH)»  -  12Na(>^  +  4K«S0*  +  6Na*80*  +  Na«S  +   2Fe''S. 

A  convenient  mode  of  preparation  is  to  heat  1  pt.  of  potassic  ferrocyanide  with  3J 
pts.  anhydrous  sodic  hyposu^hite  in  a  porcelain  dish,  till  the  hyposulpbureus  acid  is 
decomposed,  and  dissolve  out  the  resulting  sodic  sulphocyanate  with  hot  alcohol  or 
water.  Ferrieyanide  of  potassium  heated  with  hydrated  sodic  hyposulphite  is  first 
converted,  with  separation  of  sulphur  and  evolution  of  sulphurous  anhydride,  into  ferro- 
cyanide, which  is  then  converted,  as  above,  into  sulpho^anateand  sulphide  of  sodium. 
(A.  Frohde,  Fogg.  Ann.  cxix.  317.) 

Sulpho(7anate  of  sodium  crystallises  in  rhombic  tables,  very  deliquescent,  and  very 
soluble  in  alcohoL 

SuLPHOCTAKATB  OF  Stkoktiux,  Sr''Cy*S'.3H*0,  foxmB  deliquescent  nodoles, 
very  soluble  in  water  and  in  alcohoL 

SuLPHooTAKATB  OF  Thalliuv,  TlCyS,  IS  obtained,  by  mixing  the  solution  of 
the  carbonate  with  sulphocyanate  of  potassium,  in  imall  shining  needles  (Kuhlmaniif 
Compt.  rend.  xv.  607).  The  crystals  are  qnadxatic,  having  however  a  monodinic 
aspect,  in  consequence  of  irregular  development.  Obasrved  combinations,  odF  •  Poo  ; 
and  ooPoo  .  odF  .  Poo.  Angle  ooP  :  Poo  »  1280  20-3';  ooP  :  Poo  <^  lid''  1'; 
Poo :  Poo ,  in  the  basal  princip«3  section  «■  76®  40-6'.  Twins  with  the  combination-face 
Poo.  No  distinct  cleavage.   (W.  H.  Miller,  Proc.  Eoy.  Soc.  xiv.  655.) 
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8v£PKO0TAKATB  OF  TiK. — StomnouB  kfdtiUe  mdpitUBA  hy  MmBiooU^^ ^^ 
fof  the  iDO0t  {Mtft  in  snlphocjuiic  acid,  leayins  a  fight  omig»-coIoiired  residue ;  the 
Mdlutioii,  when  boiled,  aepoeits  etazinond  oxide,  and  leavee,  on  fturther  evapomtion, 
lemon-yelloiw  Htmnous  mUpkoeyanate,  &n''Cj*&^.  Thie  talt,  when  heated,  becomee 
brown  and  bUck  without  change  of  foim,  and  Anally  melts,  leaving  a  blaek  residae, 
wbieh  buns  away  witb  a  glimmering  violet-red  light.  It  diesolyee  in  water  and  in 
abedlvte  alcohol,  the  aqueous  solution  appearing  bine  by  reflected  light  Potash: 
sepazates  black  stumons  oxide,  and  the  evaporated  solution  yields  tabulu  crystals  of 
a  double  salt.  Stannous  sulphocyanate  dissolves  in  sulphocyanate  of  potassium,  with 
separation  of  brown  stannous  sulphide;  and  the  filtrate  first  yields  crystals  of 
stannous  sulphocyanate,  then  decomposes  on  further  evaporation. — StantUe  hydrate 
dissolves  but  very  slightly  in  sulphocyanic  arid.  (L.  Clasen,  J.  pr.  Chem.  xerii. 
349.) 

SuLPHocTANATas  OF  XJbahittic. — The  u/rcMous  salt  is  dark-ereen,  soluble,  and 
crystalline.-— The  wroHie  aaU  is  soluble  in  water,  insoluble  in  alcohol 

SvLPHOOTANATB  OF  ZiNC,  ZoTOj^, — ^Deposited  from  alcohol  in  anhydrous 
ovystals,  very  soluble  in  water.  It  dissolves  also  in  ammonia,  and  the  solution  yields^ 
by  evaporation,  rhombo'idal  prisms  of  m^hocytmate  of  Hnoammoniiun^  (N*H'Zn''yC)y'8*, 
which  are  decomposed  by  water. 


I,  C*N*S  -  Cy*S.  Cyanic  Sulphide.  Bui- 
fhide  of  Qgftmo^en,  (F.  Linnemann,  Ann.  Gh.  Phaim.  cxx.  36.) — This  compound 
18  formed  by  the  action  of  cyanic  iodide  on  argentic  sulphocyanate : 

AgCyS  +  Cyl    -   Agl    +    Cy«S, 

It  is  most  easily  prepared  by  mixing  an  ethereal  solution  of  cyanic  iodide  with  an 
equivalent  quantity  of  aigenuc  sulphocyanate,  evaporating  with  constant  stirring,  and 
leaving  the  residual  powder  to  itself  for  some  hours  in  small  closed  vessels.  The 
sulpbocyanic  anhydride  may  be  separated  from  the  argentic  iodide  by  sublimation,  or 
better,  by  extraction  with  boiling  carbonic  disulpbide.  The  solution,  if  quickly  filtered 
at  the  boiling  heat,  and  then  cooled  to  0°,  deposits  the  compound  in  dystaJs,  which 
may  be  purified  by  drying  in  a  vacuum  over  oil  of  vitrioL 

Sulphocyanic  anhydride  is  likewise  produced  by  the  action  of  sulphide  of  iodine, 
FS,  on  cyanide  of  silver ;  of  sulphide  of  chlorine,  01*8,  on  cyanide  of  mercury ;  and  of 
iodide  of  cyanogen  on  sulphide  of  silver.  The  product  which  Lassaigne  obtained  (in 
1828)  by  treating  cyanide  of  mercury  with  sulphide  of  chlorine,  was  nothing  else  than 
sulphocyanic  anhydride.  In  preparing  the  compound  by  this  process,  a  secondary 
product  is  likewise  obtained,  consisting  of  a  white  powder,  insoluble  in  carbonic  disul- 
phide,  but  soluble  in  ether,  and  luiving,  accoraiog  to  Linnemann's  analysed,  the 
composition  Cv*S.HgGV. 

Sulphocyanic  anhydride  forms  limpid  rhombic  tables  or  lamins,  which  smell  like 
iodide  of  cyanogen,  and  volatilise  slowly  on  exnosure  to  the  air.  It  sublimes  between 
30^  and  40^,  melts  at  60^,  and  solidifies  in  the  crystalline  form.  When  heated  for 
some  time  in  moist  air,  it  decomposes.  It  dissolves  in  ether,  alcohol,  and  water,  and 
etvBtallifles  from  solutions  supersaturated  while  hot  It  is  easily  decomposed  by 
dilute  evlphuric  acid,  also  by  nitric  and  by  hydrochloric  acid.  With  iodide  of  potassium, 
it  gives  off  iodine ;  with  aqueous  cyanide  of  potassium,  it  evolves  hydrocyanic  acid ;  by 
fusion  with  hydrate  of  potassium,  it  yields  ammonia,  carbonic  anhydride,  sulphide,  and 
sulphocyanate  of  potassium ;  with  potassium,  it  forms  C3ranide  and  sulphocyanate  of 
potassium ;  with  alcohoHo  potash-soktiion,  cyanate  and  sulphocyanate  of  potassium. 
With  nascent  hydrogen,  tu^hydric  acid,  and  mcnosulphide  of  potassium,  it  decomposes 
as  shown  by  the  equations : 

Cy«8  +  BP      -    HCy  +  HCyS 
C^  +  H«S    -    HCy  +  HCyS  +   S 
Cy*S  +  B?S     -     ILGj  +  KCyS  +  S. 

With  ammonia,  sulphocyanic  anhydride  forms  the  compound  (NH')*Cv*S  ■* 
•Q  ^  I S  (just  as  sulphydric  acid,  H'S,  forms  -a  \  S),  which  separates  as  a  crys- 
talline powder  on  passing  diy  ammonia-ffas  into  an  ethereal  solution  of  the  anhydride. 
This  compound  dissolves  easily  in  absolute  alcohol;  melts  without  decomposition  at 
94*^;  gives  off  ammonia  with  alkalis,  and  decomposes,  in  aqueous  solution,  into 
sutehocyanate  of  ammonium,  and  probably  cyanamide. 

The  aqueous  solution  of  sulphocyanic  anhydride  decomposes  very  quickly,  depositing 
a  yellow  or  orange-red  powder,  resembling  persulphocyanogen  (iv.  380),  but  of  aiffezent 
comporition,  and  perhaps  oonsistinff,  for  the  most  part^  of  a  polymeric  modification  of 
sulphocyanic  anlq^de — ^namely,  the  anhydride  of  sulphocyanuric  acid :  this  compound 
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wpfj/MiB  al0O  to  be  the  chief  product  of  the  deeompoation  of  salphoeyanie  anhjdzide  in 
moist  air.  The  add  eolation  xemaining  after  the  deposition  of  this  powder,  omtainB 
snlphoeyanic  acid  (as  chief  prodoct),  hydrocyanic  acid,  snlphocyanate  and  anlphate  of 
ammonium ;  it,  moreorer,  gives  off  carbonic  aiihydride,  and  probably  also  carbonic  oxide. 
(Linnemann.) 

lodooyanic  Sulphidet  CylS. — ^This  appears  to  be  the  composition  of  a  red- 
bzown,  Teiy  volatile,  and  easily  deoomposible  liquid,  formed,  together  with  iodide  of 
silver,  by  treating  sulphoeyanate  of  silver  with  an  ethereal  solntion  of  iodine. 
(Linnemann.) 


Several  snlphoc^anates  of  monafcomic  alcohol- 
radicles  are  Imown,  also  the  snlphocyanate  of  ethylene. 

Allylle    Bnlplioesraaate.      Volatile  Oil  of  Mustard.     Essence  de  Moutatde. 

Benfol.      C<H»NS     -     C»H».CyS     -     (^j^.j®    -     (?H»'(^-     (Bontron  and 

Bobiqnet,  J.  Pharm.  xvii.  296. — ^Henry  andPlisson,  ibid.  xviL  461. — ^Dnmas 
and  Pelonze,  Ann.  Gh.  Phys.  [2],  liii.  181. — Aschoff,  J.  pr.  Ghem.  iv.  314. — 
Bobiquet  and  Bussy,  Ann.  Ch.  Phvs.  [2],  faczzii.  328. — Bontron  and  Frimy,  J. 
Pharm.  zvL  112. — ^Lowig  and  Weidmann,  J.  pr.  Ghem. xix.  218. — ^Will,  Ann.  Gh. 
Pharm.  liL  1.— Wertheim,  ibid.  Iv.  297.— Gerhard t,  Ann.  Gh.  Phys.  [3],  xiv.125; 
Traite,  iL  409.— Gm.  X.  41.) 

This  ether,  or  essential  oil,  is  obtained  from  the  seeds  of  black  mustard  by  distilla- 
tion with  water,  and  exists,  together  with  oil  of  garlic,  in  the  oils  produced  in  like 
manner  from  other  cruciferous  plants.  It  does  not  exist  ready-formed  in  these  plants, 
at  least  not  in  the  dry  parts,  such  as  the  seed.  Its  production  requires  the  presence 
of  water,  and  appears  to  depend  upon  the  action  of  myrosin,  a  substance  analogous 
to  the  emulsion  of  bitter  almonds,  or  another  substance,  myronic  acid,  likewise 
existing  in  these  plants  in  the  form  of  a  potassium-salt.  j^See  Mnoinc  Acn>  and 
Mtbosik,  iii.  1073,  1075.]  The  seed  of  white  mustard,  which  contains  myrosin  but 
not  myronic  acid,  does  not  yield  allylic  snlphocyanate  when  distilled  with  water. 

Ally  lie  suphocyanate  is  formed  artifidaliy :  1.  From  myronic  acid,  by  distilling 
myronate  of  barium  or  potassium  with  a  caustic  alkali  (iii.  1070). — 2.  f^rom  allylic 
iodide,  by  the  action  of  potassic  or  aij^entic  sulphoeyanate. — 3.  From  allylic  sul- 
phide (i.  143),  by  treating  the  precipitate  formed  by  the  action  of  mercuric  chloride 
on  oil  of  garlic  with  potassic  snlphocyanate  ( W  e  r  t  h  e  i  m).  According  toHlasiweta 
(Ann.  Gh.  Pharm.  Ixxi.  28),  the  precipitate  formed  by  mixing  the  alcoholic  solutions 
of  oil  of  asafoetida  and  mercuric  chloride,  also  yields  all;^c  sulphoeyanate  when 
distilled  with  sulphoeyanate  of  potassium. 

Preparation.— a.  From  mustard-seed.  The  seed  of  black  mustard  is  bruised  and 
macerated  for  about  twelve  hours  with  3  to  6  pts.  of  cold  water,  and  then  distilled,  as  long 
as  any  oil  passes  away  with  the  water.  The  distillation  is  best  conducted  by  passing 
steam  into  the  still.  A  saturated  solution  of  mustard-oil  in  water  then  passes  over, 
and  the  excess  of  oil  settles  to  the  bottom.  The  aqueous  solution,  which  contains  a 
considerable  quantity  of  the  oil,  may  be  advantageously  used  for  macerating  fresh 
portions  of  seed.  1000  pts.  of  mustard-seed  macerated  with  fresh  water  yield 
from  2  to  7  pts.  of  oil ;  but  if  water  saturated  with  the  oil  by  repeated  distillation  be 
used,  the  product  may  amount  to  10  or  11  parts. 

The  crude  oil  is  mostly  yellowish ;  it  is  purified  by  rectification,  after  diying  over 
chloride  of  calcium.  Pure  sulpho^anate  of  allyl  then  passes  over,  between  145^  and 
a60*». 

h.  From  allylic  iodide. — The  iodide  dissolved  in  alcohol  is  distilled  with  sulpho- 
eyanate of  potassium;  and  the  distillate  mixed  with  water  is  rectified,  the  pure 
oil  passing  over,  between  146^  and  150^  (Ziniu,  Ann.  Gh.  Pharm.  xcv.  128).  Or 
1  at.  iodide  of  aUyl  and  1  at  sulphocyanide  of  potassium  are  enclosed,  together  with 
a  little  water,  in  a  sealed  glass  tube,  and  heated  for  some  hours  to  100° ;  water  is 
then  added,  which  dissolves  the  iodide  of  potassium  and  separates  the  allylic  sulpho- 
^anate;  and  the  latter  is  rectified.  (Berthelot  and  De  Luca,  Ann.  CHi.  Phys.  [3], 
xliv.  496.) 

Allylic  sulphoeyanate  is  obtained  with  still  greater  facility  by  the  action  of  allylic 
iodide  on  sulphoeyanate  of  silver.  The  action  takes  place  at  ordinary  temperatures, 
^odide  of  silver  being  formed ;  while  the  iodide  of  allyl  disappears,  and  is  replaced  by  oil 
of  mustard.    At  100^  sulphide  of  silver  is  formed.    (Berthelot  and  De  liuca.) 

Properties. — Allylic  snlphocyanate  is  a  transparent  colourless  oil,  of  strong  refracting 
power,  and  possessing  in  the  highest  degree  the  sharp  penetrating  odour  of  black 
mustard.  The  smallest  quantity  of  the  vapour  excites  tears,  and  is  apt  to  produce  in- 
fianmiation  of  the  eyes.    It  has  a  burning  taste,  and  rapidly  blisters  the  skin.    Specific 
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phvity  *  1-016 at  20<>  (PnmaB  andPelonse),  1-009  to  1010  at  IS^'  (Will).  Boils 
at  148^  (Will).  Vaponr-dennty,  8-64  (Will);  calculated,  3*42.  Be&acting power 
-  1-616  (Will). 

It  is  sparingly  soluble  in  footer,  but  dissolves  rery  readily  in  alcohol  and  ether.  It 
dissolyes  sulpmir  and  phoephorue  with  tolerable  facility  when  heated,  these  bodies 
separating  in  the  ciystaOine  fonn  on  cooling. 

Decompomtions. — 1.  Oil  of  mustard  kneaded  with  alumina  yields,  by  dry  distUlaiion, 
carbonic  anhydride,  carburetted  hydrogen,  and  a  small  quantity  of  sulphydric  acid, 
together  with  water.    (Fontenelle.) 

2.  Exposed  to  daylight  fbr  three  years  in  well-closed  vessels,  it  gradually  becomes 
brownish-yellow,  and  deposits  an  orange-yellow  amorphous  substance  having  the 
aspect  of  persulphocyanogen.  This  substance,  when  heated,  swells  up,  assumes  a  dark 
colour,  gives  on  a  strong  odour  of  mustard-oil,  and  leaves  a  dull  but  perfectly  combus- 
tible charcoal.  It  dissolves  in  warm  potash-solution,  forming  a  yellow  liquid,  from 
which  acetic  acid  precipitates  light-yellow  flocks ;  and  the  liquid  filtered  therefrom  still 
gives  a  light-yellow  precipitate  with  acetate  of  lead,  but  does  not  redden  ferric  salts, 
and  ther^ore  does  not  contain  sulphocyanic  acid.     (Wi  IL) 

3.  The  aqueous  solution  of  the  oil,  after  exposure  to  the  air  for  some  hours,  loses 
its  sharpness,  but  retains  its  taste  and  mustard  odour,  and  deposits  a  grey  powder  con- 
taining sulphur  (Thibierge).  The  oil  imdergoes  no  change  by  exposure  to  the 
air  or  to  oxygen,  even  for  a  considerable  time,  becoming  neither  acid  nor  alkaline. 
(Boutron  and  Bobiquet.) 

4.  When  chhrtne-ga^  is  very  bIowI;^  passed  into  a  retort  filled  with  oil  of  mustard^ 
very  volatile  crystals  are  formed,  having  a  silky  lustre  (with  evolution  of  hydrochloric 
acid,  according  to  Dumas  aud  Pelouae).  These  crystals  become  coloured  and  decom- 
pose when  exposed  to  the  air,  and  are  dissolved  by  a  large  excess  of  chlorine,  yielding 
a  viscid,  no  longer  eiystallisable  liquid.  Potash-ley  converts  them  into  a*  resinous 
substance  insoluble  in  potash.  They  are  insoluble  in  water  and  in  ether,  but  dissolve  in 
alcohol  in  all  proportions.    (B  ou t ro  n  and  F r  i  my.) 

6.  Bromine  acts  upon  oil  of  mustard  with  frothing  and  evolution  of  heat,  and  forms 
a  brown  resin  nearly  insoluble  in  water ;  the  solution  contains  sulphuric  and  hydro- 
bromic  acid.    (Aschoff.) 

6.  Iodine  dissolves  quiddy  in  the  oil,  forming  a  dark  red-brown  liquid.  (Aschoff.) 

7.  When  oil  of  mustard  is  treated  with  moderately  strong  nitric  acid,  a  brisk  reae-' 
tion  takes  place,  the  oil  becoming  thick,  assuming  a  green  colour,  and  being  converted 
into  a  resinous  substance  called  nitrosinapylie  resin.  The  mother^lit^uor  contains 
oxalic  acid  and  a  nitro-add  called  nitrosinapylie  acid,  of  waxy  consistence,  solu- 
ble in  water,  insoluble  in  alcohol  and  ether.  The  solution  gives  yellow  precipitates 
with  lead-  and  silver-salts.  The  barium-salt  is  a  yellow  powder,  soluble  in  water,  and 
gives  by  analysis  18*23  per  cent,  carbon,  1*66  hydrogen,  39*26  barvta,  2*74  sulphur,  and 
21-96  oxygen,  which,  if  the  small  quantity  of  sulphur  be  neglected,  may  be  represented 
by  the  formula  C'-H«Ba"(NO«)«N«0*,  making  that  of  the  aad  C»H«(JJO«)NO«. 

8.  When  oil  of  mustard  is  completely  oxidised  by  nitric  or  by  chromic  aoidt  large 
quantities  of  formic  and  acetic  acids  are  produced,  together  with  a  small  quantity  of 
propionic  acid. 

9.  Aqueous  potash,  soda  and  baryta,  also  the  oxides  of  lead,  silver,  and  mercury,  in 
presence  of  water,  convert  oil  of  mustard  into  sinapoline  (p.  311),  with  formation  of 
a  metallic  sulphide  and  carbonate :  e.y., 

2C*H»NS  +  SPVO  +  H*0     -     Cra»«NK>  +  2Pb''S  +  Pb"CO«. 

oil  of  Sioapoline. 

musurd. 

for  this  decomposition  the  presence  of  water  is  absolutely  neoessaiy;  the  same 
oxides,  in  the  dry  state,  abstract  the  sulphur  but  slowly  and  imperfectly  &om  oil  of 
mustard. 

When  oil  of  mustard  is  boiled  for  some  time  with  strong  soda-ley,  in  such  a  manner, 
that  the  vapour  mav  be  condensed  and  fiow  back  again,  a  larse  quantity  of  ammonia 
is  evolved,  and  an  oil  of  fishy  odour  is  produced,  which  may  be  freed  from  the  last  traces 
of  sulphur  by  means  of  potash  and  hydrate  of  lead ;  after  washing  with  dilute  add  and 
with  water,  and  subsequent  rectification,  it  is  colourless,  and  exhibits  the  composition  of 
allylic  peroxide^  G'H^O.  It  forms  a  crystalline  compound  with  nitrate  of  silver. 
(Hlasiwets,  J.  pr.  Chem.  li.  369.) 

10.  An  alcoholic  solution  of  potash  or  soda  acts  very  differently  from  the  aqueous 
solution.  When  oil  of  mustara  is  dropped  into  a  concentrated  alcoholic  solution  of 
potash,  great  heat  is  produced,  which,  if  care  be  not  taken  to  add  the  liquid  slowly, 
may  rise  in  a  few  seconds  to  violent  ebullition,  and  occasion  the  projection  of  the  con-, 
tents  of  the  vessel.    No  permanent  gas  is  evolved,  excepting  perhaps  a  little  ammonia.. 
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The  brown-md  miztoie  exhibits,  instead  of  the  pungent  odonr  of  oil  of  nnuitaid» 
merely  »  mild  garlic  odour ;  depoeita,  after  a  while,  dyatala  of  neatral  potaarie  oarin* 
nate  with  1  at.  water ;  and  when  decanted  from  these  ciystals  and  mixed  with  water, 
is  resolyed,  with  milky  turbidity,  into  aqneons  solphosinapic  acid  (p.  626),  holding  in 
solution  a  certain  quantity  of  oil  which  may  be  dissolyed  out  by  ether,  and  an  oil 
which  sinks  to  the  bottom ;  and  if  the  mixture  has  been  heated  to  the  boiling-pointy  is 
dark-coloured,  and  contains  insoluble  flakes.    (Will.) 

The  pectUiar  oil  obtained  by  keeping  the  mixture  cold,  after  being  separated  from  the 
a(|ueous  sulphuric  acid  by  collecting  it  on  a  wet  filter,  purified  from  potash  by  washins^ 
with  water,  rectified  with  solution  of  common  salt,  wxl  freed  from  Uie  water,  whi(£ 
makes  it  turbid,  by  standing  for  several  days  oyer  chloride  of  calamn,  and  decantation, 
is  transparent  and  colourless ;  has  a  density  of  ]  '036  at  14^ ;  a  mild  alHaceons  odour ; 
a  taste  which  is  not  burning,  but  cooling;  boils  between  115^  and  118^;  but  is 
partially  decomposed  by  distillation,  eren  in  a  stream  of  gas,  ammonia  being  formed, 
as  shown  by  the  vapour  browning  turmeric-paper  slightly,  and  a  brown  resin  remaining, 
which  gives  off  a  large  quantity  of  ammonia  when  more  strongly  heated,  and  from 
which,  by  continued  boding  with  water,  a  volatile  alkaloid,  not  yet  further  ex- 
amined, may  be  extzaeted.  The  oil,  when  boiled  with  baryta-water,  forms  salphide 
of  barium,  and  a  non-volatile  substance,  which  remains  in  solution,  imd  appears  to  be 
an  alkaloid.  From  lead-salts  and  silver^salts  it  also  precipitates  the  sulphides  on 
boiling.  It  forms  a  precipitate  with  alcoholic  mercuric  chloride,  and,  if  the  solution 
be  not  too  dilute,  likewise  with  alcoholic  stannic  chloride.  It  is  sparingly  soluble  in 
water,  but  dissolves  in  all  proportions  in  alcohol  and  ether.    (Will) 

Its  composition,  as  determined  by  analysis,  is  as  follows  : — 
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Ab  Uie  oil  eives  off  ammonia  after  each  rectifieation,  whereby  the  amomit  of  nitrosen 
ifl  diminished  in  greater  proportion  than  that  of  the  other  elements,  it  is  probable  that 
the  original  oil  before  the  first  rectification  was  C>«H»N*S*O^NH*  -  C>«H»N«SK)* 
(or  C'H"N»SO),  and  therefore  -  CByVPO  (sinapoline)  +  fl«S.      (Will.) 

According  to  this  assumption,  the  equation  for  the  decomposition  of  oil  of  mustard 
by  alcoholic  potash  should  be  the  following : 

8C*NH«S  +  8KH0  +  BPO     -     K«00«  +  C*H*NKS«  +  C»H>«N*80. 

11.  When  oil  of  mustard  is  mixed  with  pulverised  aoda'lime,  and  heated  for  some 
time  to  120^  in  a  sealed  tube,  the  sharp  mustard  odour  is  found,  on  opening  the  tube^ 
to  be  replaced  b^  an  aromatic  alliaceous  odour;  and  on  distilling  the  liquid,  ox  id  e  of 
allyl  (i.  142)  IS  obtained,  while  sulphocyanate  of  sodium  remains^  often  mixed  witJi 
sulphide  of  sodium,  produced  by  the  secondary  action  of  the  excess  of  soda  on  the  sul- 
phocyanate (Wertheim): 

2(C«H*.CNS)  +  NaH)    •    (OT[»)«0  +  2NaCNS. 

12.  From  an  alcoholic  solution  of  the  oil,  metallic  salts,  e,^*fner€wne  va^platiniB 
chloride,  also  sUver-  and  kadrtalU  (the  latter  at  the  boiling  heat),  separate  metallie 
sulphides.    (Will) 

Bry  pulverised  hydrate  o/potaesiMm  decomposes  oil  of  mustard  in  a  similar  manner 
to  the  alcoholic  solution  of  potash ;  but  the  products  are  less  definite,  because  it  is 
diflScult  to  prevent  too  great  a  rise  of  temperature. 

18.  Mcnoeulphide  qf  poiaeeium  heated  with  oil  of  mustard  in  a  sealed  tube,  to  100^ 
or  a  little  higher,  forms  sulphocyanate  of  potassium  and  <m1  of  garlic : 

2(C*H')CNS  4-  K<B    -    2KCNS  f-  (0^«)«S. 

If  a  polvsulphide  of  potassium  be  heated  in  a  similar  manner  with  oil  of  mustard,  and 
Ibe  j^oduet  distilled,  a  solution  is  obtained  which  yields  delicate  crystalline  needles^ 
having  a  most  intense  odour  of  asafostida. 

14.  Poiaeeium  decomposes  dry  oil  of  mustard  completely,  even  at  ordinary  tempersr 
tores ;  on  applying  a  gentle  heat,  sulphocyanate  of  potassium  and  sulphide  of  aU^  aro 
formed,  together  with  a  gas,  which  has  not  been  examined. 

Many  of  the  heavy  nutale  decompose  oil  of  mustard,  abstracting  the  sulphur.  Mer- 
cury is  quickly  blackened  when  shaken  up  with  tiie  oil  and  water;  and  copper  vessels 
in  which  mustard-oil  is  distilled,  become  coated  with  sulphide  of  copper. 
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{hrnhmations — ^Allyiie  snlphocyaaate  imitos  with  alkaline  salphideSy  forming 
oomponncb  of  the  form  G^*J!iS.WS.— The potasgium-salt,  C^H^NS^^,  is  deposited  as 
m  white  granular  powder,  on  mixing  the  alooholie  solntionB  of  potassic  monamlphide 
and  allylie  sulphocyanate,  the  former  slightly  in  ezcesSi  and  evaporating  at  a  gentle 
heat. — Another  salt,  containing  2C*H*Ss.K*S,  separates  from  the  mouier-liqnor  of 
the  preceding,  when  left  over  oil  of  vitriol,  in  needle-shaped  crystals  having  a  scarcely 
perceptible  yellowish  tinge. — The  barium-^alt,  G*H*l)S.fia''S,  is  formed  by  gradaally 
adding  oil  of  mustard  to  a  warm  yellow  solution  of  barium-sulphide,  till  its  odour 
becomes  permanent.  The  filtrato  yields,  on  cooling,  laminar  efflorescent  crystals  oon« 
laining  8  at.  water.    (WilL) 

Wim  alkaline  sulphydratee  it  unites  in  like  manner,  forming  salts  of  ally  Is  ulpho- 

carbamio  or  snlphosinapieacid  (g.v.);  «.^^  G*H>.CNS -f  EHS  »    (CSf  Ig. 

Allylie  sulphocyonate  unites  readily  with  ammonia^  forming  thiosinamine, 
CH'NS.NH'  a    snlphocyanateof  allylammoninm,|^,/nraA\[S,  or   allyl- 

Bulphocarbamide,  C^*  >^,    With  the  alcohoUo  ammofUOfin  like  manner,  it  forms 

thiosinamines  in  which  the  typic  hydrogen  is  more  or  less  replaced  by  alcohol-radicles : 
thus  with    ethviamins,  it  forms    ethylthiosinamine  or   euiyl-allyisulphocarbamider 

C^*KS.NH*(C*H*)  -     C>H'  l^  (see  TmosucAioini) ;  and  wiih  irktkj/lphotpJUM, 

C«H»  H«3  " 
it   forms    triethyl-allyl-sulphoearbophosphamide,    C^H'NSJEXCH*)*    « 

[(csr  ^,j 

C*H*  v.^.    See  Peosphobus-b^sbs  (iy.  616). 
(C«H»)«3^ 

AttyUo  8iilplM«j«a«te»    C^"NS  -    ^njs  »  [^^n|N.    (Henry,  Ann. 

Ch.  Fhys.  [3]  zzv.  248.— Hedlock,  Ann.  Ch.  Fharm.  biz.  214.)— Obtained  by  dis- 
tilling, in  a  capacious  retort,  about  equal  volumes  of  crystallised  amylsulphate  and  sul- 
phocyanate  of  potassium.  It  is  a  colourless  veiy  mobile  liquid,  which  after  drying 
and  rectification,  boils  constantly  at  197^.  Specific  gravity  —  0'905  at  20^  It  has  a 
pungent  alliaceous  odour,  and  bums  with  wlute  smoky  flame.  It  is  but  little  attacked 
by  sulphuric  add.  By  boiling  with  nitric  acid,  it  is  converted  into  amylsulphnrous 
aci<L 

BtbjUo •ol^ooymaate*    C*H*NS  -  ^*\^  "  ^•1^'    (^^li (>«'«> Ann. 

Ch.  Phys.  [3]  xviii.  264. — ^Lowig,  Fogg.  Ann.  Ixvii.  101. — Muspratt^  Ann.  Ch. 
Pharm.  Ixv.  253.)— This  ether  is  prepared : — 1.  By  saturating  a  concentmted  solution 
of  potaesic  sulpho^anate  with  ethylic  chloride.  As  soon  as  the  reaction,  which  is  slow, 
(but  may  be  accelerated  bjr  sunshine)  is  complete,  the  liquid  is  to  be  diluted  with  an 
equal  bulk  of  water  and  distilled,  the  distillate  mixed  with  twice  its  volume  of  pure 
ether,  and  sufficient  water  added  to  separate  the  ethereal  solution  of  ethylic  sulphocya- 
nate.  The  ether  is  then  drawn  off  by  distillation,  and  the  remaining  ethvltc  sulphocya- 
nate  is  pu^ed  by  rectification  oyer  chloride  of  calcium. — 2.  ^y  dutiUing  eqaai  parts 
of  calcic  ethylsuli^ate  and  potassic  snlphocjranate,  both  in  concentrated  solution. 

EthyEc  snlpho^anate  is  a  mobile,  colourless,  strongly  refracting  liquid,  having^  a 
taste  of  anise,  ana  a  pungent  odour  like  that  of  mercaptan.  Boils  at  146^.  Speofle 
gravity  of  liquid  «  1*020  at  16^;  of  vapjour  »  3*018.  It  is  insoluble  in  waUr,  but 
alcohol  and  eiher  dissolve  it  in  all  proportions. 

Ethylic  sulphocvanate  is  rapidly  decomposed  by  nitrie  aeid,  yielding  ethylsnlphur* 
ous  acid,  with  only  a  small  quantity  of  sulphuric  acid.  The  same  aad  is  formed  on 
treating  the  ether  with  hydrochloric  acid  and  chlorate  of  potastiumy  the  reaction  being 
often  so  violent  as  to  set  the  volatile  products  on  fire. 

Chlorine  gradually  attacks  ethylic  sulphocyanate,  forming  chloride  of  cyanogen,  and 
a  heavy  oil  soluble  in  water. — nronUne  attacks  it  violentiy,  forming  oystallisahle 
products. 

When  heated  to  100^  in  a  sealed  tube  with  aqueous  potash^  it  is  converted  into 
ethylic  disulphide,  with  formation  of  potassic  cyanide  and  cyanate  (Bruning,  Ann* 
Ch.  Pharm.  dv.  193) : 

2C*H»CyS  +  2KH0  «  (C«JBP)«S^  +  KCy  +  KCyO  +  H«0. 

On  boiling  'the  ether  with  alooholie  potash,  ammonia  is  given  of^  together  with 
•thylie  disulphide.  With  an  alcoholic  solution  of  potassic  monosulphide,  it  forms 
nJ^lude  of  ethyl  and  sulphocyanate  of  potassium,  without  evolution  of  ammonia. 


620  SULPHOCYAXIC  ETHERS. 

The  ftlcdholic  solutioii  of  ethylic  solphoejaiiate  does  not  precipitate  metallic  0OI11- 
tions. 

Dry  ammoma-fOB  formB,  with  ethylic  snlphocyanate,  a  small  quantity  of  a  body 
hayiog  the  compoeition  of  ethyl-sulphocarbamide,  (G8)"(C*H*)H'N'. — ^With  aqaeons 
ammonia  of  ordinaiy  strength,  black  unciystallisable  products  are  formed ;  with  excess 
of  dilute  aqueous  ammonia,  the  products  formed  are  cyanide  ci  ammonium,  carba- 
mide, and  disulphide  of  ethyl : 

2(C«H».CNS)  +  2NH»  +  H«0     -    (NH*)CN  +  Cir«HK)   +  (C«H»)«S«. 

EthyUmdne  likewise  decomposes  ethylic  sulphocyanate.  (Jeanj  ean,  CSompt.  rend«  It. 
330;  see  also  Kremer,  J.  pr.  Cbem.  Ixxiii.  366;  Jahresb.  1858,  p.  401.) 

Vfiih  Jrietkylphosphine  at  100°,  it  forms  a  large  quanti^  of  triethylphosphina- 
snlphide,  together  with  cyanide  of  triethylphosphonium  (Hofmann,  iy.  611); 

C«H».CNS  +  2(C»H»)«P  -  (C*H*)«PS  +  (C«H»)«P.CN. 

SttuMilc  talphooyuiate* C'H<N*S'  <-  ((^^]'|s*  »   (c^4^|^-      (Son- 

n  e  n  s  c  h  e  i  n,  J.  pr.  Chem.  Ixv.  257. — B  u  f  f,  Ann.  Ch.  Pharm.  xcvi.  302,  c.  219 ;  Jahresb. 
1855,  p.  610 ;  1856,  p.  597.)  -Produced  by  heating  an  alcoholic  solution  of  ethylenie 
chloriae  (Butch  liquid),  with  an  equiyalent  quantity  of  potassic  sulphocyanate,  to  100° 
in  a  sealed  tube.  Chloride  of  potassium  then  separates  out,  and  on  distilling  off  the 
Tolatile  products  ^m  the  filteim  liquid,  removing  the  remaining  chloride  and  sulpho- 
cyanate of  potassium  with  a  little  cold  water,  and  dissolving  the  residue  in  hot 
water,  a  solution  is  obtained  which  yields  crystals  of  ethylenie  sulphocyanate  on  cool- 
ing. 

Ethylenie  sulphocyanate  is  moderately  soluble  in  boiling  water,  and  separates  there- 
from in  stellate  groups  of  small  needles ;  easily  soluble  in  warm  alcohol,  whence  it 
crystallises  in  large,  white,  shining,  rhombic  plates.  It  mnlts  at  90^,  and  solidifies  at 
83° ;  decomposes  at  a  stronger  heat,  giving  off  a  pungent  odour,  like  that  of  burnt 
pniona.  With  vapour  of  water  it  appears  to  dii^  undecompoted,  the  vapour 
attacking  the  eyes  strongly,  and  exciting  violent  sneezing ;  it  has  a  sharp  burning 
taste.  It  dissolves  in  veiy  dilute  nitric  acidy  ciystallises  again  in  needles  on  cooling ; 
but  stronger  nitric  acid  converts  it  into  a  crystalline  acid,  which,  according  to  Buff,  is 
identical  with  disulphetholic  or  ethylene-sulphurous  acid,  CH*S''^0*. 

Acids  do  not  separate  sulphocyanic  acid  from  ethylenie  sulphocyanate.  The  alco- 
holic solution  does  not  give  the  reaction  of  sulphocyanic  acid  with  ferric  salts  till  it 
has  been  boiled  with  potash.  When  boiled  with  baryta-water ^  it  yields  carbonate  and 
sulphocyanate  of  barium.  On  boiling  it  with  plumbic  hydrate,  sulphide  of  leacl  is 
formed,  especially  on  addition  of  potash,  and  the  solution  gives,  with  ferric  salts, 
the  reaction  of  sulphocyanic  acid.  The  alcoholic  solutions  of  ethylenie  sulpho(^anato 
and  mercuric  chloride  yield,  after  a  while,  a  white  precipitate  (Sonnenseoein). 
With  ammonia  it  forms  an  easily  soluble  substance,  which  readily  gives  up  sulphur  to 
mercuric  oxide  (Buff). — ^With  triethyMoepUne  it  acts  similarly  to  ethylic  sulpho- 
cyanate, yielding  sulphide  of  trieth^phosphine  and  cyanide  of  ethylene-hexethyl- 
diphosphonium  (H  o  f  m  a  n  n) : 

C«H\C«N*S«  +  4(C«H*)>P  ^  2(C*H*)«PS  +  (C^H*)"  (C»H*)«P«.C»N« 

HesyUe  Bnlplioejaiiate,  C<H**.CNS.  (Pelouse  and  Cahours,  Ann.  Ch. 
Phys.  [i\  i.  5.) — ^Produced  by  heating  hexyHc  chloride  to  100°  for  several  hours  with 
alcoholic  sulphocyanate  of  potassium.  It  is  a  nearly  colourless  fetid  liquid,  of  specific 
giavity  0*922  at  12°,  boilii]^  at  215°— 220^ 

BBetbjrUo  Bvlpboesranatet    CH*.CNS  »  ^^t  1^*     (Cahours,    Ann.    Ch. 

Phys.  [8]  xviii.  261.) — ^Obtained  by  distilling  a  concentrated  solution  of  equal  parts 
of  potassic  sulphocyanate  and  calcic  methylsulphate.  It  is  a  colourless  very  mobile 
liquid,  having  an  alliaceous  and  intoxicating  odour.  Boils  between  132^  and  133^. 
Specific  gravity  of  liquid,  1115  at  16*>;  of  vapour  «  2-570— 2549.  It  dissolves 
sHghtly  in  footer ;  in  all  proportions  in  alcohol  and  ether.  Chlorine  attacks  it  verv 
slowly  in  diflfused  light,  producing  fine  crystals  of  chloride  of  cyanogen,  together  with 
a  heavy  yellow  oil,  which  solidifies  in  contact  with  ammonia. — Nitric  acid  of  ordinary 
strengUi  dissolves  it  when  warm,  and  deposits  it  again  on  cooling.  By  continued 
boilii^  with  nitric  acid,  it  is  converted  into  methylsulphurous  acia.  It  is  scarcely 
attacked  by  potash  at  ordinary  temperatures ;  but  alcoholic  potash  decomposes  it  when 
heated,  ammonia  and  methyhc  disulphide  being  given  off,  vmile  cyanide  and  carbonate 
of  potassium  are  found  in  the  residue.  With  alcoholic  sulphide  of  patassitim,  it  forms 
sulphocyanate  of  potassium  and  sulphide  of  methyl. — Aqueous  ammonia  decomposes 
it  quickly,  forming  a  brown  substance  resembling  ulmin,  and  a  small  quantity  of  % 
white  crystalline  body. 
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Waplitliyllo  Bvlplioojaiiate* 


C'»H'.GNS  -  ^?.^t|n.    (V.  Hall,  PhiL  Mag. 


14]  zvii.  304.y— This  ether  is  pioduced,  together  with  xiaphthjlamine,  bj  dietilHiig 
amaphthyl-Bulphocarbamide  (obtained  by  digesting  crude  naphthjlamine  with  earbonio 
disolphide)  wiui  phosphoric  anhydride : 


(C8)-  ) 
H«    j 


It  is  a  crystalline  compound,  having  a  peculiar  odour,  easily  fusible,  insoluble  in  water, 
bat  Tery  soluble  in  alcohol  and  ether.  With  napht^lamine,  in  alcoholic  solution,  it 
reproduces  naphthyl-sulphocarbamide.  With  aniline^  it  yields  phenyl-naphthyl-sul- 
phocarbamide,  [(GS)^C•H^C'•H^H•]N«. 

VtaeiqrlloSnlplftoojraiiate,  C«H*.CNS  »  [^^^  In.     (Hofmann,  Proc.  Roy. 

Soc.  iz.  274,  487;  Chem.  Soc.  Qu.  J.  xiii.  809.) — ^Produced  by  distilling  phenyl- 
sulphocarbamide,  (CS)''.C'H'.H'.N',  with  phosphoric  anhydride.  After  rectification 
over  the  latter,  it  is  a  coloarless  transparent  liquid,  smelling  like  oil  of  mustard, 
haying  a  specific  gravity  of  1*135  at  15^,  and  boiling  at  220^,  under  a  pressure  of 
0*762  met.  It  distils  unaltered  with  water,  and  even  with  hydrochloric  acid,  but  is 
very  easily  decomposed  by  alkalis.  Alcoholic  potash  converts  it  first  into  diphenyl- 
sulphocarbamide,  then  into  diphenyl-carbamide.  With  ammonia,  it  yields  phenyl-sul- 
phocarbamide : 

C^».CS.N  +  NH«     -     (CS)*.C«H».H».N«. 
With  amines,  it  unites  in  a  similar  manner :  with  aniline,  for  example,  it  forms 
diphenyl-sulphocarbamide,  and  with  naphtht/lamine,  phenyl-naphthylsulphocarbamide^ 
isomeric  or  identical  with  that  above  described. 

With  triethylphosphine  it  unites  so  energetically  that  the  mixture  often  takes  fire : 
when,  however,  the  action  is  duly  regulated,  triethyl-phenyl-sulphocarbophosphamide^ 
C>«H»NPS  -  (CS)"(C«H»)».C«H».N.P,  is  produced  (iv.  616).  With  trimet^lphosphine, 
in  like  manner,  it  forms  the  compound  C"H»*NPS  »  (CS)''(CH")»(C«H»).NP,  which 
is  an  oily  liquid,  insoluble  in  water,  slightly  soluble  in  ether,  easily  in  alcohol,  and 
forming  with  hydrochloric  acid  the  cryst^ine  salt  C*'H^^NPS.HC1. 

8U&VBOC  IMJUriO  ACnO.  Syn.  with  Thtktlsulfhitbous  Agid.  (See 
Sulphurous  Ethkbs.) 

SlFliPBOBSACOVZC  ACXD.  A  conjugated  acid,  produced,  according  to 
Laurent,  by  treating  oil  of.  anise  or  tarragon  with  a  large  excess  of  sulphuric  acid. 

ACZB.    See  Iioiioosulfhuiuc  Acids  (iii.  262). 

An  oily  liquid,  produced  in  small  quantity  by  distilling  iodoform 
with  mercuric  sulphide  (Bouchardat,  J.  Pharm.  xxiii.  12).  According  to  Eggert, 
however  (Chem.Centr.  1857,  p.  513),  this  product  thus  obtained  is  nothing  but  car- 
bonic disulphide. 

SVXVBOnrXiVZC  AOXB*    See  Indigosuxfsdbic  Acids  (iii.  262). 

MUUnUMKLtUOEO  JLOXDm    Syn.  with  Qi,uoo0osulfsubio  Acm  (ii.  872).    V 

SVUPROCmnmrXO  ACOB.  The  name  applied  by  Berzelius  to  a  glutinous 
acid,  formed,  together  with  other  products,  by  the  action  of  sulphuric  anhydride  in 
excess  on  naphthalene.  {Gerhardfs  JhiitS,  iii.  468.) 

Sir&yBOO&TCBBZO  ACIB.  CH^O*.  Syn.  with  Gi.tgibo8uuphubic  Acid 
(ii.  892). 

SVUPBOOXiTCOUUO  AOZD.  CH^SO*.  Syn.  with  ErHiLBSX-suLPauBio 
Acid.    (See  Ethtlbnb,  Suiphatb  op,  ii.  682.)  _ 

smwBOBZppvmto  ▲€»».    CR^ao*  -  ch'NO'jso*  -  ^?^-' 

(Schwanert,  Ann.  Ch.  Pharm.  cxii.  59 ;  Jahresb.  1859,  p.  328.) — Formed  by  treating 
hippuric  acid  with  sulphuric  anhydride.  By  converting  the  product  into  a  lead-salt,  de- 
eomposing  with  sulphydric  acid,  &c.,  it  is  obtained  as  a  brown,  amorphous,  deliquescent 
mass,  which  is  decomposed  by  nitrous  acid,  yielding  sulphobenzoic  acid,  together  with 
an  oily  liquid,  probably  glycoUic  acid. 

The  acid  is  aibasic.  Its  neutral  barium-aaU  has  the  composition  C*H'Ba*NSO'.  By 
boiUng  the  acid  with  plumlnc  hydrate,  a  salt  is  obtained  having  approximately  the  com<- 
j^itionCHTb'^SO*. 


N 
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See  HTDBOQunroRS  (iiL  217). 

and  SVUPBO&BIO  AinUt  Oil j  adds, 
ivodnoed,  secordiQg  to  Jfrivaj  (Ann.  Ch.  Fhys.  [2]  Ixr.  IIS),  to^potlMr  vtth  mdpiio* 
glyoerie  add,  Vj  the  action  of  atioi^  anlphorie  add  upon  olem  at  knr  tempors* 
tnrea.  The  snlpholeic  add,  being  incdnble  in  the  aad  liqnid,  aepantea  in  the 
fonn  of  an  oil  ttam  the  snlphogljeeric  acid,  whidi  remainadiaaolTed.  Theae  two  adda 
haye  not  been  aepazated,  and  conseqnently  their  oompodtion  haa  not  been  detennined. 
Tbflj  are  both  aolable  in  water  and  in  alcohol,  ao  likewiae  are  thdr  potaaainm-, 
Bodinm-,  and  ammoninmHBalta ;  the  other  salts  are  insolnble  in  water,  slightly  soluble 
in  alcohol. 

Salpholde  add  ia  dceompoeod  by  water,  yidding  hydroleie  and  meta-oleic  adda 
(It.  196^    Salphomaigazic  add  yidda  aimilar  piodnets. 

SITLVBOUCOWBO  ACJIB.  A  syrupy  add  obtained  by  treating  eotton,  linen, 
aawdnst,  and  other  forms  of  cellnloae,  wiUi  strong  anlf^uzie  acid.  It  fonaa  aoifaible 
salts  widi  baiyta  and  oxide  of  lead.    (Gerhardt,  ii.  648.) 

SVZiFBOMUUnnno  AOD.  G^*«0«.3S0'.— An  add  produced  by  diasolnng 
numnite  in  strong  sulphuric  add.  It  unMara  to  be  tribaaic,  forms  gummy  aeliquescsnt 
aalta  with  the  alSdis  and  with  oodde  of  lead,  and  a  crystalline  salt  with  bazyta. 

SraVBOmBbAannUHIO  ACZD.    C>K«H«S>  -  CyH)>N.2PyHS  -  ^1^ 

SulphomeUonio  acid,  Sulphydramdlame  acid,  ffydroikiomeUone,  QTamieson,  Ann. 
Ch.  Fharm.  lix.  339.)— An  add  obtained  aa  a  potaanum-salt  by  boiling  pezBulpho<7a- 
nogen  with  sulphydrato  of  potassium : 

2CTPHS*  +  3KHS  +   2H*0     -    C*N«H*KB«  +  2CNKS  +  CO* 

+  8H«S  +  8«. 
The  resulting  liquid  neutralised  with  acetic  add  yielda  a  copious  white  predpitate^ 
consisting  of  sulphur  and  sulphomelanurenic  add,  which  ia  to  be  washed  and  treated 
with  cold  aqueous  ammonia,  to  diasolye  out  the  add  and  leaye  the  solphur;  and  the 
filtered  solution,  after  being  left  to  eyaporato  in  a  warm  place,  ia  to  be  boiled  with 
animal  charcoal,  till  it  yielda  a  perfectly  white  predpitate  with  adda. 

Sulphomelanurenic  add  ia  nearly  inaoluble  in  cold  water,  alcohol,  and  ether,  alightly 
aoluble  in  boiling  water,  which  depodts  it  in  yery  small  needlea.  It  ia  tastdess,  but 
reddens  litmus.  It  begins  to  decompose  between  140^  and  150^,  and  ia  lesdlyed  at  a 
higher  temperature  into  mdlone  and  anlphydric  add : 

CyH«N.2CyHS     -     NCy»  +  2H^ 
Sulptaomelanimoie  MoUoae. 

acid. 

"When  heated  with  hydrodiloric,  sulphuric,  or  nitiic  add,  it  ia  reaolyed  into  M«inm>U^ 
Bulphydric  add,  and  cyanuric  add : 

CyH^.2CyHS  +  8H«0     -    OTP  +  2H«  +  Cy«HW. 

Sulphomelanurenic  add  is  monobasic.  Ite  potasdum-salt,  2C'N'H'!KS'.8H!'0,  ibnna 
shining  colourless  prisms,  yery  soluble  in  water  and  in  alcohoL — The  godium-§alt, 
2C'N*H'NaS*.3H'0,  crystallises  in  large  tmnducent  plates  haying  a  fatty  aspect,  or 
in  small  scalea  resembling  diolestorin.— The  haruim-taU,  C*N*H'Ba''S15H*0,  fonna 
colourless  needles,  haying  a  fine  adamantine  lustre,  and  yeiy  aoluble  in  water. — ^The 
MtronUyim'SaU,  C'N*H^"S^.4HH),  forma  laige  platea  haying  a  waiy  luatre^-^ 
The  calcium-MiU,  C^"H«Ca"S\2H*0,  forma  shining  oystala.— The  magnmwm-mU^ 
CN*H*Msf 6^.6H*0,  crystallises  in  small  shining  needles,  yezy  soluble  in  water, 
— The  siheT'saii,  C'N'H'AgS^  is  precipitated  in  white  fiocks,  quite  insoluble  in 
water,  on  adding  nitrate  of  nlyer  to  an  ammoniacal  sohitaon  of  the  acid.  It  blackena 
on  exposure  to  light,  but  bears  a  temperature  of  100^  without  decompodtion. 

smLraOMXIi&OHZO  ACUI.    Syn.  with  StTL^oiiBULiruBBNiG  Acn>. 

Sir&raOMWM  I UKI  AOIB.    Syn.  with  MnHTLavLFHUBic  Acm.    (See  SuL- 

VKUBIO  EnUBS.) 

•VXVHOMOIiTailATBB.    See  Moltbdewuii,  Sulphxdbb  of  (iiL  1043). 

SranOMOSVHZSfla  A  product  of  the  action  of  sulphuric  add  on  morphine 
(iil  1066). 

maUfnomAWMmULUam,    0*^B}*80^  -  c*^h^'     (Benelina,  Ann. 

Oh.  Fhya.  [2]  Ixy.  290.— Laurent,  Bey.  Sdent  yiii.  687.) — ^This  compound,  which 
may  be  regarded  as  a  double  molecule  of  naphthalene,  (C'*H*),  haying  two  of  its 
hydrogen-atoms  replaced  by  aulphuzyl,  is  formed  by  directing  the  yapour  of  snlphurie 
anhydride  on  aa  excess  of  fused  naphthalene.  A  red  syrupy  liquid  is  thereby  fermedf 
from  which  the  snlphonaphthalene  may  be  sepamted  by  tzeating  it  with  bdlingwaterr 
and  oystallising  the  reddue  from  aqueous  alcohol. 


SULPHOPHENTLAMIDE.  523 


.  SnlphonapliibaleDe  oyftalliaeB  from  alooholio  ■olution  in  hiBtfilniB  ii 
nodnlM.  It  melts  at  70^,  and  solidifies  on  cooling  to  s  tnuuipaMiit  mao,  triiieh  beoomea 
eleotrio  hy  friction.  At  a  higher  tempentnie,  it  deoompoees,  giTing  off  sulphnrona 
aahydride.  It  ia  slightly  soluble  in  irater,  more  aolnble  in  boiling  alcohol,  not  attacked 
by  boiling  potash-ley.  Nitromoriatic  acid  dissolves  it  at  the  boiling  heat,  without  fonna- 
tion  of  sulphuiic  acid. 

■VUraotrAVSTBikUEO  AOIB.    0>*H"SO'.    Syn«  with  Nafhthtlsvlfhit- 
Bous  Acm.    (See  Sulphurous  Ethbbs.) 

msali^onaplitluaio  Aetd«  C'*H"SK)'.    Syn.  with  NAFHTHnHNB-suifUUBOus 
Acm.    (See  Sulfhusovs  Ethebs.) 

smbFBOVAFKTHA&XBAMIO    AOIB.      Syn.  with   NAFaiEioivio    Aom 
(iT.  17). 

SVUPXOVAVKTBJMrzO  AOXDm    Syn.  with  Sulfbokafhthalic  Acn>. 

smUPBOV  AXGOTXBB.   A  product  of  the  decomposition  of  sulphate  of  nazcotina 
(iy.  28). 

SV&MIOFBnTC  AOZ9.    0*H*.H.80«.     Syn.  with  PmomjsuLFHUBic  Acm. 
(See  SuLFHUBic  Ethbbs.) 


mmvmowwaarnAXiiaL  cni'NSO*  .  ^^^ 
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phobenzolamide.  Jjsoture  phenylsulfuretue.  Agoture  de  ttd/ophenyls  et  ^hydrogine, 
(Gerhardt  and  Ghaneel,  Comnt.  rend.  zxxr.  690. — Gerhard t  and  Chiozza, 
ibid,  zxxT.  86;  Gtrhttrdfs  Thniit  iii.  74.) — ^Produced  by  the  action  of  ammonia 
on  sulphophfnylie  chloride.  A  convenient  mode  of  preparing  it  is  to  pour  the 
ehloride  <m  a  large  excess  of  pulverised  ammonium-carbonate ;  the  reaction  commences 
immediately,  and  may  be  completed  by  |^ntly  heating  the  mortar  in  which  the  mixture 
is  madfl,  till  the  odour  of  the  chloride  is  no  longer  perceptible.  The  product  is  then 
washed  with  cold  water,  which  dissolyes  out  the  sal-ammoniac  and  the  excess  of 
ammonium-carbonate,  and  the  residual  sulphophenylamide  is  crystallised  from  a  small 
quantiW  of  boiling  alcohol.  It  is  also  proauced  (together  with  sulphurous  anhydride, 
ammonia,  benzol,  and  a  small  quantity  of  pbenylic  sulphide)  by  heating  phenylsulphite 
(sulphobenaolate)  of  ammonium.  (Stenhouse,  Fkoc  Eoy.  Soc  xiv.  86 1 .) 

Sulphophenyhunide  eiystaUises  from  aleohol  in  splenidid  nacreous  scales  (Ger- 
hardt);  from  aleohol  w  water  in  laminte  resembling  naphthalene,  and  melting  at 
163^  (Stenhouse);  according  to  Gerhardt^  it  is  iuMlnble  in  water,  Tcry  soluble  in 
alcohol,  soluble  in  boiling  aqueous  ammonia. 

Sulphophenylamide  contains  two  atoms  of  typic  hydrogen,  one  or  both  of  which 
may  be  replaced  by  metals  or  organic  zadides.  The  following  oompounds  have  thus 
been  obtamed : — 

Argentosalphophenylamide  ....  (XH'AgNSO*. 

Benzosulphopbenylamide      ....  C*H*(C'H*q)NSO>. 

Argento-bencosulphoi^enylamide.        .        .  G«H*Ag(C^HH>)NSO*. 

Dibanzosulphophenylamide  ....  C«H«(C'HK)>^SO*. 

Benzacetosulphopheqylamide        .        •        .  C^C'HK>)(C'H*0)NSO*. 

Cumoeulphophenyhimide      ....  C«H*(C"H"0)NSO«. 

Cumo-bensosulphophenyhunida     .        .        .  G*H*(C'*H"0)(C'HK))NSO'. 

Phenylsulphophenylamide    ....  C«H«(C«H*)NSd«. 

Succinosulphophenylamide    ....  C«H»(C<H*0«)'TfSO*. 

Argento8ulpho]»henylamide,  CH'AgNSO*,  is  obtained  as  a  white  crystalline  precipi- 
tate on  adding  nitrate  of  silver  to  an  alcoholic  and  ammoniacal  solution  of  sulpno- 
phenylamide. 

Succmostdphopkenvlamide,  C'*H^SO',  is  ibrmad  by  the  action  of  succinic  chloride 
on  sulphophenylamide.  The  product,  which  is  yiscous  at  first,  solidifleB  when  treated 
with  alcohol,  and  crystallises  therefrom  in  yery  fine  needles. 

Phmylsulphophenylamidef  or  Sulphophenylanilide,  .C"H"NSO',  is  formed  by  the 
action  of  aniliBe  on  sulphophenylic  chloride.  The  product  remains  viscous  for  a  long  time ; 
but  when  dissolved  in  alcohol,  it  yields  splendid  prisms,  with  pyramidal  faces,  like 
small  crystals  of  amethyst,  which  they  also  reeemble  in  colour.  They  dissolve  easily 
in  alcohol  and  ether.    (Chiozza  and  !Bif fi ;  Gerhardf»  Traitk,  iu.  981.) 

The  other  compounds  in  the  preceding  list  haye  been  already  described  under  Bkw- 
ZAIODB  (i.  539,  640),  and  CuuNAMmB  (ii.  177). 

IHsulphopkenylamide,    C'«H"NS«0«   -   N.H.(C»H»SO»)«    -    ( 


(C«H»)* 
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Pkodnced  hj  gently  heating  azgentoenlphophdnylanuda  with  solphophenylic  chloride  * 
purified  by  erfBtaUiBation  tmai  ether. 

(cra»so«)») 

SuccinO'dihengo-diBulphophenyldiamide,  (^WIP&Q^  «  (CHK))*  In» 

(OHH)')-  j 

-Q,. — Thi«  oompoimd,   obtained    by    heating    aigento-benzoenlpho- 

phenylamide  with  suoeinie  chloride,  crystallises  firom  ether  in  small  needles. 

svurBOPsminxzo      or     vHxvr&sv&PBintoirs     cbjmmxbm, 

C"H*SO*CL   (See  Sulfhttrovs  Ethkbs.) 

SU&FKO»BaVTIiIO  or  VKaVT&SU&yBintOVS  BTIUUBB.  C<H^SO*. 
— A  compound  formed  by  the  action  of  redncing  agents  on  the  corresponding  chloride. 
(See  SiTLFHUBors  Ethxss.) 

strzdPBOFHavTunrcczirAiiic  JL<»B.  Ci*H>^SO*    »    (C«hh>')'>q 

(SO)" 
"     (C*HK)«)" 

H 

The  ammoninm-salt  of  this  acid  is  obtained  by  evaporating  an  ^fnmftniiy*ftl  solntion 
of  sncdnosnlpbophenylamide,  first  at  a  gentle  heat,  then  in  a  vacanm.  A  rery  thick 
syrap  then  remains,  which  alternately  crystallises  in  concentric  groups  of  silky  fibres. 
This  salt  is  yery  soluble  in  water  ajid  in  alcohol,  melts  at  160^,  gtying  off  a  laree 
quantity  of  ammonia,  and  leaving  an  oil  which,  when  dissolved  in  ammonia,  yields 
crystals  of  sulphophenylamide.  The  aqueous  solution  of  the  ammonium-salt,  mixed 
with  a  few  drops  of  hydrochloric  acid,  deposits  splendid  needles^  which  melt  between 
166°  and  160°,  and  have  the  composition  of  the  original  salt.  The  gSver-talt, 
G**H**AgNSO*,  is  deposited  in  beautiful  needles  on  adding  nitrate  of  silver  to  a  solu- 
tion of  the  ammonium-salt. 


Qs.    (Oerhardt  and  Chiozza,  Ann.  Ch.  Fhys.  [3]  zlvii.  129.)— 


■QXVBOPnORAano  ACZIK  An  acid  produced  by  heating  phloramine  (iv. 
488)  with  strong  sulphuric  acid.  On  saturating  the  solution  with  carlS>nate  of  barium, 
decomposing  the  hot  filtrate  with  sulphuric  acid,  and  decolorising  with  animal  <*hniyo^J^ 
the  acid  is  obtained  in  colourless  needles.  Its  solution,  even  -iraien  yery  dilute,  forms 
a  deep  violet  colour  with  ferric  chloride,  like  that  produced  by  tyrosinsulphuric  add. 
(Hlasiwetz,  Ann.  Ch.  Pharm.  cxiz.  199.) 


EO  JLOXD»  G*H>*SO*.— This  add,  produced  by  the  action 
of  sulphuric  anhydride  on  phloretic  add,  forms  a  yerysour  syrup,  easily  soluble  in 
water  and  in  alcohol  The  Oarium-falt,  G'H"Ba''S0*.3H>0,  crystallises  in  hard  appa- 
rently rhomboidal  crystals ;  it  is  insoluble  in-  alcohol  and  ether,  and  gives  off  its  water 
at  16°.  The  aUcium-salt,  G*H*Ga"S0*.4H*0,  is  crystalline;  the  magneMum-^aU, 
C?H»Mg''S0«.6H»0,  gummy.  The  aodium-aalt,  C»H^a«SO«.xHK),  forms  hMd,  easily 
soluble,  crystalline  crusts,  which  give  off  their  water  at  260°.  (Nachbanr,  J.  pr.  Chem. 
Ixxv.  46.) 

8V&VBO»BOSFBATaS  and  SV&PBOVBOSPBZTBB*    See  Phosfhobus, 
SuLFHiDBB  of  (iy.  608,  604). 

SU&VBOPZAVZO  ACZlft.    See  OFiiinc  Acm  (iv.  206). 

Bir&VBOPinuraBZC  ACZB«    See  Indioosuuvubic  Acms  (iii.  262). 

SUUBOVnOMVCZC  ACIB.    C^H*SO«.    By  treating  well-dried  pyromudc 


SITIiPBOQVZVZO  Acm.    Syn.  with  QunnNB-suLFHUBio  Acm  (p.  26). 

81I&FBOBBTJJI  VliBC  AOIl>.  An  add  isomeric  with  sulphocumolic  add, 
obtained,  according  to  Cahours  and  Oerhardt,  by  treating  retinyl  (iy.  98)  with  fbming 
sulphuric  add.  Its  barium-salt  is  less  soluble  Uian  the  sulphocumolate,  and  separates 
on  evaporation  in  crystalline  crusts,  which  have  not  the  nacreous  aspect  of  the  sulpho- 
cuiholate.  (Oerhardt,  iii.  388.) 

SUXiVBOBUVZC  AOIB.    See  IimiGosuLFHirRic  Aaos  (iii.  262). 

SV&FBOSACCnLaBZC     or    SU&PBOGIiVCZO     ACXB.      C^II*SO<'     - 
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»CfH?«0«.SO«  ?  (Peligot  Ann.  Ch.  Phys.  p;j  LmL  68.)--(PrtI«red  by  treating 
glnoose  with  1  j^  pL  of  strong  solphnric  acid,  mixing  the  materials  by  small  qnantities 
and  in  a  cooled  yessel.  By  saturating  with  carbonate  of  barium,  and  treating  the 
filtrate  with  basic  acetate  of  lead,  a  lead-salt  is  precipitated,  containing  (at  170^)  18*05 
per  cent.  0,  2*5  H,  55*15  PbO,  and  4*5  SO*,  agreeing  approximately  with  the  formula 
Qs4Q«op"l)4gQsr^ — Sy  decomposing  this  lead-salt  with  snlphydric  acid,  sulphosaccharic 
acid  is  obtained  in  the  form  of  a  liquid,  which  reddens  litmus,  and  has  a  sweet  and  sour 
taste,  like  that  of  lemonade.  It  does  not  precipitate  barium-salts;  in  fact,  nearly  all 
its  salts  are  soluble.  It  is  yezy  unstable,  dec(xnpose6  at  ordinary  temperatures  in  a 
vacuum,  and  quickly  at  the  heat  of  the  water-bath,  into  glucose  and  sulphuric 
acid. 

{C'H*0)") 
SU&VBOflAZilCnrXZCAOZXI.  C'H«SO«  »  C'H*0'.SO*  -       (S0)'70«.— This 

acid,  discovered  by  C  ah  ours  (Ann.  Ch.  Fhys.  [3]  xiii.  92),  and  more  fully  examined 
byMendius  (Ann.  Ch.  Pharm.  ciii.  39  ;  Jahresb.  1857,  p.  319),  is  produced  by  ex- 
posing perfectly  dry  salicylic  acid  (prepared  from  wintergreen  oil)  to  the  vapour  of 
sulphuric  anhydride.  The  product  dissolved  in  a  small  quantity  of  water  is  separated 
by  filtration  from  unaltered  salicylic  acid ;  the  filtrate  is  saturated  with,  carbonate  of 
barium ;  the  resulting  barium-salt,  which  separates  partly  as  the  filtrate  cools,  partly 
on  evaporation,  is  decomposed  by  a  slight  excess  of  sulphuric  acid;  the  filtered  solution 
is  partially  saturated  with  carbonate  of  lead ;  the  lead  is  precipitated  by  snlphydric 
acid ;  the  concentrated  filtrate  is  left  over  oil  of  vitriol  till  it  deposits  sulphosalicylic 
acid  in  ciystals ;  and  these  are  freed  from  the  viscid  mother^liquor  by  means  of  abso- 
lute alcohol. 

Sulphosalicylic  acid  crystallises  in  long  thin  needles,  which  are  dissolved  in  all 
proportions  by  footer,  alcohol,  and  ether,  and  absorb  moisture  from  the  air.  It  is  a 
very  strong  and  permanent  acid.  Its  solution  dissolves  zinc  with  evolution  of  hydro- 
gen, and  is  not  oecomposed  by  heating  with  nitric  or  hydrochloric  acid,  either  dilute 
or  concentrated ;  by  boiling  with  a  mixture  of  the  two,  however,  it  is  resolved  into 
sulphuric  and  salicylic  acids,  the  latter  being  further  converted  into  perchloroquinone 
(cbioranil),  which  separates  in  yellow  flocks.  Sulphosalicylic  acid  melts  at  120°,  and 
decomposes  at  higher  temperatures,  giving  off  phenol  and  a  sublimate  oi  salicylic  acid. 
(Mendius.) 

Sulpho salicylates. — Sulphosalicylic  acid  is  dibasic,  forming  neutral  add  and 
double  salts.  Thev  are  all  soluble  in  water  (the  lead  and  silver-salts,  however,  sparingly 
soluble),  and  nearly  all  are  insolnble  in  alcohol  and  ether.  With  ferric  salts,  they  pro- 
duce a  deep  violet  coloration,  inclining  more  to  red  than  that  produced  by  salicylic  acid. 
They  do  not  give  off  the  whole  of  their  crystallisation-water  below  180° — 200°,  and 
decompose  at  higher  temperatures,  with  evolution  of  phenol ;  the  add  salts  also  yield 
A  sublimate  of  salicylic  add. 

The  ammonium' salt  IB  difficult  to  obtain  pure,  its  solution  turning  brown  and 
giving  off  ammonia  when  evaporated. 

Barium-8alt8.—The  neutral  salt,  C'H*Ba''S0".3H«0,  prepared  as  above,  is 
crystalline,  easily  soluble  in  hot^  less  easily  in  cold  water. — The  acid  salt, 
C"H'»JBa"SK)«.4H«0,  or  C»H*Ba"S0«.C»H«S0«.4H*0,  crystallises  in  obUque,  irreguhir, 
six-sided  prisms. 

The  calcium-salt,  C'H*Ca'^*H*0,  forms  hemispherical  groups  of  silky 
needles. 

Copper-salts,— The  neutral  salt,  CH^Cu^SO*  (at  180O),  obtained  by  decomposing 
the  barium-salt  with  cupric  sulphate,  forms  cauliflower-shaped  masses  of  ciystals,  ex- 
tremely soluble  in  water.— A  basic  salt,  C'H*Cu"S0'».Cu"0.2H»0,  is  obtained  as  a  green 
crystalline  powder  by  digesting  the  add  with  recently  precipitated  cupric  oxide  and 
evaporating. 

The  lead-salt,  C'H^PVSO',  crystallises  indistinctly  in  small  round  nodules. 

The  magnesium-salt,  C'H*]tfg'S0*.3H*0,  crystallises  in  long  irregularly  cross- 
ing rectangular  prisms,  which  become  opaque  in  the  air,  and  dissolve  very  easily  in 
water.  The  solution,  mixed  with  sal-ammoniac  and  ammonia,  is  not  predpitated  by 
phosphate  of  sodium  till  boiled. 

Potassium-8alts,^T}ie  neutral  salt,  C^*K^SO:2B^,  IB  permajMnt  in  the  air, 
veiT  soluble  in  water,  less  soluble  in  alcohol,  and  may  be  crystallised  from  the  latter. 
—The  acid  salt,  C'H^KS0*.2H''0,  separates  £rom  a  hot  concentrated  solution  in 
spherical  groups  of  needles.— Another  acid  salt,  C^^K^SO<.C'H^EO*.H*0,  separates 
fiom  a  solution  of  the  neutral  salt  mixed  with  a  small  quantity  of  free  add. — Potassio' 
cupric  and  potassio-plumbic  sulphosalicylates  have  been  obtained  as  unciystallisable 
masses. 
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The  $iiv€r'$alt,  C'H*Ag>SO«.H*0,  obtained  by  digesting  xecently  nreeipitated 
fnlreiwrnde  in  the  hot  aqneooa  add,  ie  eparingly  aolable  in  cold,  eaaily  aomble  in  hot 
water. 

8o(iium'ialt9,—T!hB neutral  salt^  C*H^a*S0'.3HK>,  fonua  transparent,  oolonr- 
len,  oblique,  six-sided  prisms,  which  do  not  give  off  all  their  water  till  heated  to  200^ ; 
it  dissolTes  easily  in  water.— A  sodio-patassie  9aU,  CrH^KNaSC.iHH),  obtained  by 
neutralising  the  aeid  potassinm-salt  with  carbonate  of  sodinm,  crystallises  in  reetan- 
gnlar  prisms  haying  a  silky  lustre. 

The  gine-aalt,  C'H«Zn'S0*.3H*0,  resembles  the  magnesiua-salt. 

Ethylic  Suljfkosalieylate,  C^\C*R^y&0*,  is  formed  by  the  action  of  ethylie 
iodide  on  argentic  sulphosalicylate,  and  separates  from  alcoholic  solution  in  soft, 
kneadable,  silky  crystals,  which  are  perfectly  neutral,  melt  at  56^,  and  distil  unal- 
tered with  water.    (M  e  n  d  i  u  s.) 


*TO  or  ASKTA-SramOOASBAMIO   AOXD.    OH'NS" 

-  G*H>CyS.H^  -     (Ckyl^,     (W.ill,  Ann.  Ch.  Phazm.  liL  30.)^This  acid  is  not 

known  in  the  £ree  state.  Its  salts  may  be  regarded  as  compounds  of  allylio  snlpho- 
cyanate  (oil  of  mustard)  with  metallic  sulphydrates,  and  those  which  are  soluble  may 
be  pioduoed  by  the  dir»;t  union  of  these  constituents ;  also  by  the  action  of  allylio 
sulphocyanate  on  the  alkaline  solutions  of  the  cozresponding  hydrates.  The  insoluble 
salts  are  formed  by  precipitation.  

The  ammaniuni'^t,  G«H>"N'S*  -  (G^^)CNS.(NH«)HS,  formed  as  above  by  direct 
combination,  solidifies  to  a  magma  of  colourless  lamins ;  it  is  very  unstable^  decom- 
posing spontaneously  at  ordinary  temperatures. 

The  jpottutiwmrtalt,  C'H'KNS*  ->  (C'H*)CyS£BS,  separates  by  slow  evaporation 
from  an  alcoholic  or  even  an  aqueous  solution  of  potassic  sulphydrate,  to  which 
mustard-oil  is  added  as  long  as  its  odour  is  destroyed,  in  large  rhombic  plates ;  by 
quicker  evaporation  in  smaller  drstals.  It  may  also  be  prepared  by  slowly  dropping 
oil  of  mustard  into  a  concentrated  solution  of  potash  in  absolute  alcohol ;  decanting 
the  solution  after  several  hours  from  the  crystallised  potassic  carbonate^  diluting  it 
with  water,  and  evaporating  the  pale-yellow  filtrate  to  a  syrup :  this,  when  set  aside, 
deposits  shining  crystals  of  potassic  sulphosinapate.  The  salt  cannot,  however,  be 
obtained  quite  pure. 

The  crystals  of  potassic  sulphosinapate  are  transparent  and  colourless  so  Ions  as 
they  remain  in  the  liquid,  but  on  exposure  to  the  air  they  become  opaque  and  yellow, 
lose  their  form,  and  become  partly  insoluble  in  water.  The  aqueous  solution  of  the 
recently  prepared  salt  may  be  heated  without  giving  off  the  odour  of  mustard-oil ;  but 
on  mixing  the  heated  solution  with  nitrate  of  silver,  sulphide  of  silver  is  precipitated, 
and  the  odour  of  mustard-oil  becomes  perceptible.  The  dried  salt,  when  heated,  gives 
off  mustard-oil,  and  yields  a  brown  liver  of  sulphur.  When  decomposed  by  sulphuric 
acid,  it  yields  a  large  quantity  of  sulphydric  acid,  but  no  sulphur. 

The  9odium-8alty  C^H*NaKS^3H'0,  is  formed  by  direct  combination,  and  separates 
in  nacreous  laminie,  which  are  unctuous  to  the  touch,  and  when  heated,  first  melt,  and 
then  give  off  a  large  quantity  of  mustard-oil ;  it  cannot  be  kept  without  decomposing. 

The  baHum-Mlt,  (?B'«Ba'T?«S«.4H«0     -     2(?H»C^S.Ba"*8«.4HK),  is  obtained: 

(1)  by  heating  oil  of  mustard  with  a  solution  of  barium-sulphydrate  containing  alcohol ; 

(2)  by  passing  sulphydric  add  gas  through  aqueous  alcohol  containing  hydrate  of 
barium  and  oil  of  mustard  in  suspension;  (3)  it  is  deposited  from  the  mother- 
liquor  of  the  idcoholic  solution  of  the  compound  of  allylic  sulphocyanate  and  sulphide 
of  barium  (p.  619).  It  forms  crystalline  laminn  resembling  the  sodium-salt  ana  very 
soluble. 

The  calciwn-salt,  as  obtained  by  the  second  method  of  preparing  the  barium-salt, 
forms  a  slightly  yellow  transparent  jeUv,  which  decomposes  m  drying. 

The  lead-salt,  C^"Fb'N4\  is  obtained  by  adding  neutral  acetate  of  lead  to  a  very 
dilute  solution  of  the  potassium-salt  addulated  with  acetic  add,  as  a  white  predpitate, 
which  decomposes  partially,  even  during  washing  and  drying  in  a  vacuum  over  oil  of 
vitriol,  and  quiddy  at  KMP,  yielding  oil  of  mustard,  sulphide  of  lead,  and  free 
suh^ur. 

when  decomposed  by  sulphurio  add,  it  gives  off  abundance  of  sulphydric  add, 
without  the  slightest  odour  of  mustard-oiL 

The  soluble  sulphosinapates  yield  with  eopper-ealte  a  green  predpitate,  and  with 
eUver-ealte  a  white  predpitate,  both  of  which  quickly  bladcen  and  decompose,  even 
when  immediately  tnrown  on  a  filter  and  washed  with  cold  water. 

SraFBOUWAVXSZV.  The  name  given  by  Henry  and  Qarot  to  sulphocyanate 
of  sinapine.    (See  Simafinb,  p.  308:) 
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CfH-BO*    -    C*H«0«.SO«    -       (SO)"    VO*. 

H»    y 

(Fehling*  Ann.  Gh«  FhArm.  xxxriii.  286;  zliz.  308.) — ^Froduoed  by  earooeinff 
■Qocinic  acid  to  theyaponr^of  sulphuric  anhjdride  in  a  ymsoI  eztemaJly  cooled,  and 
heating  the  reenlting  Tiecons  mass  to  40^  or  60°  for  several  hours.  The  product  is 
dissolTed  in  water,  the  solution  saturated  with  carbonate  of  lead,  the  lead-salt 
decomposed  bj  snlphydric  acid,  and  the  filtered  solution  eraporated  in  a  vacuum  over 
oilofTitriol. 

SulphoBuecinie  acid  thus  obtained  forms  mammellated  crystals,  very  soluble  in 
water,  alcohol,  and  ether;  it  has  a  yeiy  sour  taste,  and  decomposes  quickly  when 
heated,  leaving  an  abundant  carbonaceous  residue.  The  cnrstals  absorb  moisture 
from  the  air ;  their  aqueous  solution  is  partially  decomposed  by  evaporation  over  the 
water-bath. 

Sulpho succinates. — T^  acid  is  tribasie,  the  neutral  sulphosuocinates  of  mona- 
tomic  metals  haying  the  composition  C^HItf^SO'.  The  acid  saturates  bases  corn* 
pletely,  and  even  decomposes  acetates. 

The  nmUral  ammonium-salt,  C*H*(NH*)>SOMro,  is  obtained  by  placing  a  strong 
solution  of  the  acid,  together  with  aqueous  ammonia,  under  a  bell-iar,  in  the  form  of  a 
syrup,  which  ultimat^  becomes  filled  with  needles  having  an  acid  reaction. 

Potamumsaltt.— The  neutral  or  tripotassie  salt,  2OH*£'S0'.3H*0,  is  obtained  by 
saturating  the  acid  with  potassic  carbonate  and  evaporating  in  a  vacuum,  as  a  syrup 
containing  a  few  delii^uescent  ciystals ;  but  on  adding  a  small  quantity  of  acid  to  the 
liquid,  it  quickly  solidifies  to  a  crystalline  pulp.  The  salt  is  insoluble  in  absolute 
alcohoL  It  gives  off  a  third  of  its  water  in  a  vacuum,  the  rest  when  heated. — The 
difoiaatie  9aU,  C*H^K'S0'.2H'0,  obtained  by  adding  sulphosuoeinie  add  to  the 
neutral  salt,  is  very  soluble  in  water,  and  has  an  acid  reaction. 

The  neutral  eodium-aaU,  obtained  by  decomposing  the  hairiwm^eaU  with  sulphate  of 
sodium,  is  also  very  soluble  in  water. 

The  neutral  barmm-eali,  0<H«&*S*O>«  (at  lOO^),  is  a  white  precipitate^  obtaued  by 
precipitatinff  the  neutral  potassium-salt  with  barium-chloride ;  it  is  very  soluble  in 
nitric  or  hydrochloric  add ;  dissolves  also  in  sulphosucdnic  add,  the  solution,  when 
left  in  a  vacuum,  depositing  crystals  which  appear  to  consist  of  an  acid  salt. 

An  add  ealcium-aaltt  G^H*Ca''SO'  (at  100^),  is  obtained  by  dissolving  calcic  carbonate 
in  sulphosucdnic  add  and  evaporating  to  dryness. 

The  moffneeiumr-salt  is  uncrystallisable.  The  sulphosucdnates  of  manganese,  «ro», 
eobalt,  nickely  and  copper  appear  to  be  soluble,  inasmuch  as  the  potasdum-salt  does 
not  predpitato  the  solutions  of  these  metals. 

The  neutral  lead-^aU,  0>H*Pfi*S'0'\3H*0,  is  a  white  predpitete,  obtained  by  adding 

acetate  of  lead  to  an  alkaline  sulphosucdnato.    A  hasio  eaU,  G'H*PVSK)>«J»b''0  (at 
100^),  is  formed  by  treating  the  neutral  salt  with  ammonia. 

The  silver-salt  is  a  white  predpitato,  which  decomposes  completely  during  washing, 
acquiring  a  deep-green  colour. 

nr&VHOStr&PttAarvXZO  ACXB.  Syn.  with  AiCTLStiifHUsovs  Aon.  (See 
SuLPHUsous  Ethbbs.) 


smbYKOSTAnATas  and  BinbVKOSTAJi  M ITBS.  See  Tzw,  Sulphides  of. 
8irZi»XOTaiUbmtATS8  and    SVVBOTBl&URITaS.      See  Tbllubiux, 

SULFHIDBS  OF. 


Syn.  with  Tetxtlsttlphxtbous  Acid. 
BOT78  Ethbbs.) 


SUliPBOTO&iro&AlCZBa  or  BU&PB08SVZ'nAaiI»a.     C'H*NSO^~. 

This  compound,  homologous  with  sulphophenylamide,  and  prepared  by  a  similar  procesa 
(p.  6281  cnrstaliises  from  hot  water  in  needles  or  in  lamine.  When  heated  with 
pentachloride  of  nhosphorus,  it  is  converted  into  a  thick  oil,  which  is  decomposed  by 
water,  with  reproduction  of  the  amide;  when  distilled  with  the  pentachloride,  it  ffivea 
off  a  liquid  which  partly  dissolves  in  water,  the  solution  also  yielding  crystalB  of 
sulphotoluolamide.    (Fittig,  Ann.  Ch.  Pharm.  cvi.  277.) 

Sinb»BOTOXiinnuiO  OXXOBllMk  OrQ'SO*Cl.  Syn.  with  BBBiTLSULPHUBOua 
Chlobidb.    (See  Suxfhubods  Ethsbs.) 


StntFHOTOIiTliAXXO  or  BSHXTXdnr&VXASnO  JkCXB.    C'H'NSO'     « 

(S0»)-    0      (^-  Sell,  Ann.  Ch.  Pharm.  cxxvi.  168 ;  Chem.  Soc.  Qu,  J.  [2]  i.  186.)— 
H      I 
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Frodneed  "by  CftreMlj  mixiiig  9  pts.  fomiiig  oalphiiric  acid  with  5  pts.  finely  divided 
toluidine  (benzylaniine),  and  eently  heating  the  sympy  mass  till  it  giyee  off  a crandance 
of  sulpfaiiToiifl  anhydride.  Tne  solution  is  mixed  with  cold  water,  decolorised  by 
boiling  with  animal  charcoal,  and  evaporated  till  it  assnmes  a  reddish-yellow  colour ; 
the  acid  then  separates  in  light-yellow  needles,  which  may  be  purified  by  reciystal- 
lisation  from  water.  The  first  mother-liquor  yields  rhomboidal  oystals^  probably  of 
benzyldisulphamic  add  (p.  480). 

The  sulphotolylamates  or  benzylsulphamates  are  mostly  veiy  soluble  in 
water;  the  barium-salt  crystallises,  in  groups  of  laminse ;  the  silver-salt^  G'fi'AgNSO', 
in  white  laminae,  which  turn  grey-hen  exposed  to  light. 

SV&VBOT&IPBOBVaLaSKIBa.    KTH'S    »    ^«^^(^'-   C^'  Schiff,Ann. 

Ch.  Pharm.  ci.  299.)— This  compound  appears  to  be  formed  by  the  action  of  ammonia- 
gas  on  phosphoric  sulphochloride : 

PSCl*  +  8NH»     -     3HC1  +  TPPSB*. 

The  white  mass  formed  bj  the  reaction  is  decomposed  slowly  by  cold,  immediately  by 
warm  water,  with  evolution  of  sulphydric  acid.  Alcohol  extracts  sal-ammoniac  from 
it,  and  at  the  same  time  decomposes  Uie  other  body  contained  in  it,  which  is  probably 
fiulphotriphosphamide. 

(psy-) 

Triphen^l-sulphoiripkospkamidet  (C'H*)'yN',  appears  to  be  contained,    together 

H«     ) 
with  hydrochlorate  of  aniline,  in  the  white  mass  produced  by  the  action  of  phosphoric 
sulphochloride  on  aniline.     (S  c h  i  f  f. ) 

SU&FBOVAWABATBSandSinbVBOVAVADITBB.   See  Vakadiitm,  SuL* 

PHIDES  OF. 

■irbFBOVnnC  ACfIB*    Syn.  with  Ersn^rrLFHUBic  Acid.    (See  Sulfrubic 

lE^TKSBB,) 

■V&VBOVXBZBZO  ACZB.    See  Iksioosulprubic  Acid3  (iii.  262). 


BV&VBO 


[     See  Ctakookn,  SuLPSTDRiiTBS  OP  (ii.  285). 


av&VBOXTBawzozO  ACZB.  C'H*SO«  »  G'H'O'.SO*.  (Griess,  Zeitschr. 
Ch.  Fharm.  1864,  p.  638.) — This  acid,  isomeric  with  sulpbosalicylic  acid,  is  produced 
by  dissolving  sulphato-diazobenzoic  acid  *  in  warm  concentrated  sulphuric  acid : 

C'H«N*0*.SHH)«     -     C'H«0«.SO"  +  N«. 

It  crystallises  out  when  the  evolution  of  gas  has  ceased,  and  is  obtained  by  recrystal- 
lisation  from  water,  in  white  laminse,  soluble  in  alcohoL  It  is  dibasic,  like  sulpbosa- 
licylic add.  The  neutral  barium-salt^  C^^Ba"SO*,  crystallises  in  sparingly  soluble 
pnsms.  fiy  strong  nitric  acid,  it  is  resolved  into  sulphuric  and  tritro-oxybenzoie 
acids. 

The  name  sulphoxybenzoic  acid  was  formerly  applied  by  Griess  (JahresK 
^861,  p.  418)  to  the  compound  C'H'SO*,  produced  by  the  action  of  sulphydric  acid  on 
tiie  platinum-salt  of  chlorhydrato-diazobenzoio  acid  (iv.  294). 

tnnuwwanL  Atomic  Weight,  82;  Symbol,  S.  Vapour-dmtiiy  «  32,  refeired  to 
hydrogen,  or  2*218,  referred  to  air  as  unity. 

Sulphur  {sal,  wop),  or  brimstone  {brennest4}ne),  has  been  known  firom  the  earliest 
times.  It  occurs  native,  either  in  the  form  of  transparent  amber-coloured  crystals 
(virgin  sulphur),  or  in  opaque,  lemon-yellow,  crystalline  masses  {votcaTUo  sulphur). 
It  is  found  principally  in  Sicily,  in  beds  of  a  blue  clay  formation,  considered  to  be 
moro  recent  than  the  chalk.  The  sulphur  is  imbedded  in  a  matrix  of  rock-salt, 
gypsum,  and  celestine.  Similar  beds  containing  sulphur  exist  in  other  parts  of  Europe 
and  in  Mexico.  It  is  abo  found  occasionally  in  primitive  rocks,  granite,  mica,  &c 
It  abounds  in  the  lava- fissures  of  volcanic  craters,  as  instanced  especially  in  the  case 
of  the  Solfatara  near  Naples  (Forum  Vuleani),  and  in  the  volcano  of  Popocatepetl  in 
Hexico.  Sulphur  also  occurs  native  in  combination  with  different  metals,  forming 
metallic  sulphides,  of  which  the  principal  are  blende,  iron-pyrites,  copper^pyrites, 
galena,  cinnabar,  grey  antimony,  and  realgar.  Sulohydric  add  occurs  in  nepatio 
mineral  waters,  ana  among  the  products  of  animal  decomposition.    Sulphurous  add 

*  Obtained  in  needle-shaped  cryttalt  by  d1t«olvlD«(  nitrato-diaiobenxoic  acid  (iv.  294)  in  ralplioile 
add  diluted  with  an  equal  bulk  of  water,  then  adding  3  voir,  aicohol  and  afterwards  ether.  When 
heated  tomewhat  above  100°.  it  is  reiolTrd  into  Btilphurtc  arid,  lulphoxybmaolc  acid,  and  a  very  perma*- 
mdC  flulpho  add,  Cl<H■«80^  which  is  insoluble  hi  water.    (Griess.) 
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is  a  fireqnent  constituent  of  volcanic  emanations,  and  free  sulphuric  acid  is  sometimes 
found  in  the  waters  of  volcanic  neighbourhoods.  Qypsum,  coelestin,  and  heavy  spar 
oonstitnte  well-known  minerals ;  and,  in  addition  to  gypsum,  the  sulphates  of  magne- 
sium and  sodium  are  very  common  ingredients  of  mineral  waters.  Sulphur  exists  in 
the  protein-compounds  of  animal  and  vegetable  organisms,  in  the  taurine  of  bile,  in 
the  cystin  of  urine,  and  in  the  alliaceous  volatile  oils. 

Extraction. — 1.  Native  sulphur  is  sometimes  purified  by  a  rough  process  of  fusion, 
effected  on  the  spot  where  it  is  obtained.  A  heap  is  set  fire  to,  whereby  the  heat 
evolved  from  the  burning  of  one  portion  irises  the  remainder.  It  is  :^ea  usual,  how* 
ever,  to  puri^  it  by  distillation  in  upright  earthen  pots  or  retorts,  S4''.  br  k  to  back, 
in  two  rows,  m  a  long  brick  furnace.  The  distillate  is  received  in  somewhat  similar 
pots,  arranged  in  two  rows  outside  the  furnace,  and  furnished  each  with  an  opening 
near  its  base,  through  which  the  sulphur  condensed  within  the  pot^  flows  into  a  pail 
of  water,  in  which  it  congeals.  The  sulphur  thus  purified  by  fusion  or  distillation  is 
known  as  rough  sulphur,  and  contains  about  3  per  cent,  of  foreign  matter.  It  is 
further  purifi^  bv  redistillation  in  an  iron  still.  The  vapours  are  sometimes  received 
in  a  large  brick  (mamber,  within  which  the  sulphur  condenses  in  a  pulverulent  state 
to  constitute  flowers  of  sulphur,  or  sublimed  sulphur;  or  it  is  condensed  in  the 
liquid  state  in  a  smaller  and  hotter  receiver,  and  is  either  cast  into  sticks,  when  it  con- 
stitutes roll-sulphur,  or  is  allowed  to  congeal  in  mass,  when  it  constitutes  refined 
lump-sulphur. 

2.  rrom.  Pyriiea, — Sulphur  may  be  obtained  by  heating  disulphide  of  iron  in  dose 
vessels,  precisely  as  oxygen  is  obtained  by  heating  dioxide  of  manganese  under  similar 
conditions : 

8FeS^     -    Fe«*  +  S«. 

Iffannfiictnred  sulphur  is  made  principally  from  copper-pyrites,  a  double  sulphide  of 
copper  and  iron,  as  a  preliminary  stage  in  the  process  of  copper-smelting.  Upon  a 
layer  of  broken  pyrites  is  placed  a  layer  of  brushwood,  and  on  this  is  constructed  a 
huge  pyramidal  pile  of  ore,  having  a  central  wooden  chimney  communicating  with 
air-passages  left  among  the  brushwood.  The  whole  pile  is  covered  with  powdered 
ore,  and  the  mass  set  fire  to  bv  dropping  lighted  fiiggots  through  the  chimney. 
As  the  slow  combustion  of  the  pile  proceeds,  sulphur  gradually  trickles  down,  and  is 
collected  in  cavities  made  extempore  in  the  walls  of  the  heap,  whence  it  is  ladled  out 
into  moulds.  Such  a  heap,  consisting  of  some  2,0X)0  tons  of  ore,  will  continue  burning 
for  five  or  six  months,  and  will  yield  about  20  tons  of  rough  sulphur,  which  may  be 
purified  by  fusion  or  distillation.  Copper-pyrites  is  sometimes  roasted  for  the  extrac- 
tion of  sulphur  in  a  tall-domed  furnace,  from  the  summit  of  which  a  horizontal  fine 
conveys  the  sulphur-vapours  into  a  chamber,  within  which  they  are  condensed.  The 
sulphur  obtained  from  pyrites  is  partly  expelled  by  heat,  partiy  displaced  by  oxygen. 

8.  Sulphur  is  also  prepared  in  this  country  from  the  decomposition,  by  exposure  to 
air,  of  the  hjfdrated  tndphids  of  iron,  resulting  from  the  purification  oi  crude  coal-gas 
with  ferzio  oxide  or  hydrate : 

2FeS  +  HH)  +   ()•     -     2HFe"'0»  +  S*. 

The  hydrate  of  iron  produced  in  the  above  reaction  is  again  used  to  purify  the  crude 
gas,  whereby  it  becomes  converted  into  sulphide,  and  this  sulphide  is  then  reconverted 
into  oxide  and  sulphur  by  exposure  to  air  as  before.  These  alternate  processes  are 
repeated  an  indefinite  number  of  times,  until  the  amount  of  sulphur  in  the  matenal 
reaches  from  40  to  60  per  cent.,  when  it  is  distilled  off  in  iron  retorts. 

4.  From  JlkaU-wasU, — Alkali-makers*  waste,  or  tank-waste,  consists  of  sulphide  of 
calcium,  together  with  alkaline  sulphides,  chalk,  lime,  &c.  (p.  324).  This,  when 
decomposed  by  hydrochloric  or  carbonic  acid,  yields  a  mixture  of  sulphydric  acid  and 
carbonic  anhydride ;  and  by  introducing  an  additional  quantity  of  carbonic  anhydride, 
with  some  atmospheric  air  or  sulphurous  anhydride,  and  heating  this  mixture  of  gases 
to  redness,  the  hydrogen  of  the  sulphydric  acid  unites  with  oxygen,  forming  water, 
and  the  sulphur  is  Uberatcd  in  the  form  of  uncombined  sulphur-vapour,  which  by 
cooling  becomes  condensed  to  liquid  and  solid  sulphur.  (For  details  of  this  and  the 
other  methods  of  preparing  siUphur,  see  Richardson  and  Watts' s  Chemical 
Technology,  vol.  i.  part  iii.  pp.  1-27.) 

6.  Sulphur  results  from  a  great  number  of  other  reactions,  which,  however,  are  not 
usually  employed  for  its  commercial  preparation.  Thus  it  may  be  obtained  by  decom- 
posing an  alkaline  polysulphide  with  an  acid ;  by  the  decomposition  of  the  chlorides 
of  sulphur  with  water ;  by  the  spontaneous  decomposition  of  hyposulphurous  acid ;  by 
the  ignition  of  the  tri-,  tetra-,  and  penta-thionates,  &c. 

Propertiu, — At  ordinary  temperatures  sulphur  is  a  very  brittle  solid,  of  a  lemon-yel- 
low colour,  tasteless  from  its  insolubility  in  water,  and  almost  inodorous.  It  is  a  bad 
conductor  of  heat,  and  a  non-conductor  of  electricity.   By  friction  with  wool  or  hair,  it 
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beoomes  nogatirely  electric.  Its  specific  gr&rity  in  th^  natiTe  czystalline  state  is  2*05; 
It  begins  to  melt  at  114*5^,  and  at  120^  is  converted  into  a  perfectly  limpid,  pale- 
yellow  liquid,  which  is  lighter  than  solid  sulphur.  Provided  the  temperature  of  120^ 
has  not  been  much  ezceededi  it  resolidifies  suddenly  at  that  same  temperature  into  a 
transparent  mass,  which  retains  its  transparency  for  a  long  time.  By  heating  sulphur 
to  a  temperature  much  above  120^,  its  oongealing-point  is  lowered  to  111*5^,  from,  the 
production  of  a  peculiar  modification  of  the  element.  Sulphur  which  has  been  con- 
gealed at  this  low  temperature  is  at  first  transparent,  but  becomes  opaque  much  more 
rapidly  tha^^^t  whi<Mi  has  been  congealed  at  120°.  As  melted  sulphur  is  gradually 
heated  aboVo  120°,  it  becomes  darker  and  more  viscid,  until,  at  the  temperature 
of  200 — 250°,  it  is  so  thick  that  the  fiask  in  which  it  is  contained  may  be  inverted 
without  any  outflow  taking  place.  The  temperature  of  maximum  viscidity  remains 
constant  for  some  time,  owing  to  a  considerable  absorption  of  latent  heat.  At  from 
250 — 300°  and  upwards,  the  sulphur  again  liquefies,  but  does  not  become  so  fluid  as 
at  115 — 120°  when  first  melted.  On  cooling  it  passes  inversely  through  the  same 
changes  of  state.  Sulphur  boils  at  440°,  and  is  converted  entirely  into  an  orange- 
ooloured  vapour.  According  to  Bineau,  whose  statement  has  recently  been  confirmed 
by  Deville  and  Troost^  the  density  of  sulphur-vapour,  when  taken  at  the  temperature 
of  1000°,  is  32  times  as  great  as  that  of  hydrogen  at  the  same  temperature ;  but  its 
density  taken  at  about  600°  is  anomalous,  being  three  tiroes  as  great  as  it  should  be 
theoretically.  Sulphur  vaporises  to  a  slight  extent  at  ordinary  temperatures ;  so  that 
a  piece  of  nlver-leaf,  suspended  at  some  distance  above  a  stick  of  sulphur,  becomes 
slowly  transformed  into  sulphide  of  silver. 

Sulphur  is  remarkable  for  the  great  number  of  allotropic  forms  in  which  it  can 
exist  Of  these,  however,  there  are  two  principal  well-characterisfd  varieties,  namely, 
the  soluble  and  insoluble,  and  many  minor  modifications.  Berthelot  distinguishes  the 
soluble  variety  by  the  name  of  electro-negative  sulphur,  because  it  is  the  form 
which  appears  at  the  positive  pole  of  the  battery  during  the  electrolysis  of  sulphydrie 
acid,  ana  is  separated  m>m  the  combinations  of  sulphur  with  the  electro-positiye  metals. 


rSff.  782. 


Fiff.  783. 


Fiff.  784. 


The  insoluble  variety  he  distinguishes  as  electro-positive  sulphur,  because  it  is 
the  flsmwhidi  appears  at  the  negative  pole  during  the  electrolysis  of  sulphurous  acid, 
and  separates  nom  the  compounds  of  sulphur  with  the  electro-negatire  elements, 
chlorine,  bromine,  oxygen,  &c.  The  following  are  the  most  important  modifications  of 
soluble  sulphur: — 

1.  The  ootdkednd  variety,  frequently  represented  by  the  symbol  So,  which  is  the  most 
stable^  uid  the  one  into  which  all  the  otner  varieties,  soluble  or  insoluble^  tend  to 
change.  It  is  the  fonn  in  which  native  sulphur  is  found,  and  in  which  the  crystals  of 
sulphur,  obtained  by  the  spontaneous  evaporation  of  its  solution  in  carbonic  disulphide, 
are  usually  deposited.  Its  specific  gravity  is  2*05,  and  its  melting-point,  according  to 
Biodie,  114*5°.  It  is  readily  soluble  in  carbonic  disulphide,  disulphide  of  chlorine, 
bensene,  turpentine,  petroleum,  &c. ;  slightly  soluble  in  alcohol  and  ether.  ^  Its 
crystalline  form  is  that  of  an  elongated  octahedron,  belonging  to  the  trimetric  or  right 
prismatic  system  {fig»  782),  with  the  modifications  shown  in  figs.  783,  784.  Axes, 
«  :  5  :  c  -  0*8106  :  1  :  1*898.  Angle,  P  :  JP  (brach.)  -  106°  18',*  P :  P  (macr.) 
-  84°  SS**,  P :  P  (basal)  -  143°  IT;  !"«>:  Pco  (basal)  «  124°  24'.  Cleavage  im- 
perfect psmllel  to  P  and  ODP. 
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2.  The  fnonodmic  or  oblique  prinnatic  varietj,  often  represented  by  the  BTmbol  Sfi, 
may  be  obtained  b^  the  slow  cooling  of  melted  snlphur,  or  by  heating  octc^edral 
sulphur  for  some  time  to  a  temperature  of  105 — 115°.  If,  wnen  a  few  pounds  of 
melted  sulphur  have  been  idlowea  to  cool  slowly,  until  a  crust  has  formed  on  the  sur- 
face, that  superficial  crust  be  broken,  and  the  still  liquid  sulphur  be  poured  out  from 
the  interior,  the  solidified  walls  will  be  seen  to  be  lined  with  transparent  yellowish- 
brown  needles,  czystallised  in  secondary  forms  of  a  monodinic  prism.  Axes,  a:  b:  e 
«  1-004  :  1  :  1-004.  Angled  :  c  =  84°  14';  ooP  :  odP  (orthod.)  «  89°  28';  [Poo  ]  : 
[Poo]  (din.)  -  90°  18';  oP  :  ooP  -  85°  54'.  Ordmary  combination  ooP  .  oP(like 
Jig.  284,  ii.  152),  with  —  P,  [Poo]  and   ooPoo.    Twins  occur  combined  by  the  face 

odPoo  .  The  specific  gravity  of  prismatic  sulphur  is  1  '98.  According  to  !Brodie,  when 
free  from  plastic  sulphur,  the  presence  of  which  lowers  its  melting-point  to  111*5°, 
it  melts  and  resolidifies  at  120°.  It  dissolves  readily  in  carbonic  disulphide  and 
other  menstrua.  In  the  course  of  a  few  davs,  this  prismatic  form  of  sulphur 
becomes  spontaneously  converted  into  the  octahedral  variety,  the  conversion  being 
attended  with  a  development  of  heat,  which  is  most  eviaent  when  the  change 
is  effected  artifidally  by  scratching  the  crystals.  Opaque  vellow  spots  first  make 
their  appearance,  and  then  gradually  spread  throughout  the  mass.  The  cirstals 
retain  their  prismatic  shape,  but  on  examination  are  found  to  be  converted  into 
aggregations  of  minute  octahedrons.  Conversely,  a  transparent  crystal  of  octahe- 
dral sulphur,  when  heated  to  105 — 115^,  becomes  transformed  into  an  opaque  mass  of 
oblique  prismatic  crystals.  When  a  saturated  solution  of  sulphur  in  hot  turpentine  is 
allowed  to  cool,  the  crystals  first  deposited  are  of  the  prismatic,  those  last  deposited 
(when  the  liquid  has  become  comparatively  cool)  of  the  octahedral  variety.  Occasion- 
ally a  few  transparent,  oblique  prismatic  crystals  are  deposited  from  the  solution 
of  sulphur  in  earoonic  disulphide,  but  they  soon  break  up  into  opaque  aggregations 
of  minute  octahedrons.  Boll-sulphur  when  first  cast  is  of  the  obbque  prismatic,  but 
by  keeping  it  chanses  into  the  octahedral  variety.  Its  molecular  condition,  however, 
is  unstable,  like  that  of  unannealed  glass,  whence  it  retains  for  a  long  time  the 
spedfic  gravity  of  the  prismatic  modification. 

3.  The  amorphous  soluble  variety  of  sulphur  is  predjpitated,  in  the  form  of  white 
emulsin,  on  addition  of  adds  to  diluted  solutions  of  alkaline  polysulphides : 

K«S»  +  2HC1     -     2KC1  +  H«S  +  S«. 

When  examined  microscopically,  it  is  found  to  consist  of  minute  mnules  devoid  of 
crystalline  character.  It  is  readily  soluble  in  carbonic  disulphide  and  oth^  men- 
strua. This  form  of  sulphur  has  a  greenish-white  colour,  and  is  known  familiarly  by 
the  name  of"  milk  of  sulphur.''  By  keeping,  it  becomes  gradually  converted  into  octa- 
hedral crystals.  Sublimedsulphurappearsto  be  allied  to  Uiisform.  It  consists  of  much 
larger  granules,  neither  the  surface  nor  the  fracture  of  which  is  crystalline.  Sublimed 
sulphur  always  contains  a  minute  proportion  of  one  of  the  insoluble  modifications  of 
the  element.  Vapour  of  sulphur,  wnen  suddenly  cooled  by  contact  with  a  cold  surfooe, 
condenses  in  the  form  of  utricles,  or  of  liquid  drops  surrounded  by  solid  peUides.  These 
often  retain  their  liquidity  for  a  considerable  time,  but,  when  solidified,  seem  to  have 
the  same  character  as  the  granules  of  sublimed  sulphur.  By  keeping  they  become 
crystalline  in  tibe  octahedral  form. 

The  principal  modifications  of  insoluble  sulphur  are  the  following: — 1.  The 
amorphous  insoluble  variety,  the  most  stable  form  of  which  is  obtained  as  a  soft  magma, 
by  decomposing  disulphide  of  chlorine  with  water: 

2S»C1«  +   3H«0     -     4Ha  +   H«S«0»  +   S«. 

The  hyposulphurous  acid  produced  in  the  reaction  is  gradually  decomposed  into 
sulphurous  acid  and  sulphur,  thus :  H'SH)*  —  H'SO'  h-  S.  The  sulphur,  resulting 
in  this  way  from  the  spontaneous  decomposition  of  hyposulphurous  add,  has  the  same 
characters  as  those  formed  by  the  original  decomposition  of  the  disulphide  of  chlorine. 
It  may  be  obtained  at  once  by  adding  dilute  hydrochloric  acid  to  the  solution  of  a 
hypomilphite.  If,  in  preparinff  amorphous  soluble  sulphur  by  adding  an  add  to  the 
solution  of  ^  an  ordinary  alkaline  polysulphide  containing  some  hyposulphite,  any 
excess  of  add  be  added,  some  of  this  insoluble  variety  will  also  be  precipitated.  The 
above  form  of  sulphur  has  a  yeUow  colour,  is  insoluble  in  carbonic  disulphide  or 
other  menstruum,  and  is  quite  amorphous.  Closely  allied  to  it  are  the  amorphous 
insoluble  sulphur  obtained  bv  exhausting  sublimed  sulphur  with  carbonic  disulphide 
and  alcohol,  and  that  obtainea  by  exhausting  reconverted  plastic  sulphur  with  carbonic 
disulphide.  This  last  is  a  buff-coloured  powder,  slightly  soluble  in  anhvdrous  alcohol. 
Its  specific  gravity  is  1*95.  These  varieties  are  convertible  into  octahe<iral  sulphur  by 
iVision,  or  by  exposure,  for  a  greater  or  less  length  of  time,  to  the  temperature  of  100°. 
2.  Plastic  su^hur,  frequently  represented  by  the  symbol  S7,  is  obtained  by  heating 
melted  sulphur  to  the  temperature  260 — 300°,  and  then  cooling  it  suddenly  by  pouring 
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it  in  a  yery  thin  stream  into  cold  water.  It  is  thus  obtained  as  a  soft,  yellowish- 
brown,  semitransparent  mass,  capable  of  being  drawn  oat  into  fine  elastic  threads 
^ssessed  of  considerable  tenacity.  This  sulphur  has  a  specific  gravity  1*95,  and  is 
insoluble  in  carbonic  disulphide.  When  sulphur  heated  to  300^  is  suddenly  cooled 
by  a  mixture  of  solid  carbonic  anhydride  and  ether,  it  solidifies  into  a  hard  perfectly 
transparent  mass,  which  becomes  soft  and  elastic  at  ordinary  temperatures.  This 
appears  to  be  the  solid  state  of  plastic  sulphur.  Another  form  of  plastic  sulphur  may 
be  obtained  by  acting  upon  metallic  sulphides  with  boiling  nitric  or  nitromuriatic  add. 
Ordinary  plastic  sulphur  gradually  returns  in  the  course  of  a  few  hours  to  its  brittle 
state,  reacquires  its  yellow  colour,  and  becomes  converted  almost  entirely  into  the 
octahedral  variety,  the  conversion  being  accompanied  by  evolution  of  heat.  If 
plastic  sulphur  be  heated  to  100^,  the  change  takes  place  suddenly,  and  the  tempera- 
ture rises  to  110°.  According  to  Brodie,  sulphur  begins  to  pass  into  the  plastic  state 
at  a  temperature  very  little  above  120^;  and  the  gradual  loss  of  transparency  in 
crystallised  prismatic  sulphur  depends  upon  the  hardening  of  plastic  sulphur  enclosed 
mechanically  between  the  crystals.  Sulphur  which  has  been  converted  from  the 
plastic  Into  the  brittle  state  does  not  dissolve  entirely  in  carbonic  disulphide,  bnt,  as 
before  observed,  leaves  a  buff-colonred  residue  of  insoluble  sulphur,  the  proportion  of 
which  may,  it  is  said,  be  increased  by  frequently  causing  the  same  sulphur  to  assume 
alternately  the  plastic  and  the  brittle  state. 

The  black  and  red  modifications  of  sulphur,  described  by  Magnus  to  result,  the 
former  from  exhausting,  with  carbonic  disulphide,  the  mass  produced  by  the  frequent 
alternate  strong  heating  and  sudden  cooling  of  sulphur,  and  the  latter  from  heating 
the  black  modification  to  a  temperature  of  130 — 150°,  are  considered  by  Hitscherlich 
to  depend  upon  the  presence  of  greasy  impurities  in  the  sulphur.  When  solutions  of 
sulphydric  acid  and  ferric  chloride  are  mixed  together,  a  blue  precipitate  is  sometimes 
formed,  which  is  said  to  be  a  peculiar  allotropic  form  of  sulphur. 

Sulphur  may  be  made  to  combine  directly  with  the  great  majority  of  the  elements. 
Hydrogen-gas  and  sulphur-vapour  bum  in  one  another,  though  not  very  readily,  to 
form  sulphydric  acid,  H'S.  When  melted  sulphur  is  treated  with  chlorine-gas,  disul- 
phide of  chlorine,  OPS',  is  produced,  and  similar  reactions  take  place  with  bromine 
and  iodine.  Sulphur  is  highly  infiammable,  and  when  heated  in  air  or  oxygen  to  a 
temperature  of  250°,  takes  fire,  and  bums  with  a  clear  blue,  feebly  luminous  flame, 
being  converted  into  sulphurous  oxide,  SO*.  Carbonic  disulphide,  CS-,  results 
from  passing  sulphur-vapour  over  red-hot  charcoal.  Sulphur  also  unites  directly  with 
phosphorus,  arsenic,  silicon,  and  boron.  Nearly  all  the  metals  combine  directly  with 
sulphur,  either  at  ordinary  or  increased  temperatures.  Zinc,  iron,  copper,  lead,  silver, 
tin,  &C.,  bum  in  sulphur- vapour  with  great  brilliancy,  the  combustion,  save  of  the 
zinc  andiron,  commencing  spontaneously, provided  the  metal  is  in  a  su£Sciently  divided 
state.  Moreover,  mixtures  of  sulphur,  water,  and  finely-divided  metal — ^iron  or  copper, 
for  instance — begin  to  react  at  ordinary  temperatures,  evolve  a  considerable  amount 
of  heat^  and  yield  hydrated  protostdplude.  Sulphur,  when  acted  on  by  strong  nitric 
or  nitromuriatic  acid,  at  a  gentle  heat,  is  ffradually  dissolved,  with  production  of  sul- 
phuric add,  H*SO*.  Caustic  alkalis  also  dissolve  sulphur  readily,  with  formation  of 
metallic  snlphydrate  and  hyposulphite,  thus : 

4KB0  +  S*    -     2KHS  +  H«0  +  K«S«0«. 

The  two  atoms  of  sulphydrate  thus  produced  are  capable  of  dissolving  four  additional 
atoms  of  sulphur  to  form  a  metallic  pentasulphide  and  sulphydric  add :  2KHS  -i-  S* 
«  K*S»  +  H*a 

Sulphur  in  its  chemical  relations  is  the  representative  of  oxygen,  to  which  it  is 
equivalent,  atom  to  atom^  The  two  elements,  though  very  dissimilar  in  their  ordinary 
physical  charact^s,  correspond  very  closely  in  the  nature  of  the  compounds  which 
they  form,  and  in  the  properties  they  exhibit  when  both  are  in  the  gaseous  state. 
Although  sulphur  rarely,  if  ever,  displaces  oxygen  by  direct  elementary  substitution, 
yet  the  two  elements  are  mutually  interchangeable  by  double  decomposition  of  their 
respective  compounds;  and  in  the  great  mc^ority  of  instances  where  oxygen-com- 
pounds are  obtainable  by  addition  of  oxygen,  analogous  sulphur-compounds  are 
obtainable  by  the  addition  of  sulphur.  Thus,  when  cyanide  of  potassium,  KCN,  is 
treated  with  peroxides,  we  obtain  oxycyanate  of  potassium,  KCNO ;  and  by  treating  it 
with  sulphur,  or  persulphides,  we  obtain  sulphocyanate  of  potassium,  ECNS.  Again, 
oxygen-gas  and  sulphur-vapour  alike  support  the  comj^ustion  of  hydrogen,  charcoal, 
phosphorus,  and  the  metals,  to  form  precisely  analogous  compounds.  The  following  are 
a  few  illustrations  of  the  number  and  variety  of  corresponding  compounds  to  which 
oxygen  and  sulphur  respectively  give  origin : 

KHO,    C0»,    C*H«0,    C1«P0,    K«PO*,      Sb«OS«,    K«SnO«,    &c 
KHS,     CS«,     C»H«S,     CPPS,     K'PO'S,    Sb«S»,       K«SnS»,     &c. 
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An  atom  of  sulphtir,  being  the  aqniralent  of  an  atom  of  oxygen,  is  neceesarily  the 
equiralent  of  two  atoms  df  hydr(^en  or  chlorine.  Thus  the  chloride  and  sulphide  of 
triethylphosphine,  Et'PCP  and  Et'PS  respectirely,  made  by  acting  npon  trietnylphos- 
phine,  Et'P,  by  chlorine  and  sulphur  respectively,  are  the  strict  representatives  of  one 
another,  and  so  in  other  instances.  Certain  sulphur-compounds,  moreover,  manifest  a 
great  resemblance  to  those  of  carbon.     (O  d  1  i  n  g'  s  Manual  of  Chemistry.) 


18  OF.  Sulphur  dissolves  in  bromine  at  ordinaiy  tem- 
peratures without  perceptible  evolution  of  heat,  and  forms  a  brown-red  liquid,  contain- 
ing, according  to  Lowig,  the  compound  Br^S^,  which  is  decomposed  by  distillation,  half 
of  tJie  sulphur  being  separated,  and  the  compound  Br^S  distilling  over.  Neither  of  these 
compounds  bait,  however,  been  obtained  in  definite  form,  as  they  appear  to  be  capable 
of  dissolving  both  sulphur  and  bromine — the  latter,  indeed,  in  all  proportions.  The 
brown-red  solution  of  sulphur  in  bromine  smells  like  disulphide  of  chlorine,  and  reacts 
in  a  similar  manner  with  water,  nitric  acid,  ammonia,  &c.    (Qm.  ii  283.) 

BJrLVWtTRf  CBZiORZBSS  OF,  or  SVZiPBXBBS  OF  CBIiOSna.  Sul- 
phur and  chlorine  unite  directly  even  at  ordinary  temperatures,  more  quickly,  however, 
when  sulphur  is  sablimnd  in  an  atmosphere  of  chlorine.  Only  one  compound  of  these 
elements  has  been  obtained  pure  in  the  free  state — ^viz.  the  disulphide  of  chlorine, 
CPS',  analogous  to  disulphide  of  hydrogen.  —  A  protosidphide  of  chlorine,  C1*S, 
analogous  to  sulphydric  acid,  is  usually  described  as  produced  by  treating  the 
disulphide  with  excess  of  chlorine ;  but^  according  to  the  recent  experiments  of  Carius, 
it  is  merely  a  mixture  of  the  disulphide  with  the  hemisulphide  of  chlorine,  or  tetra- 
chloride of  sulphur,  Cl^S.  This  last-mentioned  compound  is  not  known  in  the  free 
state,  but  exists,  according  to  H.  Bose,  in  combination  with  several  metallic 
chlorides. 

IMsnlpliltfe  of  Cliloiiiie«  Cl^.  Protochloride  of  Stilphur,  Halb-Chlorschwefd, 
Chlorschmfd  im  Minimwn. — ^This  compound  was  first  described  in  1804  by  Thomson 
(Nicholson's  Journal,  vi.  96),  and  by  Berthelot  (M^m.  d'Arcueil,  i.  161) — the  mu- 
tual action  of  chlorine  and  sulphur  having  been  previously  noticed  by  Hagemann,  in 
1781 — and  has  been  more  particularly  examined  by  H.  Rose  (Pogg.  Ann.  xxi.  481 ; 
xxiv.  303 ;  xxvii.  107 ;  xlii.  517,  542),  Dumas  (Ann.  Ch.  Fhys.  xlix.  204), 
March  and  (J.  pr.  Chem.  xxii.  607),  Heintz  (Ann.  Ch.  Pharm.c.  370),  and  Carina 
{ibid.  cvi.  291 ;  ex.  209). 

IHsulphide  of  chlorine  is  prepared  by  passing  dry  chlorine-gas  into  a  retort  in  ifhich 
sulphur  is  sublimed  at  a  gentle  heat.  It  then  distils  ovex,  and  may  be  collected  in  a 
receiver  surrounded  by  cold  water,  and  freed  from  excess  of  sulphur  by  rectification. 
— It  is  also  produced  by  distilling  a  mixture  of  1  pt.  sulphur  with  9  pts.  stannic 
chloride,  or  8*5  pts.  mercuric  chloride.    ^Berzelius.) 

Disulphide  of  chlorine  Ib  a  mobile  redaish-yellow  liquid,  having  a  peculiar,  penetra- 
ting, disagreeable  odour,  and  fuming  strongly  in  the  air.  Specific  gravity  ->  1'687. 
Boilsat  139''(Marchand),  at  1360(CheTrier,  Compt.  rend.  Ixiv.  304).  Vapour- 
density,  obs.  a  4*77  (Mar chand);  calc.  »  4*68. 

.  It  dissolves  in  carbonic  disulphide,  alcohol,  and  ether,  not  however  without  decom- 
position in  the  two  latter.  It  dissolves  sulphur  in  large  quantities,  especially  when 
heated.  When  saturated  with  sulphur  at  ordinary  temperatures,  it  forms  a  dear 
yellow  liquid  of  specific  gravity  1*7,  and  containing  altogether  66*7  per  cent,  sulphur. 
The  solution  of  disulphide  of  chlorine  with  excess  of  smphur  in  crude  benzol,  is  used 
for  vulcanising  or  sulphurising  caoutchouc 

BeaciioTu. — 1.  With  chlorine,  bromine,  and  iodine. — ^When  eMorine-gas  is 
passed  for  several  days  in  the  dark  through  disulphide  of  chlorine,  a  dark  brown-red 
liquid  is  formed,  from  which  (according  to  Davy,  Dumas,  and  Marchand)  a  certain 
quantity  of  chlorine  may  be  expelled  by  gentle  ebullition,  leaving  the  protoeulphide  of 
chlorine,  Cl^,  which  boils  constantly  at  64°.  According  to  Carius,  on  the  other 
hand,  the  boiling-point  continually  rises  during  the  distillation,  and  does  not  become 
constant  till  it  has  risen  to  138^,  at  which  temperature  disulphide  of  chlorine  passes 
over.  The  brown-red  liquid  is  also  converted  into  the  reddish-yellow  disulphide  by 
passing  a  stream  of  dry  air  through  it.  At  a  certain  stage  of  the  distillation,  a  dark 
brown-red  liquid  passes  over,  containing  sulphur  and  cmorine  in  the  proportion  re- 
quired by  the  formula  Cl'^S;  but  it  acts  with  metals  and  other  bodies  like  a  mixture 
of  the  compounds  Cl'-'S^  and  SCl^.  Hence  Carius  concludes  that  the  so-called  proto- 
sulphide  of  chlorine  (or  dichloride  of  sulphur)  is  not  a  definite  compound,  but  a  mix- 
ture, in  atomic  proportions,  of  the  two  compounds  just  mentioned :  CPS'  +  SCI*  « 
3C1*S.  Carius  has  further  shown  that,  by  passing  dry  chlorine  through  the  disulphide 
of  chlorine  at  various  temperatures,  liquids  are  produced,  containing  various  pro- 
portions of  sulphur  and  chlorinr,  both  above  and  below  those  required  by  the  formula 
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8C1',  bat  not  in  any  eaae  exhibiting  a  ooostant  boiling  point.  Hie  zeralti  are  ^ntk 
in  the  following  table,  together  with  the  calcnlated  peroentagee  for  the  fonnnla.  9C1*. 
8C1«,  and  801* :  r-       -e  — -*         • 

8*C1*  47*48  per  cent  8 ;  52*52  per  cent  GL 
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Aeeording  to  GheTrier  also  (Gompt.  rend.  Ixit.  302),  the  liqnida  obtained  br  aatn- 
rating  disnlphidi)  of  chlorine  with  chlorine,  at  Tarions  temperaturee,  do  not  ezhibit  any 
constant  boiling-point — Iodine  and  bromine  likewise  dissoiye  easilj  in  the  disnlphide; 
bat  without  forming  any  definite  compoonds,  the  resulting  liquids  beginning  to  boil  at 
temperatures  below  136^  (the  boiling-point  of  the  disulpmde  of  chlorine),  but  quiddy 
attaining  tlut  temperature  on  distillation. 

2.  With  phosphorus. — ^When  2  at  phosphorus  are  gradually  added  to  3  at  di- 
snlphide of  chlorine,  chlorosulphide  of  phosphorus  is  formed,  and  4  at  sulphur  sepa- 
rated: 

3a«S«  +   P«     -     2PSCI*  +  S«. 

(Ghevr  ier,  Gompt  rend.  Ixiii.  1003).  If  an  excess  of  phosphorus  is  need,  trichloride 
of  phosphorus  is  also  formed,  together  with  a  sulphide  of  phoq^hf^ms^  as  preriously 
shown  by  Wohler.  (Ann.  Gh.  Phys.  [3],  zliy.  66.) 

3.  With  metals. — Disnlphide  of  chlorine  poured  upon  coarsely  pulTerised  ars  nie 
or  antimony,  becomes  strongly  heated  and  distils  over ;  but  by  pouring  the  liquid  back, 
and  warming  it,  the  sulphide  of  chlorine  may  be  completely  decomposed,  tridiloride  of 
arsenic  or  antimony  distilliuK  orer,  and  sulphide  of  arsenic  or  antimony  remaining 
(Wohler,  Ann.  Co.  Fharm. Ixxiii.  114).  If  the  materials  are  mixed  in  the  proportion 
of  2  at  arsenic  or  antimony  to  3  at  disnlphide  of  chlorine,  the  whole  of  the  metal  is 
converted  into  chloride,  and  the  whole  of  the  sulphur  is  set  free,  crystallising  partly  in 
opaque  needles,  partly  in  shining  octahedrons : 

Sb«  +   3C1«S«     -     2SbCl»  +  S« 

(Ghe Trier,  Gompt  rend.  bdv.  302;  Baudrimont,  ibid.  368).  The  HdpHdts  of 
artenie  and  antimony  are  acted  on  by  disulphide  of  chlorine  almost  as  energetically  as 
the  metals  themselTes,  yielding  similar  products  (Wohler,  Baudrimont) : 

Sb*S"  +   3G1»S«     -     2SbGl«   +  S». 

Itn-fiingi  act  with  great  violence  on  disulphide  of  chlorine  rWohler),  stannic 
chloride  distilling  over,  and  sulphur  remaining  (Baudrimont);  ttannio  tulpjUde 
acts  but  slowly,  and  only  when  heated. — Jlumtnium-foU  gently  heated  with  the  disul- 
phide, decomposes  it  rapidly,  a  brown-red  liquid  distilling  over  and  depositing  white 
crystals,  probably  a  compound  of  disulphide  of  chlorine  with  chloride  of  aluminium. 
— MtTcury  heated  with  disulphide  of  chlorine  attacks  it  slowly,  sulphur  being  depo- 
sited, and  mercoious  or  mercuric  chloride  produced,  according  to  Uie  proportion  of 
mercury  present. — Sulphide  of  mercury  acts  in  a  similar  manner,  but  less  strongly. — 
Iron  reduced  by  hydrogen  slowly  decomposes  disulphide  of  chlorine  at  the  boiling  heat 
of  the  latter,  and  is  converted  into  ferric  chloride. — Siino,  under  similar  drcnmstancea, 
acts  but  yeiy  slowly. — Magnerium  and  eodium  do  not  exert  the  slightest  action  on 
disulphide  ctf  chlorine,  even  after  prolonged  boiling.  In  general  metals  and  metallic 
sulphides  are  attacked  by  disulphide  of  chlorine,  with  greater  facility  in  proportion  as 
their  chlorides  are  more  volatile.    (Baudrimont) 

4.  With  water. — ^Disulphide  of  chlorine  dropped  into  water,  sinks  in  the  form  of 
oily  drops,  and  is  slowly  decomposed  into  hydrochloric  acid,  sulphur,  and  hyposul* 
phurous  add,  which  last  is  gradually  resolved  into  sulphurous  add  and  ^e  sul- 
phur: 

2a«S«  +   3H'0     -     4HG1  +  8*  +  H«SH)», 

orH»SO»  +  8. 

'5.  With  alcohols. — Ethylic  alcokoi  acts  upon  disulphide  of  chlorine  at  ordinary 
temperatures,  with  formation  of  hydrochloric  add,  sulphurous  acid,  ethylic  chloride, 
sulpnurous  chloride  (chloride  of  thienyl),  ethylic  sulphite,  generally  also  small  quanti- 
ties of  mercaptan,  ethylsulphurous  add,  and  free  sulphur: 

8k;i«  +  G«HK)   -   sea*  +  c«h»& 
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tadfbrther: 

3S0CP   +  4C«H«S     -     4HC1  +  2C«BPC1  +  (C«H»)«0«  +  8«. 

alio: 

SOa»     +  2C»HH)    -     Ha     +  C«H»C1     +    (C«H»)HSO«. 

'With  methylie  and  amylie  aicokeU,  the  disolphide  exhibits  pzedBel j  similar  readiona. 
(Garins.) 

6.  With  acids  and  salts. — BensoaU  of  9odium  is  decomposed  by  disulphide  of 
ddorinei  yielding  salphide  and  chloride  of  benzene^  sulphide  and  chloride  of  sodium, 
sulphurous  chloride,  sulphorons  anhydride,  and  free  eulphur :  thus, — 

2S«C1«  +   2(C'H*O.Na.O)     -     (CrH*0)«S  +  Na«S  +   2S0C1* 

-     2{CmH)yCl  +   2NaCl  +  S0»  +  S«. 

With  diy  benzoic  acid  the  reaction  is  similar,  but  takes  place  chiefly  in  the  manner 
shown  oj  the  second  equation. — Acettites  and  other  salts  of  monobasic  adds  yield 
similar  products.  Part  of  the  metallic  sulphide  produced  also  reacts  with  the  sul- 
phurous chloride,  forming  chloride  and  sulphate,  with  separation  of  sulphur :  thus, — 

6Na«8  +  4S0a«     =     8NaCl  +  Na«0*  +  S«. 

Sulphates  heated  with  disulphide  of  chlorine  yield  metallic  chloride,  sulphurie 
chloride,  sulphurous  anhydride,  and  free  sulphur  (Car i us):  e,ff, — 


2SH31' 


'  +  ^1|^*    -    2NaCl  +  so«a«  +  S0«  +  S«. 

7.  With  sulphuric  anhydride. — ^When  vapour  of  sulphuric  anhydride  is  passed 
into  disulphide  of  chlorine  contained  in  a  ressel  surrounded  by  a  freezing  mixture,  a 
liquid  compound  is  formed,  consisting  of  S*0**G1*  —  8*C1*.6S0*.  It  is,  however,  very 
unstable,  and  decomposes  as  soon  as  it  is  removed  from  the  freezing  mixture,  giving  off 
sulphurous  anhydride,  and  leaving  the  compound  SH>*C1*  (»  S'0>*G1*  -  5S0'). 

This  last  compound,  which  may  be  regarded  as  SO'.SO^Cl*  (or,  according  to  Bene- 
lius,  as  SCl'-dSC^),  is  also  produced  by  ^stilling  disulphide  of  chlorine  with  Nordhau- 
sen  sulphuric  acid.  When  purified  hj  rectification,  it  forms  an  oily  colourless  liquid, 
of  specific  gravity  1'818  at  lA^,  boiling  at  145'',  and  distilling  without  decomposition. 
Wiu  water  it  yields  hydrochloric  and  sulphurie  acids : 

S»0K31«  +   8BP0     =     2H01  +   2H«0*. 

With  diy  ammonia-gas  it  yields  neutral  sulphamate of  ammonium.  (H.  Rose,  Pogg* 
Ann.  xliv.  291 ;  xlvi.  167 ;  lii.  69.) 

8.  With  ammonia. — ^Vapour  of  disulphide  of  chlorine  unites  with  ammonia-^, 
forming  the  compound  4NH'.S'01',  which  may  be  exposed  to  tiie  air  for  a  long  time 
without  suffering  decomposition.  It  dissolves  in  absolute  alcohol,  but  is  decomposed 
by  water,  with  precipitation  of  sulphur,  and  formation  of  chloride  and  hyposulphite 
of  ammonium.  (Martens,  J.  Chim.  mid.  xiii.  430.) 

9.  With  hydrocarbons. — Disulphide  of  chlorine  unites  directly  with  ethylene  toid 
amylene,  forming  the  compounds  C^H^.d^S"  and  Ci*H*.Cl*S*.  (Guthrie,  i.  209; 
ii.  683.) 

Vrotosnlpliide  of  COilorliMt  or  Vrotoolilorlde  of  Solplmr,  01*3. — ^This 
compound,  as  already  observed  (p.  533),  does  not  appear  to  exist  in  the  frpe  state ;  but 
aocOTding  to  H.  Boss  (Po^.  Ann.  xcii.  536),  it  forms,  with  trichloride  of  arsenic,  the 
oompound  2AsCl'.Cl*S,  which  is  a  brown  liquid,  obtained  by  the  action  of  dry  chlorine 
on  trisulphide  of  arsenic ;  and,  according  to  Guthrie,  it  forms,  with  ethylene  and 
amylene,  the  compounds  C*fl«.Cl'S  and  G*Hi«.Cl'S. 

Tetrmolilarida  of  Svlplmr,  SCI*. — ^This  compound  is  not  known  in  the  sepa- 
rate state,  but  forms  definite  compounds  with  several  metallic  chlorides.  The  brown 
chloride  of  sulphur,  formed  by  saturating  disulphide  of  chlorine  with  chlorine,  is, 
according  to  Carius,  a  mixture  of  S'Cl'  and  SCI*  m  various  proportions,  according  to 
the  temperature  at  which  the  saturation  is  effected,  and  exhibits,  with  alcohols,  adds, 
and  salts,  the  reactions  of  the  tetrachloride;  thus  with  ethylie  alcohol: 

Sa*  +  C«H«0     -     HCl  -^  S0C1>  +   C«H»C1; 
and  SOCl*  +  CH-0     -     HCl  +  S0«       +   C^KJl; 

and  similarly  with  methyUe  and  amyUe  alcohols, — The  reactions  of  the  tetrachloride 
with  sodie  hensoate  and  heneoie  acid  are  represented,  according  to  Carius,  by  the 
equations : 

SCI*  +     C'H»O.Na.O      -       C'H»0.C1     +  NaCl  +  SOCl*.  and 
SCI*  +   2(C'H»O.H.O)     -     2(C'HH).C1)   +  2Ha  +   S0«. 
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In  the  first  case,  however,  the  occurrence  of  the  snlphnroos  chloride,  SOCl*,  ie^  for  th« 
most  part»  masked  by  the  formation  of  seoondaiy  products,  as  of  solphimms  anhydride — 
thus: 

SOa«  +  C'H'O.Na.O     -    NaCl  +  (THHXn  +  S0«. 

Acetate  of  sodium  is  decomposed  bj  tetrachloride  of  sulphur  in  the  same  manner  as 
the  benzoate,  but  the  chloride  of  acetyl  produced  acts  on  another  portion  of  the  sodie 
benzoate,  forming  acetic  anhydride. 

The  compounds  of  tetrachloride  of  sulphur  with  metallic  chlorides  are  obtained,  for 
the  most  part,  by  passing  chlorine-gas  over  the  respective  sulphides. — ^The  tUmmnmrn' 
compound,  2A1C1'.SC1\  is  produced  by  gently  heating  chloride  of  aluminium  with 
disulphide  of  chlorine,  and  passing  chlorine  over  the  resulting  dark-red  mass  at 
a  somewhat  higher  temperature.  A  yellow  oily  liquid  is  thus  obtained,  which  ulti- 
mately  solidifies  to  a  crystalline  mass.  It  is  decomposed  bv  water,  with  great  evolution 
of  hoat,  yielding  free  salphur,  alumina,  hydrochloric,  sulphuric,  and  hyposulphurous 
acids  (R.  Weber,  Pogg.  Ann.  civ.  421). — The  anttnumy-compound,  2SbCl*.8SCl% 
obtained  by  heating  grey  sulphide  of  antimony  in  a  stream  of  chlorine,  is  a  white 
amoiphous  powder,  which  melts  when  heated,  and  is  resolved  into  disulphide  of 
chlorine,  free  chlorine,  and  trichloride  of  antimony.  It  is  oxidised  and  dissolved  by 
nitric  acid,  and  absorbs  ammonia  in  somewhat  considerable  quantity  (H.  Bos  e,  Pogg. 
Ann.  xlii.  532^. — The  tin-compouTtd,  SnC1^.2SCl\  produced  by  the  action  of  chlorine  on 
Ktannic  sulphide,  forms  fine  large  crystals,  which  fume  strongly  in  the  air ;  may  be 
fused  and  sublimed  without  decomposition ;  are  gradually  dissolved  by  nitric  acid,  with 
formation  of  stannic  oxide  and  sulphuric  acid;  form  with  water  an  acid  liquid, 
milky  from  separated  sulphur;  and  absorb  ammonia-gas,  with  considerable  evolution 
of  heat,  forming  a  yellow-brown  mass  which  is  decomposed  by  water  (H.  Rose,  Pogg. 
Ann.  xliL  617). — A  titanium-compound  of  uncertain  composition,  but  apparently 
containing  less  than  2  at.  SCI*  to  1  at.  TiCl\  is  produced  by  mixing  titanic  chloride 
with  brown  chloride  of  sulphur,  or  by  passing  chlorine-gas  over  titanic  sulphide.  The 
first  process  yields  it  in  laige  yellow  crystals ;  the  second  only  as  a  crystalline  mass. 
It  deliquesces  rapidly  in  contact  with  the  air,  melts  when  heated,  solidifies  in  the 
ciystalline  state  on  cooling,  and  sublimes  without  decomposition.  (H. Rose,  ibid, 
p.  627.) 

OF.    See  Sulfhoctahic  Anhtdbidb  (p.  516). 

r  AVn  B8TIMATZOV  Ol".  1.  ReaciionB,— 
The  most  important  compounds  in  which  sulphur  occurs  are  the  metallic  sulphides, 
sulphates,  sulphites  and  h^'posulphites,  and  certain  organic  compounds. 

Most  metallic  sulphides  are  insoluble  in  water ;  those  of  the  alkali-metals  and 
alkaline  earth-metals,  however,  dissolve  in  wat«r — the  former  undecomposed,  the  latter 
with  partial  decomposition  (p.  483).  The  solutions  give  with  lead-salts,  &c.,  the 
reactions  of  sulphydric  acid  (i.  217 ;  iii.  204).  Sulphides  heated  on  charcoal  in  the 
oxidising  blowpipe-flame  give  off  all  their  sulphur  as  sulphurous  anhydride,  which  may 
be  detected  by  its  odour ;  or  if  the  sulphide  be  heated  in  an  inclined  glass  tube  open  at 
both  ends,  so  that  a  current  of  air  may  pass  over  it,  sulphurous  anhydride  will  also  be 
formed,  and  may  be  detected  by  its  odour,  acid  reaction,  &c.  (p.  640).  On  fusing  a 
sulphide  on  charcoal  with  sodic  carbonate  or  a  mixture  of  that  salt  ana  borax,  placins 
the  piece  of  charcoal  containing  the  fused  mass  on  a  plate  of  polished  silver,  and 
moistening  it,  a  black  or  brown  stain  of  sulphide  will  be  formed  on  the  metaL 
Metallic  sulphides,  acted  upon  by  strong  nitric  or  nitromuriatic  acid,  are  rapidly 
oxidised,  forming  metallic  oxide  or  chloride,  sulphuric  acid,  and  usually  some  free 
sulphur,  which  melts  into  globules  very  difficult  to  oxidise. 

Metallic  sulphates  are,  for  the  most  part,  easily  soluble  in  water;  the  sulphatffl 
of  strontium,  calcium,  lead,  and  mercurosum  are  but  slightly  soluble,  and  the  barium- 
salt  is  almost  insoluble  in  water,  and  likewise  in  hydrochloric  and  nitric  add.  In 
soluble  sulphates,  therefore^  sulphuric  acid  is  easily  detected  by  addition  of  chloride 
or  nitrate  of  barium,  which  forms  a  precipitate  insoluble  in  acids.  In  insoluble  or 
sparingly  soluble  sulphates,  the  sulphuric  acid  is  detected  by  boiling  the  salt  with  a 
concentrated  solution  of  an  alkaline  carbonate,  whereby  an  alkaline  sulphate  is  formed, 
which  dissolves  in  the  water.  Sulphates  heated  before  the  blowpipe  on  charcoal  with 
sodic  carbonate,  yield  sulphide  of  sodium,  in  which  the  sulphur  may  be  detected  in  the 
manner  above  mentioned.    (See  Sulphates). 

The  sulphites  of  the  alkali-metals  are  soluble  in  water;  the  rest  are  insoluble 
or  sparingly  soluble,  but  dissolve  in  excess  of  sulphurous  acid.  Sulphites  are  easily 
detected  by  the  characteristic  odour  of  sulphurous  anhydride,  which  they  evolve  when 
treated  with  hydrochloric  or,  better,  with  dilute  sulphuric  acid.  Hyposulphites 
treated  in  the  same  way  also  give  off  sulphurous  anhydride,  but  are  distinguished  from 
sulphites  by  likewise  yielding  a  doposlt  of  sulphur.     (See  Sulphub,  Oxyokn-acids  of.) 
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Aeooiding  to  W.  F.  Barrett  (Phil.  Mag.  [4]  xxz.  821),  Bnlphnr  in  the  free  state, 
and  in  certain  states  of  combination,  may  be  detected  in  solids,  and  in  some  liquids,  bj 
directing  a  flame  of  pure  hydrogen  upon  a  point  of  the  surface,  whereupon,  if  sulphur 
is  present,  even  in  yeiy  minute  quantity,  a  deep  blue  luminous  ring  will  be  formed 
round  the  heated  point  This  ef^t  is  produced  with  free  sulphur,  with  all  metallic 
sulphides,  with  sulphuric  add,  and  certain  sulphates,  especiiJly  alum  (probably  in 
consequence  of  reduction),  but  not  with  sulphate  of  sodium  and  certain  others.  By  this 
method  sulphur  has  been  detected  in  atmospheric  dust. 

2.  Quantitative  Estimation  and  iSepara^ton.— Sulphur  is  almost  always  esti- 
mated in  the  form  of  sulphuric  acid.  To  determine  the  quantity  of  sulphur  inametallic 
sulphide,  the  rompound  is  heated  with  nitric  or  nitramuriatic  acid,  or  sometimes  with 
a  mixture  of  hydrochloric  acid  and  potassic  chlorate,  till  the  metal  is  oxidised,  and  the 
sulphur  converted  into  sulphuric  acid.  The  solution  is  then  treated  with  chloride  or 
nitrate  of  barium,  and  the  precipitated  sulphate  of  barium  is  collected  on  a  filter,  washed, 
dried,  and  ignited.  Before  adding  the  baryta-solution,  however,  the  liquid  must  be  con- 
siderably duuted  with  water,  because  the  nitrate  and  chloride  of  barium  are  themselyes 
insoluble  in  strong  nitric  and  hydrochloric  acids.  The  liquid  is  then  boiled,  and  after- 
wards left  to  stand  till  the  precipitate  has  completely  settled  down ;  after  which  the 
clear  liquid  is  first  passed  through  the  filter,  and  then  the  precipitate  thrown  upon  it ; 
if  the  precipitate  be  poured  upon  the  filter  before  it  has  settled  down,  it  will  be  sure 
to  run  through.  As  the  oxidation  of  the  sulphur  is  very  slow,  the  metal  being  com- 
pletely oxidised  and  dissolved  long  before  it,  and  a  portion  of  the  sulphur  separated  in 
the  firee  state,  it  is  sometimes  convenient  to  collect  this  portion  on  a  small  weighed 
filter,  determine  its  amount  by  direct  weighing,  and  afterwards  estimate  the  dissolved 
portion  as  above.  The  nitric  or  nitromuriatic  acid  used  for  the  oxidation  should  be 
strong,  and  the  action  aided  by  heat ;  otherwise,  especially  in  treating  the  sulphide  of 
manganese,  the  lower  sulphides  of  iron,  and  the  sulphides  of  the  alkali-metals, 
part  of  the  sulphur  may  be  driven  off  as  sulphydric  acid,  and  thereby  lost.  For  the 
same  reason,  on  oxidising  with  chlorate  of  potassium  and  hydrochloric  acid,  the  acid 
must  not  be  poured  at  once  on  to  the  pulverised  sulphide,  but  gradually  added  to  the 
mixture  of  the  sulphide  with  the  chlorate  of  potassium.  In  applying  these  methods  of 
oxidation  to  the  sulphides  of  the  alkali-metals  and  alkaline  earth-metals,  part  of  the 
sulphur  is  sure  to  escape  as  sulphydric  add,  unless  very  particular  precautions  are  taken. 
The  only  sure  method  of  guarding  against  this  source  of  error  is  to  place  the  sulphide 
in  a  small  test-tube  enclosed  in  a  capacious  fiask,  pour  fuming  nitric  acid  upon  it,  and 
immediately  close  the  vessel  with  a  tight-fitting  stopper. 

Another  general  method  of  analysing  metallic  sulphides  is,  to  fuse  them  with  3  pts. 
of  potassie  or  sodic  nitrate,  and  about  uie  same  weight  of  eodic  carbonate,  whereby  the 
sulphur  is  converted  into  sulphuric  add,  which  unites  with  the  alkali,  and  the  metals 
are  converted  into  oxides.  The  j^ed  mass  is  digested  with  water ;  the  filtered  solu- 
tion neutralised  with  nitric  acid ;  the  sulphur  precipitated  therefrom  as  sulphate  of 
barium ;  and  the  residual  oxides  dissolved  in  hydrochloric  or  nitric  acid. 

By  the  methods  just  described,  the  metals  are  obtained  in  solution  as  nitrates  or 
chlorides,  and  may  oe  separated  and  estimated  by  the  methods  proper  for  each.  Cer- 
tain special  cases  may  here  be  noticed.  Native  sulphide  of  lead  (galena),  if  not 
mixed  with  other  sulphides,  is  best  analysed  by  tseating  the  finely  p^verised  mass 
with  fuming  nitric  acid,  whereby  the  lead-sulphide  is  completely  converted  into  sul- 
phate, and  weighing  the  latter.  If,  however,  other  sulphides  are  present,  it  is  best  to 
fuse  the  mineral  with  saltpetre.  The  use  of  hydrochloric  add  and  chlorate  of  potas- 
sium is  not  advisable,  because  chloride  of  leaa  would  be  formed  as  well  as  sulphate. 
— Sulphide  of  bismuth  must  be  oxidised  with  pure  nitric  add,  because  the  presence 
of  hydrochloric  acid  interferes  with  the  quantitative  estimation  of  bismuth. — S  u  1  p  h  i  d  e 
of  silver  must  also  be  oxidised  with  pure  nitric  acid,  and  the  silver  first  precipitated 
from  the  solution  as  cUoride,  then  the  sulphur  from  the  filtrate  as  sulphate  of 
barium. 

The  analysis  of  fahl-or  es,  which  contain  sulphide  of  arsenic  or  antimony,  or  both, 
in  combination  with  one  or  more  of  the  sulphides  of  copper,  silver,  mercury,  iron,  and 
zinc,  is  generally  effected  by  the  following  method.  The  finely  powdered  mineral  is 
introduced  into  a  double  bulb-tube,  one  end  of  which  is  bent  at  a  nght-angle,  care  being 
taken  that  all  the  mineral  is  contained  in  the  bulb  which  is  farthest  from  the  bent  end. 
The  straight  end  of  the  tube  is  then  connected  with  an  apparatus  for  the  evolution  of 
perfectly  dry  chlorine ;  and  the  bent  end  is  introduced  air-tight  into  a  receiver — ^which 
may  be  a  large  TJ-tube — containing  a  mixture  of  dilute  hydrochloric  and  tartaric  acids ; 
a  bent  tube  is  connected  with  the  other  end  of  the  U-tube,  by  which  the  excess  of 
chlorine  is  conducted  into  methylated  spirit.  The  bulb-tube  should  not  be  attached  to 
the  chlorine  apparatus,  till  all  the  atmospheric  air  has  been  driven  out  of  the  latter. 
A  very  slow  stream  of  chlorine  is  then  passed  through  the  tube,  which  decomposes  the 
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fiihl-oie,  with  considerable  evolution  of  heat ;  and  iHien  the  bulb  eontaining  the  mineral 
has  cooled,  it  ia  genUy  heated  in  order  to  aepazate  the  volatile  chlorides,  which 
v&nst  be  driven  beyond  the  space  between  the  two  bnlbs.  Thoee  elements  which  are 
volatilised  as  chlorides  are  mdphur^  arsenic,  antimonv,  ntereury,  part  of  the  iron, 
\and,  if  too  strong  a  heat  has  been  applied,  some  of  the  rine) :  those  which  remain 
in  the  bnlb  as  non-volatile  chlorides,  are  copper,  tUver,  sine,  and  the  greater  part  of 
the  iron. 

For  the  analysis  of  the  volatile  chlorides,  the  bnlb-tnbe  is  divided  betwe^^  the 
two  bnlbs,  and  the  portion  containing  the  sublimate  is  covered  with  a  wide  tube,  doeed 
at  ose  end,  and  moistened  on  the  inside  with  water,  in  which  position  it  is  left  for  24 
hours.  The  sublimate  thus  absorbs  water  gradually,  and  may  then  be  dissolved  out 
by  water,  without  the  evolution  of  heat  and  probable  loss  which  would  ensue  if  this 
precaution  were  nesleuted.  The  tube  being  thoroughly  rinsed  out,  the  solution  is 
added  to  the  liquid  m  the  receiver,  any  sulphur  that  separates  is  filtered  oS,  and  anv 
antimony  that  separates  is  dissolved  by  heat.  The  add  solution  is  then  saturated  with 
sulphydric  add,  the  washed  predpitate  digested  with  sulphide  of  ammonium,  and  the 
undissolved  sulphide  of  mercury  collected  on  a  filter,  dried  at  100°,  and  weighed 
(Hg"S  :  Hg  B»  29  :  25).  The  sulp&ides  of  antimony  and  arsenic  are  piedpitated 
from  the  smphide  of  ammonium  solution  by  dilute  sulphuric  add,  and  the  metals  sepa- 
rated in  the  manner  described  under  Absbnio  (i.  368).  The  filtrate  (containing  tar- 
taric add)  is  neutralised  with  ammonia;  sulphiaeof  ammonium  added;  the  predpitated 
sulphide  of  iron  filtered  ofi^,  washed  with  water  containing  sulphydric  acid,  and  dis- 
solved in  hydrochloric  add;  the  solution  heated  with  nitric  add ;  and  the  inm  pre* 
cipitated  by  ammonia. 

The  bulb  containing  the  non-volatile  chlorides  is  digested  with  dilute  hydro- 
chloric add,  till  only  chloride  of  silver  remains  undissolved;  this  is  weighed  as 
described  at  p.  298.  From  the  solution  the  copper  is  predpitated  by  sulphydric 
acid ;  and  the  iron  and  due  are  separated  as  described  under  Ibon  (iii.  886). 

The  sulphur  is  best  estimated,  in  a  separate  portion  of  the  ore,  by  nision  with 
3  pts.  chlorate  of  potassium  and  3  pts.  carbonate  of  sodium. 

This  mode  of  analysis  is  applicaUe  to  boumonite  (sulphides  of  antimony,  lead,  and 
copper),  red  silver-ore  (sulphides  of  antimony  or  arsenic  and  silver),  and  other 
minersls  resembling  feihl-ores  in  composition.  When  lead  is  present^  the  chlc^des 
must  be  distilled  at  a  rerv  gentle  heat,  so  that  the  lead  may  remain  with  the  non- 
volatile chlorides;  and  when  these  chlorides  are  treated  with  dilute  hydrochloric  acid, 
a  huge  quantity  of  water  must  be  added,  to  insure  the  complete  solution  of  the 
plumbic  chloride.    (Con  ington's  Handbook  of  Chemical  Analytie,  p.  218.) 

The  sulphides  of  the  alkali- metals  and  alkaline  earth-metals  are  sometimes 
analysed  by  decomposing  them  with  hydrochloric  add,  receiving  the  evolved  sulphydric 
acid  in  a  solution  of  acetate  of  lead,  oxidising  the  predpitated  sulphide  of  lead  with 
fuming  nitric  acid,  weighing  the  sulphate  of  lead  thus  produced,  and  thence  calculat- 
ing the  quantity  of  sulphur.  In  the  sulphides  of  gold  and  pladnum,  from  which  the 
sulphur  is  completely  expelled  by  ignition,  its  amount  may  be  determined  by  weighing 
the  residaal  metal. 

From  all  non-metallic  elements,  except  selenium  and  tellurium,  sulphur  may  be 
separated  in  the  same  way  as  from  the  metals,  viz.,  by  oxidation  to  sulphuric  acid,  and  ' 
precipitation  as  barium-sulphate.    The  methods  of  separating  it  from  selenium  and 
tellurium  are  given  under  Sblbntuk  (p.  225). 

The  sulphur  in  organic  compounds  may  likewise  be  estimated  by  oxididng  the 
compound  with  fuming  nitric  acid,  and  precipitating  the  resulting  sulphuric  add  with  a 
baxyta-solation  (i.  247).  Another  method,  given  by  W.  J.  Rus  sell  (Chem.  Soc  Qu.  J. 
viL  212X  is  to  bum  the  substance  in  a  combustion- tube  with  oxide  of  mercuir,  car- 
bonate of  sodium  being  added  to  take  up  the  sulphuric  add  produced,  and  a  small  bent 
tube  dipping  under  water  fitted  into  the  open  end  of  the  combustion-tube,  so  that  any 
acid  vapours  that  escape  may  be  condensed  in  the  water.  At  the  end  of  the  combus- 
tion, this  liquid  is  acidulated  with  hydrochloric  add,  the  tube  washed  out  with  the 
add  solution,  the  liquid  filtered,  and  the  sulphuric  acid  predpitated  by  chloride  of 
barium. 

The  quantity  of  sulphuric  acidina  soluble  sulphate  is  estimated  by  predpitating 
the  aqueous  solution  with  chloride  of  barium.  Some  sulphates  which  are  insoluble  in 
water,  may  be  dissolved  in  hydrochloric  or  nitric  add,  and  the  baryta-solution  then 
added.  The  sulphates  of  calcium,  strontium,  and  lead  may  be  decomposed  by  boiling 
with  a  solution  of  sodic  carbonate,  and  the  sulphuric  acid  precipitated  by  chloride  of 
barium  from  the  filtered  solution  previously  acidulated  with  nitric  or  hydrochloric 
acid.  Sulphate  of  barium  may  be  analysed  by  fusing  it  in  a  platinum  crudble  with 
three  times  its  weight  of  sodic  carbonate;  the  fused  mass  digested  in  water;  the  fil- 
tered soda-solution  acidulated ;  and  the  sulphuric  add  precipitated  as  above. 
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Balpbnrons  and  hjposulphurous  acid  may  be  estimated  by  oxidation  with 
nitric  acid,  whereby  they  are  conyerted  into  solphnric  acid ;  or  by  BunBen*8  iodometrie 
method  (i.  266). 

3.  Atomic  Weight  o/  iStt/|)A«r.— Berzelius  in  1618  (Lehrbuch,  y.  1187), 
determined  the  atomic  weight  of  snlphnr  from  the  quantity  of  plumbic  sulphate 
(Pb'^0^)  produced  by  treating  a  known  weight  of  pure  lead  with  nitric  and  sulphuric 
acids.  100  pts.  of  lead  yielded  from  146*380  to  146-458,  or  on  the  ayerage,  146*419 
FhSO*:  whence  (for  Pb  -  207)  S  »  32  18.  Subsequently  (1845),  Berzelius  ob- 
tained nearly  the  same  result  by  determining;  the  quantity  of  silyer-sulphide  produced 
by  decomposing  a  known  weight  of  the  chloride  with  dry  sulphydric  acid  gas.  In 
four  experiments  he  found  (for  Ag  »  108  and  CI  »  85*46),  S  «  32*1.  The 
same  number  was  found  by  Syanber  g  and  Struy  e  (J.  pr.  Chem.  xliy.)  from  a  single 
experiment  made  in  the  same  manner.  Erdmann  and  March  and  in  1844  (J.  pr. 
Chem.  xxxi.  396),  by  heating  pure  cinnabar  in  hydrogen  gas,  obtained  from  100  pts.  of  the 
sulphide,  in  four  experiments,  86*205  to  86*222  pts.,  mean  86*211  pts.  of  mercury: 

'     ■   -  -  ■  I.  Ch    ~ 


hence  (for  Kg  »  200),  S  »  32005.  Struye  in  1852  (Ann.  Oh.  Pharm. 
203)  by  reducing  argentic  sulphate  with  hydrogen,  obtained,  as  a  mean  of  six  experi- 
ments, S  ">  32.  Dumas  in  1859  (Ann.  C^.  Pharm.  cxiii.  20),  by  conyerting  a 
known  weight  of  silyer  into  sulphide,  Ag'S,  obtained  S  ■■  32*01 ;  and  lastly.  Stag 
in  1860  {iecherches  »ur  lea  rapports  reciprogues  des  poids  atomiquea)  by  heating 
silyer  in  a  stream  of  pure  sulphur-yapour  or  pure  sulphydric  acid  gas,  obtained  as  a 
mean  of  fiye  experiments,  fh>m  100  pts.  silyer,  114*8522  argentic  sulphide:  whence 
S  «  3207. 

All  these  results  come  so  near  to  the  whole  number  32,  that  this  number  may  be 
used  in  calculation  without  sensible  error. 


According  to  Dayy  and  Dumas,  a  compound  of 
fluorine  and  sulphur  is  obtained  by  distilling  fluoride  of  lead  or  fluoride  of  mercury  with 
sulphur. 

BimwWMf  XOBZSB8  OF.  Iodine  and  sulphur  combine  when  heated  together 
eren  under  water.  The  resulting  compound,  PS',  is  a  blackish-grey  radio-crystalline 
mass,  resembling  natiye  sulphide  of  antimony.  It  decomposes  at  hi^er  temperatures, 
ffiyee  aS  iodine  on  exposure  to  the  air,  and  is  insoluble  in  water.^By  heating  2  at. 
iodine  with  1  at.  sulphur,  a  compound  is  obtained  which  smells  like  iodine,  and  is  said 
to  be  a  powerful  remedy  in  skin  diseases. — ^A  cinnabar-red  iodide  of  sulphur  is  ob- 
tained, according  to  Grosourdi,  by  precipitating  trichloride  of  iodine  with  sulphydric 
add. 


SmbVBintf  OXZnaS  AV»  OSTOair^ACXBS  or.  Sulphur  forms  two 
oxides,  yiz.  sulphurous  oxide  or  anhydride.  SO',  and  sulphuric  oxide  or 
anhydride,  SO*.  Sulphurous  oxide  is  produced  by  the  combustion  of  sulphur  in  air 
or  oxygen-gas :  and  sulphuric  oxide  may  be  formed  by  passing  a  mixture  of  dry  sul- 
phurous oxide  and  oxygen  or  air  oyer  heated  spongy  platinum.  Each  of  these  oxides 
unites  with  1  at.  water,  forming  respectively  sulphurous  acid,  H'OJSO'  *  H'SO*, 
and  sulphuric  acid,  H«O.SO*  -  H«SO*. 

These  two  acids  may  be  regarded  as  oxides  of  sulphydric  acid,  H'S.  A  complete 
series  of  oxidised  compounds  of  sulphydric  acid  would  comprise  the  following  members, 
corresponding  to  the  oxides  of  hyjlrochloric  acid  (i.  907) : 


Stilphydric  aeid,  H'S. 

H*SO. 

ffSO«. 


Hydrochloric  acid,  Hd. 
Hypochlorous  acid,  HCIO. 
Chlorous  acid,         HCIO*. 
Chloric  acid,  HCIO*. 

Perchloric  add,        HC10«. 


Sulphurous  acid,  H*SO*. 
Sulphuric  acid,    H*SO«. 

The  first  and  second  members  of  the  sulphur  series  of  oxygen-compounds  are  at  pre- 
sent unknown,  but  we  are  acquainted  with  their  chloro-derivatiyes,  sulphurous 
chloride,  or  chloride  of  thionyl,  Cl'SO,  and  sulphuric  chloride,  or 
chloride  of  sulphuryl,  C1*S0*. 

The  chlorine  acids  are  monobasic,  or  contain  but  one  atom  of  replaceable  hydrogen ; 
but  tiie  sulphur-acids  are  dibasic,  or  contain  two  atoms  of  hydrogen  replaceable  by 
metals ;  boUi  sulphurous  and  sulphuric  acids  are  accordingly  capable  of  forming  neutral, 
add,  and  double  salts. 

Sulphurous  and  sulphuric  acids  can  be  formed  from  the  anhydrides  by  direct  hydra- 
tion, and  the  anhydrides  from  the  acids  by  direct  dehydration. 

Sulphurous  and  sulphuric  acids  can  both  be  obtained  by  the  direct  oxidation  of 
sulphydric  add ;  and  conyersely,  metallic  sulphides  can  be  rormed  by  the  deoxidation 
of  sulphites  and  sulphates.  Sulphurous  acid,  moreoyer,  yeiy  readily  affords  sulphydric 
acid  hj  deoxidation. 
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SnlpliiiroiiB  and  Bolphnrie  acidi  aze  OQnrertible  into  one  another  bj  oxidation  and 
deoxidation  respectiyelT. 

Sulphurous  and  sulphurie  chlorides,  SOCl'  and  SOKJi*,  yield  sulphnions  and  sul- 
phuric acids  respectiyelj  by  treatment  with  water  [replacement  of  CI'  by  (HO)*],  and 
may  be  reproduced  from  those  acids  by  the  action  of  pentachloride  of  phosphorus.  They 
may  also  be  produced  from  the  chlorides  of  sulphur  (p.  634). 

Allied  to  tne  sulphates  there  is  a  group  of  salts  called  thiosulphates  or  more 
frequently  hyposulphites.  Their  composition  is  that  of  sulphates  (M^O*X  in 
which  1  at  oxygen  is  replaced  by  sulphur,  their  general  formula  being  M'S'O*.  When  a 
sulphite,  such  as  Na'SO',  is  acted  upon  by  oxygen  or  a  peroxidised  substance,  it 
becomes  an  oxysulphate,  Na'SO* ;  when  acted  upon  by  sulphur  or  a  peisulphuretted 
substance,  it  becomes  a  thiosulphate,  Na*S'0'. 

There  is  also  a  remarkable  series  of  acids  called  pol^thionic  acids  containing 
six  atoms  of  oxygen  and  two  or  more  atoms  of  sulphur,  tix.  : 

H*SK)<  Dithionic  add. 
H«8H)«  Trithionic  add. 
H*SH)«  Tetrathionic  add. 
H<8K)«  Fentathionic  add. 

The  cojresponding  anhydrides  are  not  known. 

The  dithionates  (also  called  hypoBulphates)  are  formed  directly  from  sulphnroos 
anhydride  and  a  metallic  peroxide,  thus :  MnO*  +  2S0'  —  Mn'SK)'.  When  heated 
they  break  up  into  a  sulphate  and  sulphurous  anhydride,  e.ff.  Hn'^O'  «  Hn*SO^ 
+  SO^  The  tri-,  tetra-,  and  penta-thionatee  nndezgo  a  similar  decomposi- 
tion when  heated,  but  yield  sulphur  in  addition. 

ftnlplivrooa  Compopnds* 

DlOXIDB  OF  SVLPHUB,  SULFHVBOVS  OxiDB,  OT  SVLPHVBOVS  AhRT- 

DBiDB,  SO'. — This  compound  occurs  as  gas  in  Tolcanie  neidlibouxlioods,  in  the 
gaseous  state  and  dissolred  in  the  water  of  the  springs.  It  is  formed  artificially 
dther  by  oxidation  of  sulphur  or  by  deoxidation  of  sulphuric  add : — (a)  By  bnminff 
sulphur  in  air  or  oxygen,  by  roasting  metallic  sulphides,  or  by  heating  sulphur  with 
metallic  oxides,  those  of  copper  and  manganese  for  instance;  (fi)  By  heating  sulphuric 
acid  with  copper,  mercury,  or  other  metals,  or  with  charcoal,  sulphur,  or  organic  bodies. 
It  also  results  from  the  decomposition  of  thiosulphurie  and  dithionic  adds. 

I^-eparaiian, — Sulphurous  oxide  is  usually  prepared  by  the  deoxidation  of  sulphuric 
add.  For  preparation  on  the  laboratory  scale,  strong  sulphuric  add  is  heatea  with 
copper  or  mercury : 

Hg  +  2£PS0*    1    Hg*SO*  +  2H»0  +  SO*. 
Cu'  +  2H'S0*     -     Ctt'BO*    +  2HK)  +  SO*. 

The  sulphurous  oxide  then  passes  off  as  gas,  and  the  residue  consists,  in  the  ease  of 
mercury,  of  mercuric  sulphate,  in  the  case  of  copper,  of  cuprous  sulphate,  mixed,  accord- 
ing to  Maumen6,  with  cuprous  and  cupric  sulphides.  Hie  -gaa  may  be  passed  through  a 
small  quantity  of  water  to  wash  it,  and  then  dried  orer  chloride  of  caldum.  In  the 
manufactory,  charcoal,  straw,  eawdust,  &c.,  are  substituted  for  the  metals,  but  the 
sulphurous  oxide  obtained  by  means  of  these  substances  is  always  contaminated  with 
about  half  its  bulk  of  carbonic  dioxide.  W  ac  h  (Schw.  J.  1. 26)  recommends  a  laboratory 
process  for  making  sulphurous  oxide,  by  heating  sulphur  and  sulphuric  oxide  together 
m  sealed  U-tubes,  whereby  the  sulphurous  oxide  is  obtained  in  the  liquid  state,  at 
the  cooled  extremity. 

Properties. — ^At  common  temperatures,  sulphurous  oxide  is  a  gas,  but  it  may 
rery  readily  be  condensed  into  the  liquid  state  by  a  pressure  of  three  atmospheres,  or 
by  a  freezing  mixture  of  ice  and  salt.  The  liquid  oxide  may  be  obtained  in  large 
quantities  by  heating  copper  turnings  with  sulphuric  acid,  and  passing  the  erolved 
pas  first  through  a  little  water  to  wash  it,  then  through  an  empty  U-tube  surrounded 
by  ice  to  cool  the  gas  and  condense  its  moisture,  then  through  a  chloride  of  caldum 
tube  to  render  it  perfectly  dry,  and  lastly  into  a  suitable  receiver  immersed  in  a  freez- 
ing mixture  of  salt  and  ice.  The  product  thus  obtained  may  be  preserved  in  sealed 
tubes,  or  in  soda-water  bottles  firmly  corked  and  wired,  or  preferably  closed  with  a 
vulcanised  caoutchouc  pad  retained  by  a  screw-clamp.  When  the  liquid  oxide  is 
evaporated  rapidly  under  the  air-pump,  or  when  it  is  cooled  by  a  mixture  of  solid  car- 
bonic dioxide  and  ether,  it  solidifies  in  white  semicrystalune  fiakes.  Solid  sul- 
phurous oxide  is  heavier  than  the  liquid.  It  melts  at  about  —  79^.  The  liquid  oxide  is 
a  colourless,  transparent,  mobile  fluid.  Its  Cipecific  gravity  is  1*45.  It  boils  at  —10^. 
Respecting  the  tension  of  its  vapour,  as  determined  by  R^gnault,  see  Heat  (iii.  94). 
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By  its  eraponition  it  piodaces  intense  cold,  sometimes  eyen  sufficient  to  freero  itself, 
and  readily  to  freese  water  on  which  it  is  poured. 

Sulphorous  oxide  in  the  gaseous  state  is  colourless,  irrespirable,  and  incombustible. 
It  is  more  than  twice  as  heavy  as  atmospheric  air,  and  may  consequently  be  collected 
by  displacement.  It  may  also  be  collected  over  mercury,  but  not  over  water,  in 
which  lb  is  very  soluble.  It  has  a  peculiar  su£focating  sulphurous  odour.  ^  When 
perfectly  dry  it  does  not  redden  litmus-paper,  at  an^  rate  not  for  some  time.  It 
temporarily  bleaches  many  vegetable  colours.  The  oxide  or  acid  is  lately  used  for 
bleaching  wool,  straw,  &c,  and  for  preserving  certain  animal  tissues,  such  as  vellum 
and  catgut.  The  moist  substances  are  placed  in  close  chambers  in  which  sulphur  is 
burnt.  The  colouring-matters  seem  merely  to  enter  into  combination  with  the  acid 
or  anhydride,  and  may  be  reproduced  by  the  addition  of  an  alkali  to  neutralise,  or  of 
a  stronger  acid  to  expel  the  sulphurous  acid.  The  fume  of  burning  sulphur  has  also 
been  employed  as  a  disinfecting  agent 

When  heated  to  1200°  or  upwards,  or  subjected  to  the  action  of  a  powerful  in- 
duction-spark, it  is  resolved  into  free  sulphur  and  oxygen,  which  oxidises  part  of 
the  sulphurous  oxide  to  sulphuric  oxide.  It  rapidly  extinguishes  the  flame  of  burning 
bodie^. — Nevertheless  potassium  bums  brightly  in  it,  formine  a  polysulphide  of  potas- 
sium together  with  sulphate  and  thiosulphate. — Finely  divided  Hn  heated  in  the  gas 
also  bums  brightly,  forming  stannic  oxide  and  sulphide. — Arsenic  acts  upon  it  only 
in  the  form  of  vapour,  forming  arsenioii#  oxide  and  sulphide. — Antimony  is  slowly  at- 
tacked by  it,  forming  the  red  trisulphide. — ^Precipitated  lead  is  slowly  converted  into 
sulphide. — Iron  (finely  divided)  glows  when  heated  in  the  gas,  forming  sulphide  of 
iron  and  ferrous  sulphate. — Manganic  peroxide^  gently  heated  in  the  gas,  is  converted 
into  manganous  sulphate :  lead-oride  or  carbonatCf  chiefly  into  sulphide. — Oupric  oxide 
is  two-thirds  reduced  to  cuprous  oxide,  the  remainder  being  converted  into  cupric 
sulpMde.  (Schiff,  Ann.  Ch.  Pharm.  cxvii.  92.) 

SuLPHUBOus  Acid,  H»S0«  -  H«O.SO»  -  ^®^t{o*.— «.  This  add  may  be 

obtained  by  burning  sulphydrio  acid  in  excess  of  ahr  or  cx^u ;  or  by  liberating  it 
from  its  salts,  the  sulphites,  by  the  addition  of  a  stronger  acid,  such  as  the  sulphuric, 
hydrochloric,  oxalic,  &c. — ^In  practice  it  is  always  made  by  passing  sulphurous 
oxide  into  water.  When  liouid  sulphurous  oxide  is  added  to  ice-cold  water,  or 
even  to  ice,  combination  attended  by  violent  ebullition  takes  place,  while  a  solid 
hydrated  add  remains,  mixed  with  an  excess  of  ice,  whether  used  as  such  or  frozen 
during  the  reaction.  The  solid  hydiated  acid,  in  the  form  of  white  laminated  crystals, 
may  also  be  made  by  passing  moist  sulphurous  oxide  |;a8  through  a  freezing 
mixture.  Pierre  (Ann.  Ch.  Pharm.  Ixviii.  228)  obtained  nitre-like  crystals  of  sul- 
phurous add,  having  the  formula  H^SO'.SH'O,  by  cooling  to  —  6°  a  saturated  solution 
of  sulphurous  acid  through  which  a  current  of  the  gas  was  being  transmitted.  The 
crystals  fu.sed  at  +4°.  Dopping  (J.  pr.  Chem.  xliv.  255)  succeeded  in  procuring 
the  pure  acid,  H'SO*,  in  the  form  of  cubical  crystals,  by  cooling  to  zero  a  saturated 
aqueous  solution  of  sulphuroas  add. 

The  solution  of  sulphurous  add  is  made  commerdally  by  condensing  the  vapour 
from  burning  sulphur  in  a  coke  scrubber,  through  which  water  is  kept  trickling.  In 
the  laboratory  the  gaseous  oxide  is  passed  into  distilled  water,  whidi  at  15^  absorbs 
about  45  times  its  volume  of  the  gas  (ii.  798).  The  combination  is  attended  by  a 
slight  elevation  of  temperature.  The  resulting  liquid  has  a  spedflc  gravity  of  1*04. 
It  is  colourless,  has  the  smell  of  burning  sulphur,  and  reacts  strongly  acid  to  test-paper. 
When  boiled  it  gives  off  sulphurous  acid  or  oxide^  but  very  prolonged  ebullition  is  re- 
quired to  drive  off  the  whole  of  the  gas.  By  expoisure  to  air,  the  solution  slowly  oxidises 
into  sulphuric  acid.  When  mixed  with  hydrochloric  acid  and  metallic  zinc  or  stannous 
chloride,  it  is  reduced  to  the  state  of  sulphydric  acid,  which  in  the  case  of  zinc  may  be 
recognised  by  its  reaction  on  lead-paper.  With  stannous  chloride  a  precipitate  of 
brown  stannous  sulphide  is  formed. 

^  Sulphurous  oxide  and  sulphurous  acid  act  as  powerful  redudng  agents.  They 
liberate  iodine  from  iodic  acid,  and,  in  presence  of  water,  finally  convert  it  into 
hydriodic  acid.  The  smallest  trace  of  free  sulphurous  acid  in  a  gaseous  mixture,  or  in 
a  solution,  may  be  detected  by  means  of  strips  of  paper  steeped  in  starch-paste  to 
which  a  small  quantity  of  iodic  acid  or  potassic  iodate  has  been  added.  The  sulphurous 
acid  sets  free  tlie  iodine,  which  forms  the  well-known  blue  compound  with  the  starch 
(Persoz,  Ann.  Ch.  Pharm.  Ixiv.  408).  Starch-paper,  containing  iodide  of  potassiuni, 
which  has  been  turned  blue  by  the  action  of  chlorine,  is  decolorised  by  sulphurous  add. 
(Schonbein,  Pogg.  Ann.  Ixx.  88.) 

Sulphurous  add  and  iodine,  in  presence  of  a  large  quantity  of  water,  yield  hydrio- 
dric  and  sulphuric  adds:  WSG*  +  P  +  H*0  =  2HI  +  H'SO*.  Bunsen's 
method  of  volumetric  analysis  is  based  upon  this  reaction. 
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Sulphuoiifl  add  and  oxide  reduce  the  arsenic,  chromic,  and  permanganic  acidi^  and 
precipitate  metallic  gold  from  ite  chloride.  They  also  precipitate  tellarium  and  selenium 
rrom  tellnrions  and  selenions  acids  respectively,  and  sulphur  from  sulphydric  add. 

For  the  detection  of  sulphurous  oxide  in  gaseous  mixture,  Schiff  (Ann.  Ch. 
Pharm.  cxviii.  01)  recommends  the  use  of  paper  moistened  with  solution  of  mereurous 
nitrate,  which  becomes  grnj  from  precipitation  of  metallic  mercury.  Bright  metallic 
copper  heated  with  hjditjchloric  acid  containing  sulphurous  acid  immediately  becomes 
diUl,  then  grey  and  brown,  or  brown-black,  from  formation  of  sulphide.  The  deposit 
thus  formed  is  distioguished  from  that  produced  by  arsenic  under  similar  circumstances 
by  not  adhering  closely  to  the  metal,  by  not  disappearing  when  heated  in  a  tube,  and 
by  not  dissolring,  with  evolution  of  hydrogen,  when  boiled  with  moderately  dilute 
hydrochloric  add.  Beinsch  (Zeitschr.  anal.  Chem.  i.  220)  recommends  this  reaction 
as  a  yerj  delicate  test  for  sulphurous  add ;  but  according  toFresenius  (ibid.  i.  221), 
it  is  not  nearly  so  delicate  as  that  with  iodate  of  potassium  and  starch. 

Sulphurous  Ghloridb,  80C1*.  Chloride  of  Tkiorwl.  Sidpkurous  Chlor- 
aldehyde. — This  compound,  derived  from  sulphurous  ado,  SO.HO.HO,  by  the 
substitution  of  2  at.  dilorine  for  2  at.  hydroxyl,  is  formed  by  the  action  of  water 
alcohols,  adds,  &c.  on  the  sulphides  of  chlorine  (pp.  634,  635) ;  but  is  more  easily 
prepared  by  the  action  of  phosphoric  pentachloride  on  sulphurous  oxide  (Seh  if  f,  Ann. 
Ch.  Pharm.  dL  111),  or  by  that  of  phosphoric  oxychloride  on  sulphite  of  caldum 
(Caria8,t»«;.lxx.297): 

80«  +  PCI*    «    P0C1«  +  SOCl*. 

3CaS0«  +  2P0a«     »     Ca»P«0»  +   3S0C1*, 

It  is  separated  by  fractional  distillation  from  the  fixed  caldc  phosphate  produced 
simultaneously  in  the  second,  and  by  fractional  distillation  from  Sie  phosphoric  oxy> 
chloride  produced  in  the  first  reaction. 

Sulphurous  chloride  is  a  colourless,  strongly  refrncting  liquid,  which  boils  at  82". 
It  is  aeoomposed  by  water,  yieldinff  hydrochloric  and  sulphurous  acids ;  by  alcohols 
with  finrmation  of  hydrochlorie  add  and  alcoholic  chlorides  and  sulphites  (p.  636X 
and  by  ammonia,  with  formation  of  thionamide:  Cl^O'  -i-  2NH*  ■>  H*0  -i- 
(NH«)«80. 

MxTALLio  Sulphites. — Sulphurous  add,  as  already  observed,  is  dibasic, forming 
normal  or  neutral,  and  add  salts  represented  by  the  formule  M*SO'  and  MHSO'  for 
monatomie  metals ;  and  by  corresponding  formulsB  for  polyatomic  metals ;  also  double 
salts.  The  sulphites  have  been  examined  chiefly  by  Muspratt  (Ann.  Ch.  Pharm.  1. 
269 ;  Lay.  240)  and  Rammelsberg  (Pogg.  Ann.  Ixvii.  245,  391). 

Sulphites  are  usually  made  by  transmitting  gaseous  sulphurous  oxide  through  water 
in  which  metallic  hydrates  or  carbonates  are  dissolved  or  suspended.  The  add  nil phites 
of  barium,  strontium,  caldum,  and  magnesium,  and  the  neutral  and  add  sulphites  of 
lithium,  sodium,  and  potassium,  are  soluble  in  water.  Most  other  sulphites  are 
insoluble,  and  may  be  prepared  by  precipitation  with  a  sulphite  of  alkali-metal.  The 
sulphites  H'SO'  and  KHSO',  present  a  great  analogy  to,  and  are  for  the  most  part 
isomorphons  with,  the  carbonates,  M'CO*  and  MHCC  respectively.  Both  acid  and 
neutral  sulphites  form  well-defined  crystals,  sometimes  hydrated,  but  more  generally 
anhydrous.  The  sulphites  are  decomposed  at  a  red  heat,  either  into  sulphate  and 
sulphide,  or  into  sulphurous  anhydride  and  metallic  oxide.  When  heated  with  char- 
o(Mu,  they  are  completely  reduced  to  the  state  of  sulphides,  or  in  some  cases  to  that 
of  oxides.  They  are  also  readily  reduced  in  the  moist  way  by  stannous  chloride,  or  by 
nascent  hydrogen  evolved  from  hydrochloric  acid  and  zinc,  with  formation  of  metallic 
sulphide  or  of  sulphydric  add.  The  sulphites,  particularly  if  in  solution,  become  con- 
verted into  sulphates  by  exposure  to  air,  or  by  treatment  with  oxidising  agents,  such 
as  nitrous  add,  hypochlorous  acid,  chlorine,  &c.  The  solutions  also,  when  acted  on  by 
sulphur,  sulphydric  add,  or  alkaline  sulphydrate,  form  thiosulphates  (hyposulphites). 
The  sulphites  are  decomposed  by  nearly  all  adds,  save  the  carbonic  and  bone,  with 
liberation  of  sulphurous  acid.  The  acidified  solutions  of  the  salts  act  like  sulphurous 
add  as  powerful  reducing  agents,  and  are  frequently  employed  as  such  in  analyds. 
Add  sulphite  of  sodium  was  at  one  time  much  used  as  an  antichlore  (u  810). 

•lUplUta  of  Alwinlnl«fn,~-A  basic  sulphite,  A1*0*.S0*.4HK)  or  A1*(S0*)*. 
4AIH'0*.6H'0,  is  obtained,  according  to  Gougginspei^,  by  dissolving  recently  predpi- 
tated  aluminic  hydrate  in  cold  aqueous  sulphurous  add,  or  passine  sulphurous  gas 
into  water  in  which  the  hydrate  is  suspended.  On  heatins  the  resiutinff  solution,  the 
salt  separates  as  a  white  earthy  powder,  which  must  be  collected  on  a  filter  while  hot, 
as  it  redissolves  on  oooUng.  It  is  insoluble  in  pun  water,  and  on  exposure  to  the  air 
is  gradually  conyerted  into  sulphate. 

•ol^httM  of  AmmoBlvm.— The  neutral  salt,  (NH^'SO'.HK),  is  prepared  by 
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passiiig  siJphuroiu  oxide  and  ammoiua-giuies,  both  moist,  into  absolute  aleohol;  the 
liquid  then  becomes  filled  with  white  silky  crystals  of  the  sidt,  which  most  be  dried 
between  filter-paper.  It  has  a  strong  alkaline  reaction,  an  unpleasant  caustic  taste, 
and  dissolves  very  slowly  in  water.  The  crystals,  when  exposed  to  the  air,  first  become 
moist,  but  aftenrards  dry,  being  converted  by  oxidation  into  sulphate  of  ammonium. 
(Muspratt.) 

The  neutral  sulphite,  when  heated,  gives  off  water  and  ammonia,  and  is  converted, 
according  to  Muspratt,  into  the  anhydroaulphite,  (NH*)«0.2S0»  or  (NH*)«SO«.SO«. 
[It  might  rather  be  expected  to  yield  the  acid  atdphiie,  NH^.H.SO*  ■■ 
(NH*)*SO*  —  NH*].  This  salt  is  neutral  to  vegetable  colours,  gives  off  a  considerable 
quantity  of  sulphurous  oxide  on  exposure  to  the  air,  and  is  gradually  but  completely 
converted  into  sulphate  of  ammonium.  It  dissolves  easily  in  water  and  m  al- 
oohoL  When  heated  in  a  tube  it  gives  off  sulphurous  oxide^  and  yields  a  sub- 
s' )>r 
limate  perhaps  consisting  of  2NH».S0«.JH«0  or  (SO)"  V  ^.^H^O.  When  sulphu- 
rous oxide  is  passed  into  aqueous  ammonia  till  the  odour  is  entirely  destroyed,  and 
absolute  alcohol  is  then  added,  a  white  alkaline  crystalline  mass  separates,  containing 
(NH*)*SO».NH».|HK).    (Muspratt.) 

SiUplitte  of  Anttmony,  SbK)'.3S0>  «■  Sb*(SO*)',  is  obtained,  according  to 
Berzelius,  by  digesting  antimonious  oxide  in  sulphurous  acid,  or  by  passing  sulphurous 
oxide  into  antimonious  chloride.    It  is  a  white  insoluble  powder. 

•olpbite  of  Baiiiinm  Ba'^SO*,  is  obtained  by  precipitation  as  a  white  powder, 
and  crystallises  from  solution  in  warm  aqueous  sulphurous  acid  in  permanent  six-sided 
prisms.  When  heated  in  a  dose  vessel,  it  is  resolved,  according  to  Hiummelsberg, 
into  sulphide  and  sulphate  of  barium  :  4BaS0*  -»  BaS  +  3BaS0\ 

•nlpbito  of  BlomntH,  BiH>>.SO*  «  2Bi"0*.Bi*(S0')«,  is  deposited,  according 
to  Daxison,  from  a  solution  of  bismuth-oxide  in  the  aqueous  add,  left  to  stand  in  a 
close  vessel,  as  a  straw-yellow  precipitate,  becoming  white  when  dry.  According  to 
Muspratt,  it  is  likewise  produced  by  passing  sulphurous  oxide  through  the.  nitrate. 

Bnlplilto  of  CadrntniDy  Cd"SO'. — The  anhydrous  salt  separates  from  the  aque- 
ous solution  by  evaporation,  in  indistinct  crystidline  forms  (Bammelsberg).     On 
adding  alcohol  to  the  solution,  the  same  salt  separates  as  a  precipitate  resembling 
alumina,  which,  if  left  to  stand  in  the  liquid,  changes  into  fine  silvery  crystals  of      ^ 
the  hydnited  salt,  Od(SO*)*jff*0.    these  crystals  dissolve  sparingly  in  water,  easily  in      ^ 
dilute  acids  (Muspratt)^  The  salt  oxidises  slowly  in  the  air,  and  when  heated,       A 
^ves  off  sulphurous  oxide,  leaving  a  yellow  residue  of  cadmic  oxide,  sulphide,  and 
sulphate.   Sulphate  of  cadmium,  is  also  rormed,  together  with  the  ralphide,  on  dissolving 
cadmium  in  sulphurous  add.    (For do s  and  G 61  is.) 

AmmoniO'Cadmic  tvlphite,  (KH^)K)d''(SO')',  is  obtained,  according  to  Schnler,  by 
passing  sulphurous  oxide  to  saturation  into  the  solution  obtained  by  adding  ammonia 
in  slight  excess  to  chloride  of  cadmium.  It  then  separates  as  a  white  predpitate  con- 
sisting of  microfloopic  rhombic  prisms,  nearly  insoluble  in  water,  even  on  boiling.  When 
heated,  it  gives  off  sulphite  of  ammonium,  leaving  a  mixture  of  cadmic  oxide  and 
sulphate. — Acid  Buiphite  of  Cadmammonium,  (NH^Cd")HSO',  is  formed  by  dissolving 
cadmic  sulphite  in  aqueous  ammonia,  and  sepajntes  on  cooling  as  a  crystalline  powder, 
or  in  small  shining  prisms  which  smell  of  ammonia  and  are  decomposed  by  water. 
(Ram  m  els  berg.) 

Snlplitto  of  CaletniDf  Ca'SO',  is  obtained  in  the  anhydrous  state  by  predpitation. 
*0n  suspending  the  precipitate  in  water,  passing  sulphurous  oxide  througn  the  liquid, 
and  leaving  the  resulting  solution  for  several  days  over  oil  of  vitriol,  a  hydrated  salt 
separates  in  six-sided  prisms  conUining  Ca"S0*.2H'0  (Muspratt),  2Ca''S0".H*0 
(Bammelsberg).  Sulphite  of  calcium  has  an  astringent  sulphurous  taste,  and 
becomes  covered,  on  exposure  to  the  air,  with  silky  efSorescences  of  caldc  sulphate. 
When  heated,  it  gives  off  water,  sulphurous  oxide,  and  sulphur,  and  leaves  a  residue  of 
caldc  sulphide  and  sulphate  (Muspratt,  Bammelsberg).  Bespecting  the  prepara- 
tion of  this  salt  on  the  large  scale,  and  its  use  in  bleaching,  and  in  protecting  organic 
substances  from  decay,  see  Anthon.     (Dingl.  pol.  J.  dix.  137.) 

A  compound  of  calcic  nUpkite  and  sulphide^  OaSO".2CaS.6H'0,  is  found,  according 
toKuhlmann  (Compt. rend.  lii.  1169),  lining  the  cavities  of  soda-residues  which 
have  been  lixiviated,  and  afterwards  exposed  to  the  air  for  several  years. 

Snlplilto  of  Cerlmiif  Ce^SO',  crystallises  in  needles.    (Klaproth.) 

•mphite  of  Ctaromiimit  2Cr*0*.8SO'.16H*0,  separates  from  solution  as  a  yellow 
powder  (Dan son),  on  addition  of  alcohol,  or  on  heating,  as  a  greenish-white  powder 
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which  gireB  off  sulphurous  oxide  when  heated  (Muspratt).  According  to  fierfchier, 
fmlphurous  oxide  passed  into  a  solution  of  potassic  chromate  forms  a  brown  preeii»- 
tate,  gradually  turning  green,  and  dissolvmg  to  a  green  liquid,  whidi  deposits  a 
basic  salt  on  cooling. 

Snlpbltes  of  Cobalt. — a.  Cohaltous  Sulphite,  Co'SO', separates  on  addition 
of  alcohol  to  the  solution  of  cobaltous  carbonate  in  sulphurous  acid,  as  a  flocculent 
precipitate  probably  containing  1  at  water.  From  a  solution  freed  from  air  bj  boiling 
and  left  to  cool  in  a  closed  vessel,  red  granular  crystals  separate  containing  5  at  water 
(Muspratt).  The  same  solution  evaporated  down  in  an  atmosphere  of  hydrogen, 
gives  off  sulphurous  oxide,  and  deposits  peachblossom-coloored  ciystals  of  a  salt  con- 
taining 3  at  water.  The  mother-liquor  on  cooling  deposits  a  light  rose-coloured 
powder,  probably  a  basic  salt  Ammonia  partially  dissolves  the  trihydrated  salt  with 
red-brown  colour,  and  alcohol  added  to  the  solution  throws  down  a  yellow  crystalline 
powder  containing  ammonia,  sulphurous  oxide,  and  probably  cobaltic  oxide,  CoH)'. 
(Kamm  els  berg.) 

Potaasio-cobidious  sulphite,  K«0.Co''O.2S0*  «  K'Co-CSO*)',  is  obtained,  as  a  pale- 
red  crystalline  or  amorphous  predpitate,  by  heating  cobaltous  sulphite  or  chloride 
with  neutral  sulphite  of  potassium,  or  by  boiling  cobaltic  hydrate  with  a  sufficient 
quantity  of  the  alkaline  sulphate. — ^A  wdiumrsdt  containing  KaK>.3Co''0.3SO*  or 

Na*Co*(S0*)'.Co''O,  is  prepared  in  like  manner.  Both  salts  oxidise  on  exposure  to 
the  air.    (W.  Schultze,  Zeitschr.  Ch.  Fharm.  1865,  p.  89 ;  Jahresb.  1865,  p.  270.) 

/3.  Cobaltic  Sulphites. — ^A  warm  solution  of  ammonium-sulphite  dissolves 
recently  precipitated  cobaltic  hydrate,  with  evolution  of  ammonia,  forming  a  dark 
alkaline  liquid;  and  this,  if  strongly  saturated,  deposits  after  awhile,  a  reddish-yellow 
powder  which  redissolves  on  washing  with  water,  the  solution  then  gradually  depo- 
siting yellow-brown  crystals,  and  afterwards  a  yellow  powder  containing  2(00*0*.  380*). 
10NH'.QH*O,  and  apparently  identical  with  the  purpureo-oob&ltio  sulphite  described 
by  KunzeHi.  1049).  The  mother-liquor  deposits  brown  crystals  which  are  decomposed 
by  water,  yielding  a  yellow  salt  probably  identical  with  Kiinzers  triammonio-eobaltie 
sulphite  (i.  1051).  (Oeuther,  Ann.  Oh.  Fharm.  cxxviii.  157;  Jahiesb.  1863, 
p.  267.) 

Potassio-cobaltic  sulphite,  K?0.0o*O».4SO*  «  KCo"'(SO«)«,  is  formed,  by  heating 
cobaltic  hvdrate  for  some  time  with  a  frequently  renewed,  concentrated,  neutral,  or 
slightly  alkaline  solution  of  potassic  sulphite,  as  an  amorphous  powder  which  dissolves 
slightly  in  sulphurous  or  hydrochloric  acid,  and  decomposes  in  drying. — Asodium'salt, 
having  the  composition  Ka*0.0oH)*.3S0*,  is  obtained  in  a  similar  manner.  (Geuther, 
Schultze.) 

Snlpliltes  of  Copper. — a.  A  basic  euprie  sulphite,  40u"0.S0*.7H'0  or 
Ou''SO*.30u''H*0*.4H*0,  is  obtained  by  adding  cupric  hvdrate  to  absolute  alcohol  satu- 
rated with  sulphurous  oxide,  as  a  green  precipitate,  insoluble  in  water,  and  not  decom- 
posed by  washing  therewith. 

/3.  Cuprous  sulphite,  0u*S0'. — The  anhydrous  salt,  which  has  a  brown-red 
colour,  is  obtained,  according  to  Bottger,  by  treating  cuprous  hydrate  with  aqueous  sol- 
phurous  acid.  The  same  salt  is  obtained  pure  and  as  a  hydrate,  by  passing  sulphurous 
oxide  through  water  in  which  ammonio-cuprous  sulphite  is  suspended.  The  latter  is 
thus  converted  into  an  insoluble  red  powder,  which  on  boiling  the  liquid,  is  converted 
into  a  mass  of  microscopic  crystals  consisting  of  Ou*SO*.H*0,  resembling  the  red 
double  salt  in  general  appearance,  but  lighter-coloured,  and  exhibiting  under  the 
microscope,  distinct  quadratic  prisms  or  octahedrons,  whereas  the  double  salt  crystal- 
lises in  oblique  prisms.  Ouprous  sulphite  is  converted  by  hydrochloric  acid  into' 
cuprous  chloride,  and  dissolved  by  ammonia  to  a  colourless  liquid  which  doei  not  torn 
blue.    (Rogojski,  J.  pr.  Ohcm.  liii.  408.) 

Ammonio-cuproiis  sulphite,  (NH^)OuSO',  is  obtained  in  colourless  laminae  by  decom- 
posing cupric  sulphate  with  excess  of  ammonium-sulphite,  and  passing  sulphurous  oxide 
through  the  brown  liquid  till  it  becomes  colourless ;  or  by  passing  the  sulphurous  gas 
(not  too  long)  through  an  ammoniacal  solution  of  cupric  sulphate  (Bogojski);  or 
by  adding  sulphite  of  ammonium  at  the  boiling  heat  to  a  solution  of  cupric  sulphate 
or  nitrate  strongly  supersaturated  with  ammonia,  till  it  becomes  colourless;  the 
resulting  solution  mixed  with  excess  of  nitric  add  and  exposed  to  the  air,  deposits  the 
double  salt  in  nacreous  six-sided  tables  (H.  Vohl,  J.  pr.  Ohem.  xcv.  218).  It  is 
insoluble  in  cold  water,  and  is  decomposed  by  boilins  water  into  sulphurous  oxide 
and  cuprous  oxide ;  also  by  sulphuric  acid  into  metallic  copper  and  cupric  sulphate. 
In  a  solution  of  cupric  sulphate  it  is  immediately  convertecf  into  red  cuproso-cupric 
sulphite  (Bogojski).— Another  double  salt,  containing  0u*SO*.7(NH';^O'.10H*O 
w  (NH«)'0a(80*y.6HH),  is  produced,  according  toF^an-de-Saint-Gilles  (Ann. 


.16H*0,  is  laid  to  be  obtained 
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Ch.  Fhann.  Ixzxviii.  166 ;  Jahreeb.  1863,  p.  372),  by  trentii^;  eaprons  ebloride  with 
sulphite  of  ammonium.  It  czyBtallieeB  in  needles,  and  is  conyerted  into  the  prece- 
ding salt  by  saturating  its  solution  with  sulphurous  acid. 

Potassio-ctqfrous  Sulphites. — The  salty  Cu^80'.2K^SO',  is  produced,  according  ta 
Chevreul  and  Muspratt,  by  adding  sulphite  of  potassium  to  a  moderately  concentrated 
solution  of  cupric  sulphate  or  nitrate,  or  according  to  Vohl  bypassing  sulphurous  oxide 
into  a  solution  of  a  capric  salt  mixed  with  excess  of  potash.  It  is  a  yellow  precipi- 
tato  which  by  boiling  with  water  is  converted  into  the  salt  3Cu«SO'.3Cu"'SO«.2K"SO". 
Eammelsberg,  by  mixing  a  cupric  salt  in  the  cold  with  sulphite  of  potassium,  and 
digesting  the  resulting  yellow-brown  precipitate  with  a  strong  solution  of  potassie 
sulphite,  obtained  a  salt  containing  apparently  Cu'SO'.SK'SO'.lGH^ ;  but  its  compo- 
sition is  uncertain,  as  it  was  perhaps  mixed  with  nncombined  potassie  sulphite. 

Sodio-^ntprous  eitlpkite,  Cu*SO*.5Na*SO'.38H'0,  is  formed,  according  to  Mnspratt» 
by  adding  alcohol  to  a  mixture  of  the  solution  of  sodic  and  cupric  sulphites ;  on 
leaving  Uie  liquid  thereby  separated  in  a  vacuum,  the  double  salt  is  deposited  in  fine 
yellow  crystals. 

KaK).SO« 

A  sodio'ferrofO'ferricthcuprous  sulpkUe,  4^»Qf  '^J 

Cu*O.SO« 

by  adding  neutral  sulphite  of  sodium  to  a  solution  of  2'49  grms.  (2  at)  cupric  sulphate 
uod  6*56  grms.  (4  at.^  ferrous  sulphate  in  100  c.c.  water.  The  predpitato  formed  at 
first  redissolves  to  a  oark  purple-rod  liquid,  which  after  some  hours  deposite  the  com- 
plex salt  in  small  black  crystals,  appearing  dark  purple-red  by  transmitted  light.  (A. 
otromeyer,  Ann.  Ch.  Fhann.  dx.  237.) 

Ct*i)raso-ctt;)rwflftt^jpAi7«,^*|s«0«.2H«0»Cu«SO«.Cu''SO».2H«0.(Bammels- 

berg  and  Rogoj.ski.)— Prepared  b^  treating  hydrate  or  carbonate  of  copper  with 
aqueous  sulphurous  acid,  or  by  passing  sulphurous  oxide  through  water  in  which 
either  of  these  compounds  is  suspended  (Muspratt),  or  by  adding  a  concentrated 
solution  of  acid  potassie  sulphite  to  a  solution  of  cupric  sulphate,  and  gently  warming 
the  filtered  liquid  (Bourson).  It  forms  red  crystals  or  a  crystalline  powder,  which 
dissolves  in  hydrochloric  acid  with  brown  colour,  becoming  groen  on  dilution,  with 
separation  of  white  cuprous  chloride.  The  saooe  salt  is  obtained  combined  with  6  at. 
water,  by  slowly  passing  sulphurous  oxide  through  a  solution  of  cupric  acetate,  or  by 
adding  an  alkaline  sulphate  to  a  cupric  salt  in  excess.  It  then  separates  as  a  yellow 
fiooculent  precipitate,  which  remains  unaltered  in  dry  air,  is  insoluble  in  water,  but 
dissolves  without  decomposition  in  acetic  or  sulphurous  acid.  On  evaporating  its  solu- 
tion the  red  dihydrate  separates  out.    (P6an-de-St-Gilles.) 

Jmmonio-cuproso-citpric  stdphite,  (NH*)'Cu'Cu''(S0')'.6HK),  separates  in  light-green 
crystals  on  mixing  a  saturated  solution  of  ammonium-sulphite  with  cupric  sulphate 

(Pian-de-St-Oilles).— A  potastuxupraao-cu^  sulpkite,  E^Gu*Cu'(SO*)',  is  ob- 
tained as  a  red  precipitate  on  heating  a  solution  of  cupric  sulphate  with  potassie 
sulphite.    (Bogojski.) 

SnlpHlte  of  BldjaBtniiif  Bi'^O'.H'O. — ^Produced  by  passing  sulphurous  oxide 
through  water  in  which  strongly-ignited  oxide  of  didymium  is  suspended.  The  rose- 
colourod  solution  becomes  turbid  when  heated,  and  deposits  the  Milt  as  a  light  bulky 
precipitate,  which  redissolves  on  cooling.  If,  however,  the  excess  of  sulphurous  acid 
be  expelled  by  boiling,  the  precipitete  becomes  roddish-white  and  pulverulent,  and  no 
longer  redisscuves  on  boiling.    (M arignac.) 

ftvlpliite  of  Oliieliiiimf  0*^80*,  is  very  soluble  in  water,  and  is  not  decomposed 
by  boiling. 

Bnlpbites  of  CkrttU — Neither  auric  nor  aurous  sulphite  is  known  in  the  separate 

Bt6t^—Pota8sio-auric  sulphite,  6K«SO«Jlu«(SO")«.6H«0, or  2(KAu''0*.4KHSO*). 
H*0,^  is  obtained  by  dropping  a  solution  of  potassie  sulphite  into  a  slightly  alkaline 
solution  of  potassie  aurate,  in  yellow  needles  insoluble  in  the  alkaline  liquid,  but  dis- 
solving in  water,  with  evolution  of  sulphurous  acid  and  separation  of  gold.  Acids 
likewise  decompose  it.  When  heated,  it  leaves  metallic  gold  and  sulphate  of  potassium. 
(FrAmy.) 

Sodio-aurous  tulpkite,  2Na"Au(SO>)«.6H*0,  or 3Na«S0« jLu«S0».6H«0,  forms  a 
colourless  solution,  which  is  predpitoted  by  alcohol,  appears  yellow  by  roflected  light 
(like  fulminating  gold),  purple  by  transmitted  light  (like  purple  of  Cassius).  Ite  solu- 
tion gives  with  nitrate  of  silver  a  precipitate  of  the  colour  of  lead-chromate,  and  forms 
Irith  lead-salto  a  red  insoluble  compomid.    (H  e i  n  tz.) 

Vol.  V.  N  N 
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(Birnbanm,  Ann.  Ch.  Diarm.  cxzxvi.  177 ;  JtbntXl 

1865,  p.  283.)— «.  Iridic  Sulpkiie,  IrO«J50«.4HK)  *  /^off^*'"^"  V^emas 

0iiIphiiioii0  Oizide  into  water  in  which  indie  oxide  (iii.  322)  is  suspended,  part  of  the 
oxide  dissolyes  with  light  oliye-green  colour,  while  the  rest  remains  undissohred  as 
brownish-ereen  iridic  milphite.  This  salt,  when  diy,  forms  a  black-brown  amorphons 
mass ;  which,  when  heated,  gires  off  water,  snlphnrons  acid  and  snlphnzie  acid,  and 
leayes  bla^  oxide  of  iridium.  Hydrochloric  and  snlphnric  acids  dissolre  it  with 
green  colonr  and  evelution  of  snlpfanrons  oxide;  nitric  add  and  potash  separate  blue 
uidie  oxide. 

0.  Iridiout  StdphUe,  I^80^.6H*0  »  /^,^|o'.6H«0.— This  salt  is  contained 

in  the  light  olire-green  solution  above  mentioned,  and  separates  by  gradnal  evapora- 
tion as  a  brown  amorphous  mass.  It  dissolves  easily  and  with  g^v  colour  in  adds; 
and  when  heated  with  potash,  becomes  first  brown,  then  green  and  blue. 

The  following  double  salts  of  iridious  sulphite  are  obtained  by  mixing  the  olive- 
green  liquid  filtered  from  iridic  sulphite  with  the  corresponding  alkaline  carbonates, 
in  quantitjT  not  sufficient  to  form  a  predpitate.  The  solutions,  when  left  to  thsm- 
selves,  deposit  the  double  salts  as  dark  czystalline  predpitates: 

Ammonio-iridious  sulphite,    (NH«)>Ir'*(S0')*.3HK>. 
Potassio-iridious  sulphite,       K>Ir''(SO*)>.aH'0. 
Sodio-iridious  sulphite,  Na«Ir"'(S0*)*.4HK). 

Bespeeting'  other  doable  snlphitee  of  iridium;,  see  vol.  iii.  p.  322, 
SolplittM  of  lroii.--«.  Ferrie  salts.— Tbjbnmtralaalt,  FoK^.^SO*  -  Fe^SO^ 

**  /p^v^fo*,  is  not  known  in  the  solid  Ibim.   The  red  solution  foRned  by  dissolving 

ferrie  hydrate  in  sulphurous  add,  or  adding  an  alkaline  sulphite  to  a  ferrie  salt» 
quickly  becomes   converted  into  fenons  sulphate^— The  dibtuie  salt,  2fe'0*.3SO' 

»   Fe'O'J'e^O^  ^    /^^^JO*,  is  thrown  down  by  alcohol  from  the  zed  soluttan 

above  mentioned,  as  a  yeuow-browii  hydrated  predpitate^  which  oxidises  in 
ihe  air  to  soluble  fivric  sulphate.^The  trUfasio  salt,  FeH)*J90*.6H*0  -  2Fe*0*. 

Fe*(S0*)'.18HK>  »  /^!^[o«.6HK>,  is  produced  by  treating  the  dibasic  salt  with 

water.  A  solution  of  ferrie  oxide  in  sulphurous  sdd,  ex;posed  to  the  air  for  sevcsal 
days,  deposits  the  tribasie  salt  as  a  rad-brown  predpitate  containing  7  at  water 
(Mnspratt»  Koene).  If,  on  the  other  hand,  the  same  solution  is  heated,  it  deposits 
a  straw-yellow  ochry  predpitate,  which  contains,  according  to  Koene,  3Fe^*JSO'.7H'0, 
and  suffers  no  alteration  on  exposure  to  the  air. 

Ihtassiihfgrrie  Sulpkiiss. — llie  blood-red  solution  obtained  by  passing  sulphurous 
gas  through  water -in  which  ftrrie  hydrate  is  suspendinl,  yields,  on  addition  of  caustic 

potash,  a  double  salt  containing  (Fe«0«.SO*).2(K«O.SO«).5H»0  =»  J^I,^4{o«.5H«0 

gluspratt).— Another  double  salt»  (FeH)'.S0*^.K'0.2S0*,  is  formed,  according  to 
oene,  as  a  deep-yellow  predpitate  on  adding  dilute  jpotaidi-ley  to  the  alcoholic  fil- 
trate obtained  in  the  preparation  of  dibasic  ferric  sulphite. 

0,  Ferrous  sulphite,  Fe'B0*.3HK),  is  obtained,  together  with  an  equivalent 
quantity  of  the  hyposulphite,  by  dissolving  dean  iron- wire  in  aqueous  sulphurous  add 
(Fordos  and  GMis).  On  leaving  this  solution  to  evi^iate  in  a  vacuum,  the  sul- 
phite separates  out  first  in  pale-green  crystals ;  or  it  may  be  precipitated  as  a  white 
powder  by  adding  alcohol  to  the  solution.    It  is  also  produced  by  dissolving  recently 

Sredpitated  ferrous  carbonate  in  sulphurous  acid.    The  nearly  colouriess  crystals 
issolve  sparinRly  in  water,  but  abundantly  in  aqueous  sulphurous  add,  and  are  con- 
verted slowly  in  dry,  quickly  in  moist  air,  into  sdLphate.    (Muspratt) 

Svlpltfte  of  lieadf  Ph'SO*,  prepared  by  double  decompontion,  or  by  passing  sul- 
phurous oxide  into  a  solution  of  neutral  plumbic  acetate,  is  a  white,  insoluble,  anhy- 
drous powder,  which  when  heated  gives  off  sulphurous  oxide,  and  leaves  a  mixture  of 
sulphate  and  sulphide.    It  has  been  proposed  as  a  substitute  for  white  lead. 

Snlplitte  of  XMbimiiv  Li^SO'.CK'O,  separates  from  its  aqueous  solution  on 
boiling,  or  on  addition  of  alcohol,  in  white  feathery  crystals,  which  turn  Lght-yeUow  on 
exposure  to  the  air.    (D  a  n  s  o  n.) 

•vll^te  of  XasBeslimi,  Mg"S0'.6H'0,  forms  small  shining  oystals,  belonging 
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to  the  tlxmiboliddnl  sjBtem,  which  dissolvB  in  20  pts.  of  cold  init6r,  and  are  gradual] j 
coDTetted  into  solphate  on  ezpoeure  to  the  air.  It  giTes  off  part  of  its  water  at  100^, 
therc«t»  together  with  sulphurous  oxide,  at  200^  (Rammelsherg). — ^Mnspratt  ob- 
tained a  aah  with  3  at.  water,  erystalliaing  in  oblique  rhomhie  prisms. 

Ammomo'maanesic  wlpkite,  (Nfl*^']tfg'(S0'y.5H'0,  is  obtained,  according  to 
Bammelfibexg,  by  mixing  a  solution  ox  magnesia  in  sulphurous  acid,  with  excess  of 
ammonia,  dissolying  the  resulting  precipitate  in  sulphurous  acid,  and  leaving  the  8olu> 
tbn  to  dj^tallise.    Sulphite  of  magnesium  then  separates  out  first,  and  afterwards  the 

much  mom  soluble  double  salfc— Another  hydrat«i,  containing  (NH«^*Mg^S0*)M8H'0, 
is  obtained  in  monodinio  crystals  firom  the  mixed  solution  of  tne  component  salts 
(Bammelsberg). — ^The  potassio  double  salt  is  difficult  to  obtain  pure,  becanse  it  is 
about  as  soluble  as  the  simple  magnesic  sulphite  fbmned  at  the  same  time. 

ftiOpMte  of  MangMiaMp  Mn''S0*.2H*0  o!r(8C0Qi!d]ngto  Bammelsberg)  2Mn'S0*. 
fiHH),  is  a  reddish-white  crystalline  powder,  tasteless  at  first,  but  leaving  a  nauseous 
metallie  aftertaste.  It  is  insoluble  in  water,  alcohol,  and  ether,  and  permanent  in  the 
air  (Muspratt,  John).  When  heated  in  a  small  retort^  it  giros  off  water  and  sul- 
phurous oxide,  and  leaves  a  greenish-brown  pulverulent  residue  of  manganic  oxide, 
manganous  sulphate,  and  sulphide  of  manganese.    (B  a  m m  e  I  s  b  e rg.) 

•vlpliltea  of  Mereury. — a.  Mereurie  salts, — When  a  syrupy  solution  of  basic 
mercuric  nitrate  is  mixed  with  a  dilute  solution  of  alkaline  sidphito,  a  heavy  white 
enr^  precipitate  is  formed,  varying  in  composition  between  the  neutral  salt,  Hg  O.SO^ 
or  Hg^SO*,  and  the  basic  salt»  2^0J30*  or  Hg''O.Hg'SO',  according  as  the  mercuric 
salt  used  in  the  preparation  contained  less  or  more  of  base. — The  neutral  salty  Hg^'SO*, 
is  yerj  unstable,  and  is  eonvvrted  by  boiling  with  water  into  a  mixture  of  mercurous 
sulphate  and  metallic  mercmy. — ^The  hasiD  salt,  Hg^'O.Hg''SO*,  when  gently  heated  in 
the  dry  state,  or  boiled  with  water,  is  converted,  without  alteration  of  percentage 
composition,  into  neutral  mercurous  sulphate,  Hg^SO*  (P^an-de-St-Gifles,  Ann. 
Gh.  Phys.  [8],  xxxvi.  80). — The  nitrate  is  the  only  mercuric  salt  from  whidi  mercuric 
sulphite  can  be  prepared,  all  others  being  reduced  or  dissolved  by  alkaline  sulphites. 

Aad  mercurie  anlvhite,  H^TH*(SO*)',  is  formed,  according  to  Wicke,  by  treating 
floHd  mercuric  chloride  with  a  solution  of  add  sulphite  of  sodium,  and  separates  as  a 
white  Giystalline  powder  consisting  of  micioscopic  cubes.  It  is  moderately  soluble  in 
water.  The  solution  deposits  metallic  mercury  when  heated;  it  is  decomposed  by 
potash  in  the  cold,  b^  ammonia  only  when  heated,  with  formation  of  a  white  precipi- 
tate ;  it  is  not  predpitsted  by  alkalis. 

AmanonuMnereuric  SuXfhUe,  (NH')*Hg*(SO')*. — A  sohition  of  acid  ammonium-sul- 
phite, saturated  at  the  boiling  heat  with  mereuk  ooride,  and  then  left  to  evaporate  at 
a  gentle  heat,  deposits  this  double  salt  in  large,  transparent,  colourless^  soft,  tabular 
erystals.  It  decomposes  when  exposed  to  light,  with  sepacatbn  of  mercnzy-i^bules ; 
slowly  also  even  when  kept  in  the  dark  and  in  well-elosea  vessels.  The  aqueous  solution 
deeomposes  in  the  same  way,  slowly  in  the  cold,  immediateiy  on  bcnling*    With  potasjf 

it  yields  a  white  precipitate,  consisting  of  2Hg''SO*.N*Hg«.2flK).    (Hi r z  eL) 

Potastio-iMrcuric  gulphUs,  K*Hg''(SO'^.H*0,  separates  from  a  mixture  of  the  satu- 
rated solutions  of  potassic  sulphite  and  mercuric  chloride,  in  tufts  of  smsJl  white 
needles.  It  dissolves  slightly  in  cold  water,  forming  a  neutn&l  solution.  (P^an-de- 
St-Oilles.) 

SoduMnereuric  stdpkUe,  Na'Hg''(SO')'.H^,  is  obtained  by  adding  mercuric  chloride 
to  excess  of  sodic  sulphite.  On  evaporating  the  liquid,  the  salt  crystallises  in  small 
rhombohedral  plates,  whose  solution  has  a  neutral  reaction,  and  is  not  predpitated  by 
iodide    of  potassium  (P6an  de    St-Gilles). — Another  double  salt,  containing 

Na'Hg'(SO')^.H'0,  is  produced,  with  separation  of  a  small  quantitv  of  calomel,  on 
mixing  the  hot  saturated  solutions  of  sodic  sulphite  and  mercuric  chloride,  the  latter 
being  in  excess.  The  liquid,  filtered  hot,  deposits  the  double  salt  on  cooling  as  a  com- 
pact mass  of  indistinct  needle-shaped  crystals.  It  is  more  soluble  than  the  preceding. 
The  solution  has  an  alkaline  reaction,  and  iodide  of  potassium  separates  half  the 
mercury  firom  it^  Potash  heated  with  it  separates  one-fourth  of  the  mercury.  (Pian- 
de-St-Gilles.) 

A  compound  of  ammomumstilphits  with  mercuric  chkrids,  2(NH*)'SO'.3HgfCl*, 
separates  in  nadtreous  crystalline  tamime,  on  mixing  the  solutions  of  the  component 
sake.  When  heated  to  boiling  with  water,  it  gives  off  sulphurous  oxide,  and 
deposits  mereurous  chloride. 

fi,  Mercurous  Sulphite, — The  neutral  salt  is  not  known.  An  ankgidrosulphite, 
3H^.8SO»  «  2Hg"S0".S0»,  or  8HgH).4SO»  «  8B^0».S0»,  is  produced  by  passing 
sulphurous  oxide  through  water  in  which  recently  precipitated  mercuric  oxide  is 

irM2 
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Buspended.  It  is  a  white,  veiy  easily  decompoeible  ealt^  being  qoicM^r  ooddised'  to 
sulphate,  with  separation  of  metallic  mercury.  When  heated  in  a  test-tabe,  it  melts^ 
gives  off  a  large  quantity  of  sulphurous  oxide,  and  yields  a  sublimate  of  mereorous 
sulphite  and  metallic  mercury.  It  is  also  quickly  decomposed  by  boiling  with  water, 
mercury  being  separated,  and  free  sulphuric  acid  remaining  in  solution.  Warm  nitric 
acid  dissolves  it  easily,  with  evolution  of  nitrous  acid.  Hydrochloric  acid  converts  it 
into  mercurous  chloride.  When  it  is  digested  with  caustic  potash,  the  filtrate  which 
runs  away  from  the  black  mercurous  oxide,  contains  but  Utde  sulphite  of  potassium. 
(Rammelsberg.) 

Boliililte  of  Wlokel,  Ki"S0'.6HK),  separates  by  spontaneous  evaporation  from  its 
aqueous  solution,  in  fine  tetrahedrons.  It  is  insoluble  in  pure  water,  soluble  in  water 
containing  sulphurous  acid,  and  becomes  opaque  when  heated  with  water,  probably  in 
consequence  of  conversion  into  the  anhydrous  salt,  or  of  another  hydrate  (Muspr  att). 
— ^The  tetrdhydrated  salt,  Ni"S0*.4HH),  is  obtained,  according  to  Muspratt,  by  boiling 
the  solution  of  nickel-hydrate  in  sulphurous  acid;  it  then  separates  in  small  green 
ciystals,  nearly  insoluble  in  water.  Metallic  nickel  is  dissolvea  by  aqueous  sulphurous 
acid,  with  formation  of  sulphite  and  hyposulphite  of  nickel;  on  evaporating  the 
solution,  the  sulphite  crystallises  out  with  6  at.  water.    (Fordos  and  Gelis.) 

An  ammonio-iiUphUe  of  nickel,  Ni"SO'.3NH'.3HK),  is  thrown  down  by  alcohol  from 
a  solution  of  nickel-sulphite  in  ammonia,  as  a  light-blue  crystalline  precipitate,  which 
dissolves  in  a  small  quantity  of  water  to  a  light-blue  liquid,  becoming  turbid  whei^ 
mixed  with  more  water,  or  when  heated.    (Kammelsberg.) 

Snlpbttea  of  Oomluni. — Osmious  Sulphite,  Os'^SO',  is  formed  by  treating  aqueous 
osmie  acid  with  sulphurous  acid,  and  separates  on  mixing  the  solution  with  sulphate  or 
carbonate  of  sodium,  and  leaving  it  to  evaporate,  or  warming  it,  as  a  blue  jelly,  which, 
while  moist,  oxidises  readily,  with  formation  of  sulphuric  acid,  but^  after  drying,  forms 
an  almost  unalterable  powder  of  a  dull  black-blue  colour.  It  is  insoluble  in  water,  but 
dissolves  easily  in  hydrochloric  acid,  forming  an  indigo-coloured  solution  without 
evolution  of  sulphurous  oxide.  It  is  decomposed  by  potash  at  the  boiling  heat,  and 
when  heated  by  itself  is  resolved  into  sulphide  of  osmium,  osmic  tetroxide,  and  sul- 
phurous anhydride.  (Clans,  J.  pr.  Chem.  xc.  65;  Jahresb.  1863,  p.  295.) 

The  salt»  Os0.2SO*.6KCl,  is  obtained  by  treating  the  following  compound  with 
hydrochloric  acid:  it  forms  a  brown-red  crystalline  salt,  having  a  sharp  taste,  and 
very  soluble  in  water.    (Glaus,  Ann.  Ch.  Pharm.  Ixvii.  875.) 

Oamio-potauio  Sulphite,  Os;H«(80»)*.3K«SO».4H«0,  or  OsTK:«H«(SO«)».4H*0,  is 
formed  by  heating  osmio-potassic  chloride  with  a  solution  of  potassic  sulphite.  It  is 
a  lights  white^  or  faintly  rose-red  powder,  consisting  of  small,  soft,  crystalline  scales. 
It  is  very  slightly  soluble,  in  water,  and  decomposes  at  180^.  (Glaus,  Ann.  Ch. 
Pharm.  Ixiii.  855.) 

Svlplitteo  of  yiatfnwm.  «.  Platinic  Sulphite,  Pti*(SO*)',  obtained  by 
dissolving  platinic  oxide  in  sulphurous  add,  and  gradual  evaporation,  is  a  white  gummy 
mass,  soluble  in  water  and  in  alcohol,  and  having  a  strong  add  reaction.  When 
heated  it  is  resolved  into  metallic  platinum  and  sulphuric  anhydride.  From  a  solution 
of  auric  chloride  it  throws  down  metallic  gold,  the  solution  then  containing  platinic 
chloride  and  sulphuric  add.  It  is  not  decomposed  by  sulphuric  or  by  hydrochloric 
acid.    It  forms  double  salts  with  sulphites  of  alkali-metal.    (D  o  b  e  r  e  i  n  e  r.) 

0,  Platinous  Sulphite,  Pt'^0',is  obtained  bypassins  sulphurous  oxide  through 
water  in  which  platinous  oxide  is  suspended.  On  leaving  me  liquid  to  itself  with  £e 
vessel  closed  airtight,  the  oxide  gradually  dissolves,  forming  a  brown-green  solution. 
It  forms  colourless  double  salts  with  sulphites  of  alkali-metals. 

AmtMrnuh-plaiinous  iSu/j}Ai^<;,(NH«)*Pt''(SO*)*.H*0,  discovered  byLiebig  and  analysed 
by  Bockmann,  is  prepared  by  redudng  a  solution  of  platinic  chloride  to  platinous 
chloride  with  sulphurous  add,  neutralising  with  ammonia,  predpitating  with  alcohol, 
and  crystallising  from  water.  Forms  long,  fiat,  white  needles,  easily  soluble  in  water. 
— Another  anmionio-platinons  sulphite,  containing  (NH*)*Pt''(SO')\  is  f(»med,  as  a 
white,  bulky,  eiystalune  pred^itate,  on  mixing  a  moderately  concentrated  solution  of 
ammonio-platinous  chloride  with  neutral  sulphite  of  ammonium.  (J.  Lang,  J.  pr. 
Chem.  Ixxdii.  415.) 

Potassio-pUUinous  Sulphite,  2K*Pt''(SO*y.SKH),  produced  by  heating  potassio- 
pUtinous  chloride  with  add  sulphite  of  potassium,  crTBtallises  in  microscopic  six-sided 
prisms,  having  a  faint  straw-vellow  colour,  sparingly  soluble  in  cold,  easily  in  warm 
water.  The  neutral  solution  is  decomposed  by  hydrochloric  acid,  only  when  heated; 
hydrate  and  carbonate  of  potassium  do  not  alter  it,  even  with  aid  of  heat ;  carbonate 
of  sodium  throws  down  a  white  predpitate  of  the  sodium  double  salt ;  carbonate  of 
ammonium  and  sulphydric  add  do  not  act  upon  it  (Lang).    Glaus,  by  decomposing 
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platiiuc  chloride  with  sulphite  of  potassiom,  obtained  the  salt  K*Pt'H'.(SO*)^.H*0, 
analogoua  to  the  OBmium-Hdt  above  described.    Lang  was  not  able  to  prepare  this  salt. 

Sodithplatwma  Sulphite,  Na*Pt''(S0*)<.3HH),  prepared  b^  redaeing  platinic  chloride 
to  platinoas  chloride  with  snlphurons  acid,  saturating  the  hquid  with  sulphurous  add. 
and  exactly  neutralisiug  with  sodic  carbonate,  is  a  bulky  nearly  colourless  pr«^ 
cipitate,  which  dries  up  to  a  white  amorphous  powder,  acquiring  a  tinge  of  yellow 
wnen  moistened.  It  is  sparingly  soluble  in  cold,  more  soluble  in  warm  water, 
insoluble  in  aloohoL  From  the  aqueous  solution  it  is  precipitated  unaltered  by  the 
chlorides  of  sodium,  ammonium,  and  barium,  and  by  nitrate  of  silver.  It  gives  off  its 
water  of  crystallisation  between  180<>  and  200*',  and  may  then  be  heated  to  240®  with- 
out alteration;  but  at  higher  temperatures  it  becomes  darker,  and  is  completely 
decomposed  at  a  red  heat.  The  platinum  in  this  salt  cannot  be  detected  by  the 
ordinary  reagents ;  but  strong  adds  decompose  the  salt,  eliminating  sulphurous  oxide, 
and  converting  it  into  the  following  compound.  By  cyanide  of  potassium  it  is  dissolved 
and  converted  into  potassio-platinous  cyanide.  (Litton  and  Schnedermann, 
Ann.  Ch.  Phann.  zliii.  316. — liang.) 

Another  sodio-platinous  sulphite,  Na'Pt''(SO')'.H*0,  is  obtained  by  dissolving  the 
preceding  in  dilute  hjrdrochloric  or  sulphuric  add,  and  learing  the  solution  to  evaporate. 
It  is  then  deposited  as  a  yellow  powder,  moderately  sqluble  in  water,  and  forming  a 
slightly  acid  solution,  from  which  it  is  precipitated  by  common  salt.  In  other  respects 
it  resembles  the  preceding  compound.    (Litten  and  Schnedermann.) 

Argento-platinom  Sulphite^  AffPt'X8b*)\  produoed  by  mixing  the  corresponding 
potassium-salt  with  nitrate  of  silver,  is  a  white  predpitate,  insoluble  in  water,  easily 
soluble  in  ammonia.    (Lang.) 

BvlphttM  of  FotaMtimu— The  neutral  edU,  E^0'.2H*0,  is  obt^ned  by  satn- 
'rating  a  solution  of  the  carbonate  with  sulphurous  add,  and  evaporating  over  oil  of 
vitriol,  in  large  monodinic  octahedrons,  somewhat  deliquescent,  very  soluble  in  water, 
slightly  soluble  in  alcohol,  having  a  strong  alkaline  reaction  and  bitter  taste.  When 
heated,  it  swells  up,  gives  off  sulphurous  oxide,  and  leaves  sulphate  of  potassium 
mixed  with  sulphiae  and  hydrate.    (Muspratt) 

The  acid  salt,  SIHSO*,  is  produced  by  supersatuzatinff  a  warm  and  moderately  con- 
centrated solution  of  the  carbonate  with  sulphurous  acid,  and  separates  on  cooling,  or 
on  addition  of  absolute  alcohol,  as  a  white  mass  of  crystalline  needles.  The  solution^ 
if  IcA  for  several  weeks  in  a  stoppered  bottle,  deposits  the  salt  in  laige  rhombic  prisms. 
It  has  a  disagreeable  sulphurous  aftertaste,  a  neutral  reaction,  gives  oiF  sulphurous 
oxide  oontiniully  on  exposure  to  the  air,  and  is  finallv  converted  into  sulphate.  Its 
solution,  when  evaporated,  gives  off  sulphurous  acid,  leaving  a  mixture  of  add  and 
neutral  salt,  and  after  prolonged  boiling,  only  the  neutral  salt  remains.  (Muspratt^ 
Bammelsberg.) 

An  eaihySrosulpkUe,  S?0.2S0*, or K^O'.SO', is  formed  bypassing  sulphurous  oxide 
through  a  warm  concentrated  solution  of  the  carbonate,  till  the  effervescence  ceases  and 
the  b'quid  assumes  a  greenish  colour.  It  is  then  deposited  on  cooling,  in  hard  granu- 
lar crystals,  which  must  be  collected  on  a  filter,  washed  with  alcohol,  and  dried 
between  filter-paper.  It  dissolves  very  slowly  in  water,  very  slightly  in  alcohol,  and 
not  at  aU  in  ether,  has  a  disagpreeable  saline,taste,  and  is  permanent  in  the  air.  When 
heated,  it  gives  off  sulphurous  oxide  and  sulphur,  leaving  a  residue  of  potassie 
sulphate.    (Muspratt.) 

Bnlplilte  of  BliodlQiii.    See  Rhodittk  (p.  105). 

Bnlpliito  of  Sutbeninm  »nd  Potasalnin,  K'Bu''(SO*^*,  is  produced,  according 
to  Clans,  as  a  cream-coloui'ed  ^xdverulent  predpitate,  by  boiling  potassio-mthenious 
chloride  with  sulphite  of  potassium.  By  repeated  solution  and  evaporation  it  may  be 
obtained  nearly  white.    (Glaus.) 

•vlplilto  of  81lTer«  A^O',  is  prepared  by  dissolving  silver-oxide  in  sulphurous 
acid,  or  bypredpitating  a  silver-salt  with  an  alkaline  sulphite  or  sulphurous  add;  and 
is  deposited,  according  to  the  mode  of  preparation,  in  small  white  snining  needles,  ot 
as  a  white  predpitate  resembling  chloride  of  direr.  The  salt  is  veiy  slightiy  soluble  in 
water,  has  a  disagreeable  taste,  and,  according  to  Muspratt,  acquires,  on  e:q)08ure  to 
the  air,  a  dark  purple  and  ultimately  black  colour.  According  to  Fourcroy,  the  crys* 
tals  are  unalterable  even  in  sunlight.    It  forms  double  salts  with  alkaline  sulphites. 

Bvlplilteo  of  Bodlnm. — The  neutral  salt,  Ka'SO*,  is  easily  prepared  by  satu- 
rating a  solution  of  the  carbonate  with  sulphurous  acid,  and  adding  to  it,  while  warm,  as 
much  sodic  carbonate  as  it  originally  contained.  The  salt  then  separates  on  cooling  id 
monoclinic  cr^'stals  containing  Na'S0'.7HK).  It  is  very  soluble  in  water;  the  solution 
has  an  alkaline  reaction,  and,  when  heated,  deposits  a  salt  (probably  anhydrous),  which 
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dii^pein  agUD  on  evc^og.  It  diwolne  aligbtl/  Id  aqnsoni  tloobcJ.  At  ISO°  il 
ipvea  off  the  whole  of  ite  mtn,  becoming  white  sod  sniunel-bkc,  and  at  •  bi^er  tem- 
perature mdia  to  AjellowUb'red  maas,  from  which  iledtiA  extncts  Evlphide  ot  Kidiiiiii, 
kaTing  mlphate  (Bsmmelibers). — AnoUier  hjdiM«,  cootaimng  Na*8O'.10H*O,  is 
piDdund,  anordipg  to  Muapratt,  by  satoratii^  a  ■Dlntioo  at  iodic  caiboiiat«  witb  nil- 
pbnrotu  and  till  it  aequirei  an  acid  reaction,  and  learingit  over  (nt  of  fitrioL  It  then 
■eparates  in  large  obliqaa  prisma,  which,  on  ezpoanie  to  the  air,  quickly  tKonaoi,  and 
ate  gradual)}'  cooTerted  into  Enlphote.  It  baa  a  faint  alkaline  reaetion  and  coolii^ 
ml^nroiu  taste  (Mnspratt).  Specific  giaritj  (tf  the  decahjdiated  cr}rMsIa  —  I'Sfll 
(Bnignet,  Jahreab.  1861,  p.  19). — Vanqnelin  obtained  the  nsntnl  mlphite  with  8  aL 

JadtiUphlt,  VtSBO*. — A  MlntiDn  of  iodic  caibonate,  lupuraaL muted,  riiile  wann, 
with  BnlphnronB  add,  depoaila  this  mlt  on  cooling  in  imall  ehinin^  priama.  Alrahol 
precipitates  it  in  the  grannlor  form.  It  sinella  of  anlpbnroiu  add,  boa  an  add  re- 
action, an  unpleasant  anlphnroua  taite,  efBoreecea  Terj  eaailj  in  the  air,  and  is  llDall; 
converted  into  aulphatfl  (Uaapratt).    Clark  obtained  an  acid  salt  with  9  aL  water. 

Sadio-ammmie  ruiphUe,  Na'(NH<)H(S0^.8H*0,  cryitaUiaea,  accoidtng  to  Marignac, 
in  thin  monoclinic  tabled. 

Snlptattv  at  Mronttv^  BfW,  it  obtained  by  double  decompodtion,  u  a  white 
laateleaH  powder,  and  in  dTBtalline  graini  b;  diaaolring  the  jnccipitale  in  aqveooa 
sulphurous  acid,  or  by  paaaing  SDlpfaorons  oxide  through  water  in  which  carbnata  of 
atrontiiun  is  anapendeil  (Muapratt).  The  crrstols  ore  flat  rectangular  plaUa, 
ammiaaled  with  two  beea  (Rammelsberg).  Ilie  Bslt  ia  gradnaUy  ccmTeHed  into 
■nlphate  bj  eipo<ure  to  the  air. 


Vr'0>.S0'.3H*0  -  (UtK>')'SO*.SH'0,  aepante*  asaflocenleatiireetpitate,  of  ab 
light'jellaw  colour,  on  mixing  the  nitrats  with  aulphila  of  ammonimn,  or  on  paaaing 
■SphorcKUi  oxide  through  water  in  whidi  nraiiie  hy<uata  is  nspended.  It  is  peroanent 
to  the  air  at  oidinary  tempcrsturea,  bat  deoompoaea  when  heated,  giring  off  salphanna 
taide,  and  leaTins  a  brown  reaidue,  probably  of  oranoso-uranic  oxide  (Mnapratt). 
Aaoording  to  Reinele  (Po^.  Ann.  exir.  238),  a  aolntion  of  nranie  nitmte  mixed  with 
ndphite  of  ammonium  ^elda  a  lemon-yellow  or  en)  jAur- yellow  predpitat*  conaisttng 


n  execas  of  ammonium-sulphite,  and  aomewhat  soluble  even  in  water.  Accord- 
ing to  Oirard  (Compt.  rend,  zxxir.  82;  Jahi«Bb.  1662,  p.  S76).  the  lalt  obtained  b* 
paaaing  anlphanias  oxide  through  wa(«r  in  which  Dranic  OXide  ia  (Oapended,  and 
tfSTiDf  Um  aolotioD  to  erapoiata,  Mmlalna  (lK)>yBO*.lHH>. 

Uranoui  SatpAile.—A  bade  salt,  TJi'SO'.'UinPG'.WO,  is  precipitated,  with 
erttlation  of  Bulpburous  oxide,  on  mixing  a  aolution  of  ntanouB  chlcnde  with  snlpluta 
of  sodium.  It  has  a  grey-green  colonr,  disaalres  easily  in  acids,  and,  whan  heated, 
gires  off  sulphuiouB  Oxide  and  learea  ursnoao-onnlc  oxidsL 


I  af  Hae,  Zn'B0*.2BX)  (aoeoiding  to  Fordoa  and  QOu),  or 
iZn'SCSHK)  (according  to  Rammelaberg),  OTStaUiaea,  on  evaporating  a  aolntioo  of 
xine-caiboiiala  in  aulphnrona  add,  in  amul  sparingly  aolnble  prisms  having  an  un- 
pleasant BSbringent  taate.  It  ia  precipitated  &om  Uia  aquasua  solution  by  ^cohol  or 
ether  in  needle-shaped  dystols.  On  exposure  to  the  sir,  it  is  quickly  converted  into 
and,  when  heated,  gives  off  water  and  snlphnroua  oxide,  leaving  a  residua  of 

snlf^da,  and  oxide  of  eidc.  

i  mlpUU  of  tmuymmMimK,  ^^^^  1 80<,  1*  obtained  in  aystHmne  erusta 


(Ra, 

Me  or  Titr»Mi«rM  is  a  white  powdar,  inaoluble  in  water,  somewhat  aolnble 
ironascid,  and  prcdpitated  from  the  aolntioo  by  boiling.    (Berthier.) 
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AleQkolie  Sulpkites.    Sulpkuroua  Ethers. 

The  two  atovu  of  hydrqgen  in  ih»  molecule  of  oilphuroiis  acid,  ^^^  [  0*,  may  be 

pardj  or  wfaoUyrei^aoed  by  moDatomie  aleobcd^Esdidei,  giTing  ziae  to  acidand  neatEil 
gulphmous  ethen,  repreeented  by  the  genenl  formule : 

Acid.  NeutnL 

The  acid  ethen  niay  also  be  legazded  aa  oomponnds  of  sulphuric  anhydride  with 
hydrocarbons  containing  eren  nnmbecs  of  hydx^gen-atomsi  and  are  sometimes  designated 
as  snlpho-acids,  «^. : 

PhenylsnlphoKHn  add,  ^^^|o*    -    CTH'JSO*,    Sulphobenzolie  add. 
No  nentzal  snlpfaoroQS  ethers  axe  at  present  known  of  the  fonn  'x»»    [0*,  but  there 

18  a  group  of  acid  ethers,  b'^mf  0^  derived  from  a  double  molecule  of  sulphnroiis 

add,  WS^O*,  by  substitution  of  a  diatomic  alcohol-radide  .for  half  the  hydrogen. 
These  are  the  so-called  disnlpho-acids,  which  may  also  beionnnlatedas  compounda 
of  hydrocarbon  with  2  at  SO',  s.^. : 

Fhenylene-Bulphurom  add,  (C^H^'^VO*    »    CW.2S0*,    Biaulphobenmlie  add. 

The  acid  sulphnroQs  ethers  of  the  monatomio  aleohol-radidee,  OH>^>,  homo- 
logous with  ethyl,  are  produced  by  the  action  of  laidiiiing  agents,  especially  of  nitric 
acid,  on  the  sulphides,  sulphydrates,  and  snlphocyanatesof  the  corresponding  ladides; 
methylsulphaious  add  also,  by  electrolytic  reduction  of  its  chlorinated  deriyatiTes 
(p.  555) ;  these  ethers  do  not  appear  to  be  formed  by  the  action  of  sulphurous  add 
on  the  corresponding  alcohols. 

The  add  snlphurons  ethers  of  other  alcohol-radides  (phenyl,  naphthyl,  &c.)  are  pro- 
duced by  the  action  of  strong  sulphuric  add  on  the  corresponding  hydrocarbons  con- 
taining even  numbers  of  hydrpgen-atoms,  e,ff, : 

Cm«  +  H«SO*     -    H«0  +  (C^»)HSO*. 
Bwsentt.  Fbenjliulnharoiis 

All  these  ethers  are  monobasic  adds,  forming  well-defined  cnrstalline  salts.  The 
BOtassinm-salts  of  phenylsalphuzous  and  bensylsulphnrous  acid  are  decomposed  by 
rasion  with  excess  of  potasno  hydrate,  yielding  sul^iate  of  potasdum  and  uie  ooxie- 
sponding  alcohols,  phenol  and  cresol,  e,g, : 

(CHOKSO*  +  KHO     «    K«SO«  +  (CrH*)HO. 

BenxyUulphlte  CreaoL 

of  poUuium. 

The  salts  of  all  the  add  sulphurous  ethers  aie  eonyerted  by  pentachloride  of  phos- 
phorus into  chlorides  derired  from  the  add 'ethers  by  substitution  of  chlorine  for 
hydroiyl,  e.ff. : 

Ethylsnlphurous  add SO.C*H*O.HO. 

Ethylsulphurous  chloride SO.G^H^O.CO. 

These  chlorine-eompoundsi  when  endoeed  in  sealed  tubes,  gradually  resolye  them- 
selves into  a  chloride  of  the  alcohol-radicle,  RGl,  and  sulphurous  oxide,  SO' ;  when 
heated  with  pentachloride  of  phosphoms,  they  are  decomposed  according  to  the  general 
equation: 

RCISO*  +  PC1»     -    SOCP  +  Ra  +  POCl*. 

They  are  oonrerted  by  caustic  potash  into  the  original  acid  ethers ;  by  MnmQwiy. 
into  amides ;  by  akohols  into  the  corresponding  neutral  ethers,  e.^. : 

C»H»C1S0  +  (C«H*)HO     -    HCl  +  (C«H*)«SO«; 
BtbyUiilphttroiw  £tbjlic  lul- 

chloridB.  phtte. 

*"  C«HH31S0*  +  (CH')HO     -    HOI  +  (CH»XC«H»)SO«. 

BtbyhulphuTou*  lletbylethylle 

elOoride.  ralpbito. 
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The  neutral  sulphur  onset  her  8  of  the  aleohol-ndidesOH^'*'*  on  also  ptodoced 
by  the  action  of  alcohols  on  disulphide  of  chlorine  (see  page  635),  or  on  suphnioiia 
chloride ;  in  the  latter  case,  according  to  the  general  equation : 

SOa«  +   2(OH«-+»)H0     -     2Ha  +  (0-H»-+«)«SO«. 
These  neutral  ethers  are  resoWed  hj  caustie  alkalis  into  the  ocHresponding  aloobola 
and  a  sulphite  of  alkali-metal,  e.ff. : 

(C«H»)«SO*  +  2KH0     -     2(C«H>)H0  +  K«SO«. 

But  the  neutral  sulphurous  ethers  of  other  alcohol-radicles  (phenyl,  naphthyl,  &e.) 
exhibit  a  different  reaction  with  alkalis ;  ethylic  naphthylsulphite  for  example,  when 
treated  with  potash,  3rields,  not  sulphite,  but  naphthylsulphite  of  potassium.  (0  a  r  i  u  s, 
Ann.  Ch.  Pharm.  cxiv.  140;  Jahresb.  1860,  p.  421.) 

The  acid  sulphurous  ethers  of  diatomic  alcohol-radicles — ^the  so- 
called  di  sulpho-acids,  are  obtained  in  some  cases  by  the  action  of  strons  sulphuric 
acid  upon  hydrocarbons:  thus,  naphthjlene-sulphurous  or  disulphonaphualic  acid, 
C'*H*8*0',  is  produced  in  small  quantity,  togetner  with  naphthylsulphurous  acid,  by 
the  action  of  sulphuric  acid  on  naphthalene.  More  frequently,  however,  they  are  pro- 
duced by  the  action  of  fuming  sulphuric  acid  on  the  cyanides  of  the  alcohol-iadiclea 
(nitriles),  (or  on  the  corresponding  amides,  which  differ  there^m  by  addition  of  1  at. 
HK)) :  thus  phenylic  cyanide  or  benzonitrile,  treated  with  faming  sulphuric  acid,  yields 
phenylenesulphurous  or  disulphobenzolic  add : 

C'H»N  +  8H«R0«    -    C^«SK)«  +  (NH*)HSO*  +  C0«. 

The  formation  of  ethylene-sulphuzous  acid,  and  its  homologues,  may  be  represented 
by  the  general  equation : 

OH««*».CN  +  8H«S0*     -    (OH«*)H«S«0«  +  (NH*)HSO*  +  C0«. 

They  are  also  produced  by  the  oxidation  of  the  sulphocarbonates  of  diatomic  alcohd- 
radides ;  «.^.,  ethylene-sulphurous  add,  (CH^)H^O*,  by  the  action  of  nitric  add  on 
ethylenic  disulphocarbonate  ortrisulphocarbonate  (p.  602). 

These  ethers  are  dibasic  adds,  forming  add  and  neutral  salts. 

a.  Sulpkurotu  Ethers  contahUng  Monatomio  Jlcohol^adieles. 

(S0)% 
AmjUolpbvroiis  Aeld^    G»H>*SO*    »    (C'H")HSO*    »    G*H"  (.0*.    (Ge- 

H  J 
rathewohl,  J.  pr.  Chem.xzxiy.447. — O.Henry,  Jan., Ann.Ch.Phys.  [3], xxr.  246. — 
Med  lock,  Ann.  Ch.  Pharm.  Ixix.  226.) — This  add  is  produced  by  the  action  of  nitric 
add  on  the  sulphydrate,  disolphide,  and  sulphocyanate  of  amyL  When  amyl-mer- 
captan  is  added  by  small  portions  to  gently  heated  nitric  add  of  spedfic  grayity  1*26, 
two  layers  of  liquid  are  obtained,  the  upper  of  which  is  oily,  and  of  yariable  compo- 
sition— ^the  lower  watexy,  and  consisting  of  amylsulphurous  add  mixed  with  nitric  acid ; 
and  on  eyaporating  the  latter  oyer  the  water-bath  till  the  odour  of  nitrous  acid  is  no 
longer  perceptible,  a  thick  colourless  syrap  is  left,  consisting  of  impure  amylsulphurous 
acid.  This  product  may  be  used  to  prepare  most  of  the  amylsalphites,  inasmuch  as  on 
treating  the  resultiDg  salts  with  boiling  alcohol,  the  amylsulphite  dissolyes,  while  the 
small  quantity  of  sulphate  with  which  it  is  mixed  remains  behind. 

The  pare  add  is  obtained  by  decomposing  the  lead-salt  with  sulphuretted  hydrogen, 
and  eyaporating  the  filtrate,  as  a  yeiy  add  S3rrup,  having  a  peculiar  odour.  According 
to  Gerathewohl,  it  does  not  crystallise  eyen  in  a  yacuum  oyer  oil  of  yitrioL  Medlock, 
howeyer,  obtained  it  as  a  deliquescent  crystalline  mass. 

The  amyUulpkUes  of  ammonium,  potaesiutn,  and  calciumj  crystallise  in  colourless 
laminae,  insoluble  in  water  and  in  alcohoL— The  barium-mlt,  C'R^^a^SK)*,  forms 
transparent  unctuous  scales,  which  gyrate  upon  water  like  amylsulphate  or  butyrate 
of  barium.  It  bums  in  rathrr  stronff  heat  without  decomposing. — ^The  eopper-aaU 
forms  bluish-green  tables ;  the  Uad'Saitt  C**H''Pb''S'0*,  colourless  laminae  containing 
water  of  crystallisation,  which  they  give  off  at  12O^.---Then/«0r^a/^,  C*H"AgSO*,  crys- 
tallises from  a  moderately  ooncentiated  solution  in  yery  fine  colourless  rhombic  plates. 

DiAXTLio  or  Neutbal  Axtlic  Sulfhitb,  (C*H")'SO'.  (Carius,  Ann. 
Ch..PhamL  cyi.  291 ;  cxi.  97 ;  Jahresb.  1868,  p.  26;  1869,  p.  88.)— Phxluced  by  the 
action  of  disulphide  of  chlorine  or  sulphurous  chloride,  (SOCI^),  on  amylic  alcohol,  the 
decomposition  m  both  cases  being  similar  to  that  which  takes  place  in  the  preparation 
of  ethylic  sulphite  (p.  664).  The  second  process  is  the  easier  of  the  two ;  1  at  sul- 
phuxx>as  chloride  bmng  added  to  2  at.  amylic  alcohol,  and  the  resulting  liquid  firced 
from  hydrochloric  add  by  passing  a  stream  of  carbonic  dioxide  through  it 

Amylic  sulphite  thus  prepared  is  a  nearly  colourless  oily  liquid,  smelling  like  amylic 
alcohol  and  ethylic  sulpoite,  giying  off  sulphurous  add  on  exposure  to  moist  air,  and 
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aeqniiiBg  a  nd  cat  brown  eolonr.  It  is  decompofled  bj  water,  and  more  qnidklj  by 
aqneoiis  aUcalin^  into  amylsnl^lnnoai  add  and  aniylic  alcohoL  When  heated  aboTa 
150^  in  contact  with  the  air,  it  begins  to  decompose  into  amylic  alcohol  aad  sulphnions 
oxide ;  but  in  an  indifferent  gas,  it  may,  for  the  most  part,  be  disdlled  without  decom- 
position at  230'>— 250. 

(soys 

BM^ylmlptaimui  A«ld,»  CH'SO'     -    CH'  10*.   ToluenyUuIpkmrtms,  Sui^ 

H  j 

pkotoluiCf  Sulpkotolveme,  Sulpkibenrylic,  or  SmlpMobemoema  Acid.  (H.  D  e  t  i  1 1  e,  Ann. 
Ch.  Phys.  [8],  iii.  172.)---Prodiiced  by  the  action  of  fuming  snlphnrie  add  on  toluene 
(bensylic  hydride,  i.  673Xt  and  purified  by  conrenioD  into  a  lead-salt,  separation  by 
suli>hydzic  add,  aiid  concentration  in  a  Tacunm.  It  oystallises  in  small  veiy  deliquescent 
lamiiuft. 

BensyUuIpAite  o/ammonmm  crystallises  in  small  stars;  the  potaatmm-^i  in  yeiy 
soluble  anhydrous  laminae ;  the  barium-saitf  C^H'^Ba^S^O",  in  crystalline  scales  rery 
soluble  in  water,  but  not  deliquescent — The  lead-^t  is  rexy  soluble. 

The  benzylsulphites  do  not  predpitate  aigentie  or  cupric  nitiateu 

rsori 

hardt  and  C  ah  ours,  Ann.  Ch.  Phys.  [3],  i.  87.) — Prepared  by  adding  about  1  pt  of 
cumene  to  2  pts.  fuming  sulphuric  add,  and  agitating  till  the  whole  is  dissolved. — The 
'banuni'SaU,  C"H'*Ba*8*0*,  obtained  by  saturating  the  acid  solution  with  carbonate  of 
barium,  crystallises  in  a  mass  of  nacreous  very  brilliant  lamin»,  resembling  fish-scales. 
Its  solution  is  not  decomposed  by  boiling,  and  does  not  precipitate  the  solution  of 
caldc  chloride,  plumbic  acetate,  mercuric  chloride,  cupric  cnloride,  nickel-chloride,  or 
bismuth-chloride. 


-Three  of  these  compounds  are  known :  vis.,  e  t  hy  1- 
sulphurousacid,  produced  by  the  action  of  oxidismg  agents  on  sulphydrate  and 
snlphocyanate  of  ethyl ; — ethylsulphurous  chloride,  by  the  action  of  phosphorie 
ozychloride  on  metidlic  etbylsulphitee ; — and  neutral  ethylic  sulphite,  by  the 
action  of  alcohol  on  disulphide  of  chlorine,  sulphurous  chloride,  or  ethylsulphurous 
chloride. 

Ethtlsulphubous  Acid,  C*H«S0«  -  (C«H»)HSO*.  Suipketholia  Aoid. 
Hypoguiphethylic  Acid.  (Lowigand  Weidmann,  Pogg.  Ann.  xlvii.  153;  zlix.  829.-^ 
Kopp,  Ann.  Ch.  Pharm.  zzxv.  346. — ^Muspratt,  Chem.  Soc.  Qu.  J.  iii.  18;  Compt. 
Chim.  1848,  p.  10.)^This  add  is  produced: — 1.  By  the  prolonged  action  of  nitrio 
ucid  (specific  grarity  »  1*23)  on  mercaptan.  The  resulting  liquid  is  evaporated, 
diluted  with  water,  neutralised  with  carbonate  of  lead,  filtered,  and  concentrated ; 
the  lead-salt,  after  OTstallisation,  is  decomposed  by  sulphydric  acid ;  and  the  filtrate 
concentrated  by  evaporation. — 2.  By  the  action  of  moderately  dilute  nitric  acid  on 
ethylic  sulphocyanate.  The  liquid  is  cohobated  five  or  six  times,  then  evaporated  to  a 
syrup,  which  after  dilution  is  saturated  with  carbonate  of  barium ;  and  the  barium- 
mlt  thus  obtained  is  decomposed  by  sulphuric  acid.  In  both  modes  of  preparation 
sulphuric  add  is  formed  as  well  as  ethylsulphurous  add,  and  in  greater  quantity  as 
the  nitric  acid  is  more\  concentrated. — 3.  By  treating  ethylic  sulphocyanate  with  a 
mixture  of  hydrochloric  add  and  potasdc  chlorate. 

Ethylsulphurous  add  concentrated  by  evaporation  forms  a  heavy  oil,  of  specific 
gravity  1*30,  in  which  limpid  crystals  gnidually  form,  eepedally  at  low  temperatures. 
It  has  no  smell,  but  a  yeiy  sour  taste,  with  disagreeable  aftertaste,  like  that  of  phos- 
phoretted  hydrogen.  It  dissolves  in  all  proportions  in  water  and  in  alcohol^  and 
absorbs  moisture  from  the  air.  It  bears  a  rather  high  temperature  without  decompo- 
sition, but  if  very  strongly  heated,  gives  off  sulphuric  acid  and  sulphurous  anhydride. 
Fused  with  hydrate  of  potassium,  it  yields  a  product  from  whidi  hydrochloric  or  sul- 
phuric acid  eliminates  a  large  quantity  of  sulphurous  acid. 

The  ethylsulphites,  C^H^MSO',  are  soluble  in  water  and  in  alcohol,  and  have 
a  dis  ipfreeable  taste,  like  that  of  the  acid.  They  decompose  when  strongly  heated, 
turning  black,  giving  off  sulphurous  anhydride,  together  with  fetid  sulphurous  Tapours, 
which  burn  with  a  violent  fiame,  and  leaving  a  carbonaceous  residue  containing 
metallic  sulphide  and  sulphate. — The  ammonium-salt  crystallises  in  very  deliquescent 
tablt>ts. — The  potassium-salt,  CH'KSO*  (at  120^^  forms  lamellar,  opaque,  deliquescent 
cr^'stals,  sparingly  soluble  in  cold,  more  soluble  m  boiling  alcuhol.  It  gives  off  6' 75 
per  cent,  water  at  120^,  and  decomposes  at  a  higher  temperature — The  sodium-salt, 

*  The  terra  beDzjrliolphuroui  acid  is  applied  by  Kolbe  to  the  compound  C*H*SO',  more 
proper ij  called  phenyltulphuroui  or  tulphophenylic  hydride  (p.  563). 

t  There  is  formed,  at  the  same  time,  a  crystalline  substance,  probably  homologous  with  sul|ihobeu- 
lide. 
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CfHIfaSO'ur'H'O,  fcmoM  deUqnesoent  crystals,  exhibiting  similar  cbaxaetcon. — ^Ths 
harium-MU,  C^H^'Ba'S^O'^'O,  is  extiemely  soluble,  but  may  be  obtainnd  in  fin* 
Thomboidal  prisms  by  slow  evaporation  of  a  very  concentiated  solution.  It  gires  off 
its  water  at  100°,  dissolyes  very  easily  in  hydrated  alcohol,  but  is  insobible  in  absbluta 
alcohol,  which  j^ecipitates  it  from  a  strong  aqueous  solution  in  silky  needles. — ^Tha 
calcium^^alt,  C^H**Ca"SH)*  (at  100^,  forms  limpid  crystals  resembling  the  barimn- 
salt,  very  soluble  in  water  and  in  aloohoL — ^The  magnetium'^t  ciystaUisea  1^  cooling 
in  hydrated  prisms.~The  cwj^  salt,  C*H'*Cu''S'0*.5H20,  forms  light-blue  prisms, 
becoming  anhydrous  at  120°. — ^Tha  Jmrous  talt,  formied  by  dissolving  metallie  iron  in 
a  boiling  concentrated  solution  of  the  add,  crystallises  on  cooling  in  colourless  prisms. 
—The  manganeMe-eaU  forms  oolonrless  needles.— The  lead-salt,  0*H'«Pb''S*0'  (at 
lOO^X  crystallises  from  a  hot  concentrated  solution  in  fine  colourless  plates. — ^llie 
silver-salt,  obtained  by  saturating  the  boiling  aqueous  add  with  carbonate  of  silver, 
forms  colourless  laminse. — ^The  sine-salt  forms  colourless  dendritic  crystals,  efflorescing 
in  dry  air,  but  absorbing  moisture  in  damp  air.  The  crystallised  salt  melts  when 
heated,  and  solidifies  in  a  oystalline  mass  on  cooling.  It  gives  off  8*72  per  cent.  (S 
at)  water  at  120^  and  22*96  per  cent  (8  at)  more  at  180°. 

Ethtlsulphubous  Chlobidb^  C*HH)1S0'.  (Gerhardt  and  Chancel, Compt, 
rend.  xxxv.  691.) — This  compound,  derived  from  ethylsolphurous  add  by  substitation 
of  CI  for  HO,  is  easily  obtained  by  distilling  ethylsulphite  of  sodium  with  excess  of 
phosphoric  oxychloride.  It  is  a  colourless,  sli^tly  fuming  liquid,  insoluble  in  toater,  Tcry 
soluble  in  alcohol,  having  a  specific  gravity  of  1*357  at  22*6®,  and  boiling  at  171®. 
Caustic  potash  oonrerts  it  into  a  mixture  of  potassic  chloride  and  ethylsulphite  f  G-er- 
hardt  and  Chancel). — ^When  kept  in  a  sealed  tube^  it  is  gradually  reeolvea  into 
ethylic  chloride  and  sulphurous  anhydride.  Heated  with  psntachloride  of  phosphorus 
to  120®  in  a  sealed  tube,  it  yields  sulphurous  chloride,  ethyiic  chloride^  and  phosphorie 
oxychloride : 

C«HH}1S0«  +  PCl»  -  SOCP  +  C*H»C1  +  POd*. 

Alcohol  converts  it  into  neutral  ethylic  snlphite.    (Cjariu  s.) 

DiBTHTLio  Sui.PHiTa,(C^«)*SO'.  Neutrol  Ethglie  BulphUs.  Sulphurous Ethsr. 
(Ebelmen  and  Bouquet)  Ann.  Ch.  Fhys.  [3],  xvii.  66.— Carina,  Ami.  Ch.  Fharm. 
cvi.  291;  cxL  93;  Jahresb.  1858,  p.  94;  1859,  p.  87.)— This  ether  is  produced:— 
1.  By  the  action  of  absolute  alcohol  on  disulphide  of  chlorine.  Aeoording  to  Cariusy 
the  first  products  are  sulphurous  chloride  and  ethyHc  solfdiydrate: 

8«C1«  +  C^«0     -     S0C1«  +  0^«; 

and  these,  by  their  mutual  action,  produce  ethylic  sulphite,  together  with  ethylic  chloride, 
hydrochloric  add,  and  free  sulphur : 

8S0CI*  +  4(C»H»)HS     -     (C«H»)«80»  +  2C»H»C1  +  4Ha  +  S«. 

The  alcohol  is  to  be  added  in  excess  to  the  sulphide  of  chlorine  (Carius) ;  the  liquid 
filtered  from  the  predpitated  sulphur  is  distilled ;  and  the  portion  whidi  goes  over, 
between  150^^  and  170^,  is  collected  apart    (Ebelman  and  bouquet.) 
~ie  action  of  sulphurous  chloride  on  alcohol : 

S0C1»  +  2(C«H»)H0     -     2Ha  +  (C«H»)«SO». 

The  alcohol  must  be  perfectiy  anhydrous,  and  added  by  drops  to  the  sulphuroiifl 
chloride ;  but  the  result  is  not  affected  by  the  proportions  in  which  the  two  substances 
are  ultimately  mixed.    (Carius.) 
3.  By  the  action  of  absolute  ^cohol  on  ethylsulphurons  chloride  (Carius) : 

C«H»C1S0«  +  (C«H»)HO     =     Ha  +  (C«H?)«SO«. 

Ethylic  sulphite  is  a  limpid  colourless  liquid,  having  an  odour  somewhat  like  that 
of  mint  Boiling-point  160^.  Spedfic  gravity  of  liquid  »  1085  at  16^ ;  of  vapour 
■i  4*78.  It  dissolves  in  all  proportions  in  alcohol  and  ether ;  Vfater  predpitates  it 
from  the  solutions,  and  gradually  decomposes  it. — Chlorine  attacks  it  strongly,  and  in 
bright  sunshine  forms  crystals  of  trichloride  of  carbon,  CCi*,  together  with  a  strongly 
fuming  liquid  containing  trichloracetic  chloride  and  chloride  of  sulphuryl  (Ebolmen 
and  Bouquet). — By  aqueous  alkalis  or  alkaline  carbonates,  it  is  quickly  decomposed 
into  alcohol  and  an  alluJine  sulphite.  On  adding  to  a  dilute  solution  of  the  ether  in 
anhydrous  alcohol,  a  quantity  of  a  solution  of  potassic  hydrate  in  absolute  alcohol,  not 
sufficient  to  decompose  it  completely,  a  precipitate  is  formed,  consisting  of  potassic 
ethylsulphite.  When  its  aloohoUe  solution  is  saturated  with  dry  ammonia-gas,  and 
heated  to  120 — 140^  in  a  sealed  tube,  laminar  crystals  of  neutral  anmionium-sulphits 
separate  on  slow  cooling,  and  tlie  liquid  separated  therefrom  contains  ethylamine: 

(C«H»)«SO»  *-  4NH*     •     (NH*)»SO»    f   2(C«H»)BW. 


SULPHTJKODS  ETHER&  555 

If  the  aleoholie  «>litt]pD  be  saturated  with  fti^fUmine  ikiatead  of  ainmoai^  Urn  pro- 
dnefce  are  diethylamme  and  sulphite  of  ethylMoine  (Gariii0).-^JSMyi^f9  nMiU  ii 
strongly  attached  by  fentaekhride  </  pkotpkorus,  yiswlog  sulphurotui  chtoiias,  pha»- 
pbozic  oxychloride^  and  ethylie  chloride  (Car ins): 

(C*H»)«SO«  +  2PC1»     -    80C1«  +  2C?«H»C1  +  2P0Ca« 

ETKTI.AMTL1C  SuiPHiTB,  CH»«SO«  -  ^*,|sO*.  (CariuB,^««.>— Prtduesd 
by  the  actioii  of  ethylsulphurous  chloride  on  ajuylate  of  sodium : 

C«H«C1S0«  +  C»H»»NaO     ^    NaCl  +  (C«H»)(<>H>»)aO«. 
Ethylsulphurous  chloride  is  added  to  amyiic  aloohol  containing  an  equivalent  quantity 
of  sodhun  in  solution,  and  the  liquid  separated  from  the  precipitated  chloride  oi 
sodium  is  fireed  fi!om  excess  of  amyiic  aloohol  by  passing  a  stream  of  carbonic  di- 
oxide throu^  it 

The  compound  may  also  be  formed  by  heating  ethylsulphurous  chloride  with 
amyiic  alcohol  in  a  sealed  tube  to  120^;  but  the  hydrochloric  acid  formed  in  the 
reaction  acts  on  another  portion  of  the  amyiic  alediol,  and  the  water  thereby  produced 
decomposes  the  greater  part  of  tiie  double  ether. 

Ethylamylic  sulphite  is  a  fiuntly  yellowish  oily  liquid,  boiling  with  partial  deoom- 
positioB  between  210^  and  226°,  and  resembling  amylie  sulphite  in  all  its  zeaetions. 

aB«Uijlsalplnir«os  BtlMvs^ — ^There  are  three  compounds  of  this  group,  cor- 
responding exactly  to  the  ethylsulphurous  ethers :  vis.,  methylsulphnrous  acid,  methyl- 
suli^urons  chloride,  and  neutral  methylic  sulphite;  also  a  methylethylic  sulphite. 

Mbthtlsxtlfhubous  Acid,  CH^SO*  -  (CH*)HSO*.  SulphomethoUc, Methyl- 
ditMoniet  OT  Sulphomethj^sutphurtG  Acid.  (Kolbe,  Ann.  Ch.  Phann.  liv.  17i. — Mus- 
pratt,  Und,  Ixr.  751 ;  Chem.  Soc.  Qn.  J.  iii.  22.)— -This  acid,  diecoveied  by  Kolbe  in 
1845,  together  with  its  three  chlorinated  deriTativee,  CH'CISO',  CH*C1*S0*,  and 
CKCPSO*,  is  produced :  1.  ^  the  electrolytic  reduction  of  either  of  these  chlorinated 
adds ;  2.  Bt  the  action  of  nitric  add  on  sulphocyanate  or  disulphide  of  methyl,  the 
operation  being  conducted  in  the  same  manner  as  for  the  preparation  of  ethylsulphurous 
add  (p.  553).    (Muspratt.) 

Preparation  from  Triehloromethylstdphuraus  Acid. — 1.  A  perfectly  neutral  solu- 
tion of  potassic  Irichloromethylsulphite  (p.  558),  is  decomposed  by  the  current  of  a 
two-pair  Bunsen's  battery,  the  electrodes  being  formed  of  amalgamated  zinc.  The 
reduction  takes  place  at  first  with  ereat  rise  of  temperature,  but  quietly,  no  hydrogen 
being  evolTAd  at  the  negatiTe  pole  till  nearly  the  whole  of  the  tricnloromethylsulphite 
is  converted  into  methylsulphite.  After  an  hour's  action  of  the  battery,  the  liquid 
becomes  so  much  charged  with  chloride  of  zinc,  that  rine  is  deposited  at  the  negative 
pole.  The  zinc  is  then  precipitated  by  carbonate  of  potassium  at  the  boiling  heat ; 
the  Mtrate  evaporated  to  its  former  bulk,  and  the  current  a^in  made  to  act  upon  it, 
till  the  quantity  of  carbonate  of  zinc  {resulting  from  precipitation  of  the  diloride  of 
zinc,  as  it  forms,  by  the  excess  of  potassic  carbonate)  increases  to  such  an  amount,  that 
zinc  is  reduced  at  the  negative  pole.  The  solution  is  then  again  predpitated  by  carbon- 
ate of  potassium,  and  the  process  repeated.  The  evolution  of  hydrogen  at  the  negatiTe 
pole  does  not  begin  tUl  64  pts.  of  zinc  (to  100  pts.  of  GCl'KSO')  hxve  been  dissolved 
at  the  positire  pole.  The  liquid,  in  addition  to  methylsul^te,  contains  chloromethyl- 
sulphite,  and  a  very  large  quantity  of  chloride  of  potassium.  It  must,  therefore,  be 
evaporated  to  dryness ;  the  residue  boiled  with  alcohol  of  80  per  cent,  filtered  from 
the  chloride  of  potassium,  which  for  the  moet  part  remains  undissolved;  the  alcohol 
dist^ed  oif ;  and  the  residue,  after  being  diluted  with  water  and  mixed  with  car- 
bonate of  potassium,  again  subjected  to  the  action  of  the  current  till  the  evolution  of 
hydrogen  becomes  very  brisk.  This  galvanic  decomposition  (for  70  grammes  of  tri- 
cnloromethylsulphite) occupies  altogether  about  ten  hours. — 2.  An  amalgam  of  1  pt 
potassium  and  100  pts.  mercury  is  immersed  in  the  aqueous  solution  of  potassic  tri- 
chloromethylsulphite.  Great  heat  is  then  evolved,  and  methylsulphite  of  potassium  is 
formed,  together  with  hydrate  and  chloride : 

CC1»KB0»  +  8H«0  +  K»     •    CH'KSO"  +   8KC1  +  8KH0. 

No  hydrogen  is  evolved  till  the  transformation  is  comi>lete. 

Methylsulphnrous  acid  is  extracted  from  its  potassium-salt  in  the  same  manner  as 
the  corresponding  chlorinated  acids  (p.  557).  It  forms  a  thick  inodorous  liquid,  which 
bears  without  decomposition  a  temperature  above  300^.  It  is  a  strong  acid,  and  forms 
well-defined  salts. 

The  methyl  sulphites  are  soluble  in  water,  and  crystallisable ;  they  are  decom- 
posed by  calcination  into  metallic  sulphide,  charcoal,  carbonic  oxide,  and  fetid  gaseous 
products  containing  sulphur. 
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The  amilunUum-talt  fonns  long  deUqneacent  pnsms.^The  polatMum^sait,  UM'ilSO' 
(at  100°),  OTStftllises  &om  solution  in  boiling  alcohol  of  90  per  cent.,  in  a  thick  palp 
1^  iatwla«ed  neallea.  It  becomes  moist  in  the  ur.  bnt  ioft  not  deliqneece;  ita 
aqneooi  aolntjon  is  nentnl  to  teet-pspen.— An  mid  tall,  CH'KSO'.OK^SO'  (tit  100°), 
u  obtained  by  laaTing  a  solution  of  the  neatrat  salt  in  methjlBulphoTOOB  acid  to 
vnfanle  in  a  Tacanm  over  oil  of  vitriol.  It  fonos  deliqneecent  quadrilateral  prisms, 
wbich  stjonglj  redden  litmoB, 

Ths  ianum-tail,  (TH'Ba'S'O'  (at  100°),  forms  rhombic  trnnsparent  tablets,  per- 
manent in  the  air ;  it  is  precipitated  from  ita  aqueous  solution  b;  alcohol  in  shining 
slender  nefdloa. —  The  atprie  toll,  CH'Cn'STO'.SH'O,  forma  biutiful  very  soluble 
cijBtals.— The  Uadsalt,  CH"Pb'S'0'.H»0,  obtained  by  nentraliaing  methyl  sulphurous 
acid  with  carbonate  of  lead,  crystallises  in  large  rhomboidsl  prisms,  vhich  are  per- 
manent in  the  air,  and  give  off  their  water  of  crrstallisBtion  at  100°. — A  batk  lead-ml/, 
C'H'Ph'S"0*.2Pb'0  (at  1 00°),  is  obtained  by  boiling  tie  neutral  salt  with  oxide  of 
lead,  and  evaporating  in  a  vacuom,  as  a  vhite  amorphous  mass,  the  salntian  of  which 
is  precipitated  by  carbonic  acid. 

"iKT'tait,  CH'AgSO',  djitaUises  readily  in  thin  anhydrous  lamiiuB,  having  an 

ioD  and  sweetish  taste,  and  not  very  eaaily  altered  by  oipoaura  (a  liglit ;  tha 

lay  be  evaporated  by  heat  withont  decomposition. 

rLSDLPHTTEODB  C ^I,OBID^  CHiClSO'.  (Carius,  Ann.  Ch, Phium. CBT. 

resb.  1860,  p.  422.) — Prepared  bv  heating  meChyleolpburons  acid  with  twice 
of  phosphoiic  pentAchlonde,  adding  a  liole  mare  of  the  latter,  and  isolating 

lal  distillation  the  portion  of  the  product  which  boils  between  tSO°  and  163°. 

ihly  prepared  it  is  a  colourless  liquid,  having  an  odonr  'ifc"  that  of  neutral 

Iphite,  bat  likewise  sharp,  and  exciting  sneezing.  It  fumes  slightly  in  the 
in  water,  and  is  slow^  decomposed  (hereby,  yielding  hydrochlorie  alid 

phuiDusacid. 

BTtloor  Nbutsil  Mbthilic  Siii.PHirB,(CH')'SO'.(C»rius,Ann. 

I.  CI.  209 ;  cii.  93;  Jahresb.  1869,  p.  86.)— Prodn<»d  by  the  action  of  methylie 
disulphida  of  chlorine  or  on  sulpliarons  chloride,  alw  by  that  of  msthylia 
methjlsulphnrons  chloride,  Ibe  reactions  being  exactly  similar  to  those  by 

'lie  snlphite  is  obtained  (p.  654V 

[doarless  liquid,  boiling  at  121 '6°,  andera  barometric  pressure  of  765*4  mm. 

rarity  of  liquid   =    1-0466  at  162°  (compared  with  that  of  wata  at  4°  as 

vapour,  oba.    -    3-666  to  3703  ;  csic  ^   3763.     When  not  decompoeedby 

0  moist  air,  it  has  an  aereeable  odour  resembling  that  of  ethylic  sulphate. 
Ives  in  all  proportiona  in  alcohol  and  ether ;  slightly  in  water,  with  evoln- 
phurons  oxide  and  formation  of  methylie  alcohol ;  and  reacts  with  alkali  F, 
and  pentachlorida  of  phosphorus,  exactly  like  ethylic  stilphite. 
■tBiatno  8ni.PBira,C'H'S0'-  (CH"XCH')SO».   (Carius,  Ann.  Ch. 
i.  83 ;  Jahresb.  1859,  p.  BS.>— Produced  I:^  (he  action  of  ethyls nlphurous 

1  methylate  of  sodium,  the  mode  of  preparation  being  similu'  to  that  of 
c  sulphite  (p.  664).  It  is  a  colourless  fragrant  liquid,  which,  on  eiposnre  to 
Ees  up  water  and  gives  off  sulphurous  acid.  Boiling-potnt  140°  to  14I'6°. 
avity  of  the  liquid  ^  10675  at  18°  (vater  st4°  =  I);  of  Uie  vapour  — 
!ts  leadions  are  aimilaz  to  those  of  etbylic  and  methylie  sulphite. 

Cilorinaied  XtlhyltulpkuroM  Jcidg. 


onBTHTLantPHDHOUS  AciD,  CH'CISO'  -  (CH'Cl)HSO'.  Ciloro- 
ionie  Jcid,  Chlordoyl-kypomdjihario Acid.  (Kolbe,  Ann  Ch.  Phann.  liv. 
iduced  by  the  partial  dechlorination  of  dichloromethylsulphurona  acid,  by 
he  electric  current.  To  prepare  it,  the  aqueous  solution  of  potaasic  dichloro- 
ihite,  CHEC1S0>  (p.  55;),  is  mixed  witii  sulphnric  acid,  and  digested  with 
itorated  therewith.  The  solntion  is  then  left  to  cool,  and  decanted  from  the 
liiocate  of  potassium;  thereetof  the  zinc  is  thrown  down  from  it  by  boiling 
nata  of  polassium  ;  the  filtrate  is  evaporated ;  and  the  residue  pounded  and 
I  alcohol  of  80  p^r  cent.  On  evaporalJon,  chlorometliylsulphiteaf  potAssium 
1,  mixed  however  with  a  considerable  quantity  of  uoaltend  diehloromethyl- 
It  muot  therefore  be  again  treated,  as  above,  with  Bolphuric  acid  and  eidc  ; 
bseqaent  treatment  with  alcohol,  but  little  of  the  latter  salt  wiU  rptnain. 
.  this  portion  likewise,  the  aqueous  solution  of  the  residua,  ocidnlatfd  vith 
iiantity  of  sulphuric  acid,  is  oxpowd  to  the  acliun  of  two  Dlcmpnts  of  Bun- 
'C&rbon  batteiy— the  cuirent  being  coudacted  into  the  solution   by  twn 
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amalgamated  sine-plates — ^tiU  the  erolation  of  hjdiogen  at  the  negatiTe  pole  eeaaes, 
and  ziDc  is  depoeited  upon  it.  The  sine  is  then  precipitated  from  the  eolation  by 
carbonate  of  potassium ;  the  filtrate  aciduUited  with  smphniie  add  and  again  ei^oeed  to 
the  electric  current ;  the  solution  again  precipitated  with  carbonate  of  potassium ;  and 
these  operations  repeated  three  or  four  times,  till  the  whole  of  the  salt  is  conTeited 
into  CCUBL'KSO* — that  is  to  say,  till  the  salt,  when  ignited,  no  longer  gives  off  hydro- 
chloric add,  inasmuch  as  this  add  is  erolved  ftom.  the  dichlorinatcd  but  not  fiom 
the  monochlorinated  salt.  To  ascertain  whether  the  conversion  is  complete,  a  sample 
of  the  solution  is  evaporated  to  dryness,  and  exhausted  by  boiling  with  absolute 
alcohol ;  the  crysuds,  which  separate  from  the  alcoholic  solution  on  cooling,  are  dried 
and  heated  in  a  test-tube ;  and  the  condensed  drops  are  mixed  with  solution  of  silver. 
There  is  no  method  of  separating  the  two  salts.  The  liquid  subjected  to  the  action  of 
the  current  must  always  contain  firee  sulphuric  add ;  otherwise  the  chloromethylsul- 
phite  will  be  further  converted  into  methylsulphite.  As  soon  as  the  dichloromethyl- 
sulphite  has  completely  disappeared,  the  liquid  is  treated  with  carbonate  of  potassium 
to  predpitate  the  zinc ;  the  filtrate  evapomted  to  dryness ;  the  residual  mass  boiled 
with  alcohol  of  80  per  cent.,  which  leaves  behind  the  sulphate,  and  the  greater  part 
of  the  chloride  of  potasdum ;  the  potassium  is  predpitated  from  the  alcoholic  filtrate 
by  sulphuric  add  m  slight  excess ;  the  filtrate  evaporated  till  the  boiling-point  rises  to 
130^,  and  all  the  hydrc^hloric  add  is  expelled ;  the  visdd  residue  diluted  with  water ; 
the  solution  saturated  with  carbonate  of  lead,  and  filtered  from  the  insoluble  sulphate 
of  lead ;  and  the  filtrate,  fireed  from  lead  by  sulphuretted  hydrogen,  is  again  filtereci,  and 
concentrated  by  evi^joration.    The  residue  is  the  concentrated  aqueous  acid,  00*0180*. 

Chloromethylsulphurous  add  is  a  thickish  liquid,  syrupy  at  16^ ;  strongly  add ; 
yields  no  ciystals ;  sustains  a  heat  of  140^  without  decompodtion. 

The  chloromethylsulphites  are  all  soluble  in  water,  and  most  of  them  are 
ciystallisable.— The  ammonium'salt  crystallises,  b^  slow  evaporation,  in  deliquescent 
prisms. — ^The  potassium-salt,  CH*KC1S0*,  crystalhses  in  neeoles  from  a  hot  saturated 
solution  in  alcohol  of  96  per  cent.,  the  liquid  thereby  becoming  semiisolid.  The 
needles  pressed  between  paper,  and  dried  at  100^,  are  anhvdrous ;  at  a  red  heat,  they 
give  off  water  and  sulphurous  oxide,  with  a  trace  of  sulphur,  and  leave  chloride  oi 
potassium  murh  blackened  by  charcoal : 

CH'KCISO*     -     KCl  +  C  +  H«0   +  SO*. 

The  salt  becomes  moist  in  the  air,  but  does  not  dehquesee.  It  does  not  dissolve  in 
absolute  alcohol 

The  soduanrsaU  crystallises  from  boiling  alcohol  of  96  per  cent,  in  needles  united 
in  stellate  groups,  and  deliquescent  in  the  air. — The  barium-salt  forms  small  rhombic 
tableau  which  redden  litmus  faintly,  and  have  a  cooling  saline  taste. 

Lead-salt,  C'ETbTl'SH)*  (at  100^).— The  aqueous  add,  saturated  with  carbonate  of 
lead,  and  evaporated  over  oil  of  vitriol,  yields  delicate  silky  needles,  united  in  tufts. 
After  being  pressed  between  paper  and  dried  over  oil  of  vitriol,  they  appear  dull  and 
opaque,  and  retain  3*7  per  cent.  (1  at.)  water,  which  escapes  at  100^. — The  salt  dis- 
solves very  readily  in  water,  forming  a  solution  which  reddens  litmus,  and  tastes  sweet 
at  first,  but  afterwards  astringent. 

The  solution  boiled  with  lead-oxide  yields  an  alkaline  filtrate^  which  deposits  car- 
bonate of  lead  on  exposure  to  the  air. 

Silver-sali. — The  saturated  solution  of  carbonate  of  silver  in  the  aqueous  acid, 
evaporated  over  oil  of  vitriol  in  vacuo  and  in  the  dark,  leaves  a  pale-yellow  viscid 
liquid,  which  with  difficulty  yields  small  crystals,  having  a  slieht  add  reaction,  a 
sweetish  and  disagreeably  metallic  taste,  and  very  sensitive  to  li^t  and  heat. 

DicHLOBOMBTHTLSULPHUBOTTs  AciD, CH*C1*S0«  -  (CHC1*)HS0*.  Diehloro- 
methtflditlwmie  ot  Chloroformyl-hyposulphurous  Acid,  (Kolbe,  toe,  cit.) — This  acid  is 
obtained: — 1.  As  a  zincHBalt,  by  dissolving  zinc  in  triohloromethylsulphurous  add : 

2CHC1*S0«  +  Zn*     =     C«H«01*Zn''S*0*  +  Zn'Cl'. 

The  zinc  is  predpitated  £rom  the  resulting  solution  by  carbonate  of  potassium ;  the 
filtrate  evaporated  to  dryness ;  and  the  residue  is  boiled  with  alcohd  of  96  per  cent. : 
ti|}e  solution,  as  it  cools,  deposits  crystals  of  potasdc  dlchlorometfaylsulphite. 

2.  Hore  easily,  as  a  potassium-salt,  by  boiling  dichlozomethylsulphurous  chloride^ 
CHC1*S0*  (p.  569),  with  potash : 

CHa'S0«  +  KHO     =     CHa»KSO*  +  HCL 

The  excess  of  potash  is  neutralised  with  carbonic  add ;  the  liquid  evaporated  to  dry* 
ness ;  and  the  didiloromethylsulphite  of  potassium  is  separated  from  <mloride  of  potas- 
sium by  boilinff  spirit  (as  in  the  first  method),  and  further  purified  by  recrystallisation 
from  water,  till  it  no  longer  gives  a  doud  with  nitrate  of  silver. 
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To  obtain  the  add  from  the  potaaritunHsalt^  the  alcoholic  solntion  of  this  salt  10  mixed 
with  sulphuric  acid;  and  the  liquid  filtered  from  the  sulphate  of  potassium  is  evapo- 
rated as  &r  as  possible  without  dfvomposition,  and,  if  chloride  of  potassium  be  present, 
tin  all  the  hjdi^ehloric  acid  is  driven  off.  The  sulphuric  acid  is  then  precipitated 
from  the  filtrate  bj  baiTta-water,  added  exactly  in  thn  right  proportion ;  the  filtrate 
evaporated  as  far  as  possible ;  and  the  residue  exhausted  by  boiling  ether,  which 
leaves  undissolved  any  salt  that  may  still  be  present,  and  on  evapomtion  leaves  the  acid 
in  the  form  of  a  coloured  liquid.  To  decolorise  this  acid,  oxide  of  lead  is  dissolved  in 
it,  the  lead  precipitated  by  sulphuretted  hydrogen,  and  the  liquid  filt«^!red.  The 
colouring-matter  remains  with  the  sulphide  of  lead,  and  the  filtrate,  evaporated  in 
ffacuo,  leaves  ihe  crystallised  acid. 

Didiloromethylsulphuious  acid  ciystallises  by  evaporation  in  a  vacuum,  in  small, 
colourless,  deliquescent  prisms.  Its  properties  are  very  much  like  those  of  trichloro- 
methylsnlphurous  acid.  It  decomposes  chlorides,  sustains  a  heat  of  140^  without 
alteration,  but  melts  at  a  higher  temperature,  with  evolution  of  white  vapours  and 
separation  of  carbon.  It  is  not  oxidised  by  nitric,  nitromuriatic,  or  chromic  add.  It 
dissolves  zinc  with  evolution  of  hydrogen,  forming  dichloromethylsnlphite,  and  like- 
wise monochloromethylsnl^hite  of  zinc  The  quantity  of  the  latter  salt  is  greater  as 
the  evolution  of  hydrogen  is  kept  up  fbr  a  longer  time  by  continual  addition  of  sul- 
phuric acid ;  its  formation  is  reprBsented  by  the  equation : 

2CH*a«S0«     +     Zn«     «    Zn*CI«  +   C«H<Cl*Zn'W)«. 

The  diehloromethylsuiphit«B  aze  soluble  in  water,  some  of  them  also  in 
alcohol.  They  are  distinguished  from  the  chloiomelhyhnilphitea  by  giving  off  hydro- 
chloric acid  by  diy  distiUatioin,  toeether  with  sulphurous  and  caibonic  anhydridee ;  the 
residue  consists  of  metallic  chloride  slightly  coloured  by  charcoal ; 

2CHa«KS0»    -     2KC1  +  C  +  2S0*  +  CO*  +  2HC1. 

Cazbonie  oxide  is  also  found  among  the  gaseous  products,  being  pcobably  formed  by 
tha  action  of  tlie  free  eariK>n  on  the  carbonic  anhydride. 

Thb  aTnmonmm-^aU  ciystallises  by  spontaneous  evaporation  in  colourless  prisms, 
permanent  in  the  air,  and  often  an  inch  long. — The  potassium-mdt,  CHGl'KSO',  forms 
small  pearly  scales.  It  dissolves  in  water  and  in  boiling  alcohol,  but  not  in  cold 
absolute  alcohol.  Jt  is  permanent  in  the  air,  neutral  to  test-papers,  and  has  a  slightly 
saline  taste.  It  bears  a  heat  of  260^  without  decomposition,  but  at  higher  tempera- 
tures it  is  decomposed  in  the  manner  above  mentioned. — ^The  silver- salt,  CHCPAgSO*, 
obtained  by  neutralising  the  add  with  carbonate  of  silver,  is  very  sensitive  to  light 
and  heat  VHien  protected  thesefrom,  it  may  be  obtained  hy  evaporation  in  a  vacuum, 
in  small  transparent  crystals,  which  may  be  heated  to  150^  without  decomposing. 

TBiOHLOBOKBTHTLSTJLFHiTBons  AciD.  (COl')HSO'.  TVichhrotMekyidUMonM 
or  Chlorocarbokypowlpkuric  Acid,  (Kolbe,  loe,  eii,) — Obtained  as  a  potassium — or 
barium-salt,  by  gently  heating  tridiloromethylsulphurous  chloride,  COl^O*  (p.  659), 
with  potash  or  baryta ;  and  isolated  by  decomposing  the  barium-salt  with  sulphuric 
add,  removing  the  excess  of  sulphuric  add  witn  caroonate  of  lead,  and  the  excess  of 
lead  by  sulphydric  acid. 

The  acid  crystallises  by  evaporation  in  small  colourless  prisms,  eontaiulBg 
CHCl*SO'.HH).  The  crystals,  dned  in  a  vacuum,  yield  a  eolouriess  deliquescent 
mass,  diiBcuh  to  dry  completely.  It  melts  at  180^  in  its  water  of  crystallisation,  and 
begins  to  boil  at  160°,  partly  volatilising;  while  another  part  is  completely  resolved 
into  hydrochloric  add,  sulphurous  oxide,  and  chloride  of  carbonyl  (phosgene-gas) : 

CHCPSO*    -     Ha  +  SO*  +  COOP. 

It  easilv  dissolves  zinc,  with  evolution  of  hydrogen,  yielding  dichloromethvlsulphiteof 
zinc  It  is  not  attaded  by  boiling  with  fiuaing  nitric,  nitromuriatic,  or  chromic  add. 
It  decomposes  all  salts  of  volatile  adds,  even  the  chlorides. 

The  aqueous  add  is  converted,  by  a  small  quantity  of  potassium-amalgam  (1  pt. 
potassium  to  100  pts.  mercury),  into  dichloromethylsulphiteof  potassium ;  with  a  larger 
quantity  of  the  amalgam,  the  monochlorinated  salt  is  formed,  and  with  a  still  larjger 
quantity,  the  methylsulphite. 

The  triehloromethylsulphites  are  soluble  in  water  and  in  alcohol,  and  have 
an  astringent  metallic  taste.  When  caldned  they  decompose  like  the  acid,  giving  off 
sulphurous  oxide  and  phosgene,  and  leaving  a  residue  or  chloride.  The  evolution  of 
phoqgene  distinguishes  the  trichloromethylsolphites  from  the  monochlorinated  and 
didilorinated  sahs. 

The  ammonmm^^aU  forms  large  regular  prisms,  permanent  in  the  air,  and  resolved 
by  heat  into  sal-ammoniac,  sulphurous  oxide,  and  phosgene. — ^The  potassmm'saii, 
prepared  as  above,  and  purified  by  BsciyBt.allisation,  forms  thin  tnuu^iarent  plates. 
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wfaieli  hare  a  hanh  disagreeable  taete^  effloretfoe  ob  ezposoze  to  the  air,  and  give  off 
7*1  percent  (1  at^)  wat«r  at  100^  Ik  may  be  heated  to  800®  without  deeompoeition, 
but  decompoMB  at  a  higher  temperatwre  in  the  manner  above  mentioDed.  In  aqneona 
solution  it  is  eonTerted  by  electrolyBis,  if  no  free  acid  ia  present^  into  meth jlsnlphite  of 
potaesinm  (p.  655). 

The  9odium'^altf  obtained  like  the  potaflsinm-salt^  foma  thin  rhombie  tables,  -which 
effloresee  readily,  and  are  more  solnble  in  water  than  the  potassiam-salt. — ^The  banum- 
aaltt  CK])l'Ba"SK)*.H*0,  prepared  as  aboTe,  cxystaUises  on  cooling  from  a  hot  aqneoua 
aolution^  in  small  coloorlMs  laminae,  but  by  spontaneous  eyapoxation  in  tables  of  larger 
siae.  Tbib  cxystalB  dried  at  100^  still  retain  3*06  per  cent  (1  at.)  water,  which  escapee 
at  100^ 

The  iead^tali,  G*Cl<Pb"S^*.2H*0,  czystallises  by  spontaneous  eyapoiation  of  the 
aqueous  solution  in  broad  tables,  which  redden  litmus,  and  have  a  sweetish  rough  taste ; 
they  contain  6*1  per  cent  (1  at)  of  water,  which  escape  at  100*^ ;  decomposition  begins 
at  150^.  The  aqueous  solution  boiled  with  oxide  of  lead,  yields  an  alkaline  filtrate, 
whidi  is  precipitated  by  the  carbonic  acid  of  the  air,  and  when  eTaporated  in  a  Taeuum 
leaves  an  amOTphous  basic  salt 

The  eopper-^aU  forms  small  tables,  permanent  in  the  air,  and  containing  5  at  water, 
of  which  only  2  at  go  off  at  180° — the  other  three  remaining  till  the  salt  begins  to 
decompose. 

BUver-wU,  Cd'Ag^O*. — ^The  aqueous  stdution  evapofated  in  a  vacaum,  and  protected 
from  light,  yields  transparent  aAd  colourless  prisms,  whicfa  redden  litmus,  ha~.tf  a 
sweetiBh  meUUie  taste,  blacken  oo  ezpoaura  to  the  light,  and  likewise  when  their 
aqueous  solution  is  boiled.  But  when  freed,  by  heatang  to  100°,  from  the  2  at  water  of 
dystallisatioo  which  they  contain,  they  renain  eolowless  in  simahiBe. 

ChhroTMthfUulphurmu  Chlorides, 

Two  chlorides  are  known,  derived  from  di-  and  tri-chloromethylsnlphurooa  A«ad,  by 
sabstitution  of  CI  for  BO.  When  they  are  treated  with  alkalis,  the  reverse  substitu- 
tion is  effected,  hydrochloric  acid  being  evolved  and  the  acid  produced  \e,g,\ 

CHOP?  w,  CHC1»)^ 

(SOr^O   +  g(0    .     (80)-  Jg^ 

Chloride.  Acid. 

DiC9X.OBOxaTHTLSVLPHiraoi78  ChXtOBIDB,  CHGl'SO*.  (Eolbe,  Ann.  Cfa. 
Pharm.  liv.  153. — Gerhardt,  Ck)mpt  chim.  1845,  p.  197.) — This  compound  is  formed 
by  the  action  of  reducing  agents  on  tricblorometh^sulphurous  chloride.  When  a  current 
of  sulphurous  oxide  gas  is  passed  throueh  an  alcoholic  solution  of  the  latter  body,  till  the 
liquid  no  longer  gives  a  precipit«te  with  water,  a  solution  is  formed,  containing — ^be- 
siaes  sulphurous  acid — ^hydrochloric  acid,  sulphuric  add^  and  dichloromethylsul}^urous 
chloride  : 

CC1*S0«  +  S0«  +  2H*0     -    HCa  +  H^SO*  +  CHC1«S0«. 

This  chloride  cannot  be  eoofpletely  s^jarated  from  the  bodies  with  which  it  is  mixed, 
since  it  is  veiy  easily  decomposed  by  evaporation,  yielding  phoagene-gas  together  with 
sulphuric  and  sulphurous  acids.  A  small  quantity  spread  out  upon  a  sur&ce  soon  fills 
the  atmosphere  with  suff)eating  vapours  of  phosgene  and  sulphurous  oxide : 

CHCPSO*  +  0     «     COCl*  +  S0«  +  HCl. 

Chlorine  passed  into  the  aqueous  solution  reprecipitates  tricliloromethylous  sulphide.— -> 
Brombu  forms  a  similar  pneipitate,  containing  bromine  as  well  as  chlorine. — Iodine 
forms  no  precipitate.  The  aqueous  solution  boiled  with  potath  yields  chloride  and 
dichloromethylsulphite  of  potassium. 

This  compound  has  not  been  obtained  in  the  separate  state,  and  therefore  its  com- 
position hais  not  been  determioed  by  analysis.  Kolbe  assigned  to  it  the  formula 
GOl^SO*  (achwefiigeauree  KohUnehloria) ;  the  more  probable  view  of  its  mposition 
above  given  was  suggested  by  Gerhardt    The  two  formolse  differ  only  by  HCl. 

TBICHI.OBOMBTKTI.SULPHVROV8  Chlobibb,  CCl^O'.  Sulphite ofPtrehloride 
of  Carbon.  SchwefUgeamree  Kohlenimperehlorid  (Kolbe).  Chtoruntereehw^fi^eauree 
ChlorkohUnoxyd  (Berselius). — This  compound,  discovered  by  Berselius  and 
Marcet  (Schw.  J.  ix.  298X  and  farther  examined  by  Kolbe  (Ann.  Oh.  Pharm.  liv. 
148),  is  produced  by  the  action  of  moist  chlorine  on  carbonic  disulphide: 

CS*  +   6Cl»  +  2HK^     »i     CCMSO«  +  SC1«  +  4HCI. 

Kolbe  prepares  it  by  introducing  into  a  stoppered  bottle,  having  a  c^Mtdty  of  about 
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six  litres,  a  quimtily  of  manganic  peroxide  and  hydrochloric  acid  sofident  to  fill  abontr 
half  of  it,  then  addine  about  60  grammes  of  carbonic  disulphide,  and  immediately 
dosing  the  yessel.  The  mixture  is  left  for  seyeral  days  in  a  cool  place ;  then,  after 
frequent  agitation,  exposed  to  a  temperature  of  about  30°  (most  conveniently  to  the 
rays  of  the  sun  in  summer),  till  the  greater  part  of  the  carbonic  disulphide  is  trans- 
formed. The  action  is  much  facilitated  by  aciding  from  100  to  200  grms.  of  commer- 
cial nitric  acid.  All  danger  of  the  vessel  bursting  from  internal  pressure  may  be 
obviated  by  lifting  the  stopper  from  time  to  time.  The  mixture  is  then  transfenvd 
to  a  large  glass  flask,  and  distilled  in  an  oil-bath  into  a  cooled  receiver.  Undecom- 
posed  carbonic  disulphide  then  passes  over  first,  mixed  with  a  yellowish  fetid  liquid ;  and 
afterwards  the  trichloromethylsulphurous  chloride,  which  attaches  itself  in  crystals  to 
the  sides  of  the  receiver,  but  is  easily  detached  by  slight  blows :  50  grms.  of  carbonic 
disulphide  yield  nearly  100  grms.  of  trichloromethylsulphurous  chloride. 

This  chloride  is  a  white,  crystalline,  volatile  body,  insoluble  in  water  and  in  acids, 
soluble  in  alcohol,  ether,  and  carbonic  disulphide ;  its  alcoholic  solution  is  precipitated 
by  water.  It  melts  at  135°,  and  boils  without  alteration  at  170°;  distils  also  with 
vapour  of  water.  It  has  an  extremely  pungent  odour,  excites  tears,  and  produces  « 
disagreeable  roughness  in  the  throat.  Its  alcoholic  solution,  when  recently  prepared, 
is  but  slightly  clouded  by  nitrate  of  silver,  precipitation  not  taking  place  till  tne  Uqnid 
has  remained  for  some  time  in  contact  with  the  air. 

The  compound  sublimes  like  camphor,  in  small,  colourless,  transparent  plates,  having 
an  adamantine  lustre.  In  the  dry  state  it  does  not  alter  the  colour  of  litmus,  but 
reddens  it  when  moist,  in  consequence  of  decomposition.  The  moist  crystals  are  white, 
opaque,  and  form  vegetations  like  hoarfrost.  It  supports  a  moderately  high  tempera- 
ture without  decomposition ;  but  when  passed  through  a  tube  heated  to  doll  redness, 
it  is  resolved  into  chlorine,  sulphurous  oxide,  and  perchlorethylene: 

2CC1^S0»    -     CKJl*  +  2C1«  +   2S0«. 

When  distilled  with  a  large  excess  of  strong  sulphuric  acid,  it  is  resolved  into  sulphn- 
rous  oxide,  hydrochloric  acid,  and  phosgene : 

CC1^S0«  +  H«a    -    S0«  +  2HC1  +  COCl*. 

In  contact  with  air  and  water,  it  decomposes  in  a  similar  manner,  yielding  hydiochlorie 
acid,  sulphurous  oxide,  sulphuric  acid,  and  carbonic  dioxide* 

It  dissolves  in  caustic  potash,  forming  trichloromethylsulphite  and  chloride  of 
potassium. 

irapktliylralpliiiraiis  Aetd,  Ci«H>SO<  »  (C««H')HSO>  »  O'^^^h!^*'    ^' 

phonaphthalic,  HyposulphoTUtphthaliCf  or  Naphthyldithionic  Add.  (Faraday  [1827], 
Ann.Ch.  Phys.  [2],  xxxiv.  164.— Berzelius,  ibid.  Ixv.  290.— Wohler,  Ann.  Ch. 
Pharm.  xxxvii.  197. — ^Regnault,  Ann.  Ch.  Phys.  [2],  Ixv.  87. — ^Laurent,  Bev. 
scient.  xiii.  687. — Kimberly,  Ann.  Ch.  Pharm.  cxiv.  129.) — This  acid  is  produced, 
together  with  naphthylene-smphurous  (disulphonaphthalic)  acid,  by  melting  naphtha- 
lene with  strong  sulphuric  acid  or  sulphuric  anhydride. — ^When  naphthalene  is  dissolved 
to  saturation,  in  strong  sulphuric  add  neated  to  90°,  and  the  solution  is  exposed  to  the  air, 
it  solidifies  completely  after  some  time ;  and  the  solidified  mass,  after  being  freed  from 
excess  of  acid  by  pressure  between  porous  tiles,  dissolves  completely  in  water,  pro- 
Tided  aU  the  naphtnalene  has  been  converted  into  add  products.  To  separate  the  two 
acids,  the  aqueous  solution  is  neutralised  with  carbonate  of  barium,  concentrated,  and 
mixed  with  twice  its  volume  of  alcohol,  which  predpitates  naphdiylene-sulphite  of 
barium,  while  the  naphthylsulphite  remains  in  solution,  and  may  be  crystallised  there- 
from.— To  obtain  the  free  add,  the  solution  of  the  barium-«ilt  is  predpitated  by 
sulphuric  add ;  the  excess  of  the  latter  removed  hy  carbonate  of  lead ;  the  resulting 
naphthylsulphite  of  lead  is  decomposed  by  sulphyiuie  add;  and  the  fiUxate  is  evapo- 
rated in  a  vacuum. 

Naphthylsulphurous  acid  may  be  obtained,  by  evaporation  of  its  aqueous  or  alcoholic 
solution,  as  an  irregularly  crystalline  deliquescent  mass,  containing  C'*H'SO*.H*0.  It 
has  a  strongly  add,  astringent,  metallic  taste ;  is  extremely  soluble  in  water,  oil  of 
turpentine,  fixed  oils,  and  alcohol,  but  very  slightly  soluble  in  ether.  It  melts 
between  85°  and  90°,  blackens  at  about  120°,  giving  on  an  odour  of  naphthalene,  and 
when  more  strongly  heated  swells  up  considerably,  leaving  a  very  bulky  cinder.  The 
aqueous  solution  turns  brown  on  boiling. 

Naphthylsulphites. — The  add  is  monobasic.  Its  salts  are  soluble  in  water^ 
for  the  most  part  also  in  alcohol,  and  have  a  bitter,  almost  metallic  taste.  When 
heated,  they  give  o£f  a  considerable  quantity  of  ni^hthalene,  together  with  sulphurous 
oxide,  and  leave  a  residue  of  sulphate  and  sulphide. — ^The  potassium-salt  fused  with 
excess  of  potassic  hydrate  is  decomposed,  vith  evolution  of  sulphurous  oxide,  and. 
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tbnnation  of  a  solid  body,  probably  naphthol  or  naphthylie  alcohol.  (Wartz^ 
Coropl  rend.  Ixiv.  750.) 

Tne  amnumUtm-salt  crystallises  in  slender  needles,  permanent  in  the  air.  Its  solu- 
tion becomes  add  on  evaporation.  When  subjected  to  dry  distillation,  it  meltiT, 
decomposes,  and  takes  fire. — The  potasnum-Mlt,  2Ci*H'KS0'.H'0,  crystalliseB  in 
small,  white,  veiy  brilliant  scales,  permanent  in  the  air,  and  slightly  soluble  in  water. 
— The  sodium-salt  is  similar,  and  has  a  strong  metallic  taste. — The  silver-sait, 
C'*H'AgSO',  is  moderately  soluble,  100  pts.  of  water  at  20°  dissolving  about  10*3  pts. 
of  it.    The  solution  is  not  decomposed  by  boiling. 

The  bariuni'Salt,  C*H»*Ba*S»0*  2H*0,  crystallises  from  a  hot  saturated  solution  on 
cooling,  in  small  tufts  or  cauliflower-heads ;  by  spontaneous  evaporation  in  irregular 
scales,  grouped  like  cockscombs.  In  the  dry  state  it  quickly  absorbs  moisture  from 
the  air.  It  is  but  sparingly  soluble  in  water,  100  pts.  of  water  dissolving  1*13  pts.  of 
it  at  15°,  and  4*76  pts.  at  100°.  It  dissolves  also  in  absolute  alcohol  and  in  ether. 
Heated  on  platinum- foil,  it  bums  with  a  bright  very  smoky  flame,  leaving  a  blackish 
residue. — The  strontium-salt  is  crystalline. — ^The  calcium-salt  o^staUises  with  diffi- 
culty. When  boiled  with  nitric  acid,  it  yields  nitronaphthylsulphite  of  calcium. — ^The 
magnesium;  einc-,  nickd-j  manganous,  and  ferrous  salts  are  also  crystallisable. — The 
euprio  salt  c^stallises  in  greenish  scales  containing  water,  which  they  partly  give  off 
in  dry  air. — ^The  neutral  lead-saU^  C^H^Pb^S^O*,  crystallises  less  regularly  than  the 
barium4^L  When  heated  it  decomposes,  throwing  out  ramifications  in  all  directions, 
and  increasing  considerably  in  volume.  Its  solution  boiled  with  oxide  of  lead  yields 
a  basic  salt  containing  C«»H'«Pb"SK)«.Pb"0  or  C»ff*Pb"S«0«.3Pb''0,  accoiding  to  the 
quantity  of  oxide  used. — ^The  mercuric  salt,  obtained  by  dissolving  mercuric  oxide  in 
naphthylsulphurous  acid,  is  yellow  and  deliquescent. 

Metanaphthylaulphurous  Acid, — This  name  may  be  applied  to  an  acid,  apparently 
isomeric  with  naphthylsulphurous  acid,  which,  according  to  Faraday,  is  sometimes 
formed  in  small  quantity  in  the  preparation  of  the  latter,  especially  when  1  pt.  of 
naphthalene  is  very  strongly  heated  with  2  pta.  of  concentrated  sulphuric  acid,  with- 
out, however,  allowing  the  mixture  to  give  off  sulphurous  oxide.  On  saturating  the 
aqueous  solution  of  the  product  with  carbonate  of  barium,  the  barium-salt  of  this 
peculiar  acid  is  precipitated,  together  with  sulphate,  and  may  be  dissolved  out  from 
the  latter  by  bouing  water;  on  evaporating  the  resulting  solution,  it  is  deposited  in 
small  hard  crystals,  sliffhtly  soluble  in  water  and  in  alcohol.  This  salt  contains  the 
same  quantity  of  banum  as  the  ordinary  naphthylsulphite,  but  is  distinguished 
from  it  by  not  burning  with  flame  when  heated,  but  merely  smouldering  (Faraday, 
Berzelius). — ^The  poUusium-salt  of  the  same  acid  crystallises  in  scales,  soluble  in 
water  and  in  alcohoL — The  lead-salt  is  ver^  much  like  the  barium-salt.  By  decom- 
posing it  with  sulphuretted  hydrogen,  an  acid  is  obtained,  which  crystallises  in  scales, 
soft  to  the  touch,  permanent  m  the  air,  but  turning  brown  on  exposure  to  the  sun. 
(Faraday,  Berzelius.) 

Naphthylsulphurous  Chloride,  C>*H'G1S0*.  (Eimberly,  Ann.  Ch.  Fharm. 
exiv.  129.)~-Produced  by  the  action  of  phosphoric  pentachloride  on  naphthylsulphite  of 
sodium  dried  at  100°.  On  treating  the  product  with  water,  and  crystallising  the  un- 
dissolved portion  from  ether  free  from  alcohol,  it  is  obtained  pure,  in  colourless, 
microscopic,  rhombic  laminn.  It  is  inodorous,  melts  at  65°,  and  solidifies  in  globular 
masses  on  cooling,  but,  if  kept  from  agitation  and  fh>m  contact  with  solid  bodies,  it 
remains  liquid  below  65°.    It  dissolves  very  easily  in  ether,  benzol,  carbonic  disul- 

1>hide,  and  phosphoric  oxychloride.  It  is  for  the  most  part  decomposed  by  dry  distil* 
ation,  the  aecomposition  beginning  at  about  120°.  It  is  slowly  decomposed  by  water, 
easily  by  potash,  m  aqueous  and  especially  in  alcoholic  solution,  yieldmg  alcohol  and 
naphthylsulphurous  acid. — Alcohol  converts  it  slowly  in  the  cold,  quickly  when  heated^ 
into  ethylnaphthylic  sulphite: 

C»»H»C1S0«  +  (C«H»)HO     -     HCl  +  (C»H*XC'»H0SO«. 

Aqueous  ammonia convcsrbB  it  into  naphthylthionamic  acid: 

C»*H'C1S0«  +  WS    -     HCl  +  C"H*NSO». 

Ethylnaphthylic  Sulphite,  C»«H»«SO»  -  c»*H*|®^-     (Eimberly,  loe.  cit,) 

— ^Prepared  by  heating  1  at.  naphthylsulphurous  chloride  with  not  more  than  2  at. 
alcohol,  in  an  apparatus  so  arranged  that  the  vapours  may  condense  and  flow  back 
again ;  then  distilling  off  the  excess  of  alcohol,  and  washing  the  residue  with  water ; 
if  the  product  is  coloured,  it  must  be  dissolved  in  ether,  and  treated  with  animal  chav* 
ooal. 

Ethylnaphthylic  sulphite,  when  recently  prepared,  is  a  viscid  liquid  at  ordinary 
temperatures,  and  do^  not  solidify  even  at  —8°  to  ^10°:  but  after  keeping  for 
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sereral  days  (or,  if  it  has  been  heated  above  50^,  after  veeks  or  months),  it  eolidifieB  ia 
nodules  composed  of  laminar  ciystals.  It  ia  insoluble  in  water,  but  mixes  in  aJl  pro- 
portions with  aloohd  and  ether»  It  ia  decomposed  by  distillation,  giving  off  snlphuious 
oxide,  yielding  a  considerable  sublimate  of  naphthalene,  and  leaving  a  small  carbo- 
naceous residue. — By  aqueous  or  alcoholic  potash^  it  is  quickly  reix>lved  into  alcohol 
and  naphthylsulphite  of  potassium.  In  alcoholic  solution  it  is  decomposed  by  water 
in  the  same  manner  as  by  potash ;  and  when  heated  with  water  alone  in  a  sealed  tube 
to  about  160®,  it  is  resolyed,  without  blackening  or  formation  of  secondary  producta, 
into  alcohol,  naphthalene,  and  sulphuric  acid  (probably  first  into  alcohol  and  naphthyl- 
sulr^uroos  acid,  which  is  then  further  split  up  into  naphthalene  and  sulphuric  add). 
— ^With  pentctchloride  of  pkogphorus,  it  yields  ethylic  chloride,  naphthylsulphurous 
chloride,  and  phosphoric  oxychloride : 

(C«H»XC»*H')SO«  -h  PC1»     -     (?H»a  +  C»»H»C1S0«  +  P0C1». 

Naphihylthionamie  Aeid,  C»H^SO<  »      (SO)'V^.      KaphthyUhionamide. 

(Eimberly,  200.  cit.) — Fkoduced,  by  triturating  naphthylsulphurous  chloride  with 
ammonia,  as  a  yellow  oil,  which  solidifies  to  an  amorphous  mass.  It  dissolves  easily 
in  ether  and  in  alcohol,  and  separates  from  either  solution  in  microscopic  crystals, 
apparently  quadratic  combinations,  F  .  oP  .  Poo ,  with  the  angle  P  :  P  on  the  lateral 
edges  M  1 10^.  It  dissolves  also  in  aqueous  ammonia,  in  strong  hydrochlori  Acid,  and 
in  glacial  acetic  acid,  and  crystallises  from  the  two  latter  solutions  unaltered.  It  is 
inodorous,  has  a  greyish-yellow  colour  when  dry,  light-yellow  when  moistened  with 
aqueous  ammonia,  gradually  turning  red  on  exposure  to  the  air.  It  melts  without 
decomposition,  in  boiling  water,  to  a  viscid  liquid,  which  solidifies  to  an  amorphous 
mass ;  at  a  higher  temperature,  it  chars  and  gives  off  pungent  vapours. 

It  is  quickly  decomposed  by  aqueous  potash,  yielding  ammonia  and  naphthyl- 
sulphite of  potassium.  Heated  with  aqueous  nitrite  of  potassium,  it  gives  off  nitrogen, 
and  is  converted  into  naphthylsulphite  of  potassium ;  part  of  it  is,  however,  transformed 
at  the  same  time  into  a  resinous  substance,  insoluble  in  water,  and  detonating  slightly 
when  heated. 

"When  the  alcoholic  solution  of  the  acid,  containing  a  little  free  ammonia,  is  mixed 
with  excess  of  argetUio  mtraU,  and  the  ammonia  is  allowed  to  evaporate  gradually  at 
oidinary  temperatures,  argentic  naphthylthionamate,  C'*H*AgNSO^  is  de- 
posited as  a  white  crystalline  substance,  easily  soluble  in  alcohol,  ether,  and  ammonia, 
and  quickly  blackening  when  exposed  to  light. 

BeneonaphthylikUmamic  acid,  C>»H'»(C'H»0)NSO«  is  woduced  by  fiising  naphthyl- 
thionamic  acid  with  an  eauivalent  quantity  of  benzoic  chloride,  till  hydr<^hloric  acid 
is  no  longer  evolved ;  ana  on  washing  the  product  with  lukewarm  wiiter,  drying  it, 
and  recrystallising  from  alcohol,  it  separates  in  microscopic  prismatic  crystals,  easily 
soluble  in  alcohol,  ether,  aqueous  ammonia,  and  glacial  acetic  acid.  It  melts  without 
decomposition  at  100®,  but  decomposes  at  a  higher  temperature,  and  when  boiled  with 
aqueous  potash,  gives  off  ammonia,  and  yields  bensoate  and  naphthylsulphite  of 
potassium.  When  its  solution  in  absolute  alcohol  is  mixed  with  ammonia  and  argentic 
nitrate,  and  left  to  evaporate,  it  deposits  argentic  bensonaphthylthionamate, 
G**BTAg(C'HK))KSO*,  as  an  amorphous  flocculent  precipitate,  which  dissolves  some- 
what slowly  in  aloohol,  and  may  be  crystallised  in  microscopic  needles  by  mixing  its 
ammoniaeal  tJcoholic  solution  with  a  slight  excess  of  acetic  acid,  and  gently  warming 
the  liquid.    (Kimberly.) 

.firomo-,  CkUmhf  and  NUrO'iu^ktkyUuipkwrvus  Acids, 

These  acids  are  formed  by  heating  the  bromo-,  chloro-,  and  nitro-nanhthalenes  with 
ftmiing  snlphurie  a(Jld,'or  (in  the  case  of  the  monochlorinated  compouna)  with  oidinary 
concentrated  sulphuric  acid. 

Bromonapktkylsulphurous  Aeid,  C'H'BrSO*  =  (C»«H«Br)HSO".  (Lau- 
rent, Compt  chim.  1849,  n.  892.)— When  the  solution  obtained  by  heating  bromo- 
naphthalene  with  fuming  suiphuiie  add  is  neutralised  with  potash,  diluted,  and  boiled, 
the  filtered  liquid  deposits,  on  cooling,  a  crystalline  pulp  oipotassic  bromonapkthylsul^ 
pkiis,  C**H*BrKSO*,  which  is  colourless,  slightly  soluble  in  cold  water,  moderately 
soluble  in  boiling  water  and  aloohol,  whence  it  crystallises  in  tubercles.  Boiling  nitric 
aeid  converts  it  into  a  yellow  salt,  which  takes  fire  when  heated  in  a  close  vessel,  and 
probably  consists  of  C»«H»(NO«)BrKSO». 

A  solution  of  potassie  bromonaphthylsulphite  poured  into  a  warm  moderately  concen- 
trated  solution  of  barium-chloride,  precipitates  the  bromonaphthylsulphits  of  bariufft, 
G«H**Bi'Ba''SH)',  as  a  ciystalline  salt  soluble  in  cold  water.    The  solution  of  the 
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potaanmn-flalt  forms  white  precipitates  with  moderately  ttroog  aoliitioiifl  of  ealcie 
chloride  and  plumbic  acetate,  bat  does  not  precipitate  the  salts  of  magnesiiun,  man- 
ganese, cobalt,  nickel,  zinc,  mercury,  and  silver. 

Dibromonapkthylsulpkurous  Acid,  C>*H«Br»SO»  -  (C»H*ftr«JHSO». 
(Laurent,  Compt.  chim.  1849^.  392.) — ^Prepared as  above  tnm.  dibromonaphtoalene. 
— The  potassium-salt^  0**H'Br^KSO',  is  cryst^line,  and  soluble  in  boilingalconoL — ^The 
bariunC-saltt  C'*H**Br*Ba*S'0',  is  obtained  by  pouring  a  solution  of  the  potassium-salt 
into  a  boiling  and  Teiy  dilute  solution  of  barium-chloride,  and  sepsntes,  on  cooling,  as 
a  flooculent  precipitate  composed  of  microscopic  needles. 

CkloronaphtkyUulphurous  Acid,  (C>«H*G1)HS0*.  (Zinin,  J.  pr.  Ghem. 
zxxiii.  36.) — ^When  a  mixture  of  2  vols,  strong  sulphuric  add  and  1  vol.  chloro- 
naphthalene  is  heated  to  140^  for  a  quarter  of  an  hour,  a  transparent  brownish  liquid 
is  obtained,  which  does  not  alter  on  cooling ;  but  is  converted,  by  addition  of  a  few  drops 
of  water,  into  a  white,  buttery,  scarcely  crystalline  mass,  wmch  may  be  freed  fiom 
excess  of  sulphuric  acid  by  spreading  it  out  on  a  porous  tile  (Zinin).  The  same 
acid  i^peais  to  be  formed,  with  evolution  of  hydrocMoric  add,  on  dissolving  chloride 
of  nwnthalene  in  fuming  sulphuric  add.    (Laurent.) 

Chloronaphthylsulphurous  acid  dissolves  easily  in  water  and  in  alcohol ;  when  heated, 
it  melts  to  a  brownish  liquid,  decomposes,  and  gives  off  an  odour  of  naphthalene. 

The  ammoniuanrsdU  of  this  add  is  crystalliDe  and  very  soluble.  Its  solution  forms 
soluble  curdy  predpitates  with  feiious  and  argentic  salts. — The  potassUim-saU  is 
sligfady  soluble  in  water  and  in  alcohol— The  bartum-saft,  C*H>H)l'Ba"8K)<,  forms 
microscopic  needles  of  a  dull  white  colour,  and  very  soluble. — The  et^aric  salt  is  bluish 
and  very  soluble. — ^The  fertrms  salt  is  a  white  flooculent  predpitatei. — The  lead-salt  i» 
a  white  nearly  insoluble  powder. — ^The  silver-salt  is  a  white  curdy  predpitate,  slightly 
soluble  in  water,  and  decomposing  at  100^. 

Dichloronaphthylsulphurous  Acid,  (C»H»a«JHSO«.  (Zinin,  loc.  c%t.)— 
Prepared  Uke  the  preceding.  It  is  a  white  buttery  add,  very  soluble  in  water.  Its 
amrmmium-salt  is  also  very  soluble. — The  potassium-salt  and  the  barium-salt, 
C*H»»Cl*Ba"S»0«,  form  small  slightly  soluble  needles.— The  «/i»r-»att,  C>«H*a«Ag80«^ 
crystallises  in  colourless  scales,  still  less  soluble  than  the  potassium-salt. 

Triehloronaphthylsulphurous  Acid,  (Ci«H*Cl*)HSO*.  (Laurent,  Compt. 
chim.  1849,  p.  894.) — ^Prepax^  by  dissolving  trichloronaphthalene  in  fuming  sulphurio 
add,  neutralising  the  diluted  solution  with  potash,  converting  the  potassium-salt  into 
a  barium-salt,  then  into  a  Icnd-salt,  and  decomposing  the  latter  with  sulphuric  add. 
The  aqueous  solution  thus  obtained  solidifies  on  cooling  to  a  mass  of  microscopic 
needles,  which  may  be  purified  by  recrystallisation  from  boilinff  alcohol. 

The  ammoniumrsalt  of  this  acid  is  easily  soluble  in  water  and  in  aqueous  ammonia. 
Most  of  the  other  trichloronaphthylsulphites,  even  those  of  potassium  and  sodium,  are 
but  very  slightly  soluble  in  cold  water ;  consequently  the  add  and  its  ammoniam-salt 
form  predpitates  even  in  the  cold  dilute  solutions  of  the  nitrate  and  sulphite  of  potas- 
sium and  sodium,  and  in  those  of  the  chlorides  of  barium  and  caldum,  and  of  the 
sulphates  of  magnesium,  nickel,  and  copper. 

The  potassium-salt  forms  opaque  microscopic  scales,  very  soluble  in  boiling  water, 
nearly  insoluble  in  cold  water  and  in  boiling  alcohol. — The  barium-salt,  G^H'Cl'Ba"S*0', 
requires  from  300  to  400  pts.  of  boiling  water  to  dissolve  it. — ^An  ammoniacal  cupric 
salt,  C**H*CI'CuS*0*.4NH'.4H*0,  is  obtained  by  pouring  a  solution  of  the  ammonium- 
salt  into  cupric  acetate,  adding  ammonia,  and  heating.  The  solution,  on  cooling, 
solidifies  to  a  filamentous  jelly,  like  the  mycodermic  substances  deposited  from  tartanc 
solutions.    The  washed  salt  has  a  lilac  colour,  changing  to  blue  on  drying. 

TetraehloronaphthylsulphurousAeid,  (C^<*H*C1«)HS0^  (Laurent, Ck>mpt 
chim.  1849,  p.  397.) — ^Plrepared  by  heating  tetrachloronaphthalene  with  fiimingsulphuric 
add.— The  potassium^salt,  C»«H*C1*KS0«,  is  nearly  insoluble  in  cold,  slightly  soluble 
in  boiling  water,  very  soluble  in  boiling  alcohol,  whence  it  sepa^tes  in  microscopic 
spherules.  Its  alcoholic  solution  does  not  precipitate  acetate  of  barium,  but  on 
addition  of  watex,  die  liquid  coagulates  to  a  gelatinous  mass. 

Nitronaphthylsulphurous Acid, C»«H*(NO«)SO«.  (Lauren t,  RAv.  scientxiii. 
588.) — Nitronaphthalene  heated  with  fuming  sulphuric  add,  yields  a  red  solution, 
from  which  water  precipitates  more  or  less  unaltered  nitronaphthalene.  The  filtered 
solution  saturated  with  carbonates  yields  the  nitronaphthylsulphites.  The  add  is 
also  produced  by  the  action  of  nitric  acid  on  naphthylsulphurous  add.  It  crystallises 
in  microscopic  rhomboi'dal  scales.  Solphydrate  of  ammonium  appears  to  convert  it 
into  naphthionic  acid  (iv.  17). 

The  nitronaphthylsulphites  ignite  when  heated  in  dose  vessels. — The  ammonium'* 
salt  crystallises  in  needles ;  the  potasmum-salt  by  spontaneous  evaporation,  in  irregular 
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ery8tB]&— The  eaUmmrmU,  C^WKsTi^O^^S^Q^t »  moderately  solable  in  wiiter  Ji&4 
inaloohoL 

DinitronaphtkylBulphurouM  Acid,  C**H«(NO=)'SO',  is  formed  by  the  pro- 
longed  action  of  nitric  acid  on  naphthylsalphuroiis  acid. — Its  ammonium-^aUt 
C**H*(NH*XNO*)%0*,  crystallises  in  yellow  needles ;  it  is  decomposed  by  snlphydrate 
of  ammoninm,  yielding  a  deposit  of  solphur,  and  a  pecoliar  add,  perhaps  mtzonaph- 
thionic  add.  (£aurent|  GompL  rend.  zzzi.  537.) 

meajrlMaptoormui  A«ld,  CH'SO*  »  (C*H>)HSO*.  Smlpiobetuolie,  Sulpha- 
hmgeme,  or  Sidphobenzidie  Acid,  (Mitscherlich  [1834],  Fogg.  Ann.  xzxi.  283,  634. 
— Stenhonse,  Pioc.  Roy.  Soc  xir.  361.— Wurts,  Compt  rend.  Ixiv.  749. — Eekul^, 
ibid.  p.  752.) — This  acid  is  produced  by  dissolying  benzene  in  fuming  sulphuric  aetd, 
diluting  with  water,  filtering  to  separate  any  sulphobenzide  (p.  486)  that  may  have  been 
formed  at  the  same  time,  saturating  with  carbonate  of  barium,  oonverting  the  resulting 
barium-salt  into  a  cupric  salt  by  precipitation  with  cupric  sulphite,  purifying  the 
cupric  salt  by  crystallisation,  and  decomposing  it  with  sulphuretted  hyorogen.  The 
acid  may  also  be  prepared  by  gently  heating  bensene  with  about  an  equal  rolume  of 
ordinary  concentrated  sulphuric  acii;  and  (according  to  Stenhonse)  this  is  the  best 
method  of  obtaining  it  in  large  quantities,  using  4  vols,  sulphuric  acid  to  5  yoIs.  benzene. 
Fhenylsulphurons  add  evaporated  to  a  syrupy  consistence,  yields  a  crystalline  residue, 
which  decomposes  at  a  higher  temperature. 

Thephenylsulphites  or  suIphobensolateSyC^'USO*,  are  very  stable  salts, 
some  of  them  bearing  a  vezy  high  temperature  without  decomposing.  The  ammonium- 
salt,  however,  decomposes  easily  at  200^,  yielding  sulphophenjrlamiae  (p.  523),  together 
with  sulphurous  oziae,  ammonia,  benzene,  and  a  small  quantity  of  phenylic  sulphide ; 
and  the  sodium-  and  calcium-salts  yield,  bv  dry  distillation,  phenylic  sulphide, 
(CH*)^,  together  with  carbonic  dioxide  and  sulphurous  oxide.  (Stenhonse,  iv. 
417.) 

The  phenylsulphites  distilled  with  oxychloride  of  phosphorus,  yield  phenylsulphu- 
rous  or  sulphophenylic  chloride,  G*H*G1S0*  (Gerhardt  and  Chancel).  They 
may  be  boiled  for  a  long  time  wiUi  excess  of  aqueous  potash  without  decomposition, 
but  by  fusion  with  potassic  hydrate  they  are  resolved  into  sulphurous  add  and  phenol 
(Wurtz,KekuU): 

(C^»)KSO«  +  KflO    -    K«0»  +  (C«H»)HO: 

Potastlc  phenyl-  Phenol, 

•ulphtte. 

The  pimyhulpkUes  of  amTfumium,  potastium, Boduim,taid  ealdum  crystallise  easily ; 
the  hariwn^talt  is  obtiuned  only  in  crystalline  crusts;  therinc-and nlffer-saUs  are  also 
cmtallisablA.— The  cupric  salt,  C"H>*Cu''S*0«,  forms  fine,  bulky,  hydrated  OTStals, 
which  give  off  all  their  water  at  170°.    (Mitscherlich.) 

NUrophenyUulpkurous  acid,  CH*(NO)*SO',  is  produced  by  boiling  phenylsulphurons 
add  with  nitric  add.— Its  amnumium-salt,  C*H*(NH*XNO*)SO*,  is  converted  by  sul- 
phydric  add  into  phenylsulphamate  of  ammonium.  (Lauren t»  CompL  rend.  xtti. 
638.) 

PAenplsulpkurouM  Chloriie,  C«HHnSO*    -   (^^H^ja      Suiphophenylie  or 

Sidphobeneolic  Chloride,  (Qerhardt  and  Chancel,  Compt  rend.  xxxv.  690.) — Pro- 
duced by  the  action  of  phosphoric  oxvchloride  on  a  phenylsulphite.  To  prepare  it, 
benzene  is  genUv  heated  with  an  equal  volume  of  strong  sulphuric  acid,  till  it  is  com- 
pletely dissolved ;  the  liquid,  after  dilution,  is  saturated  with  chalk ;  the  filtered  solu- 
tion of  calcic  phenylsulphite  is  exactly  decomposed  by  carbonate  of  sodium,  and  the 
solution  of  sodic  phenylsulphite  is  filtered  and  evaporated.  This  salt  having  been 
dried  at  150°,  is  then  mixed  in  a  retort  by  small  portions  with  oxychloride  of  phospho- 
rus, so  as  to  form  a  thick  pulp.  The  reaction  logins  in  the  cold,  and  as  soon  as  it 
ceases,  the  product  is  to  be  distilled  as  long  as  any  oily  matter  passes  over,  and  the 
distillate  rectified,  collecting  apart  the  latter  portions,  which  distil  at  254°.  The  lower 
portions  contain  aJsoa  considerable  quantity  of  phenykulphuzouB  chloride,  and  may  be 
utilised  for  the  preparation  of  sulphophenyjamioe  (p.  628). 

Phenylsulphurons  chloride  is  a  colourless,  strongly  refracting  oil,  of  spedfic  gravity 
1-378  at  23^.  It  boils  at  254°,  has  a  strong  odour  like  that  of  bitter-almond  oil,  and 
fbmes  slightly  in  the  air.  It  is  scarcely  attacked  by  water,  but  alkalis  instantly 
convert  it  into  phenylsulphite  and  chloride  of  alkali-metal.  With  aqueous  ammonia 
it  yields  sal-ammoniac  and  sulphophenylamide  (phenylthionamide). 

Phenyhulphuroua  Hydride,  C'H'SO*.  Beneyletdphurous  Acid.  (Eolbe, 
Ann.  Ch.  Fharm.  cxix.  153 ;  Jahresb.  1861,  p.  627.)— Produced,  as  a  zinc-salt,  by  the 
tctioD  of  BDC-ethyl  on  phenylsulphurons  chloride : 

2C«H»CIS0«  +  Zn''(C*H»)«   -     2(?H»C1  +  C^m^^Zn^SH}*. 
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Pore  tAenylsulphimms  chloride  is  mixed  with  8  vcAb.  ether  firee  from  water  and  alcohol, 
and  sinc-euiyl  is  gradnaUj  added  to  the  mixture  in  a  flaak  filled  witli  diy  carbonic  dioxide, 
the  liquid  becoming  hot,  and  depositing  a  white  powder  at  each  addition.  As  soon  as 
a  portion  of  the  mixture  no  longer  exhibits  the  smell  of  the  chloride,  the  pasty  mass  is 
.to  be  heated  to  100^  to  expel  the  ether,  and  the  excess  of  sino^thy]  is  decomposed  by 
water,  which  will  not  dissolve  the  basic  zinc-salt  formed  in  the  reaction,  even  on 
boiling.  On  tzeating  it  with  hydrochloric  acid,  the  whole  dissolves^  excepting  a  small 
qnaatity  of  a  disagreeably-smelling  oil  [perhaps  CH^C'H*)SO'] ;  and  the  decanted 
iiqnid,  on  cooling,  deposits  phenylsulphnrons  hydride,  in  large,  mostly  stellate  prisms, 
which  may  be  freed  from  t)ie  last  traces  of  the  oil  by  reczystallisation.  Its  formation 
from  the  zine-salt  is  represented  by  the  equation : 

C»H»«Zn"8»0«  +  2HC1     -    ZnTl*  +  2C^«S0«. 

FhenykulphurouB  hydride  dissolves  slightly  in  cold,  easily  in  boiling  water — freely 
also  in  alcohol,  and  especially  in  eUier.  It  is  inodorous ;  has  a  strong  acid  ta^te  and 
reaction;  cannot  be  sublimed,  melts  below  100^,  and  begins  to  decompose  when  heated 
above  100^.  It  is  oxidised  to  phenylsulphnrons  acid,  slowly  by  contact  with  the  air, 
quickly  by  nitric  acid.  By  nascent  hydrogen  (evolved  from  sulphuric  acid  by  sine),  it 
u  converted  into  phenylic  sulphydrate. 

Fhenylsnlphurous  hydride  is  a  monobasic  acid,  which  easily  decomposes  metallic 
hydrates  and  carbonates.  According  to  KekuU's  views  of  the  composition  of  the  aro- 
matic bodies,  it  maybe  regarded  as  bensene-sulphurous  acid,  C'H\SO'H), 
that  is  as  benzene  in  which  1  at  H  is  replaced  by  the  sulphurous  acid  residue,  SO'H ; 
the  hydrogen  in  this  residue  is  still  replaceable  by  metals. 

The  amrnomum^taU  crystallises  in  colourless  silky  laminae,  easily  soluble  in  water, 
sparingly  in  alcohol  and  ether. — ^The  barium-Mlt,  C"H">Ba''S*0^  forms  crystaUine 
nodules,  easily  soluble  in  water,  less  soluble  in  alcohol. — The  cuprie  salt  separates  from 
a  strongly  concentrated  solution,  in  vellowish-green  laminie,  having  a  satiny  lustre  and 
slightly  soluble  in  alcohoL — ^The  mvet'Salt,  (^*AgSO',  separates  from  a  hot  aqueous 
solution  on  cooling  in  satiny  laminie,  slightly  soluble  in  cold  water.  The  same  salt  is 
obtained,  as  a  white  curdy  precipitate,  on  mixing  the  aqueous  add  with  nitrate  of 
silver. — The  neutral  niuhiaU,  G"H**^"S*0*,  is  obtained  by  boiling  the  aqueous  add 
with  zinc-carbonate^  or  by  decomposing  the  basic  salt  obtained  in  the  preparation  of 
the  add  with  carbonic  add,  and  evaporating  the  filtrate.  It  crystallises  in  oblique 
rhombic  plates  with  truncated  angles,  moderately  soluble  in  cold  and  in  hot  water. 

DinDDm.-DI6UI.FHTJ&OU8  QT  DCPHENTI^DISDUHOPBXNTUO  AciD,  C"H'*S*0'.  (Fit- 
tig,  Ann.  Oh.  Pharm.  cxxxii.  201.) — ^Formed  by  dissolving  phenyl  (iv.  409)  in  warm 
concentrated  sulphuric  add:  the  warm  much-diluted  solution  is  neutralised  with 
carbonate  of  potassium ;  and  the  sparingly  soluble  potassium-salt,  which  separates 
on  cooling,  is  crystallised  several  times  from  water.  The  acid  separated  from  the  lead^ 
salt  by  sulphuretted  hydrogen  crystallises  by  evaporation  over  oil  of  vitriol  in  prismatic 
deliquescent  crystals,  whidi  melt  at  72*6^,  and  decompose  when  heated  above  200^. 
The  add  is  dibasic. — The  potassium-^altf  CH'K'S'O*,  crystallises  in  efflorescent  prisms 
or  scales,  insoluble  in  alcohol,  slightly  soluble  in  cold,  more  easily  in  hot  water,  and 
decomposing  at  a  red  heat — The  barium-^ali,  0"H*Ba''S'0',  is  a  white  crystalline 
precipitate,  nearly  insoluble  in  water  and  in  acids. — The  eaUcium-aalt,  G"H'Ca"SK)*, 
IS  also  very  difficultly  soluble  in  cold  water,  and  is  formed  only  on  heating  the  solution  of 
the  potassium-salt  with  chloride  of  caldum. — The  lead^aalt  is  insoluble  in  water,  but 
soluble  in  acids. — The  silver-Mlt  crystallises  in  lamin»,  more  soluble  in  cold  water  than 
the  potassium-salt  The  salts  of  other  metals  do  not  form  predpitates  with  the  solu* 
tion  of  the  potaadum-aalt. 

THymylcalpliiirowi  Aold,  G^'H'^SO'.  Syn.  with  Ctiitlsuij>hx7bovs  Acid 
(ii  298). 

Xjlylsulplniroas  AelOt  G"H*^0'  -  (C«H»)HSO'.  8ulphoxylenio  or SulphMylo- 
lioAcid.  (Cahours,  Compt  rend.  xxx.  319. — Church,  Chem.  SocQu.  J.  xiv.  52.-« 
Volck  el,  Ann.  Ch.Fhjuin.lzzxvi.*  835. — De  la  Bueand  MuUer,  Chem.  Soc  Qu.  J. 
xiv.  54.) — ^When  xylene  is  left  in  contact  for  a  week  with  fumins  sulphuric  add,  part 
of  it  dissolves,  and  the  undissolved  portion  becomes  more  or  less  filled  with  long; 
colourless,  shining  needles  of  xylylsulphurous  acid.  They  have  a  strongly  add,  after- 
wards bitter  taste ;  dissolve  readily  in  water  and  in  sulphuric  add ;  deliquesce  quickly 
on  exposure  to  the  air,  and  may  be  heated  to  metting  in  a  vacuum  or  in  vapour  of 
xylene  without  decomposition;  at  a  higher  temperature  they  become  dark-coloured. 

XylylmdphUe  of  barium,  C^*B}*Ba,"^0*,  crystalliseB  in  nacreous  transparent  scales, 
not  altered  by  boiling  with  water. 
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fi,  Sulphfrom  Ethert  containing  Diatomic  Aholol^adides. 

(80)M 
AetO,  C»H«SW    =    (C«H«)H«(SO»)»   -    (C»H*)70«. 

H«  > 

Disulpheihoiio  Acid.  (Buckton  and  Hofmann  [1856]»  Chem.  Soc.  Qn.  J,  ix. 
250 ;  Ann.  Ch.  Pharm.  c.  129. — ^HuBemann,  Ann.  Gh.  Phurm.  czxvi.  269  ;  Jahresb. 
1862,  p.  428.) — This  acid  is  prodnood : — 1.  By  heating  ethylenic  di-  or  triTsulpho- 
earbonate  (p.  602)  with  faming  nitric  acid : 

(C«H*)COS«  +  4N0»H     -     (C»H*)H«S«0«  +   4N0  +   C0»  +  H»0. 
(C«H*)CS«  +   6N0«H     -     (CH*)H*S»0»  +   6N0  +  C0»  +  S0«  +  2H«0. 

The  liquid  is  heated  as  long  as  mtroiis  fames  are  erolved,  then  craporatad  with 
repeated  addition  of  water,  and  neutralised  with  carbonate  of  lead ;  the  lead-salt^ 
which  crystalliseB  oat»  is  decompoaed  by  snlphoretted  hydrogen;  and  the  filtered 
solution  oi  ethylene-sulphurous  acid  is  eraporated  to  a  syrup.    (Hu soman n.) 

2.  Together  with  sulphopropionie  acid,  by  the  action  of  ftuning  salphuiie  add  on 
piopionitrile  (cyanide  of  etJiyl)  or  propionamide : 

C»H»N  +   3H*80*     -     C«H-S«0«  +  (NH*)HSO«  +  CO*. 

FroploDitrlte.  BtbTlene-  Acid  lulphate 

■olphuroot  of  ammonium, 

acid. 

C«H»N    +    H*0  +  2H«S0«     -    C»H«SO»    +  (NH«)HSO«. 
Propionitrile.  Sulphopro-  Add  iiilphate 

plonieaGld.  of  ammonium. 

Propionamide^  (C*H^O),  which  differs  from  prepionitrile  only  by  HK),  is  acted  upon 
by  sulphuric  acid  in  exactly  the  same  manner;  and  being  easier  to  prepare  thsji  pro- 
pionitrile, is  used  in  preference  for  the  preparation  of  ethylene-sulphurous  acid.  For 
this  purpose,  a  mixture  of  propionamide  with  an  equal  volume  of  Nordhausen  sulphuric 
acid,  is  heated  as  long  as  carbonic  dioxide  is  evolved  and  propionic  acid  distils  over. 
The  solid  residue  is  then  dissolved  in  water;  the  free  sulphuric  acid  is  neutralised 
with  finely-pounded  marble ;  the  sulphate  of  ammonium  is  decomposed  by  boiling  the 
Hquid  with  carbonate  of  barium  till  it  no  longer  gives  a  permanent  precipitate  with 
chloride  of  barium ;  and  the  filtered  solution  of  ethylene-sulphite  of  ammonium  is 
concentrated  to  the  ciystallising-point.  To  obtain  the  free  acid,  this  salt  is  converted 
into  a  barium-salt  by  boiling  with  baryta-water;  the  barium-salt  is  decompoBed  by 
sulphuric  acid ;  the  acid  filtrate  is  boiled  with  carbonate  of  lead ;  and  the  resulting 
lead-salt,  after  crystallisation,  is  decomposed  by  sulphuretted  hydrogen.  (Buckton 
and  Hofmann.) 

The  syrupy  acid,  obtained  by  carefully  evaporating  the  aqueous  solution,  solidifies, 
when  left  over  oil  of  vitriol,  to  a  radio-ciystcdline,  very  deliquescent  mass,  consisting 
(aocordinc  to  Husemann)  of  C"H*S^O*.H'0.  It  gives  off  its  1  at  water  at  100^;  and 
the  anhycbrouB  acid  melts  at  94°,  and  solidifies  again  at  60° (Husemann);  at  hi^^ietr 
temperatures  it  chars,  and  gives  off  white  vapoure.    (Buckton  and  Hofmann.) 

Ethylene-sulphurous  acid  is  dibasic,  forming  neutral  and  acid  salts. — The  ethy« 
lene-6ulphites  are  all  soluble  and  ciystallisable. 

The  neutral   ammonium-aalt,    C*H*(NH^)'S*p*,  crystallises  in    long   monodinio 


todkim-Mlt,  O'H^Ka^S'O*,  crystallises  in  well-defined  crystals,  belonging  to  the  trimetric 
system,  and  ttEhibiting  the  combination  ooP .  t  oo. — The  neutral  gUver-saltj  CH'Ag'S-O', 
forms  thin  monoclinic  tables ;  Uiere  is  also  an  acid  Mlver-salt,  C*H*AgS'0*.CH*Ag^O*, 
forming  milk-white  spherical  groups  of  crystals.    (Husemann.) 

The  barium-^altt  obtained  bv  boiling  the  solutiozk  of  the  ammonium-salt  with  baryta, 
and  precipitating  the  excess  of  the  latter  with  carbonic  acid,  crystallises  in  steUate 
groups  of  six-sided  tablets,  which  contain  C'^H^Ba''8H)*.H*0,  and  become  anhydrous 
at  170°  (Buckton  and  Hofmann). — ^According  to  Husemann,  a  hydrated  salt 
containing  C'H^Ba''S*0'.2H'0,  is  obtained  in  small  rhombic  octahedrons,  by  saturating 
the  still  yellow  solution  of  ethylene-sulphocarbonate  in  fuming  nitric  acid  with  carbo- 
nate of  barium ;  whereas  the  pure  acid,  saturated  in  like  manner,  yields  the  anhydrous 
salt,  CH^Ba^SK)*,  which  is  more  soluble,  and  crystallises  in  slender  monoclinie 
prisms.  

The  cuprie  wit,  (rH«Cu'*S*0*.4HK),  forms  light-blue  monoclinic  prisms,  which 
give  off  I  of  their  water  at  100°  and  the  rest  at  170°  (Hnsemann^.— The  lead-salt 
forms  easily  soluble  crystalline  crusts,  containing  2OH^Pb"8-0^3H'0  (Husemann); 
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Mccndiiig  to  Buck  ton  and  Hofmann,  it  eryetalliBes  in  thin  prisnu  and  four-Bided 
laminae,  and  its  solntion,  when  quickly  evaporated,  dries  up  to  a  tongh  gnnuny  mass.— The 
fiuiff7tuiw»-salt,  G'H^Mg''S'0'.6H*0,  crystallises  in  colourless,  easily  soluble,  mono- 
clinic  prisms  and  tables,  which  give  off  half  their  water  at  100^,  and  the  rest  at  180^ 
(Husemann). — The  mercuric  salt,  C*H*Hg*SK)*.6H*0,  fonps  long,  thin  monodinio 
prisms ;  the  mercurous  salty  CH*Hg*S*OMI'0,  forms  white  crusts,  which  separate  on 
warming  into  an  acid  and  a  basic  salt  (Husemann). — The  gincsalt,  0'&^Zn''S'0'. 
6HH),  crystallises  in  nacreous  monodioic  tablata,  which  do  not  give  their  last  atom  of 
water  till  heated  to  175^.  (Husemann.) 
Appmdix  to   Etkylene-mUphurous  Acid:   Sulfhofbofiomic   Acid,   O'H'SO'   a 

(SO)") 
C^*0*.SO'  »  (CH^OrVO*?— Produced,  together  with  ethylene-sulphurous  acid  (sj 

H»  3 
above  described),  by  the  action  of  sulphuric  acid  on  propionamide  or  propionitrile.  Its 
ammoniumHsalt  remains  in  the  mother-liquor  of  the  ethylene-sulphite  of  ammonium, 
and  may  be  separated  therefrom  as  a  syrupy  precipitate  by  addition  of  absolute 
alcohoL  On  boiling  the  dilute  mother-liquor  with  carbonate  of  barium,  and  concen- 
trating, sulj^opropionate  of  barium,  C^H^Ba'^SK)*  (at  170°),  separates  in  cubic 
granules ;  or  if  the  solution  be  less  concentrated,  and  left  to  itself  for  twenty-four 
hours,  in  spherical  groups  of  silky  crystals.    (Buckton  and  Hof  mann.) 

(S0)«) 
aietbarlene-AidplMiroiui  Add*  CH«S*0«  «  (CH*)"  \0\    Disulj^hometholie  Acid. 

Methiom'c  Acid,  (Liebig  Ann.  Ch.  Fharm.  xiii.  35. — Wetherill,  ibid,  Ixri.  122. — 
Strecker,  ibid,  c  199. — Buckton  and  Hofmann,  ibid.  c.  129  ;  Ohem.  Soc.  Qu.  J. 
iz.  241 ;  Jahreeb.  1856,  p.  508.) — ^This  acid,  discovered  by  Liebig,  is  produced : 
1.  By  the  action  of  sulphuric  oxide  (anhydride)  on  ethylic  ether  (Liebig,  Wetherill, 
Strecker). — 2.  By  the  action  of  fuming  sulphuric  acid  on  acetamide  or  acetonitrile 
(Buckton  and  Hofmann).  Its  mode  of  formation  by  this  second  method  is  exactly 
similar  to  that  of  ethylene-sulphurous  acid  from  propionamide  or  propionitrile  (p.  666), 
sulphacetic  acid  being  formed  at  the  same  time  (p.  475). 

To  prepare  it  by  the  ilrst  method  (which,  however,  yields  but  a  small  product),  sul- 
phuric oxide  is  passed  in  the  state  of  vapour,  or  (preferably)  introduced  in  the  solid 
state,  into  anhydrous  ether  contained  in  a  cooled  vessel ;  the  resulting  solution  is 
shaken  up  with  water ;  the  watery  liquid,  separated  from  the  ethereal  solution  of 
neutral  ethylic  sulphate,  is  neutralised  with  carbonate  of  barium ;  the  mothvlene-sul- 
phite  of  barium  thus  produced  is  decomposed  by  excess  of  sulphuric  acid ;  the  filtered 
solution  is  boiled  with  carbonate  of  lead ;  and  the  resulting  lead-salt  decomposed  by 
sulphuretted  hydrogen.     (Strecker.) 

By  evaporating  the  aqueous  solution  of  methylene-sxUphurous  acid  over  the  water- 
bath  to  a  syrup,  and  leaving  it  to  cool  in  a  vacuum,  the  acid  is  obtained  as  a  mass  of 
radiating  needles  (Buckton  and  Hofmann);  when  left  over  oil  of  vitriol,  it 
solidifies  in  long  needle-shaped  crystals  (Strecker).  It  is  very  deliquescent,  has  a 
very  sour  taste,  and  is  not  decomposed  by  rather  strong  heating,  by  prolonged  boiling 
with  nitric  acid,  or  by  passing  chlorine  into  its  solution. 

The  methylene-sulphites,  (CH«)M«S«0«,  and  (CH«)M"S«0«,  are  easily  prepared 
by  digesting  the  aqueous  acid  with  oxides  or  carbonates.  They  are  all  soluble  in 
water,  but  insoluble  in  alcohol. 

The  ammonium-salty  CH*(NH*)*S'0*,  crystallises  in  needles  (Strecker) ;  in  prisms 
'of  97*45,  bevelled  at  the  ends,  which  bear  a  heat  of  190^  without  decomposition. — The 
potassium-salt  crystallises  in  shining  needles  or  granules,  soluble  in  14  pts.  of  water  at 
22^  (Buckton  and  Hofmann). — The Mx^ttfm-M/^  crystallises  in  needles  (Strecker). 
— The  barium'Salt,  CH*Ba"S'0*.2H*0,  forms  nacreous  rectangular  plates,  which  give 
off  their  water  at  150®  (Buckton  and  Hofmann);  at  140**  (Strecker). 

The  cupric  salt,  obtained  by  ][»'ecipitating  the  barium-salt  with  cupric  sulphate,  crys- 
tallises in  blue  rhombic  prisms,  containing  CHK)u"SH)*.5H'0,  which  effloresce  and  turn 
whitish  on  exposure  to  the  air,  and  become  anhydrous  at  100®  (Strecker).  Buckton 
and  Hofmann  obtained  a  cupric  salt  in  green  needles. 

The  neutral  lead-salty  CH«Pb"8«0<.2H*0,  obtained  bv  boiling  Uie  acid  with  carbonate 
of  lead,  crystallises  in  large,  transparent,  colourless  rhombic  prisms  (in  small  square 
laminse,  according  to  Buckton  and  Hofmann),  which  give  off  their  water  at  100^. 
By  boiling  this  salt  with  plumbic  hydrate,  a  less  soluble  basic  salt  is  obtained,  sepa- 
rating fiwn  the  cooling  solution  in  ^^eolourless  crystals,  which,  after  drying  over  oil 
of  vitriol,  appear  to  consist  of  C'H*Pb*S*'0'*.H''0 ;  they  have  an  alkaline  reaction,  and 
abflorb  carbonic  acid  from  the  air.     (Strecker.) 

The  silver-salty  CH*Ag'S*0*,  crystallises  in  groups  of  thin  needles  or  broad  platei^ 
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which  may  be  heated  to  160<^  witJiont  decomposition  (B nekton  and  Hofmann),  hak 
blacken  sjjghtly  when  exposed  to  light  (Strecker).  Its  concentrated  solution  is  in- 
stantly decomposed  by  ethylic  iodide,  yielding  argentic  iodide^  alcohol,  and  fm 
methylene-snlphorons  acid,  bat  no  ethereal  compound.  (Buck ton  and  Hofmann.) 
The  sine-Mli,  whidi  is  produced  with  eTolution  of  hydrogen,  by  dissolvixig  sine  in  tha 
aqueous  add,  is  difficidt  to  oystallise,  and  is  not  precipitated  by  alcohoL  (Buck ton 
and  Hofmann.) 

MapHKbjtoaeHRili^inmw  AeUU  C^'H^O'  -  (C>*H<)^>8>0*.  J)utapko- 
naphtholiey  I^umn^htkio,  or  Hypotulphonafhtholie  Add.  (Berzelius,'  Ann.  Ch. 
Phys.  [2],  IxT.  290. — Laurent^  Gompt.  chim.  1849,  pi  890. — ^Dusart,  Oompt.  rend. 
Iziy.  8d9.>--Berzeliu8  obtained  this  acid  in  small  quantity,  together  with  naphthylsul- 
phurous  add  (p.  660),  by  the  action  of  sulphuric  acid  on  naphthalene ;  and  separated 
the  two  by  the  different  solubilities  of  their  barium-salts,  the  naphthylene-sulplute 
being  the  more  soluble  of  the  two.  On  partially  saturating  the  diluted  solution  with 
carbonate  of  barium,  the  naphthylsulphite  separates  out  first ;  and  on  completing  the 
saturation  ofthe  remaining  liquid,  concentrating  itorerthe  water-bath,  and  mixing  it 
with  two  or  three  times  its  Tolume  of  alcohol,  the  naphthalene-sulphite  is  deposited  in 
granular  crystals  (Berzelius).  Dus  art^  by  usins  a  larger  proportion  of  sulphuric 
add,  and  applying  a  stronger  heat,  has  suoceedea  in  conrerting  the  whole  of  the 
naphthalene  into  naphthylene-sulphurous  add.  For  this  purpose,  10  pts.  of  naphthalene 
are  strongly  heated  with  25  pts.  of  concentrated  sulphuric  add,  tiU  a  sample  of  the 
liquid,  saturated  with  a  strong  solution  of  sodic  carbonate,  remains  dear,  and  no  longer 
deposits  a  crystalline  predpitate  of  sodic  naphthylsulphite.  The  solution  is  then 
diluted  with  water,  and  saturated  with  alkaline  carbonate ;  the  greater  part  of  the  sul- 
phate removed  by  crystallisation,  and  the  remainder  from  the  mother-liquor  by  addi- 
tion of  alcohol.  The  eyaporated  solution  yields  oystals  of  naphthylene-sulphite,  which 
may  be  purified  by  reerystallisation. 

Naphthylene-sulphurous  add,  separated  from  its  barium-salt  by  sulphuric  add,  dries 
up  in  a  YHCuum  to  a  brown  lamellar  mass,  having  a  sour  and  bitter  taste,  and  soluble 
in  alcohol  (Berzelius).  The  add  is  dibasic.  The  naphthylene-sulphites, 
0>«H«M*S*0*  and  C>*H*M"SKH,  resemble  the  naphthylsulphites ;  they  are  very  soluble  in 
water,  but  in  general  less  soluble  in  alcohol  than  the  naphthylsulphites.  They  hare  an  acid 
slighdy  metidlic  taste,  bear  a  considerable  degree  of  heat  without  decomposition,  but 
at  very  high  temperatures  give  off  vapours  of  naphthalene,  with  a  small  ouantity  of 
sulphurous  oxide  (Berzelius).    They  are  decomposed  by  fusion  with  hydrate  of 

fotassium,  with  formation  of  metallic  sulphite  and  the  potasdum-salt  of  naphthy- 
enic  alcohol,  C>»H»0»     -     (C"H«)-H«0« : 

C"H«K«S»0«  +  4KH0     «     2K«S0«  +  2H«0  +  C'«H«K«0«. 

Fotantc  naphthyl-  FMaitlc  n^ih* 

ene-tulpliite.  thylenata. 

The  naphthylenic  alcohol  predpitated  from  its  potassium-salt  by  an  add,  and  puri- 
fied from  accompanving  tarry  matter,  by  solution  in  water  and  crystallisation,  forms 
small  rhombohedral  crystals,  soluble  in  water,  and  easUy  soluble  in  potash.  The  latter 
solution  instantly  bums  black  in  contact  with  the  air,  and  if  afterwards  neutralised 
yields  a  black  predpitate  of  an  add  body,  which  in  strong  solutions  solidifies  to  a  jelly. 
(Dusart) 

Naphikylme-^ulpkiU  of  ammonium  is  obtained,  by  spontaneous  evaporation,  as  a 
granular  mass ;  its  solution  becomes  add  when  evaporated  by  heat — The  potatgimn^ 
salt  is  granular,  and  slightly  soluble  in  alcohol. — ^The  barium'^t,  G**H'Ba''SK>',  is  but 
slightly  soluble  in  water,  even  at  the  boiling  heat ;  very  slishtly  soluble  in  alcohol ;  oir 
evaporating  the  aqueous  solution,  it  remains  as  an  amorphous  mass  (Berzelius).— 
The  Uad-Mlt,  G>*H*Pb"S>0*.2HK),  is  very  much  like  the  barium-salt^  easily  soluble  in 
water,  but  nearly  insoluble  in  aloohoL  It  retains  its  2  at.  water  at  100®,  but  gives  it 
up  at  220^    (Laurent). 

rs6)«  > 

DUidphobetudlie  Acid,  (Buckton  and  Hofmann,  Ghem.  Soc  Qu.  J.  ix.  265.)— 
Produced,  together  with  sulphobenzoic  add  (p.  486),  by  heating  benzonitnle  (phenj[lio 
cyanide)  wiu  fuming  sulphuric  add.  The  product,  after  dUution,  is  treated  with 
carbonate  of  barium,  as  m  the  preparation  of  ethylene-sulphurous  add  i  and  the 
filtered  solution  of  the  barium-salts,  which  is  very  dark-coloured,  is  decomposed  by 
sulphuric  add,  then  boiled  with  oxide  of  lead,  filtered,  and  treated  with  snlphydrie 
add.  The  add  liquid  is  then  saturated  with  carbonate  of  barium,  and  the  resulting 
solution  treated  with  alcohol,  which  throws  down  first  sulphobenzoate,  and  afterwards 
phenylene-sulphite  of  barium. 

The  acid  is,  however,  more  easily  obtained  by  heating  phenylsulphurous  (sulphoben- 
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tolie)  Add  (p.  S6S)  with  ftuning  Bolphinie  add.  Tlie  product  is  TOfy  dmlc-eoloiired, 
but  may  be  raDdered  ooknirlMs  by  .vnTenion  into  a  lead-salt,  and  separation  by  snl- 
phydzie  add.  The  fiqnid  satnrated  with  carbonate  of  barinm,  and  evaporated,  yields 
'pkenjflau-mdipkiU  of  barimm^  CH^Ba^SH)*,  as  an  apparently  amorphous  mass,  which, 
Aowever,  appean  distinctly  crystalline  nnder  the  microscope.  When  strongly  heated 
on  platinnm-loil,  it  bnzns^  with  erolntion  of  snlphuoos  oxide. 

TiUfl^ae  ■■IpfcMiM  or  Vropytoae-solylivrwas  Add*  C*H^SK)*  » 
(C*H*)H*SK)*.  DmUpkapropoUe  .i<»(f.— Produced,  together  with  sul^hobntyric  add, 
G^H^SO*,  by  heating  bu^rramide  with  Aiming  sulphuric  add.  The  banum-salts  of  the 
•two  adds  are  both  Teiy  solnble  in  water,  and  Tory  difficult  to  separate ;  but  on  treating 
the  concentrated  solution  with  absolute  aloohol,  the  sulphobntyrate,  G^H^Ba^SK)*, 
separates  first ;  and  by  continued  fractional  precipitation  with  alcohol,  a  barium-salt 
is  at  length  obtained,  having  nearly  the  compoeiticn  of  the  tritylene-sulphite, 
0"li*Ba*SH)*.  By  slow  evaporation  of  its  aqueous  solution,  it  is  obtained  in  very 
minute  crystals,  am>earing  under  the  microscope  as  thin  pearly  plates.  (Bnckton 
and  Hofmann,  Cnem.  &>c  Qu.  J.  ix.  253.) 

•■Iplmto  Cemponadfl. 

Tbiozibb  of  Svlphub.  Svlphvkio  Ozidb  or  Anhtdbidk,  SO*. 
Amkydroui  Mpkurie  Jeid. — ^This  compound  is  formed :  1.  By  the  direct  oxidation 
<ji  sulphurous  oxide.  A  perfectly  dry  mixture  of  this  gas  with  oxygen,  subjected 
to  the  action  of  a  sapid  stream  of  electric  sparks,  slowly  diminishes  in  volume,  and 
depomts  sulphuric  oipde.  TiA  oxidation  may  also  be  effected  b^  passing  the 
mixture  of  the  two  gases  through  a  red-hot  tube  containing  platinum-bladt  or 
platinised  pumice  (Piria,  Cimento,  ii.  298). — 2.  By  the  decomposition  of  add 
"sulphates.  Add  smphate  of  sodium,  NaHSO^  heated  to  dull  redness,  gives  off 
water,  leaving  the  anhydrosulphate,  Na*SO\SO*  -  2KaHS0«  -  H*0;  and  this 
compound,  £stilled  at  a  higher  temperature,  gives  off  white  fumes  of  sulphuric 
oxide,  leaving  the  neutral  sulphate,  Na'SO*.  Ferric,  pl&tinic,  antimonious,  and 
bismuthic  sulphates  also  give  off  sulphuric  oxide  when  heated. — 8.  By  the  distilla- 
tion of  fuming  sulphuric  acid.  This  liquid,  prepared  at  Nordhausen  in  Saxony,  by 
the  dry  distillation  of  dehydrated  sulphate  of  iron,  may  be  regarded  as  a  solution  of 
su^hurie  oxide,  80',  in  the  strongest  sulphuric  add ;  and  when  distilled  at  a  gentle 
heat,  gives  off  the  aiUphuric  oxide  m  white  fumes,  while  ordinary  sulphuric  acid,  H-SO*, 
remains  behind.  'The  sulphuric  oxide  may  be  condensed  in  a  dry  receiver  surrounded 
by  cold  water. — 4.  B^  distilling  strong  sulphuric  add  with  phosphoric  oxide  (an- 
.hydride),  sulphuric  oxide  then  passing  over,  and  gladai  phosphoric  add  remaining 
behind: 

BPSO*  +  PH)»    =     2HP0*  +  SO*. 

Properties.^-^ulphxaie  oxide  crystallises  in  beautiful  white  slender  needles,  arranged 

in  feathery  and  star-shaped  groups,  and  forming  an  opaque  mass,  resembling  asbestos. 

It  is  tough,  and  difficult  to  cut.     When  recently  solidified,  from  the  liquid  or  gaseous 

state,  it  melts  at  about  18^,  but  quickly  passes  into  another  modification,  in  which  it 

does  not  melt  below  100^,  volatihsing  slowly  at  the  same  time,  and  returning  to  the 

first  modification  (Marignac,  Ann.  Ob.  Pbarm.  Ixxxviii.  228).    In  the  melted  state  it 

forms  a  liquid  thinner  than  oil  of  vitriol,  and  probably  colourless  when  pure,  but  usually 

exhibiting  a  brownish  colour  from  the  presence  of  organic  matter.   It  boils  at  35°.  The 

specific  gravity  of  the  solid  oxide  is  1*9456  at  13^  (Morveau)  ;  of  the  liquid,  1*97  at 

20*^  (Bussy).    The  density  of  the  vapour  is,  according  to  Mitscherlich's  observation, 

82   +    8      16 
S'Ol ;  the  calculated  density  is ^ —    *   0*0698     -     2-76. 

Reactions, — 1.  Sulphuric  oxide  has  a  most  powerful  affinity  for  water,  in  which  it 
dissolyes,  forming  sulphuric  add.  When  dropped  into  water,  it  hisses  like  red-hot 
iron.  Wood,  paper,  and  organic  bodies  in  genenil  are  quickly  carbonised  and  destroyed 
by  it ;  when  perfectly  dry,  however,  it  may  be  held  for  a  while  between  the  fingers 
without  inconvenience,  but  it  soon  absorbs  moisture,  and  then  exerts  a  painful  corro- 
sive action. — 2.  It  does  not  alter  the  colour  of  litmus  or  any  other  vegetable  sub- 
stance, unless  moisture  is  present. — 8.  It  dissolves  without  alteration  in  anhydrous 
carbonic  disulphide,  forming  a  dear  solution,  which  fumes  in  the  air,  and  solidifies 
at  low  temperatures  to  a  deliquescent,  interlaced,  crystalline  mass. 

4.  Sulphuric  oxide  is  a  non-conductor  of  electricity,  and  is  not  decomposed  even  by 
the  current  of  a  battery  of  14  Bunsen's  elements.  But  when  dissolved  in  concentrated 
sulphuric  acid,  it  is  resolved  by  electrolysis  into  oxygen  at  the  positive,  and  sulphur  at 
the  negative  pole.  With  certain  proportions  of  the  add  and  oxide,  part  of  the  sulphor, 
instead  of  being  separated  in  the  free  state,  reduces  the  sulphuric  acid  to  tnilphurous 
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acid,  and  snlphnionfl  oxide  is  evolyed  at  the  negative  pole.    (Oeutber,  Aon.  Ok 
Pharm.  dx.  180.) 

5.  The  yaponr  of  Bnlphniie  oxide  ia  zesolyed,  at  a  strong  red  heati  into  snlphnroas 
oxide  and  oxygen,  2  vols.  SO'  gelding  2  vols.  SO'  and  1  vol.  oxygen. — 6.  Pho9phoru$ 
t^es  fire  in  the  vaponr  at  oidmaiy  temperatures,  and  precipitates  the  snlphnr  in  the 
form  of  a  thick  crust  (Yog el). — 7.  When  pkosphor^tted  hydTogemrCM  is  passed  over 
snlphnric  oxide  at  ordinary  temperatures,  sulphnrons  oxide  is  aonndanUy  evolved,  and 
the  sides  of  the  vessel  become  coated  with  red  oxide  of  phosphotas  [?  amorphous 
phosphorus]  (H.  Rose). — 8.  Dry  sitlphj/drio  add  decomposes  sulphuric  oxide,  with 
formation  of  sulphuric  acid,  and  separation  of  sulphur,  which  putly  dissolves,  with 
blue  colour,  in  the  sulphuric  acid(Qeuther) : 

4S0»  +  3H«S     -     8H^0«  +  8\ 

9.  Metallic  mercury,  heated  with  sulphuric  oxide,  abstracts  part  of  the  oxygen, 
forming  sulphurous  oxide  and  mercuric  oxide,  which  unites  with  undecomposed  sul- 
phuric oxide,  forming  mercuric  sulphate. — Bed-hot  iron  decomposes  the  vapour, 
forming  sulphide  of  iron  and  ferroso-ferric  oxide ;  rtnc,  under  simUar  circumstances, 
forms  sulphide  and  oxide  of  zinc.   (Albert  d'Heureuse,  Ann.  Gh.  Fhann.  bviii.  242.) 

10.  When  sulphuric  oxide  vapour  is  passed  over  anhydrous  baryta  or  lime  heated  to 
low  redness,  combination  takes  place,  attended  with  vivid  incandescence,  and  the  base 
is  converted  into  sulphate. 

11.  When  dry  monoetUptdde  of  potassium  is  brought  in  contact  with  an  excess  of 
fused  sulphuric  oxide,  an  energetic  action  takes  place,  resulting  in  the  formation  of 
anhydrosulphate  of  potassium  and  sulphuric  oxide : 

5S0«  +  K«S    -    K*SO«.SCF  +  4S0«. 

Galena  is  slowly  converted  by  the  liquid  oxide  into  sulphate  of  lead,  while  snlphuzous 
oxide  and  sulphur  are  set  free,  the  latter  dissolving  in  the  excess  of  sulphuric  oxide  and 
forming  a  blue  liquid : 

2S0«  +  Pb^S    -    Fb"SO«  +  SO*  +  S. 

Native  sulphide  of  antimony  dissolves  more  quickly,  with  blue  coloration  and  forma- 
tion of  sulphurous  oxide  and  antimonious  sulphate,  which  separates  as  a  basic  salt  on 
dilution. — Ferrous  sulphide,  iron  pyrites,  and  copper  pyrites  do  not  act  on  fused  sul- 
phuric oxide.    (Geutner,  Ann.  Gh.  Pharm.  cxi.  177.) 

12.  With  pentaehloride  of  phosphorus,  sulphuric  oxide  yields  oxychloride  of  phos- 
phorus and  sulphuric  chloride  (Sen iff,  Ann.  Gh.  Pharm.  cu.  Ill) : 

S0»  +  PCI*    =    P0G1»  +  S0»G1«. 

13.  Sulphuric  oxide  dissolves  sulphur  in  various  propottions,  forming  a  brown,  a 
green,  and  a  blue  liquid,  the  first  of  which  contains  the  largest  and  the  last  the 
smallest  quantity  of  sulphur.  These  solutions  are  formed  by  pladng  flowers  of  sul- 
phur and  sulphuric  oxide  in  alternate  layers  in  a  glass  tube,  sealing  it,  and  heating  it 
to  16*^ — 19®.  They  are  decomposed  by  water,  yielding  sulphuric  and  sulphurous 
acids  and  free  sulphur.    ^Wach,  Schw.  J.  1.  1.) 

14.  Sulphuric  oxide  unites  with  a  tenth  of  its  weight  of  iodine,  forming  a  compound 
of  a  fine  green  colour,  which  may  be  crystallised. 

15.  Vapour  of  nitric  peroxide  is  rapidly  absorbed  by  sulphuric  oxide;  and  if  the 
action  be  moderated  at  first,  by  passing  the  vapour  slowly  and  cooling  the  vessel,  and 
finally  assisted  by  gentle  heating  till  the  sulphuric  oxide  becomes  saturated,  a  white 
cr}'6talline  mass  is  formed,  fusible  without  decomposition  at  a  gentle  heat,  and  agree- 
ing nearly  in  composition  with  the  formula  N0'.S0*.  When  strongly  heated,  it  de- 
composes, with  evolution  of  oxygen,  and  a  small  quantity  of  nitric  peroxide ;  and  if 
the  heating  be  discontinued  as  soon  as  the  evolution  of  oxygen  ceases,  there  remains  a 
hard  crystalline  compound,  similar  in  appearance  to  the  former,  but  consisting  of 
N»0*.2S0»  -  2(N0«.S0«)  -  0  (Weber,  Pogg.  Ann.  cxxiii.  387;  Jahiesb.  1864, 
p.  155). — This  latter  compound,  which  may  be  regarded  hb  anhydrosulphate  of 
nitrosyl  or  azotyl,  (N'0)«S0*.S0*,  is  likewise  obtained,  according  to  De  la 
Provostaye  (Ann.  Gh.  Phys.  [2],  Ixxiii.  362),  by  passing  the  vapour  of  nitric  per- 
oxide into  liquid  sulphurous  oxide : 

2S0*  +  4N0«     »     (N0)«S«0'  +  N«0«; 

and,  according  to  Br  lining  (Ann.  Gh.  Pharm.  xcviii.  877),  by  the  action  of  nitnc 
oxide  on  sulphuric  oxide : 

3S0*   +   2N0     =.     (NO)«S«0'  +  S0«. 

16.  A  compound  of  sulphuric  oxide  with  nitrous  chloride,  NOGl.SO',  is  obtained 
by  passing  the  vapours  evolved  from  nitromuriatic  acid,  and  dried  by  chloride  of 
eiuaum,  over  sulphuric  oxide  till  it  is  saturated.    This  compound  is  white  and 
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lanuno^iyitalline,  like  stearic  add.  When  gentlj  bested,  it  melte  idtbout  eolora^oD, 
bat  at  a  higher  temperature,  turns  yellow  and  deoomposea.  With  water  it  yields 
sulphuric  add,  hydrochloric  acid,  and  the  deoompodtian-prodacts  of  nitrons  add. 
In  strong  snlphnric  add  it  dissolves,  with  eyolntion  of  hydrochloric  add ;  and  on 
heating  the  eolation,  a  liquid  distils  oyer,  cansJBtJng  essentially  of  snlphorio  chlor* 
hydrate,  SO'HCl.    (Weber,  Pogg.  Ann.  ciziii.  233.) 

17.  Bit  amrnoma-goB  is  absorbed  by  sulphuric  ozide^  fbnning  snlphamate  of  am- 
monium, !N^*S0«  (p.  476). 

StUpkaUhiodic  Oxide  or  Anhydride^  PO'JSO'. — This  compound  is  formed  by  the  pro- 
longed action  of  dry  sulphurous  oxide  on  polrerised  iodic  oxide  (IH)*)  at  100**.  A 
small  quantity  of  iodine  is  at  first  liberated,  and  the  iodic  oxide  is  then  oonTerted  into 
a  light-yellow  granulo-crystalline  mass,  wluch  is  quickly  decomposed  by  water,  with 
separation  of  iodine.  By  absolute  alcohol  it  is  quickly  resolTed  into  ralphuric  and 
iodic  oxides.  With  alcoholic  potash  it  forms  iodate  and  sulphate  oCpotassium.  Strong 
sulphuric  add  does  not  act  upon  it  at  ordinary  temperatures ;  hyorochloric  add  dia- 
soiree  it,  with  evolution  of  chlorine,  and  formation  of  chloride  of  iodine.  (Kammerer* 
J.  pr.  Chem.  IxxxiL  72 ;  Jahresb.  1861,  p.  134.) 

Sulphato-acetic  Oxide  or  Anhydride. — Vapour  of  sulphuric  oxide  is  absorbed  by 
cooled  acetic  oxide,  forming  a  yellow  gummy  mass,  which  dissolves  in  water ;  the 
solution,  when  neutralised  with  baryta-water  and  filtered,  yields  crystals  of  bario 
sulphacetate.    (Schiitzenberger,  Compt.  rend.  liii.  ^88  ;  Jahresb.  1861,  p.  439.) 

Sulphuric  oxide  unites  with  aoeiio  acid,  benzoic  aeid,  and  many  other  organic  adds, 
forming  sulphacetic  acid,  CH^O'.SO',  sulphobenzoic  add,  C'H*0*.SO',  &c. ;  and  with 
many  hydrocarhone,  forming  sulphoadds,  which  may  be  regarded  as  sulphurous  ethers 
(p.  550) :  e.g.,  with  benzol,  C'H',  it  forms  sulphobenzoUc  or  phenylsmphurous  add, 
Cra«80»  -  (SO)".C«H»O.HO,  &c 

Chlorosulphurie  Oxide  or  Anhydride,  8*0*01*. — ^This  compound,  first  obtained  by  H. 
Bose,  by  the  action  of  sulphuric  oxide  on  disulphide  of  chlorine  (p.  535^,  is  also  pro- 
duced, according  to  Bosenstiehl  (Oompt.  rend.  liii.  658),  by  heating  sulphuric 
oxide  with  dry  pulverised  chloride  of  sodium,  distilling,  ana  rectifying,  to  remove 
the  last  traces  of  sulphuric  oxide.  It  is  a  colourless  oil,  of  spedflc  gravity  1*762 
(Bosenstiehl);  1818  at  le^' (Rose^;  boiling  at  145^  (Bose),  between  145^  and 
150°  (Bosenstiehl).  It  is  violently  decomposed  by  water,  and  quickly  chars 
organic  bodies.  With  manganates  it  evolves  chlorine ;  with  alkaline  ^»hy^tinfit^  it 
forms  chromic  oxychloride,  CrOK/l* : 

K«0rO*  +  S«0K31«     -    K«S«0»  +  CrO«Cl«. 

PotaMic         Cblorotal-  PoUMie  Cbronic 

chromate;     pburic  oxide.  anhydro-       ozjchlorUe* 

•nlphate. 

With  dry  acetate  of  sodium,  it  forms  chloride  of  acetyl.    (BosenstiehL) 

SuLPHUBic  Acid,  H»S0<  -.  H»0.S0»    -  ^^gP^jO*  -  (S0*)".H0.H0.-Thi» 

highly  important  acid  is  produced,  as  already  observed,  by  the  hydration  of  the  anhy- 
dride ;  by  the  decomposition  of  sulphuric  chloride  ;  by  the  oxidation  of  sulphur,  sulphy- 
dric  acid,  and  sulpnarous  add ;  and  by  the  deoompodtion  of  the  polythionic  adds 
(p.  540). 

Preparation. — By  the  oxidation  of  Stdphvroue  Acid. — Sulphuric  add  is  produced  by 
passing  moist  sulphurous  oxide  and  air  through  tubes  containing  sponsy  platinum 
lieat«d  to  low-redness.  Sulphurous  add  is  also  slowly  converted  into  smphuric  add 
by  mere  exposure  to  air,  and  immediately  by  treatment  with  powerfm  oxidising 
agents.  The  enormous  quantities  of  sulphuric  acid  manufactured  in  this  countiy  (more 
than  100,000  tons  annually),  are  made  by  burning  sulphur  or  roasting  pyrites,  and 
oxidising  the  resultant  sulphurous  vapour  by  means  of  moist  air  and  certam  oxides  of 
nitrogen.  For  this  purpose,  the  sulphurous  add  vapour  is  mixed  with  vapour  of  nitric 
add  evolved  by  decomposing  a  nitrate  with  sulphuric  add.  This  add  immediately 
converts  a  portion  of  the  smphurous  acid  into  sulphuric  add,  and  is  itself  reduced  to 
nitric  oxide,  NO ;  and  this  gas  coming  in  contact  with  air,  is  converted  into  nitric 
peroxide,  NO',  which  reacts  with  another  portion  of  sulphurous  oxide  and  with  water, 
in  such  a  manner  as  to  form  sulphuric  add  and  nitric  oxide : 

NO*  +  80«  +  ffO     -    H«SO*  +  NO. 

The  nitric  oxide  thus  liberated  again  absorbs  oxygen  to  form  nitric  peroxide,  which 
again  oxidises  the  moist  sulphurous  vapours  into  sulphuric  add,  wiUi  liberation 
of  nitric  oxide,  and  so  on  continuously.  Theoretically,  tne^ore,  a  small  quantity  of 
nitric  oxide  should  suffice  to  produce  an  indefinitely  large  amount  of  sulphuric  add. 
Sometimes,  when  there  is  but  a  small  quantity  of  water  present,  the  sulphurous 
oxide  and  nitric  peroxide  react  in  the  manner  already  mentioned  (p.  570),  producing 
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flmhjdrosulpliate  of  nitTosyl,  (KO)'SK)*,  which,  together  with  oertain  other  bolphate^ 
of  nitroffvl}  formed  from  it  by  the  action  of  water  and  of  the  salphnric  add  already 
produced,  is  deposited  as  a  wlute  crystalline  mass  on  the  sides  of  the  vessel  or  cham- 
ber in  which  the  reaction  takes  place.  The  formation  of  these  crystallme  compounds 
Is  not,  howeyer,  a  necessary  stage  in  the  process,  and  in  fact,  when  steam  is  largely 
introduced  into  the  chamber  (as  in  the  present  mode  of  making  the  add),  it  does  not  take 
jplaco  at  alL 

The  exact  changes  which  nitric  oxide,  sulphurous  oxide,  oxygen,  and  water  undergo^ 
in  presence  of  one  another,  haye  been  minutely  studied  by  seyc!ral  chemists,  particularly 
by  Froyostaye  and  Desains,  but  without  any  yery  definite  results.  The  description 
aboye  giyen  must  indeed  be  considered  rather  as  a  general  than  a  strictly  accumto 
account  of  the  reaction.  (See  Gmelin's  Handbook,  ii.  445 — 451 ;  also  Weber,  Jahresb. 
1863,  p.  738;  1865,  p.  93;  BulL  Soc.  Chim.  1867,  L  151.) 

In  tlie  manufacture  of  sulphuric  add  on  the  lazge  scale,  sulphur  is  burnt  slowly  on 
an  iron  plate  forming  the  floor  of  a  sort  of  furnace,  the  amount  of  air  admitted  being 
regulated  by  means  of  a  smaller  iron  plate  forming  the  door  of  the  ftamaee,  so  that  the 
sulphur  when  once  ignited  may  go  on  burning  and  producing  sulphurous  oxide  with 
tolerable  uniformity.  Upon  the  iron  plate  on  whicn  the  sulphur  is  burnt  is  also 
placed  an  iron  pot  containing  a  mixture  of  nitrate  of  sodium  and  sulphuric  acid,  which 
4»ntinnos  to  generate  nitric  add  for  some  time.  The  sulphurous  oxide  and  nitric  add 
vapour,  from  one  or  several  furnaces,  are  conveyed  by  means  of  flues  into  a  large 
leaden  chamber  having  a  capadty  of  from  50,000  to  100,000  cubic  feet  or  more. 
Within  this  chamber,  into  which  steam  is  admitted  continuously  by  several  jets,  the 
reaction  chiefly  oocuis.  The  nitric  acid  is  soon  reduced  to  nitric  oxide,  after  which 
the  succession  of  changes  already  pointed  out  takes  place ;  and  dilute  sulphuric  add 
'collects  on  the  floor  of  the  chamber,  whence  it  is  drawn  off  into  leaden  evaporating 
pans.  The  vapours  escaping  ficom  the  large  chamber  are  usually  passed  into  one  or 
two  smaller  subsidiary  chambers  also  suppued  with  steam.  In  these  a  further  oon- 
densatiou  occurs,  and  a  still  weaker  add  is  produced,  which  is  run  back  into  the  laige 
chamber  to  become  more  concentrated.  In  some  manufactories,  the  vapours  from  the 
subsidiary  chambers  are  then  passed  through  coke-scrubbers — that  is,  through  columns 
packed  with  coke,  over  which  water  is  constantly  pouring ;  and  here  a  further  conden- 
sation occurs,  and  a  very  dilute  add  is  produced,  which  is  pumped  up  into  the 
subsidiary  leaden  chambers.  In  a  few  factories,  Gav-Lussac's  scrubber  is  used  instead 
of  tiie  water-scrubber.  The  coke  in  this  case  is  kept  moistened  with  concentrated 
sulphuric  add,  which  completely  absorbs  the  nitric  oxide  gas.  The  add  is  then  pumped 
into  a  second  similar  scrubber,  in  which  it  is  robbed  of  its  nitric  oxide  by  means  of 
the  sulphurous  oxide  proceeding  from  the  burning  sulphur.  In  a  theoretically  perfect 
operation,  there  should  be  no  final  escape  into  the  atmosphere  of  any  other  gas  than 
the  nitrogen  of  the  air  admitted  into  the  furnace,  and  thence  into  the  chamber ;  but  in 
practice  a  small  quantity  of  sulphurous  or  nitrous  gas,  or  both,  escapes  condensation, 
although  the  amount  of  sulphuric  add  finally  produced  usually  approximates  very 
dosely  to  the  theoretical  quantity. 

The  add  withdrawn  from  the  leaden  chambers  has  generally  a  spedfic  gravity  of  about 
1*55.  By  evaporation  in  a  series  of  shallow  leaden  pans,  its  spedfic  gravity  is  raised 
to  above  1'7.  This  acid  is  usually  dark-coloured,  from  the  presence  of  organic  matter, 
and  is  technically  known  by  the  name  of  "  brown  acid."  The  farther  concentration 
has  to  be  effected  in  retorts  of  glass  or  platinum.  With  glass  retorts  the  operation  is 
intermittent.  A  number  of  larse  glass  retorts  are  heated  on  a  sand-bath  until  the 
requisite  concentration  is  attained.  Throughout  the  process,  a  diluted  sulphuric  add, 
containing  sulphurous  add  flrom  the  reaction  of  the  organic  matter  and  sulphuric  acid, 
distils  over.  This  is  returned  to  the  leaden  chamber,  and  the  concentrated  colourless 
acid  is  siphoned  off  from  the  retorts  into  carboys.  With  a  platinum  retort  the  process  it 
continuous.  Brown  add  is  constantly  admitted  at  the  top,  concentrated  acid  with- 
drawn from  the  bottom,  and  diluted  sulphuric  acid,  with  sulphurous  acid,  distilled  off 
into  receivers,  whence  it  is  pumped  back  into  the  chambers.  In  commerce,  the  con- 
centrated colourless  acid,  having  a  specific  gravity  reaching  to  1*842,  or  approximating 
very  dosely  thereto,  is  alone  known  by  the  name  of  "  oil  of  vitriol." 

The  process  above  described  is  substantially  the  same  as  that  introduced  by  Dr. 
Roebuck  about  the  year  1 720.  It  is  known  as  the  English  mode  uf  manufacture,  and 
the  product  is  called  **  English  oil  of  vitrioL"  This  oil  of  vitriol  always  contains  lead, 
and  not  unfrequently  other  impurities,  chiefiy  arsenic  and  nitrous  or  nitric  add.  By 
diluting  it  wiui  water,  the  lead  is  thrown  down  as  a  white  predpitate,  which  becomes 
black  by  the  action  of  sulphuretted  hydrogen.  The  arsenic  may  be  recognised  by 
Reinsrh  s  or  Marsh's  tests,  or  by  neutralising  the  diluted  add  with  carbonate  of  potas- 
sium, filtering  from  the  resulting  sulphate  of  potassium,  and  treating  the  addulated 
filtrate  with  sulphuretted  hydrogen,  when  a  yellow  predpitate  will  be  produced,  llio 
nitrous  or  nitric  acid  can  be  detected  by  pouring  in  a  dilute  solution  of  sulphate  of 
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mfOt  80  aa  to  float  on  the  top  of  the  add.  Where  the  two  liquids  meet,  a  browmfih" 
purple  ring  of  discoloration  will  be  produced.  The  addition  of  sulphide  of  barium  to 
arsenical  sulphuric  acid  produces  a  precipitate  of  mixed  sulphide  of  arsenic  and  sulphate 
of  barium,  which  may  be  sefxarated  by  subsidence  and  decantation.  The  acid  may  be 
purified  from  arsenic  by  heating  it  nearly  to  the  boiling-point,  and  passing  a  current  of 
hydrochloric  add  gfui  through  it;  whereby  the  arsenic  is  carried  over  as  volatile  chlo- 
ride of  arsenic,  while  the  nitric  and  nitrous  adds  are  expelled  almost  completely.*  The 
nitrons  or  nitric  add  may  also  be  entirely  decom^sed  into  water  and  nitrogen-gas,  by 
heating  the  add  with  a  Httle  sulphate  of  ammonia ;  and,  lastly,  by  distilling  the  sul- 
phuric acid  after  the  separation  of  the  arsenic  and  nitrous  acid,  it  may  be  obtained  quite 
pure.  The  distillation  must  be  effected  in  large  retorts,  heated,  not  at  the  bottom,  but 
somewhat  at  the  sides,  to  avoid  the  violent  percussive  ebulUtion  which  results  from 
directly  heating  the  deposit  of  sulphate  of  lead  which  gradually  forms  at  the  bottom  of 
the  retort.  The  vapour  of  oil  of  vitriol  has  a  very  sipall  latent  heat,  and,  under  any 
circumstances,  the  ebullition  of  the  add  is  somewhat  percussive.  The  presence  of 
platinum-dippings  in  the  retort  prevents  this  action  to  a  considerable  extent 

According  toNickl&s  (Oompt  rend.  xlv.  250;  Jahresb.  1857,  p.  119),  oommerdal 
oil  of  vitriol  often  contains  hydrofluoric  add,  but  may  be  freed  therefrom  by  diluting 
it  with  twice  its  bulk  of  water,  and  gently  heating  it  for  about  flfteen  hours — the 
hydrofluoric  acid  then  volatilising. 

For  further  details  respecting  the  manufacture,  puriflcation,  and  concentration  of 
sulphuric  acid,  see  Bichardson  and  Watts*s  Chemical  Technology,  vol.  L  pt.  i.  pp. 
51*117,  and  pt.  v.  pp.  198-222. 

Properties  and  BeaetioHe, — ^Pnre  oil  of  vitriol,  or  normal  sulphuric  add,  H%0\  is 
a  heavy,  oilv,  colourless,  inodorous  liquid,  having  a  speciflc  gravity  of  1*842.  It  boils 
at  827^*  and  freeeoe  at  —  35^.  It  is  very  hygrometric,  and,  when  exposed  to  moist  air, 
will  even  double  its  wdght  in  the  course  of  a  few  days.  Hence  it  is  in  constant  requi- 
sition as  a  desiccating  agent  It  abstracts  water  from  many  organic  substances,  and 
thereby  gives  origin  t>  new  compounds.  Thus  alcohol,  acetone,  formic  acid,  glycerin, 
&c,  when  dehy£ated  by  sulphuric  add,  produce  olefiant  gas,  mesitylene,  carbonic 
oxide,  and  acrolein  respectively.  In  many  cases,  the  organic  substances  acted  upon  by 
sulphuric  add  are  completely  broken  up  or  destroyed ;  as  is  especially  the  case  with 
woody  fibre,  suffsr,  and  bodies  of  allied  composition,  which,  by  the  loss  of  water, 
become  thorougmy  charred  or  carbonised.  This  charring  effect  of  strong  sulphuric 
add  is  highly  characteristic  The  diluted  add  slowly  destroys  oiganic  fibres,  without 
charring  mem.  But  tissues,  moistened  with  dilute  sulphuric  acid  and  then  heated, 
become  diarred  from  the  concentration  of  the  add  which  gradually  takes  place.  The 
admixture  of  the  strong  add  with  water  is  attended  by  a  great  development  of  heat 
On  mixing  4  parts  by  weight  of  oil  of  vitriol  with  1  part  of  water,  the  temperature 
rises  from  0^  to  100^.  l£e  cooled  mixture  of  water  and  acid  occupies  a  volume  con- 
siderably lees  than  that  of  the  two  separate  liquids. 

Sulphuric  acid  is  reduced  to  sulphydric  add  by  passing  its  vapour,  with  excess  of 
hydrogen,  through  a  tube  heated  to  redness. — Phoiphorue  takes  fire  in  sulphuric  acid 
vapour,  luid  lU)eratee  sulphur.  At  increased  temperatures,  not  only  sinCf  troUy  copper^ 
mercury,  eUtw,  and  most  of  the  metals  save  gold  and  platinum,  but  also  charcoal  and 
sidphtir,  exert  a  redudng  action  upon  strong  sulphuric  acid,  and  evolve  sulphurous 
add.  All  tha  metals  of  the  sindc  and  ferric  families,  with  the  exception  of  copper, 
readily  displace  hydrogen  from  the  diluted  add  to  form  their  respective  sulphates  of 
metal.  At  ordinary  or  somewhat  increased  temperatures,  sulphuric  acid  decomposes 
the  salts  of  nearly  all  other  acids,  with  production  of  the  corresponding  sulphates,  and 
liberation  of  the  respective  adds.  3j  its  action  on  certain  highly-oxidised  metallic 
compounds,  such  as  the  peroxides  of  lead  and  manganese,  and  the  manganic,  chromic, 
and  ferric  adds,  or  their  salts,  it  produces  sulphates  of  the  respective  metals,  with 
evolution  of  oxygen-gas.  Sulphuric  add,  like  the  anhydride^  absorbs  nitric  oxide  gas, 
forming  a  crystalline  sulphate  of  nitrosyl  (p.  677)»  which  dissolves  unchanged  in  an 
excess  of  add.  The  vapour  of  sulphuric  add  is  decomposed,  at  a  red  heat  into  water, 
sulphurous  oxide,  and  oxygen. 

Sulphuric  add  reacts  with  a  large  number  of  hydrogenised  bodies,  alkaline,  neutral 
and  add,  to  form  new  compounds  by  the  elimination  of  water.  The  typical  reactions 
are  the  following: 

(1.)      H«SO«  +  2A  -  2H«0     =     X. 

In  accordance  with  this  reaction,  the  neutral  sulphates  of  ethyl  and  phenj^l, 
also  sulphobenzide  and  sulphonaphthalene,  are  formed  by  the  action  of  sulphuric  add 

•  On  the  nreparatloa  ofiulphuric  Mid  free  from  nraenie.  for  medico-lpffiil  pnrpotet,  see  Blox  am 
(Gfaem.  Soc  Qu.  J.  «▼.  6«)  j  alio  Buignet  uid  Bu  »»/  (J.  Ptarm.  [»]  xHv.  177  j  xW.  a62i  Jahretb. 
1868,  p.  151;  1864,  p.  144). 
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upon  alcohol,  phenol,  benzene,  and  naphthalene,  reepeetiTety.    All  these  prodneto  an 
neutral  in  their  propertiee. 

(2.)    H«SO«  +  A  -  HW     -     Y. 

In  accorrUnce  with  this  reaction,  sulphanilic  acid,  ethylsolphnric  add,  phenjlenl- 
phuric  acid,  phenylsnlphurons  acid,  and  naphthylsolphurons  acid  are  zormed  bj 
the  action  of  aalphuric  acid  upon  aniline,  alconol,  phenol,  benzene,  and  naphthalene, 
respectivelj.  All  these  products  have  the  properties  of  monobasic  acids.  Sulphuric 
acid  also  reacts,  in  accordance  with  the  above  equation,  upon  benzoic  and  other 
monobasic  acids ;  but  then  the  products  of  its  action  (sulphobenzoic  acid,  for  instance) 
have  the  properties  of  dibasic  acids.  The  rule  which  applies  to  all  sueh  reactions  as 
those  now  under  consideration,  is  that  the  basicity  of  the  product  equals  the  sum  of 
the  basicities  of  the  reagents,  minus  as  many  units  of  basicity  as  there  are  atoms  of 
water  eliminated  (see  Acids,  i.  49). 

(3.)    2d«S0*  +  A  -  2H«0     -     Z. 

In  accordance  with  this  reaction,  methylene-sulphurous,  ethyleneHSulphnrons,  naph- 
thylene-sulphurons,  and  phenylene-sulphurous  acids  (p.  551),  also  disulphanilic  add 
(p.  479),  have  been  obtained.  Agreeably  to  the  above  rule,  aU  these  products  have 
the  properties  of  dibasic  adds.  In  the  actual  reactions,  Nordhausen  add,  or  even 
sulphunc  anhydride,  is  frequently  employed. 

Hydrates  of  Sulphuric  Add, — There  are  two^  if  not  more,  well-defined  hydrates  of 
sulphuric  acid— namely,  the  monohydrate,  H«SO^H«0,  and  the  dihyd^ate,H«S0^2H*0. 
The  first  compound  has  a  specific  gravity  of  1*78,  and  solidifies  at  8^  or  9°,  forming 
a  mass  of  colourless  six-sided  prisms,  whence  it  is  called  glacial  sulphuric  acid. 
It  boils  at  205® — 210°,  giyingoff  a  weak  acid  vapour.  It  may  be  obtained  by  evapo- 
rating any  dilut4»  sulphuric  acid  at  a  temperature  of  205°,  until  it  ceases  to  lose  water. 
The  second  hydrate  results  from  the  mixture  of  1  at.  oil  -of  vitriol  with  2  at.  water. 
This  proportion  corresponds  with  the  maximum  condensation  (nearly  8  per  cent) 
which  results  irom  the  union  of  the  add  and  water.  Its  specific  gravity  is  1*62.  It 
boils  at  193°,  goring  off  nothing  but  water  until  the  temperature  rises  to  205°.  It  may 
be  obtained  by  evaporating  any  more  dilute  add  at  100®,  until  it  ceases  to  lose  water. 
Both  these  hydrates  dissolve  snow  with  production  of  intense  cold. 

Fuming  Sul^hurio  Acid, — ^This  is  a  mixture  or  compound  of  sulphuric  acid  and 
sulphuric  anhydride,  obtained  by  the  decomposition  by  heat  of  certain  sulphates.  The 
annydrosulphates  of  the  alkali-metals,  M^SO^.SO',  and  the  sulphates  of  the  triatomic 
metals — iron  (ferricum),  bismuth,  antimony,  &c. — when  subjected  to  dry  distillation, 
give  off  sulphuric  oxide  or  anhydride  (p.  569),  find  if  moisture  is  present,  part  of  this 
compound  is  converted  into  sulphuric  acid.  At  Nordhausen,  in  Saxony,  an  impure 
fernc  sulphate,  obtained  by  exposing  ferrous  sulphate  (green  vitriol)  to  a  moderate 
beat  in  contact  with  the  air,  is  distilled  in  earthem  retorts  arranged  in  a  reverberat- 
ory  furnace ;  and  the  distillate,  consisting  chiefly  of  sulphuric  anhydride,  is  received  in 
a  small  quantity  of  water  or,  more  frequently,  in  ordinary  oil  of  vitriol.  The  product 
thus  obtained  is  a  heavy  brown  oily  liquid,  known  as  Nordhausen,  or  Saxon,  or 
fuming  oil  of  vitriol.  It  has  a  specific  gravity  of  1*9,  a  composition  corresponding 
nearly  with  the  formula  H'SK)^,  or  H'SO*.SO*,  and  is  probably  a  definite  compound 
analogous  to  the  metallic  anhydrosulphates  above  mentioned.  It  solidifies  at  0°, 
forming  colourless  transparent  crystals.  When  gently  heated,  it  breaks  up  into  sul- 
phuric oxide,  SO',  which  distils  over,  and  sulphuric  add,  H^O^,  which  remains. 

According  to  B.  Mil  lie  r  (Ann.  Ch.  Fharm.  cxxii.  1 ;  Jahresb.  1862,  p.  93),  a  crys- 
talline compound  of  this  add  with  nitric  peroxide,  containing  H*S'O^NK)^  is  produced 
by  the  action  of  nitric  peroxide  in  excess  on  ordinary  concentrated  sulphuric  add : 
2H«S0<  +  2N0'  «  H«S  O^NK)«  +  H«0.  It  dissolves  in  concentrated  more 
readily  than  in  dilute  sulphuric  acid,  and  separates  unaltered  on  diluting  the  former 
solution  with  water. 

Uses  of  Sulphuric  Acid, — Sulphuric  acid  is  the  starting-point  of  nearly  all  impor- 
tant chemical  manufactures.  It  is  largely  used  in  the  preparation  of  nitric  add  from 
the  nitrates  of  potassium  and  sodium,  of  hydrochloric  ada  and  chlorine  from  chloride 
of  sodium,  and  consequently  in  the  preparation  of  various  bleaching  compounds. 
Superphosphate  of  lime  and  artificial  manures  generally,  of  which  many  thousand  tons 
are  annually  consumed  in  this  country,  are  niad<)  by  the  action  of  sulphuric  add  on 
bones,  coprolites,  &c  But  the  greatest  consumption  of  this  add  is  in  the  manufacture 
of  sulphates,  espedally  of  sulphate  of  sodium  from  the  chloride,  which  is  the  first 
step  in  the  manufacture  of  commerdal  soda  or  carbonate  of  sodium.  It  is  also  largely 
used  for  dissolving  silver-alloy.  The  fuming  acid  is  used  chiefiy  for  dissolving 
indigo,  the  solution  constituting  the  important  dyestuff  called  Saxony-blue  (iii.  258). 
(O  d  1  i  n  g'  s  Manual  of  Chendttry,) 


SULPHURIC  ACID. 


675 


OtkfB  TMt  of  the  Strenath  of  Stdphurie  Acid  of  d^ereni  DenniieB  at  ike  Tmperaiure 

oflb^C, 


Per  cent,  of 
U>SO«. 


Sped  Be 
Gravlly. 


100 
99 
98 

97 

96 

95 

94 

98 

92 

91 

90 

89 

88 

87 
86 
86 
84 
83 
82 
81 
80 
79 
78 
77 
76 
76 
74 
78 
72 
71 
70 
69 
68 

67 
66 
65 
64 
63 
62 
61 
60 
69 
68 
67 
66 
66 
64 
63 
62 
61 


1-8426 

1-8420 

1-8406 

1-8400 

1-8384 

1-8376 

1-8366 

1-8340 

1-8310 

1-8270 

1-8220 

1-1860 

1-8090 

1-8020 

1-7940 

1-7860 

1-7770 

1-7670 

1-7660 

1-7460 

1-7340 

1-7220 

1-7100 

1-6980 

1-6860 

1-6760 

1-6630 

1-6610 

1-6390 

1-6370 

1-6160 

1-6040 

1-6920 

1-6800 

1-6780 

1-6670 

1*6460 

1-6340 

1-6230 

1-6120 

1-601 

1-490 

1-480 

1*469 

1-4586 

1-448 

1438 

1-428 

1-418 

1-408 


Per  cent*  cf 
603. 


81-63 

80-81 

8000 

79-18 

78-36 

77-65 

76-73 

75-91 

7610 

74-28 

73*47 

72-66 

71-83 

7102 

70-10 

69-38 

68-67 

67.75 

66-94 

6612 

65-30 

64*48 

63-67 

62-85 

62-04 

61-22 

60-40 

69-59 

58-77 

57-96 

57-14 

66-32 

65-59 

54-69 

63-87 

63-05 

62-24 

61-42 

60-61 

49-79 

48-98 

48-16 

47-34 

46-63 

45-71 
44-89 
44-07 
43-26 
42-45 
41*63 


Per  cent,  of 
II>80«. 


60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
89 
38 
37 
36 
85 
34 
38 
82 
31 
30 
29 
28 
27 
26 
26 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 


Spectfle 
GntTlty. 


1*398 

1-3866 

1*3790 

1*3700 

1-3610 

1-3610 

1*3420 

1-3330 

1-3240 

1-3150 

1*3060 

1*2976 

1-2890 

1-2810 

1-2720 

1*2640 

1-2660 

1*2476 

1*2390 

1*281 

1*223 

1-215 

1-2066 

1*1980 

1*1900 

1*1820 

1*1740 

1*1670 

11590 

1*1516 

1-1440 

1*1360 

1*1290 

1*1210 

1-1136 

1*1060 

1-0980 

1-0910 

1-0830 

1-0766 

10680 

1*0610 


Pet  ceot.  of 
80». 


40*81 
4000 
8918 
38-36 
37*55 
86*73 
85-82 
86-10 
84-28 
88-47 
32-66 
31-83 
31*02 
80-20 
29-38 
28-67 
27*75 
26*94 
26*12 
25*80 
24-49 
28*67 
22-86 
22*03 
21-22 
20*40 
19*58 
18-77 
17-96 
1714 
16-32 
15*61 
14*69 
13-87 
13-06 
12-24 
11.42 
10-61 
9-79 
8-98 
8-16 
7-34 


8 

1-0636 

6*53 

7 

1-0464 

6*71 

6 

1-0390 

4-89 

6 

10320 

4*08 

4 

1-0256 

3*260 

3 

1*0190 

2*445 

2 

10130 

1*630 
0-816 

1 

1*0064 

For  other  tables  of  the  strength  of  sulphtirie  add,  sea  Bichaidson  and  Watts^a 
Chendeal  Technology,  vol.  i  pt.  t.  pp.  815-820. 

Ihrivativee  of  Sulpkurie  Acid. 

8t7LPHT7bioBbomidb,  SO^r*.  Bromide  qf  Sulphuiyl,  BromoetUphurie  Add, 
—Prepared  like  the  corresponding  chlorine-comjponnd.  It  is  a  white  crystalline  body, 
which  volatilises  at  ordinair  temperatures,  and  when  heated  in  a  sealed  tube  with 
excess  of  silver-sulphate,  yields  siiTer-bromide  and  sulphuric  oxide,  SO^Bi*  +  Ag'SO* 
a  2AgBr  +  SO*.    (OdlingandAbel,  Chem.  See.  Qu.  J.vii.  2.) 
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SvLPHiTBic  Chloshtdbatb,  HCISO*  a  (^^TJhO'     Chlorkydromlphurout 

Acid.  Ul,  "W.  Williamson,  Proc  Boy.  Soc  vii.  ll.)^Tlii8  componnd,  derived 
from  BTUphnric  acid,  (SO«)".HO.HO,  bv  the  Bubstitution  of  1  at.  CI  for  1  at.  HO,  is 
the  fiiBt  product  of  the  action  of  phosphoric  pentachloride  upon  strong  snlphuric  acid : 

(HO)«SO*  +  PCI*     -    C1(H0)S0«  +  HCl  +  P0C1». 

It  is  also  pzodnoed  by  the  action  of  water  on  snlphoric  chloride : 

Cl'SO*  +  H«0     -     a(HO)SO»  +  HCl; 

by  the  direct  combination  of  hydrochloric  acid  gas  and  snlphnric  oxide ;  and  by  the 
action  of  platinnm-black  on  an  imperfectly  dri^  mixture  of  chlorine  and  sulphurous 
oxide.  It  appears  also  to  be  identical  with  the  compound  which  H.  Hose  obtained  by 
distilling  disulphide  of  chlorine  with  fuming  sulphuric  acid  (p.  535). 

Sulphuric  cmorhydrate  is  a  colourless  liquid,  which  boils  at  146^,  and  is  at  the  same 
time  partially  resolved  into  sulphuric  acid  and  sulphuric  chloride :  2HC1S0'  »  H%0^ 
+  •CreO*. — ^By  pentachloride  of  phosphorus  it  is  converted  into  sulphuric  chloride. — 
When  poured  into  toaier,  it  sinks  to  the  bottom,  and  gradually  dissolves,  with  forma- 
tion of  sulphuric  and  hydrochloric  acids.  It  has  decidedly  add  properties,  and  forms 
definite  salts,  in  which  its  hydrogen  is  replaced  by  metals :  thus  it  dissolves  chloride 
of  sodium  at  a  gentle  heat»  with  evolution  of  hydrochloric  acid  and  formation  of  the 
salt  KaClSO*.— With  nitrate  of  sodium,  it  yields  sulphate  of  sodium  and  chloride  of 
nitiyl: 

Na(NO«)0  +  HCISO*     -     NaHSO«  +  N0"C1. 

Ethyl-  and  phenyl-compounds  analogous  to  sulphuric  chlorhydrate  are  produced  by 
the  direct  combination  of  ethylic  and  phenylic  chloride  with  sulphuric  oxide. — ^The 
tthifl-compownd,  C*H*C1S0',  is  a  colourless,  oily,  pungent  liquid,  heavier  than' water, 
at  the  bottom  of  which  it  will  lie  for  weeks  without  thoroughly  decomposing.  Sul- 
phuric and  hydrochloric  adds  may,  however,  be  detected  immediately  after  its  immer- 
sion, and  on  neutralising  the  liquid  with  baryta,  a  soluble  barium-salt  is  formed, 
probably  the  ethvlsulphate. — ^A  similar  compound  is  formed  by  chloride  of  methyl, 
and  apparently  also  by  chloride  of  acetyl.  (R.  Williamson,  Chem.  Soc.  Qu.  J.  x.  100.) 

The  phenyl-compound,  C*HK]I1S0',  is  a  liquid  which,  when  treated  with  excess  of 
milk  of  lime,  forms  a  soluble  calcium-salt,  C*''H'Ca''Cl'S'0',  which  separates  on  evapo- 
ration in  flat  tabular  crystals.    (Hutchings,  Chem.  Soc.  Qu.  J.  x.  102.) 

SxTLTKirsic  Chlobidb,  S0*C1^  Chloride  of  Sulphuryl.  Sulphuric  Chloralde-' 
hfde.  CUorosulphurie  Jcid.  (Begnault,  Ann.  Ch.  Phys.  [2],lxix.  170;  Ixxi.  445. — 
A.  W.Williamson,  Proc.  Boy.  S^  vii.  11.) — This  compound,  which  may  be  regarded 
as  snlphuric  add  in  which  2  at.  HO  are  replaced  by  2  at  CI,  was  discovered  by  Beg- 
nault,  who  first  obtained  it,  mixed  with  chloride  of  ethylene,  by  passing  dry  chlorine 
into  a  mixture  CHf  ethylene-ffas  and  sulphurous  oxide ;  afterwards,  in  greater  quantity, 
by  exposing  a  mixture  of  chlorine  and  sulphurous  oxide  gases  to  strong  sunshine  for  a 
considerable  time.  The  resulting  liquid  may  be  freed  from,  excess  of  chlorine  by 
affitation  with  mercury  and  subsequent  distillation.  It  is  also  produced  bv  the  action 
^phosphoric  pentachloride  on  sulphuric  oxide ;  but  it  is  best  obtained  by  distilling 
strong  sulphunc  add  with  the  pentachloride,  or  sulphate  of  lead  with  the  oxychloride  of 
phosphorus : 

S0«  +      PCI*    -      SOKJl*  +      poa» 
H"aO*  +      2PC1*     -      S0«C1«  +     2P0C1*  +  2HC1 
8PbS0*   ^  2P0C1«     -     8S0«C1*  +  Pb»P«0» 

Solphurie  chloride  is  a  colourless  fuming  liquid,  of  spedfic  gravity  1*66.  It  boils  at 
77^,  and  may  be  distilled  undianged  oyer  caustic  lime  or  baryta.  When  poured  into 
water,  it  sinks  in  the  form  of  oily  drops,  which  gradually  disappear,  being  converted 
into  hydrochloric  and  sulphuric  adds : 

SO«a«  +   2H«0     s»     2HC1  +  H«SO*. 

With  alcohol  it  behaves  in  a  similar  manner,  thus : 

S0H31*  +   2(C«H»)H0     -     2C^»a  +  H«SO«. 

In  the  actual  reaction,  however,  the  sulphuric  add  is  conyerted  into  ethylsulphurie  add 
by  the  intervention  of  another  atom  of  alcohol : 

H«SO«  +  (C«H»)HO     -     H«0  +  (C«H»)HSO*. 

With  dry  ammonia-gas,  or  with  commerdal  sesquicarbonate  of  ammonia,  it  forms  sul- 
phamide,  according  to  Begnault : 

SCKJl*  +  4NH«    -    2NH*a   +  N»H*SO«. 
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Aeeoidingto  H.  Bafle,liowerer,  the  prodnet  thnB  obtained  10  a  mixture  of  sal-ammoniae 
and  neatnd  ralphamate  of  ammonium  (p.  476). 

NiTBOflOSULPBUBio  Acid,  H^SO'(NO^.  JNiiroiulpkurie  Add,  AtoiyUuipkurio 
Aeid.  NttrtMulphurous  Asid. — ^A  dibaaic  acid,  known  only  in  its  alkaline  Baits,  whidi 
are  produced  by  the  simultaneona  action  of  aolphnioiu  and  nitric  oxides  on  canstic 
alkaline  aolutiona*    (See  NiTBOSosuifHATBS,  ir.  116.) 

SuLPHATBS  ofNitbostl  or  Aeottl. — ^Theae  are  salts  produced  by  the  action 
of  anlphnric  acid  and  sulphuric  anhydride  on  the  oxides  of  nitrogen.  Three  of  them 
az«  known^  oonesponding  exactly  in  composition  to  the  sulphites  of  sodium,  thus : 

Sodlnm-calti.  Kitrotyl-Mltt. 

HNaSO«    Add  sulphate  H(KO)SO« 

Na*80«      Neutral  sulphate  (NO)«SO« 

Na*SH)'     Anhydrosulphate  (KO)«K)^ 

Aeid  sulphate  of  mtroaffl  was  obtained  by  Weltzien  (Aim.  Ch.  Pharm.  cxr.  213  ; 
Jahresb.  1860,  p.  106X  as  a  white  crystalline  mass,  by  passiqg  nitrous  anhydride  in^o 
normal  sulphune  add : 

2H«S0*  +  (N0)*0     -    H«0  +  2H(N0)S0*. 

It  is  probably  identical  with  the  compound  formed  by  heating  the  anhydxoaulphata 
with  sulphuric  aeid  containing  a  little  water,  and  ciystallising : 

(N0)^8H)»  +  H«0     -     2H(NO)80*. 

Heutnd  nUpkaie  qf  nUroayt,  QSOyOO*,  has  been  described  by  Gu^-Lussac,  Provo- 
■taye,  Mitscheriich,  and  others.  It  is  produced  by  the  action  of  mtric  peroxide  on 
sulphuric  add,  thus : 

ffSO*  +  4N0*     -    (N0)«80«  +  2HN0*. 

By  tids  process,  Gay-Lussac  obtained  it  crystallised  in  four-sided  prisms.  It  is  also 
said  to  be  produced  by  die  action  of  nitric  ooride  on  sulphuric  add  (Henry  and 
PI  i s  s 0 n) ;  by  that  of  nitric  peroxide  on  sulphurous  add  (H.  D avy) ;  by  dissolying  the 
anhydrosulphate  in  a  small  quantity  of  hot  oil  of  yitriol  (Proyostay  e),  and  in  other 
ways.    (Gmelin't  Handbook,  U.U7.) 

The  anJ^rosulphate  ofnUrosyl,  (NO)*SK)'  -  (NO)*SO«.SO*,  is  formed  by  the 
action  of  sulphurous  oxide  on  nitric  peroxide  (ProvostayeV  also  of  sulphuric  oxide 
on  nitric  oxide  (Bruning);  and  by  heating  the  oompouna  NO*.SO',  rMulting  from 
the  direct  combination  of  nitric  perozideand  sulphuric  oxide  (P.  WeberV-^see  p.  570). 
It  is  a  hard,  white,  amorphous  mass,  which  fuses  when  heated,  and  yolatiUses  without 
decomposition.  It  dissolres  in  concentrated  sulphuric  add,  ^)parently  without  change ; 
but  with  slightly  diluted  sulphuric  add,  it  forms  a  bulky  crystalline  substance,  pro- 
bably the  add  sulphate  of  nitroeyL  When  heated,  it  giyes  off  brown  yapours ;  and  as 
the  distillation  is  continued,  the  distillate  approaches  more  and  more  to  the  composi- 
tion  NW.380",  or  (N0)«S0*.2S0«.    rWeber,  Jahresb.  1862,  p.  94.} 

All  the  sulphates  of  nitrosyl  are  deliquescent,  and  are  immediately  decomposed  by 
water  into  smphuric  add  and  nitric  oxiae  gas. 

The  ezTStals  which  form  in  the  leaden  chambers  during^  the  manuiiicture  of  oil  of 
yitriol,  wnen  only  an  insuffident  quantity  of  steam  is  admitted,  are  perhaps  a  mixture 
of  the  different  sulphates  of  nitrosyl  just  noticed.  According  to  Weber,  howeyer  {loo, 
at,),  they  condst  entirely  of  the  add  sulphate,  H(KO)SO\ 

MlTALLIO    SUI.PHATB8. 

General  formida,  M*SO',  or  a  multiple  thereol — ^The  sulphates  fSorm  a  yery  abun- 
dant class  of  salts,  which  are  usually  obtained,  as  aboye  mentioned,  by  the  action  of 
sulphuric  acid  on  metals,  or  on  their  hydrates,  oxides,  and  salts.  Some  of  them  are 
formed  by  the  decompodtion  of  other  sulphates :  e.g.,  ferrous  sulphate  by  the  action  of 
metallic  iron  on  cupnc  sulphate,  and  the  latter  by  the  action  of  metallic  copper  on  the 
sulphate  of  dlyer  produced  in  the  process  of  ffold-refinii^  (iL  926).  Insoluble  sul- 
phates (as  those  of  barium  and  lead)  are  formed  by  predpitation,  and  the  sulphates  of 
potassium  and  sodium  may  be  formed  b^  fusing  the  insoluble  sulphates  of  barium, 
strontium,  csalduni,  and  lead  with  potassic  or  s^c  carbonate,  or  by  boiling  the  inso* 
luble  sulphate  with  a  solution  of  lukaline  carbonate.  Lastly,  sulphates  are  formed  by 
the  oxidation  of  sulphides:  the  sulphates  of  iron,  zinc,  and  copper  are  obtained  in  thia 
manner,  by  oxidation  of  the  natiye  sulphides  of  those  metals. 

The  snlphates  may  be  dirided  into  the  following  groups : — 

1.  Type,  H^O*  -   ^  g,'  >  O*.— This  group  includes  the  snlphates  of  the  mona- 

tomic  metals  and  the  neutral  sulphates  of  the  diatomic  metals.  With  the  alkali-metals, 
sulphuric  acid  forms  add  and  neutral  salts :  e.ff,,  KHSO^  and  E^O*;  also  double  salts. 
Vol.  V.  P  P 
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such  as  (NH^)  NaSO*.  Pataarium  and  sodiam  also  fonn  anhydroBnlpliatoi,  eompoasd 
of  a  molecule  of  the  neatral  salt  united  with  Bnlphnric  anhydride :  tjg.^  NaSO^JSO*. 
All  the  solphatea  of  the  alkali-metals  are  soluble  in  water ;  the  neutral  potassium-ealt, 
however,  is  much  less  soluble  than  any  of  the  others. 

The  d^omic  metals — that  is  to  say,  all  the  earth-metals  excepting  aluminium,  thori- 
num,  and  aireonium,  and  the  greater  number  of  the  heaTy  metols, — ^form  neutral 
sulphates,  represented  by  the  general  formula  MT'SO*.  The  sulphates  of  barium, 
strontium,  calcium,  and  lead  are  found  natiye.  The  barium-  and  lead-salts  are  inso- 
luble, in  water;  the  strontium-salt  almost  insoluble ;  the  calcium-salt  slightly  soluble ; 
the  magnesium-salt  and  the  heavy  metal  sulphates  are  freely  soluble,  except  that  of 
mercury,  Hg"SO^,  which  is  decomposed  by  water.  The  heavy  metal  sulphates  have 
an  acid  reaction,  and  all  of  them,  except  the  sulphate  of  lead,  and  perhaps  those  of 
manganese  and  sine,  are  decomposed  by  ignition. 

2.  SulpkaUa  formed  on  ike  T^ps  of  a  Double  Molecule  of  Sulphurui  Acid,  H'SH)* 

te   'q«  '[O*, — ^This  group  includes  a  few  simple  sulphates  (e.  g.,  stannic  sulphate, 

Sn'^SK)*,  and  airoonie  sulphate^  Zr'^S'O')  and  a  large  number  of  double  sulphates, 
containing :  (a),  1  atom  of  a  diatomic  and  2  atoms  of  a  monatomic  metal,  such  as 
potassio-cuprie  sulphate,  K^Gu^'S^O* ;  (/9),  1  atom  of  monatomic  and  1  atom  of 
triatomic  metal,  such  as  common  alum,  or  potassio-aluminic  sulphite,  KA1"1SK)*. 
All  these  double  sulphates  are  soluble  salts,  decomposible  into  their  constituent 
salts  bv  excess  of  water  or  by  difiusion.  The  sub-group  a  likewise  includes  the 
acid  sulphates  of  barium  and  calcium,  Ba''H'SH)'  and  CaTBPS^O*, 

8.  Type^  H^SH)"  «  ^^  ^  I O*.—  This  group  includes  the  neutral  sulphates  of 

the  triatomic  metals :  «.^.,  a!l^O*',  fla^H)'',  See,  These  salta  axe  often  found 
native:  th^are  soluble,  strongly  acid  tompounda,  decomposible  by  igxiition.  To 
the  same  group  belong  certain  acid  and  douUe  sulphates  of  the  alkali-metals  :  eujf^ 
K*H«S«0"  and  K<Li«S«Ow 

There  are  also  a  few  sulphates  derived  firom  higher  multiples  of  H*SO\  which  will 
be  noticed  further  on. 

Nearly  all  sulphates  are  ciystallisable.  The  insoluble  or  difficultlv  soluble  sulphates 
of  lead,  barium,  strontium,  and  calcium  occur  native,  in  large  well-deflned  crystals; 
many  soluble  sulphates  also  in  smaller  crystals,  or  crystalline  masses.  Many  crystal- 
line snlphatee  contain  considerable  quantities  of  water  of  crystallisation :  thus  the 
sulphates  of  iron,  cobalt,  nickel,  manganese,  rinc,  and  magnesium  crystallise  with 
7  at  water ;  the  double  sulphates  oi  the  alkali-metals  and  the  metals  of  the  ferzo- 
magnesian  group  with  6  at.  water ;  the  alums  with  12  at.  water. 

Among  Sie  crystalline  sulphates,  there  are  several  isomorphous  groups — ^viz.,  the 
anhydrous  sulphates  of  potassium  and  sodium  (trimetric) ;  the  anhydrous  sulphates  of 
calcium,  strontium,  barium,  and  lead  (trimetric) ;  the  pentahydrated  sulphates  of 
manganese  and  copper  (tridinic) ;  the  hexhydrated  sulphates  of  sine,  nickel,  and 
cobalt  (monodinic) ;  the  hexhydrated  double  sulphates  of  the  alkali-metals  with 
magnesium,  dnc,  nickel,  cobalt,  iron,  manganese,  and  copper — e^.,  K'Mg"S*0'.6H'0 
(monodinic) ;  and  the  alums,  or  dodecahydrated  double  sulphates  of  the  alkali-metals 
with  the  sulphates  of  triatomic  metals — e^^  KA1'^SK)*.12HK)  (monometric,  and 
mostly  octahedral). 

The  simple  sulphates  of  the  fenomagnesian  family,  with  5  or  7  at  water,  retain 
1  at  with  very  considerable  force.  Thus  sulphate  of  magnesium,  MgS0*.7H*0, 
loses  6  at.  water  at  a  temperature  not  much  above  100^;  but  it  holds  back  the 
seventh  atom,  even  when  heated  to  upwards  of  200^.  This  last  atom  of  water  retained 
by  the  ferromagnesian  sulphates  was  called,  by  Graham,  constitutional 
water.  The  monohydrated  sulphates  of  the  form  ]lf SO^.HK)  are  analogous  to  glacial 
sulphuric  acid,  H»SO*.HK). 

The  dodecahydrated  double  sulphates  of  the  alkali-metals  and  triatomic  metals  con- 
stitute the  true  alums.  The  sulphates  of  ammonium,  potassium,  and  sodium  are 
capableof  forming  alums  with  the  aluminic,  ferric,  chromic,  and  manganic  sulphates :  the 
existence  of  sodium-iron-alum  and  sodium-manganese-alum  appears,  however,  to 
be  doubtful  Alums  have  also  been  formed  containing  the  monatomic  metals, 
thallium  and  silver:  s.^.,  silver-aluminium-alum,  AgAl"^'0'.12HH);  and  Wurtz  has 
obtained  an  athyl-ammonium-alum,  (CH'N)  A1'^*0M2H*0.  In  addition  to  these, 
there  are  several  pseudo^ums,  derived  in  like  manner  from  2  at'  sulfuric 
acid,  but  having  a  different  number  of  atoms  of  crvstallisation-water,  or  a  different 
crystalline  form — «.j.,  K0r'^'O*.6H'O ;  or  containing  diatomic  metals,  and  derived 
ftom  4  at  sulphuric  add,  audi  as  Mn"!;  A1"')«*0»«-24H«0 ;  IPe^^Fe'y  SK)"-  24H«0,  &«• 

The  genuine  alums  are  all  soluble  in  water,  forming  solutions  which  have  a  styptie 
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taste,  and  maxlced  add  i«a0ti<m.  The  first  effect  of  heat  upon  the  alnms  is  to  drire 
off  their  water  of  cmtallisation;  a  further  degree  of  heat  renders  the  dried  residues 
▼enr  difficultly  soluble  in  water,  while  a  still  higher  temperature  converts  them  into 
bssie  salts  by  the  loss  of  sulphuric  anhydride.  The  ammonium-alums,  when  heated, 
leave  a  residue  of  pure  trioside.  The  fixed  alkali-alums  leave  a  residue  of  triozide 
mixed  with  sulphate  of  alhaU-metaL  It  requires  a  ver^  powerful  and  prolonged  heat 
to  drive  off  the  last  traces  of  sulphuric  acid  from  the  triozides  thus  proauoed. 

AuM  iSa/jiJki<0«.-i--Most  of  the  alums  vield  more  or  less  defined  basic  salts.  The 
best  known  of  these  is  the  native  ciystalUne  alum-stone,  having  the  formula  KAIS^O*. 
A1*0'.4HH).  It  corresponds  in  composition  with  the  basic  ammonium-alum  formed 
by  digesting  gelatinous  alumina  in  a  hot  solution  of  the  normal  alum,  and  having  the 
formiDa  (NH«)A1SH)* ja«0».4H»0. 

The  diatomic  metals  yield  a  large  number  of  basic  sulphates,  which  may  be  regarded 
as  normal  sulphates,  combined  with  metallic  oxide  replacing  the  water  of  hydrated 
sulphuric  acid  on  its  salts.    Thus  there  is  a  dibasic  sulphate  of  dnc,  Zn^SO^Zn'O, 


Cu''S0^.6HH).    Much  more  highly  basic  sulphates  may  also  be  obtained,  and  will  be 
described  in  Uieir  places.    Most  of  these  basic  sulphates  are  insoluble  in  water,  and 
those  few  which  are  soluble  are  decomposed  by  a  great  excess  of  water  into  metallic 
oxide  or  hvdrate  and  normal  metallic  sulphate. 
Bespecting  the  reactions  of  sulphates,  see  p.  536. 

•ol^liatMi  of  ^TTTffilnfr-1. — *  The  normal  (or  neutral)  sulphate,  A1^80*y  b 
A1K>'.880*,  occurs,  as  a  hydrate  containing  18  at.  water,  in  delicate  fibrous  masses  or 
crusts,  in  various  localities:  as  at  Bilin  in  Bohemia,  on  the  volcanic  island  of  Milo 
in  the  Ghrecian  Archipelago,  in  the  crater  of  the  volcano  of  Pasto^  at  Copiapo  in 
Chile,  Adelaide  in  Australia,  &c. ;  it  is  known  mineralogically  as  alunogen,  hair-salt, 
feather  alum,  Kod  haloiriehite.  Hardness  »  1*5  to  2.  SpecLfiie  gravity  —  1*6  to  1*8. 
Lustre  vitreous.  Colour  white,  or  tinged  with  yellow  and  red.  Subtruisluoent  to  sub 
transparent. 

This  salt  is  prepared  on  the  lai]^  scale  as  concentrated  alum,  for  use  in  dyeing 
instead  of  common  alum,  by  treating  pure  clay  with  strong  sulphuric  add.  The  clay, 
which  must  be  as  free  as  possible  from  iron,  is  heated  to  redness  to  render  it  porous, 
then  finely  ground,  and  mixed  with  half  its  weight  of  sulphuric  acid  of  specific  gravity 
1*45,  in  a  reverberatoiy  furnace^  the  hearth  of  which  has  the  form  of  a  walled  pan.  The 
mixture  is  heated  till  the  acid  begins  to  volatilise ;  the  mass  is  exposed  to  the  air  for 
several  days,  then  treated  with  water ;  and  the  resulting  solution  of  aluminic  sulphate 
is  freed  from  iron  by  carefol  precipitation  with  ferrocyanide  of  potassium.  The  solu- 
tion thus  purified  is  then  evaporated  to  a  syru^  and  transferred  to  small  leaden  pans, 
in  which  it  solidifies  to  a  crystalline  mass  (Dumas).  According  to  Hurier  and 
Brunei  (Fharm.  Centr.  1862,  p.  544),  this  salt  may  also  be  obtained  [anhydrous]  by 
heating  anunoninm-alum  in  iron  cylinders,  the  sulphite  of  ammonium  thereby 
evolved  being  received  in  water,  and  reconverted  into  sfilphate  by  oxidation  in  the  air. 
According  to  Persos  (Ann.  Ch.  Phys.  [3],  Ivi.  102),  a  solution  of  alum,  or  of  sulphate^ 
nitrate,  or  chloride  of  aluminium,  mixed  with  a  laz^  excess  of  boiling  concentrated 
sulphuric  acid,  deposits  the  anhydrous  sulphate  as  a  white  powder. 

Neutral  aluminic  sulphate  crystallises  with  difficulty  in  thin,  flexible,  nacreous 
laminsB,  havinff  a  sweetish  taste,  soluble  in  2  pts.  of  water,  insoluble  in  alcohol. 
According  to  Fezsos,  the  crystallisation  is  much  facilitated  by  adding  alcohol  to  the 
solution.  The  salt  when  heated  melts  in  its  water  of  crystallisation,  swells  up 
strongly,  and  leaves  a  white  porous  mass,  consisting  of  the  anhydrous  sulphate, 
which  dissolves  very  slowly  in  water,  and  when  heated  to  redness  leaves  pure 
alumina. 

3.  Basic  SaUb,— Dibasic  aluminic  sulphaU,  2A1«0*.3S0'  »  Al«(SO<)*.Al*0«,  is 
obtained  by  h««ting  a  solution  of  the  normal  sulphate  with  alumina  or  with  the  fol- 
lowing salt,  filtering  while  hot,  and  evaporating  to  drjmess  at  a  gentle  heat.  It  is  a 
gummy  mass,  which  is  decomposed  by  water  into  the  normal  sulphate  and  the  tribasio 
salt    (Maue^  ^<^*  '^°-  ^'  80.) 

The  trtbasio  sulphate,  8A1«0«.80«.9H«0,  or  Al«(SO0«.2Al«O«.9H«O,  occurs  native  as 
aluminite,  a  white,  opaque,  earthy  mineral,  of  specific  gravity  1  *70 ;  it  is  also  precipitated 
fh)m  the  solution  at  the  nonnal  solphate  on  addition  of  a  small  quantity  of  ammonia. 
It  dissolves  in  hydrochloric  acid,  and  at  a  red  heat  gives  off  sulphuric  oxide,  and  leaves 
alumina. 

The  ietrabasic  salt,  4A1K)«.8S0».86H*0  or  Al«(SO«)».3Al«0«.36BPO,  is  produced  by 
digesting  finely-divided  calcic  carbonate,  for  several  days,  in  a  cold  solution  of  alum  in 
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ezcees.  It  isjpereeptrbly  erystalline,  and  yery  soluble  in  dilute  acids,  even  in  warnk 
acetic  acid. — ^The  same  nUt  is  obtained  by  the  action  <^  zinc  on  a  cold  solution  of 
normal  aluminic  solphate.  The  action  is  very  slow,  eveD  when  electrolytically  acce- 
lerated by  placing  the  materials  on  a  plathmm-dish ;  but  after  a  week,  a  transparent 
jelly  is  obtained,  which,  when  separated  by  washing  from  zinc  and  excess  of  alaminic 
sulphate,  and  dried  over  oil  of  Titriol,  solidifies  in  small  transparent  masses  having  a 
▼itreoQS  £ractare.    (Debray,  Bull.  Soc  Chim.  [2],  Tii.  1.) 

The  pentabasio  salt,  5A1H)^.3SO'.20HK),  is  obtained  by  gently  boiling  a  solnttoo  of 
the  nonnal  salt  with  sine  in  a  platinnm-dish.  A  granular  precipitate  is  thereby 
formed,  easy  to  wash,  and  soluble  in  dilute  acids ;  it  gives  off  its  water  at  100^.  (De- 
bray.) 

y.  Double  Salts  of  Aluminic  Sulphate.  Alums. — The  formula  of  normal 
aluminic  alum  is  Al'nBi(S0*)*.12H'0,  M  denoting  a  monatomic,  and  for  the  most  part 
an  alkali-metal.    Their  general  characters  hare  been  already  described  (p.  579). 

Amnumia^uminic  Sulphate,  A1(NH^)SO'.12H'0.  Ammonia-alum. — This  salt  is  pre- 
pared, like  potash-alum,  by  adding  sulphate  or  chloride  of  ammonium  to  a  solution  of 
aluminic  sulphate.  It  is  also  found  native  as  tsehertntffiie,  at  Tschermig  in  Bohemia, 
in  octahedrons  and  fibrous  masses :  hardness  b  l  to  2 ;  specific  gravity  «  1*56. 
According  toBuignet  (Jahresb.  1861,  p.  15),  the  specific  gravity  of  the  artificially  pre- 
pared cxystals  is  1*653.  It  is  more  soluble  in  water  than  potash-alum,  100  pts.  of 
water  dissolving  5*22  pts.  of  it  at  0^,  and  421*9  p»ts.  at  100^.  In  other  respects  it 
bears  the  closest  resemblance  to  potash-alum,  and  is  used  for  the  same  purposes ;  in 
fact,  the  application  of  the  alums  as  mordants,  &c,  depends  upon  the  sulphate  of 
aluminium  which  thev  contain,  not  on  the  alkaline  sulphate.  When  heated  to  redness, 
it  leaves  anhydrous  alumina,  and  when  heated  with  alkalis,  it  gives  off  ammonia. — ^A 
fiosic  ammonia-alum,  analogous  to  basic  potash-alum,  is  obtained  by  graduaUy  adding 
ammonia  to  a  boiling  solution  of  the  normal  alum,  but  not  to  complete  satura- 
tion. 

ArgentO'aluminic  sulphate,  or  St7«er-aZfim,AlAg(SO^)*.12H*0,  is  obtained 
by  heating  equivalent  quantities  of  argentic  and  aluminic  sul^Uite  with  a  small  quantity 
of  water,  in  an  oil-bath,  till  the  argentic  sulphate  is  completely  dissolved.  It  crys- 
tallises in  octahedrons,  and  is  resolved  by  water  into  its  component  salta^  (Church, 
Chom.  News,  iz.  155.) 

Casio-aluminie  sulphate,  or  Casium'alum,  AlCs(S0')*.12HH),  crystallises 
in  octahedrons,  having  a  glassy  lustre  (Bunsen).  100  pts.  of  water  at  17^  dissolve 
0*619  pt  of  this  salt;  in  hot  water  it  dissolves  as  easily  as  potash-alum.  (J.  Red- 
tenbacher,  J.  pr.  Chem.  xciv.  42.) 

Potassio-aluminie  sulphate,  or  Potash-alum^  A1K(S0«)M2H'0.— This  is 
the  salt  to  which  the  name  alum  is  most  generally  applied.  It  is  obtained  by  adding 
sulphate  or  chloride  of  potassium  to  a  solution  of  sulphate  of  aluminium.  The  sulphate 
of  aluminium  is  sometimes  prepared  for  this  purpose  from  clay  by  the  action  of  sul- 
phuric acid  in  the  manner  aueady  described,  but  more  frequently  by  the  calcination  of 
aluminous  schists,  which  are  argillaceous  rocks  containing  considerable  quantities  of 
sulphide  of  iron.  The  sulphide  of  iron  is  converted,  by  exposure  to  the  air,  into  ferrous 
sulphate  and  free  sulphuzio  acid : 

2FeS«  +  O'  +  H*0     «     Fe^SO*  +  H«0<; 

and  the  sulphuric  acid,  acting  on  the  alumina  contained  in  the  clay,  forms  sulphate  of 
aluminium.  These  aluminous  schists  are  found  in  two  different  geological  positions — 
viz.,  in  the  transition  strata  [alum-slate],  in  which  position  Uiey  are  largely  im- 
pregnated with  bitumen ;  and  in  the  lower  tertiary  strata,  just  above  the  chalk 
[alum-earth].  The  latter  are  much  less  compact  than  the  former ;  consequently  their 
oxidation  is  easier,  and  sometimes  takes  place  spontaneously.  The  greater  part  of  the 
alimi  manufactured  in  England,  France,  and  Germany  is  obtained  firam  the  aluminous 
schists. 

The  most  extensive  alum  manufactory  in  Great  Britain  is  at  Hurlett,  near  Paisley. 
The  next  in  magnitude  is  at  Whitby,  of  whose  state  and  processes  an  instructive 
account  was  published  by  Mr.^  Winter  in  the  twenty-fifth  volume  of  "  Nicholson's 
Journal."  The  stratum  of  aluminoos  echist  is  about  twenty-nine  miles  in  width,  and  is 
covered  by  strata  of  alluvial  soil,  sandstone,  ironstone,  sheU,  and  clay.  The  alum-schist 
is  generally  found  disposed  in  horizontal  laminae.  The  upper  part  of  the  rock  is  the 
most  abundant  in  sulphur,  so  that  a  cubic  yard  taken  from  the  top  of  the  stratum  is 
five  times  more  valuable  than  the  same  bulk  100  feet  below. 

If  a  quantity  of  the  schist  be  laid  in  a  heap,  and  moistened  with  sea-water,  it  will 
take  fire  spontaneously,  and  continue  to  bum  till  the  whole  infiammable  matter  is  con- 
sumed. It«  colour  is  bluish-grey.  Specific  gravity  »  2*48.  It  imparts  a  bituminous 
principle  to  alcohoL 
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The  rock,  broken  into  small  pieces,  is  laid  on  a  horizontal  bed  of  fuel,  composed  of 
brushwood,  &c  When  about  four  feet  in  height  of  the  rock  is  piled  on,  fire  is  set  to  the 
bottom,  and  fresh  rock  continually  poured  upon  the  pile.  This  is  continued  until  the 
calcined  heap  is  raised  to  the  height  of  90  or  100  feet.  Its  horizontal  area  is  at  the  same 
time  progressively  extended,  tSl  it  forms  a  great  bed  nearly  200  feet  s(iuaze,  havinff 
about  100,000  yards  of  solid  measurement.  The  rapidity  of  the  combustion  is  allayed 
by  plastering  up  the  crevices  with  small  schist  moistened.  Notwithstanding  this  pre- 
caution, a  great  deal  of  sulphuric  or  sulphurous  add  is  dissipated.  180  tons  of  calcined 
schist  produce,  on  an  average,  one  ton  of  alum.  This  result  haa  been  deduced  from 
an  average  of  160,000  tons. 

The  (Reined  mineral  is  digested  with  water  in  pits  usually  containing  about  60 
cubic  yards.  The  liquid  is  drawn  off  into  cisterns,  and  afterwards  pumped  up  again 
upon  fresh  calcined  mine.  This  is  repeated  until  the  specific  gravity  becomes  ri5.  The 
half-exhausted  schist  is  then  covered  with  water  to  take  up  the  whole  soluble  matter. 
The  strong  liquor  is  drawn  off  into  settling  cisterns,  where  the  sulphate  of  lime,  iron, 
and  earth  are  deposited.  At  some  works  the  liquid  is  boiled,  which  aids  its  purifica- 
tion. It  is  then  run  into  leaden  pans  10  feet  long,  4  feet  9  inches  wide,  2  feet 
2  inches  deep  at  the  one  end,  ana  2  feet  8  inches  at  the  other.  This  slope  faci- 
litates the  emptying  of  the  pans.  Here  the  liquor  is  concentrated  at  the  boiling  heat. 
Every  morning  the  pans  are  emptied  into  a  settling  cistern,  and  a  solution  of  chloride 
of  potassium  (either  pretty  pure  from  the  manufacturer,  or  crude  and  compound  from 
the  soap-boiler)  is  added.  The  quantity  of  chloride  necessary  is  determined  by  a 
previous  experiment  in  a  basin,  and  is  regulated  for  the  workmen  by  the  hydrometer, 
by  this  addition,  the  pan-liquor,  which  bid  acquired  a  roedflc  gravity  of  1'4  or  1*5,  is 
reduced  to  1*35.  After  being  allowed  to  settle  for  two  hours,  it  is  run  off  into  the 
coolers  to  be  crystallised.  At  a  greater  specific  gravity  than  1*35,  the  liquor,  instead 
of  crystallising,  would,  on  cooling,  solidify  in  a  magma  resembling  grease.  Urine  is 
occasionally  added,  to  bring  it  down  to  the  proper  density. 

After  standing  four  davs,  the  mother-waters  are  drained  off,  to  be  pumped  into  the 
pans  on  the  succeeding  day.  The  crystals  of  alum  are  washed  in  a  tub  and  drained. 
They  are  then  put  into  a  lead  pan,  with  as  much  water  as  will  make  a  saturated 
solution  at  the  boiling-point  Whenever  this  is  effected,  the  solution  is  run  off  into 
casks.  At  the  end  of  ten  or  sixteen  days,  the  casks  are  unhooped  and  taken  asunder. 
The  alum  is  found  exteriorly  in  a  solid  cake,  but  in  the  interior  cavity  in  large 
pyramidal  crystals,  consisting  of  octahedrons,  inserted  successively  into  one  another. 
This  last  process  is  called  *'  roching.*'  Mr.  Winter  says  that  22  tons  of  chloride  of 
potassium  will  produce  100  tons  of  alum,  to  which  31  tons  of  the  black  ashes  of  the 
soap-boiler,  or  73  of  kelp,  are  equivalent.  Where  much  iron  exists  in  the  alum-ore, 
the  alkaline  chloride,  by  its  decomposition,  gives  rise  to  an  uncrystallisable  chloride  of 
iron.    For  this  reason  it  is  preferable  to  the  sulphate  of  potassiuuL 

Alum  ma^  also  be  obtained  from  cryolite,  Al'F*.3NaF,  by  heating  the  mineral  with 
three  times  its  weight  of  strong  sulphuric  acid,  whereby  anhydrous  neutral  sulphate  of 
aluminium  and  acid  sulphate  of  sodium  are  obtained ;  treating  the  resulting  mass  with 
a  small  quantity  of  cold  water  to  remove  the  acid  sodium-salt ;  then  digesting  the 
anhydrous  sulphate  of  aluminium  with  warm  water,  to  convert  it  into  the  hydrated 
salty  and  adding  the  proper  quantity  of  sulphate  of  potassium.  The  alum  thus  obtained 
is  nearly  if  not  quite  free  f]\>m  iron.     (Persoz,  Ann.  Ch.  Phys.  [3]  Ivi.  106.) 

At  Tolfa  near  Bome,  and  in  two  or  three  other  localities,  there  is  found  a  mineral 
called  alunite  or  alum-stone^  consisting  of  common  alum  together  with  normal  hydrate 
of  aluminium,  A1£(S0^)'.2A1H'0'.  Now  when  this  minend  is  calcined,  at  a  moderate 
heat,  the  hydrate  of  aluminium  is  decomposed  into  water  and  anhydrous  alumina, 
while  the  sulphate  of  aluminium  and  potassium  reuiains  unaltered,  provided  the  heat 
has  been  prevented  from  rising  too  nigh;  and  on  treating  the  calcined  mass  with 
water,  the  double  sulphate  dissolves,  whue  the  alumina  remains  behind.  The  mineral 
before  calcination  is  quite  insoluble  in  water.  The  solution  when  evaporated  yields 
the  alum  in  cubic  crystals,  generally  having  a  reddish  tint  produced  by  ferric  oxide. 
This  kind  of  alum,  called  Soman  alumf  is  much  valued  by  dyers,  because  the  iron 
which  it  contains  is  in  an  insoluble  state,  and  therefore  cannot  exert  any  ii^'urious 
effect  on  the  colours. — ^Alum  prepared  in  the  ordinary  way  always  contains  iron  in  the 
soluble  states  viz.  as  ferric  sulphate,  Fe'(SO*)*,  which,  being  isomorphous  with  sulphate 
of  aluminium,  is  difficult  to  remove  by  successive  crystallisation.  It  may  be  precipi- 
tated by  ferrocyanide  of  potassium,  as  described  in  the  preparation  of  sulphate  of 
aluminium ;  but  a  cheaper  way,  recommended  by  Th^nard,  is  to  dissolve  the  alum  in 
boiling  water,  and  stir  the  solution  briskly  wi&  rods  as  it  cools.  The  salt  is  thus 
reduced  to  a  fine  granular  powder,  which,  when  washed  two  or  three  times  with  cold 
water,  yields  alum  containing  only  a  trace  of  iron.  [On  the  manufacture  of  alum,  see 
further  Ur^s  Dictumary  of  ArU,  &c  L  101—118.] 
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Alum  sometimes  oocnn  in  nature  readj-foimed.  This  is  the  ease  at  Pocraoli  near 
Naples,  where  it  effloresces  on  the  sorfiice  of  the  soiL  It  is  dissolred  out  by  water,  and 
oystallised  by  evaporation. 

Alum  generally  crystallises  in  regular  octahedrons  and  in  cubes.  Its  specific  gnyity 
is  1*7.  The  octahedral  crystals  are  the  most  common,  and  are  always  deposited  from 
boiling  concentrated  solutions.  The  cubic  crystals  hare  an  especia]  tendency  to  form 
in  scdutions  containing  an  excess  of  alumina,  and  at  a  temperature  not  exceeding  60^,  as 
in  the  preparation  of  Boman  alum.  If  carbonate  of  potassimn  be  added  to  a  solution 
of  octanedral  alum  in  water  at  40°  or  45°,  tiU  the  precipitate  ceases  to  r^issolre  com- 
pletely, and  the  filtered  liquor  be  then  left  to  itself  at  a  gentle  heat,  cubic  alum  will  be 
obtained  quite  free  from  iron.  On  the  other  hand,  when  a  solution  of  cubic  alum  in  cold 
water  is  abandoned  to  spontaneous  evaporation,  the  alum  is  deposited  in  octahedronsb 
The  two  forms  are  identical  in  composition  (Low  el,  Compt.  reno.  xxxvi.  595).  Some- 
times intermediate  forms  occur,  like  figB,  194,  195,  196  (Gbtstaijx>orapht,  iL  129), 
or  combinations  of  the  cube  and  octahedron  with  other  forms  of  Uie  monometnc 
system,  Uke/ys.  199,  202,  204,  205,  208,  209,  212,  278  (it  130-132);  also  aggre- 
gates and  distorted  forms,  like  j^«.  316,  317,  347, 348,  &c.  (ii.  159,  164}. 

According  to  Poggiale,  100  pts.  of  water  dissolye  8*29  pis.  of  erystallised  alum  at 
0°;  9-52  pts.  at  10^ ;  22  pts.  at  80°;  81  pta.at60°;  90  pts.  at  70°,  and  857  pts.  at 
100°  {Graham* $  ElemenU^  2nd  edition,  i.  607).  The  solution  has  a  sweet  and  strongly 
astringent  taste,  an  acid  reaction,  and  dissolves  zinc  and  iron,  with  evolution  of  hydro- 
gen.— ^When  2  pts.  of  alum  are  dissolved  in  1  ]^  of  boiling  water,  and  the 
solution  is  left  to  cool  in  a  closed  vessel,  no  crystallisation  takes  place ;  but  as  soon  as 
the  vessel  is  opened,  small  octahedral  crystals  begin  to  form  on  the  surface,  and  in  a 
short  time  the  crystallisation  extends  through  the  whole  mass.  This  is  an  instance  of 
Bupersaturation  similar  to  that  exhibited  by  sulphate  of  sodium.  (Lowel,  Ann.  Ch. 
Phys.  [3],  xiii.  405.) 

Crystallised  alum  effloresces  slightly  on  exposure  to  the  air.    According  toHertwig 
(Pogg.  Ann.  Iv.  99),  it  eives  off  5  at  water  at  100°,  and  4^  at.  more  at  120°,  leaving 
taining  2AlK(SO0*.  SB?0.    This  residue  evolved  4  at.  water  at  1 80°,  leaviz 


residue  containing  2A1K(S0^)*.  SB?0.  This  residue  evolved  4  at.  water  at  1 80°,  leaving 
2A1K(S0«)*.H*0 ;  and  at  200°,  half  of  this  remaining  quantity  is  given  off,  leaving 
4A1''K(S0«)*  -I-  H*0.  According  to  Gerhard t  (J.  Pharm.  [2],  xii.  57)  oystallised 
alum  gives  off  10  at.  water  at  120°,  leaving  a  residue  easily  soluble  in  water ;  and 
at  200^,  the  whole  is  expelled,  and  the  remaining  anhydrous  alum,  sometimes  called 
Immt  alum,  is  insoluble.  Alum  heated  to  redness  with  charcoal  in  a  dose  vessel 
yields  a  mixture  called  Bomber^ s  pyrophorus,  which  becomes  red-hot  on  exposure  to 
the  air.  It  consists  of  very  finely-divided  charcoal  and  sulphide  of  potassium,  inter- 
mixed with  sulphate  of  aluminium. 

Alum  is  used  in  laige  quantities  in  manv  manufactures,  especially  in  dyeing  as  a 
mordant.  When  added  to  tallow,  it  renders  daat  substance  harder.  Printers'  cushions 
and  the  blocks  used  in  the  calico-manufactory  are  rubbed  with  burnt  alum,  to  remove  any 
greasiness  that  might  prevent  the  ink  or  colour  from  sticking.  Wood  sufficiently 
soaked  in  a  solution  of  alum  does  not  easily  take  fire,  and  the  same  is  true  of  paper 
impregnated  with  it^  which  is  moreover  fitter  for  keeping  gunpowder,  as  it  exdudes 
moisture.  Paper  impregnated  with  alum  is  also  useful  in  whitening  silver  and  silvering 
brass  without  neat.  Alum  mixed  with  milk  facilitates  the  separation  of  the  butter. 
Alum  is  also  used  in  tanning.  In  medicine  it  is  employed  as  an  astringent. — On  this 
addition  of  alum  to  bread,  see  i.  658. 

Bogie  Alum,   3^^^  (^90*     a    A1E(S0«)*.  A1*0*.— This  compound  occurs  native 

with  different  proportions  of  water,  as  Munite  and  LSungite, 

Munit*  or  Mum-atone,  Am:(SO«)«JU«0».  8HH)  «  A1K(S0*)«.2A1H»0«,*  is  found 
chiefly  in  volcanic  districts,  as  at  Tolfa  near  Civita  Yeochia,  at  the  Solfatara  near  Naples, 
and  at  Puy  de  (Hrcy  in  Auvergne.  It  occurs  in  rhombohedral  crystals,  having  the 
angle  R  :  B  -  89°  10";  oB  :  R  »  124'  40',  and  length  of  principal  axis  » 
1-2523.  Observed  phines  R,  oR,  }  R^  ^  R,  -  |R,  and  -  2R  (Breithaupt). 
Cleavage  nearly  perfect  parallel  to  the  base,  indistinct  parallel  to  R.  It  also 
occurs  massive,  with  a  granular  or  impalpable  texture.  Hardness  ■-  8*5  to  4. 
Specific  gravity  «  2*58  to  2*752.  It  has  a  vitreous  lustro,  white  colour  (sometimes 
greyish  or  reddish),  and  white  streak.  Transparent  to  subtranslucent.  Fracture  flat, 
conchoidal,  or  uneven ;  of  massive  varieties  splintery,  sometimes  earthy.  Brittle.  The 
crystals  of  this  mineral  are  nearly  pure;  the  massive  varieties  contain  silica  sometimes 
to  the  amount  of  60  per  cent.    It  is  used  for  the  preparation  of  Roman  alum  (p.  581). 

A  salt  identical  in  composition  with  alunite  is  precipitated  as  a  crystalline  powder 
when  a  solution  of  alum  is  boiled  with  gelatinous  alumina. 

*  The  formula  giren  for  this  nineral  ut  p.  161,  vol.  I.,  U  incorrect. 
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2:^^,3^^^  4SO«.9H«0  -  2[AlK(SO<)«.2Am«0»].8H«0,  occmw  at  Tolfa  near 

Borne  and  at  Taberzein  Upper  Silesia^  in  amorphonB  nodules  haying  a  perfectly  crystalline 
fracture ;  hardness  between  3  and  4 ;  spedfic  gravity  «  2*68.  At  the  temperature  of 
boiling  sulphur,  it  gives  off  2*18  per  cent.  (•>  1  at)  water,  and  at  a  slig^tlf  higher 
temperature  5*67  per  cent,  water  together  with  sulphuric  acid,  leaviiijg  a  residue,  from 
which  water  extracts  sulphate  of  potassium,  but  only  small  quantities  of  alumina. 
(F.Bomer  and  Lowig,  Jahresb.  1856,  p.  877. — ^A.  Mitscherlich,  J.  pr.  Chem. 
Izxziii.  474.) 

A  salt  having  the  same  composition  is  produced,  with  evolution  of  hydrogen,  by  the 
action  of  zinc  on  a  solution  of  common  alum.  The  action  is  slow,  even  in  a  warm 
solution,  unless  assisted  by  placing  the  zinc  in  contact  with  lead  or  platinum.  By 
operating  in  a  platinum  capsule  at  100*^,  the  salt  is  readily  obtained  as  a  crystalline 
precipitate.  Like  alunite  and  lo^ngite,  it  is  nearly  insoluble  in  nitric  and  in  hydro^ 
chloric  acids,  and  can  only  be  attacked  by  sulphuric  acid  diluted  with  an  equal  bulk  of 
water.     (Debray,  Bull.  Soc  Chim.  [2],  vii.  9.) 

Rubidio-aluminie  sulphate,  or  Bubidium-alum,  AlBb(S0^)M2H*0,  forms 
large,  transparent,  non-efflorescent,  octahedral  crystals,  modified  with  faces  of  the 
cube  and  dodecahedron  (Kirchhoff  and  Bunsen).  100  pts.  of  water  at  17°  dissolve 
2*27  pts.  of  it;  in  hot  water  it  dissolves  as  easily  as  potash-alum.  (J.  Bed  ten- 
bach  er,  Jahresb.  1865,  p.  704.) 

Sodio-aluminic  tutphate,  or  Soda-alum,  AlNa(S0^)M2H*0,  is  found  native, 
in  fibrous  crusts  or  masses,  on  the  island  of  Milo  in  the  Grecian  Archipelago,  at  the 
Solfatara  near  Naples,  and  near  Mendoza  on  the  east  of  the  Andes.  It  may  be 
preptired  artificially  in  the  same  manner  as  common  potash-alum,  and  obtained  in  Jaige 
Bplendid  octahedrons,  by  leaving  a  solution  of  the  component  salts  to  evaporate  spon- 
taneously in  a  rather  deep  glass  vessel,  and  covered  with  a  layer  of  alcohol.  It  is 
much  more  soluble  than  potauEQi-alum,  10  pts.  of  water  at  ordinary  temperatures  dis- 
solving 11  pts.  of  it. 

Thallio-aluminio  sulphate,  or  Thallium'alum,  A1T1(S0^)M2H<0,  crystal- 
lises in  regular  octahedrons.    (La my.) 

Pseudo-alums  containing  Diatomic  Metals. — Ferroso-aluminie  su^hate, 

'^^[4SO«.24H«0  -  iI«Fe''(SO*)«.24H«0,  is  produced  (according  to  Klauer)  when 

a  solution  of  the  component  salts,  mixed  with  excess  of  sulphuric  add,  is  left  to  stand  in 
a  warm  place,  and  crystallises  after  a  few  days  in  tufts  of  silky  fibres. 

llie  same  salt  occurs  native,  as  halotrichite  or  feather-alum  (in  part),  at  Bodennuus 
and  Morsfeld  in  Bhenish  Bavaria,  at  Oroomiah  in  Persia  (where  it  is  used  for  making 
ink),  and  probably  at  Boseville,  Bichmond  County,  Kew  York.  It  forms  fibrous,  silky, 
vellowish-white  crystals,  which  become  dull  and  pulverulent  on  exposure,  and  taste 
like  common  alum,  but  somewhat  inky  (Berthier,  Bammelsberg,  B.  Silliman, 
Jan.,  Dant^s  Mineralogy,  ii.  888). — ^The  hversalt  of  Forchhammer,  from  Iceland,  is 
an  ^ied  alum  bavins  the  alumina  partly  replaced  by  fenic  oxide,  and  the  ferrous  oxide 
by  magnesia. — The  halotriehine  of  Scacchi  is  a  silky  mineral  from  the  Solfatara,  con* 


taining  l^^  1 5SO«.64H«0. 
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Ferroso-potassio-alunUnic  sulphate,  12Fe''OM7SO*.24H*0,  remains  in  the  earthy 

2K«0) 

residue  left  on  distilling  the  sulphurous  soil  of  the  crater  of  the  Solftitara  near  Naples. 
It  crystallises  in  bottle-green  octahedrons,  which  are  permanent  in  the  air,  and 
dissolve  sparingly  in  water.    (D  q  f r  ^  n  a  y.) 

Magnesio-ahmimc  sulphate,  or  Magnesia-alum,  Al'Mg(SO*V.24H'0,  crystallises  from 
a  solution  of  the  constituent  salts  containing  a  considerable  excess  of  acid,  in  long 
needle-shaped  crystals.  It  occurs  native  in  similar  crystals,  bs  feather-alum  or  pickery 
ingite,  A  specimen  from  Iquique  in  Peru  was  found  by  Hayes  (Sill.  Am.  J.  xlvi. 
868)  to  contain  12*180  per  cent,  alumina,  4*682  magnesia,  36*322  sulphuric  anhydride, 
and  45*460  water,  besides  0*430  ferrous  and  manganous  oxides,  0*126  lime,  and  0*604 
silica  («i  99-744),  agreeing  nearly  With  the  preying  formulae.  The  magnesium  is 
often  replaced  to  a  considerable  extent  by  manganese,  forming  mangano-magnesian 
alum. 

According  to  Klauer,  a  mixture  of  magnesic  and  aluminic  sulphates  containing  f^ 
acid  sometimes  yields,  by  slow  evaporation,  warty  groups  of  small  prismatic  crystals, 
containing  A1*]J4*(S0*)«.36H«0. 

Manganoso-aluminic  sulphate,  or  Manganese-aium,  Al*Mn(SO*)*.24H*0,  occurs,  with 
the  manganese  more  or  less  replaced  by  magnesium,  in  snow-white  silky  fibres,  at 
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Xagoa  Baj  in  South  Airica  (Apjohn,  Phil.  Mag.  [3J,  zii.  103),  near  the  Boajenmo 
river  in  Sonth  Africa  (Strom eye r,  Pogg.  Ann.  zzxi.  187),  and  near  Lake  Utah  in 
North  America  (Smith,  Sill.  Am.  J.  [2],  zviii.  372) : 

SO^.  A\*0».  MnO.  MgO.  K«0.  H«0.  KCI. 

LagoaBay         33-61  10*65  6*60  0*36  .     .  48*15  .     .  -  99*27 

Bosjeman  riyer  36-77  11*51  1*95  3*69  .     .  45*74  0*20  -  99*86 

Lake  Utah         38*85  10*40  212  8*94  0*20  46*00  .     .  »  100*51 

The  deposit  at  Lagoa  Bay  is  twenty  feet  thick,  and  is  made  np  of  fibrous  czystals  six 
inches  long. 

Snlpbates  of  AmmoBliim.— ^oc^,  {jm.*)B.80\— Neutral,  (NH«)*SO\— Already 
described  under  Ammoniagax  Salts  (i.  193). 

Ammoniosodic  sulphate^  (NH^)KaS0*.2H'0,  cnrBtallises  from  a  mixture  of  sodic 
sulphate  and  ammonic  chloride,  or  of  ammonic  sulphate  and  sodic  diloride,  either  by 
slow  evaporation,  or  from  a  solution  concentrated  by  heat  till  a  ciystalline  film  forms 
on  the  surface.  It  is  permanent  in  the  air,  gives  off  its  dystallisation-water  over  oil 
of  vitriol,  and  slowly  recorers  it  on  ezpoeure  to  the  air  at  15^  or  16^.  Specific  gravity 
of  the  crystallised  salt  »  1*63  at  15° ;  that  of  a  solution  of  various  strengths  is  as  fol- 
Iowb: 

Percentage  of  crystallised  salt  81*8        25*44  15-9        12*72  6*3 

Specific  gravity  117t»9      1*1380      10849       1*0679       1*0337 

At  a  stronger  heat^  the  dehydrated  salt  nves  off  ammonia,  and  leaves  acid  sulphate  of 
sodium.    (Schiff,  Ann.  Oh.  Pharm.  cxiy.  68.) 

Bulpliate*  of  AsoMakonyk— 'Neutral  antinumious  mlphate,  Sb'(SO)*,  formed  by 
boiling  antimony  with  strong  sulphuric  acid,  is  a  white  saline  mass,  which  is  resolved 
by  water  into  an  insoluble  basic  and  a  soluble  acid  salt  According  to  Brand es,  the 
salt  crystallises,  from  solution  in  excess  of  sulphuric  add,  in  small  needles. 

Several  basic  sulphates  of  antimony  are  known. — ^A  seaguibano  salt,  Sb'0'.2S0'  — 
8b*0'.2Sb*(SO^)',  IS  produced,  according  to  P^ligot^  in  small  shining  crystals,  by 


pulverised  state  with  alcohol,  and  remains  as  a  white  powc 
(Brandes).— TheAAvftoMC  ^o^^,  2Sb<0'.S0'  »  5Sb*0*.Sb*(S0«)>,  is  formed  from  the 
sesquibasio  salt  by  boiling  with  water. 

An  acid  antinumious  mlphate,  SbK)*.4S0*  »  Sb\B0*YJSO»,  is  formed,  with  evolu- 
tion of  hydrochloric  acid,  b^  treating  powder  of  algarotn  with  strong  sulphuric  acid. 
Itcrystalhses  in  needles,  which,  however,  cannot  be  obtained  in  the  dry  state,  except  by 
keeping  them  for  a  long  time  in  a  vacuum  on  a  plate  of  baked  pipe-day.    (P^ligot) 

Bulpliates  of  aartvm. — The  neutral  tulphate,  Ba'SO*,  occurs  very  abundantly  in 
nature  as  Heavy  spar  or  BarjfteSj  sometimes  in  crystals  belonging  to  the  trimetric 
system,  sometimes  massive  (see  Hravt  Spar,  iii.  137).  It  may  be  obtained  as  a 
crystalline  powder  by  fusing  12  grms.  of  potassic  sulphate  with  52  grms.  anhydrous 
chloride  of  barium  in  a  weU-dowd  crucible,  and  dissolving  out  the  soluble  salts  with 
water.  The  o^stals  thus  obtained  agree  in  form  and  specific  gravity  with  native 
heavy  spar.    (Manross*  Ann.  Ch.  Pharm.  Ixxxii.  848 ;  Jahresb.  1852,  p.  9.) 

Bv  precipitating  the  solution  of  a  barium-salt  with  sulphuric  acid  or  a  soluble 
sulphate^  smphate  of  barium  is  obtained,  as  a  heavy,  white,  amorphous  powder,  of 
specific  gravity  4*02 — 4*51  (Schroder,  Jahresb.  1859,  p.  12),  insoluble  in  water, 
very  slightly  soluble  in  dilute  acids,  somewhat  more  soluble  in  strong  sulphuric,  nitric, 
and  hyuochloric  acids  (ii.  508).  It  dissolves  also  to  a  perceptible  extent  in  aqueous 
nitrate  of  ammonium,  especiallv  when  the  boiling  solutions  of  a  sulphate  and  a 
barium-salt,  previously  mixed  with  a  little  nitrate  of  ammonium,  are  poured  alternately 
into  a  boiling  solution  of  the  same  salt  (Mittenzwei,  J.  pr.  Chem.  Ixxv.  214). 
According  to  Scheerer  {ibid,  p.  113V,  the  precipitation  of  sulphuric  acid  bv  barium-salts 
is  retardM  by  the  presence  of  metapaosphoric  acid,  but  not  of  pyrophosphoric  or  ortho- 
phosphoric  acid. 

Sulphate  of  barium  boiled  with  a  concentrated  solution  of  a  fixed  alkaline  carbonate 
is  decomposed,  but  never  completely,  into  alkaline  sulphate  and  barium-carbonate ;  a 
somewhat  more  complete  decomposition  is  obtained  by  fusion  with  alkaline  carbonates. 
Sulphate  of  barium  is  reduced  to  sulphide  by  ignition  with  charcoal  or  organic  matter ; 
also,  according  to  Wurts^  by  ignition  in  a  stream  of  coal-^ ;  or,  according  to  Deville, 
in  a  stream  of  hydrogen  mixed  with  vapour  of  carbonic  disulphide. 

Native  sidphate  of  barium,  in  the  state  of  powder  and  mixed  with  white  lead,  is  used 
as  a  pigment;  alone  it  has  not  sufiicient  body ;  the  amorphous  sulphate  is  prepared 
on  the  large  scale  by  precipitation,  and  forms  the  pigment  called  permanent 
white. 
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The  acid  salt,  Ba'H^SO^)*,  is  produced  ^according  toBerEelius)  by  pouring  stronff 
sulphuric  acid  on  the  ignited  neutral  sulphate,  and  leaving  it  to  stand  in  a  closed 
vessel  in  a  warm  place.  According  to  Li  ^s- Bod  art  and  J  acq  u  em  in  (J.  pr.  Chem. 
Ixxv.  31^),  strong  sulphuric  acid  dissolves  oxide,  chloride,  sulphide,  chlorate,  phos- 
phate, &c.  of  barium,  forming  acid  sulphate  of  barium,  which  crystallises  in  micro- 
scopic pVisms ;  and  if  the  mother-liquor  be  left  in  an  open  vessel,  so  that  it  may  slowly 
absorb  moisture,  it  deposits  silky  needles  containing  Ba"H'(S0^)*.2HK).  Both  the 
anhydrous  and  the  hydrated  crystals  are  immediately  decomposed  by  water. 

Bariosodic  eulphate,  Ba'7^a^80^)*,  is  produced  (according  to  Bert  hier)  by  fusing  its 
constituent  salts  together  in  equivalent  quantities,  and  forms  on  cooling  an  opaque  very 
hard  mass,  having  a  pearly  lustre. 

SnlpliateB  of  Blsmutb. — ^When  bismuth  is  heated  with  strong  sulphuric  add, 
sulphurous  oxide  is  evolved,  and  the  metal  is  converted  into  a  white  insoluble  powder, 

consisting  of  the  nomuU  sulphate,  BiK)*.3S0*  or  Bi'(SO^)*,  which  is  decomposed  by 
water,  yielding  a  veaey  add  salt,  which  dissolves ;  and  a  tribasic  sulphate,  Bi*0'.SO*. 
H'O,  or  2Bi*0*.Bi'(SO*)".3H'0,  which  remains. — ^There  is  also  a  sesquibasic  sulphate, 
BiW.2SO».3H«0,  or  BiH)»  2Bi«.(SO«)«.9H«0,  which  is  obtained  in  small  delicate 
needles,  when  an  add  solution  of  nitrate  of  bismuth  is  mixed  with  sulphuric  acid. 
(Heintz.) 

Bismutko^tassie  sulphate,  3V^\SO*y,  is  predpitated  on  dropping  an  acid  solu- 
tion of  bismuth-nitrate  into  a  concentrated  solution  of  potassic  sulphate,  the  latter  not 
being  in  excess.  The  white  pidveruleBt  predpitate  must  be  dried  on  a  porous  tile  in 
the  exsiccator.    It  is  decomposed  by  water.    If  a  dilute  solution  of  potasdc  sulphate 

be  used,  the  precipitate  has  the  composition  Bi'K^(SO^)*.    (Heintz.) 

Bnlpluttmi  of  Cadmlmiu — The  neutral  salt,  Cd"SO\  forms  (according  to  Stro- 
m  e  y  e r)  efflorescent  crystals  containing  4  at.  water.  According  to  K  ii  h  n  and  v.  H  a  u  e  r 
(J.  pr.  Chem.  Ixiv.  477 ;  Chem.  Soc  Qu.  J.  viii  250),  an  acid  solution  of  the  salt,  concen- 
trated at  the  boiling  heat,  deposits  nodular  czystals,  which  contain  Cd"SO\H'0,  and  give 
offthdr  water  at  100°;  their  specific  gravity  is  2*939  (Buignet,  Jahresb.  1861,  p.  15). 
The  crystals  formed  at  ordinary  temperatures  contain  3Cd"S0^.8HK),  give  off  nearly 
3  at.  water  at  100^,  and  the  rest  at  a  low  red  heat  (v.  Hauer) ;  their  spedfic  gravity  is 
3*05  (Gieseke,  Jahresb.  1860,  p.  17).  According  to  Eammelsber^  (^ogg*  Ann. 
cxv.  579),  they  are  isomorphous  with  the  sulphates  of  didymium  and  yttrium  containing 
corresponding  quantities  of  water.  W.  D  elf  f  s  (Pharm.  Centr.  1 854,  p.  380)  recommends 
sulphate  of  cadmium  as  a  distinguishing  test  between  several  organic  acids,  inasmuch 
as  It  forms  precipitates  with  oxalates,  mellitates,  dtrates,  cuminates,  and  cinnamates 
at  ordinary  temperatures^ — ^with  tartrates,  racemates,  ftimaiates,  and  suberates  only 
when  heated, — ^and  does  not  precipitate  the  aconitates,  malates,  succinates,  benzoates, 
or  salicylates  under  any  circumstances. 

Ammoniacal  eadmic  siUphate,  Cd"S0^.6NH',  or  Sulphate  qf  tetrammonuheadmio' 
diammoniuTn,  N*[H*(NH*)*Cd^SO*,  is  formed,  as  a  white  powder,  when  anhydrous 
eadmic  sulphate  is  allowed  to  absorb  ammonia-sas  till  it  is  saturated.    (H.  Bose.) 

Ammonio-cadmic  sulphate,  Cd''(NH^)'(S0^)'.6H'0,  separates  in  monodinic  crystals, 
from  a  solution  containing  equivalent  quantities  of  the  component  salts. — The  cor- 
responding potassium-salt,  which  is  isomorphous  with  it,  is  not  so  easily  formed,  inas- 
much as  the  solution  is  apt  to  deposit  sulphate  of  potassium ;  it  is  efflorescent. — The 
magnesitmi-salt,  Cd'Ttfg"(S0*)*.6H«0,  crystallises  from  dilute  sulphuric  acid,  half 
saturated  with  eadmic,  and  half  with  ma^esic  carbonate,  in  easily  soluble  four-sided 
prisms, — The  sodiwn-salt,  Cd"Na'(S0*)*.6H*0,  separates  from  concentrated  sdution  in 
small  nodules,    (v.  Hauer.) 

Svlpbato  of  CSBolnm.    See  C^sixtx  (i.  1115). 

Bvlpliatos  of  Calotmn. — ^The  neutral  sulphate,  Ca'SO^  occurs  native,  both  in 
the  anhydrous  state  as  anhydrite  (i.  295),  and  as  a  hydrate,  Ca"S0*.2H*0,  forming 
gypsum  and  its  several  varieties  (ii.  962).  The  anhydrous  sulphate  may  be  obtained 
in  crystals  having  the  form  and  specific  gravity  (2*9)  of  anhydrite,  by  fosing  potassic 
sulphate  with  excess  of  caldc  chloride  (Manross,  Jahresb.  1852,  p.  9;  see  also 
Simmler,  ibid.  1859,  p.  132).  The  hydrated  salt  is  formed  by  predpitating  a 
solution  of  calcic  chloride  with  a  soluble  sulphate  or  dilute  sulphuric  acid.  It  is  very 
slightly  soluble  in  water,  the  anhydrous  salt  nearly  insoluble.  According  to  Lassaigne, 
1  pt.  of  the  hydrate  dissolves  in  332  pts.  of  water  at  any  temperature ;  but  according 
to  Poggial  e,  the  solubility  is  greatest  at  35*^,  1  pt.  of  the  salt  dissolving  at  that  tem- 
perature in  893  pts.  water,  at  0°  in  488  pts.,  and  at  100^  in  460  pts.  Water  containing 
hydrochloric  or  nitric  acid  dissolves  it  in  laiger  quantity,  in  consequence  of  partial 
decomposition ;  the  solubility  is  likewise  increased  by  the  presence  of  common  salt ; 
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benoe  the  oocnrrenee  of  gypsom  in  nltHRnringi.  Calde  Bolphata  disBolTes  also  in  excess 
of  a  satniated  solntion  of  sodic  hjpoeotphite^  with  moderate  fiMnlity  at  ordinaiy  tem!>- 
pezatnres,  more  quickly  on  warming,  being  at  the  same  time  converted  i^to  calcic 
hyposulphite^  which  unites  with  the  excess  of  sodic  h^rposolphite,  forming  a  soluble 
double  salt ;  and  on  addinff  alcohol  to  the  solution,  this  double  salt  is  precipitated 
as  a  heary  oily  liquid,  which  solidifies  in  needle-shaped  crystals.  The  solubility  of 
calcic  sulphate  in  sodic  hyposulphite  affords  a  means  of  separating  it  firom  baric 
sulphate.    (Diehl,  J.  pr.  Ghem.  Ixxix.  430.) 

Oypsum  heated  to  100^  or  120^  gives  off  three-fourths  of  its  water  somewhat 
quickly,  but  the  last  fourth  is  not  expelled  below  200^^—250^.  The  hydiated  calcic 
sulphate  deposited  in  steam-boilers  has  the  same  composition  as  gypsum  dried  at  100°, 
viz.  2CaS0*.HX),  and  a  specific  gravity  of  2*7.  Dehydrated  gypsum  melts  at  a  red 
heat  without  decomposition,  and  on  cooling  assumes  the  crystalline  stmcture  of 
anhydrite.  When  gypsum  dehydrated  at  a  moderately  high  temperature,  and 
pulverised,  is  agitated  with  water,  it  takes  up  2  at.  water,  and  solidifies  to  a  very 
hard  mass,  the  solidification  being  quicker  in  proportion  as  the  gypsum  has  been 
dehydrated  at  a  lower  temperature ;  if  this  temperature  exceeds  a  certain  limit,  the 
gypeum  bakes  together,  and  is  then  incapable  of  taking  water.  The  hydrated 
gypsum  expands  in  solidifying,  so  that  it  easily  fills  the  cavities  of  any  mould  in 
which  it  is  cast :  hence  the  use  of  gypsum  or  plaster  of  Paris  in  taking  casts  (ii.  962). 
Oaldc  sulphate  ignited  with  charcoal  or  organic  matter  is  reduced  to  ralphide. 

Acid  ndpkate  of  calcium,  or  Calda-h^rie  Mtlphate,  Ca!'H*(SO*)*,  is  produced, 
(according  toBerzelius)by  digesting  the  anhydrous  neutral  salt  with  sulphuric  acid 
at  80^ — 100°.  It  forms  a  granular  mass,  the  particles  of  which  appear  under  the 
microscope  as  short,  colourless,  transparent  prisms.  It  absorbs  moisture  from  the 
air,  and  is  then  quickly  decomposed  into  sulphuric  acid  and  the  neutral  sulphate. 

Calch'BodiesiuphaU,  Ga1^a*^S0')',  occurs  native  as  glauberite  or  brongniartin 
(ii.  846),  in  transparent  rhombic  prisms.  According  to  Berthier,  it  may  be  obtained 
in  the  same  form  by  fusing  a  mixture  of  calcic  and  sodic  sulphates.  When  60  pts.  of 
sodic  sulphate  are  heated  with  26  pts.  water  in  which  1  pt.  of  gypsum  has  been  stirred 
TO,  the  bquid  deposits  at  80°  a  pulp  of  crystalline  needles,  consisting  of  the  salt 
Ca'Na^(S0*)'.2H'0.  At  a  higher  temperature,  these  needles  are  converted  into 
microscopic,  rhombohedral,  anhydrous  crystals  of  glauberite,  Ga17a'^S0*)*.  The 
latter  is  also  formed  immediately,  if  twice  the  above  quantity  of  water  is  used  at  the 
beginning  of  the  process,  and  the  liquid  heated  to  boiling.  These  artificial  crystals 
of  glauberite  are  transparent,  like  the  native  crystals  from  Villarubia,  but  become 
opaque  and  much  more  friable  by  ignition. 

Sulphate  of  calcium  likewise  unites  by  fusion  with  the  fluorides  of  barium,  strontium, 
and  calcium,  forming  clear  fluid  masses,  which  become  milk-white  on  solidifying. 

^■vlpliatea  of  Ceiimii. — a.  Cerie  Salts.  Neutral  or  normal  Ceric  itdfhate, 
Ce*(SO*)»  —  Ce*0*.8S0',  obtained  by  dissolving  ceric  oxide  in  sulphuric  acia  and 
evaporating,  forms  efflorescent  ciystals  belonging  to  the  hexagonal  system,  which  dis- 
solve in  a  small  quantity  of  water,  but  are  decomposed  by  a  larger  quantity,  with 
precipitation  of  a  basic  salt  requiring  2,600  pts.  of  water  to  dissolve  it  (Mosander). 
On  dissolving  this  basic  salt  in  sulphuric  acid,  the  neutral  salt  ciyi'talliscs  out  again 
with  9  at  water  (Hermann,  J.  pr.  Chem.  xxx.  184). — ^The  basic  salt  contains,  according 
to  Hermann,  8Ce«0».4SO«  9H*0,  or  4Ce«(SO*)".6Ce«0«.27H«0.  Marignac  regards  it  as 
a  ceroso-ceric  salt.  A  basic  ceric  sulphate,  the  composition  of  which  ii  not  given,  is 
prepared,  according  to  Holzmann  (J.  pr.  Chem.  Ixxv.  321;  Jahresb.  1858,  p.  132), 
by  dissolving  the  brown  powder  obtained  by  roasting  a  mixture  of  cerous  oxalate  and 
magnesia  alba  (i.  882)  in  boiling  nitric  acid,  heating  the  solution  till  nearly  all  the  free 
nitric  acid  is  expelled,  triturating  100  grms.  of  the  crystalline  mass  which  forms  on 
cooling  with  100  cub.  cent,  of  water,  and  adding  the  quickly  filtered  solntion  to  2  litn^-s 
of  boUins  water  previously  mixed  with  12  cub.  cent,  of  sulphuric  acid.  The  basic 
ceric  sulphate  which  then  separates  is  to  be  washed  by  decantation  with  water  con- 
taining Uie  same  quantity  of  sulphuric  acid. 

Rftassio-^ferio  sulphaU,    Ce«K«(SO«)»  -  2K«o[*^^'  "  obtained,  by  immersing 

ciTstallised  potassic  sulphate  in  a  solution  of  ceric  sulphate,  as  a  lemon-bellow  powder, 
whidh  dissolves  in  water  and  crystallises  therefrom,  but  is  insoluble  in  a  saturated 
solution  of  potassic* sulphate.  When  ignited  it  turns  white,  gives  off  sulphuric  oxide 
and  oxygen,  and  leaves  ceroso-potassic  sulphate  (Hermann). — Ammomo-cerous  sul- 
phate  forms  monodinic  crystals. 

^.  Cerous  Salts.— Neutral  cerous  sulphate,  Ce'SO^.SH^,  is  obtained  by  dissolving 
cerous  carbonate  in  sulphuric  acid,  or  (according  to  Marignac)  by  dissolving  ceroso- 
ceric  sulphate  in  water  acidulated  with  sulphuric  or  nitric  add,  diluting  the  yellowish- 
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led  iolntioiik  with  water,  and  boiling  the  insoluble  salt,  which  separates  after  washing, 
with  sulphuric  or  hydrochloric  add,  till  it  dissolves,  and  forms  a  perfectly  ooloorless 
solution.  This  solution,  when  evaporated,  yields  cerons  sulphate  in  colourless  rhom- 
bic octahedrons  (sometimes  reddish  from  the  presence  of  didymium).  According  to 
Otto,  they  contain  3  at.  water,  which  is  expelled  by  heat.  They  dissolve  with  moderate 
&cility  in  cold  water,  and  the  solution,  when  heated,  deposits  reddish  prisms  of  a  much 
less  soluble  salt,  containing  2CeS0^.3HH) ;  they  must  be  taken  out  of  the  hot  liquid  and 
pressed,  as  if  the  mother-liquor  is  left  to  cool  upon  them,  they  redissolve  (Otto). 
According  to  Hermann  (J.  pr.  Chem.  xcii.  113 ;  Jahresb.  1864,  p.  194),  four  other 
hydrates— containing  respectivelv  8CeS0^5H*0,  CeS0\2H^,  3CeSO\8HK),  and 
CeS0^.3H*0,  separate  from  moderately  warm  solutions  of  cerous  sulphate,  under 
apparently  similar  drcumstances,  and  cannot  be  obtained  at  pleasure.  They  all  crys- 
taUise  in  rhombic  forms,  and  appear  to  be  homceomorphous.  The  {-hydrate  is  the 
most  frequent,  separating  both  on  warming  and  by  slow  evaporation,  in  short  prisms, 
which  retain  their  lustre  on  exposure  to  the  air. 

Ammoftto-cerous  tui^kate  separates,  on  boiling  a  solution  of  its  component  salts,  as  a 
crystalline  powder,  which,  by  solution  and  reczystallisation,  may  be  obtained  in  obtuse 
rhombohedrons. 

Potasao-ceroug  $vlphaU,  €6*^^80^)',  separates  as  a  white  powder,  on  immersing 
solid  potassic  sulphate  in  a  solution  of  cerous  sulphate  whidi  may  contain  free  acid.  It 
is  insoluble  in  a  saturated  solution  of  potassic  sulphate,  but  dissolves  sli^tly  in  pure 
water,  and  crvstallises  on  cooling  from  solution  in  boiling  water.  The  formation  of 
this  salt  affords  a  means  of  separating  cerium  fh>m  most  other  metals  (i.  833).  It 
melts  without  decomposition  when  heated  (Berselius). — ^Another  potoMuy-eeroua 

sulphat€f  Ce'E*(SO*)',  separates  (according  to  Hermann^  as  a  white  powder,  on 
mixing  the  concentrated  solutions  of  equal  weights  of  potassic  and  cerous  sulphates. 

Sodi<heerous  tul^hate^  de^a^SO^)',  analogous  to  the  potassimn-salt  last-mentioned, 
separates  as  a  white  granular  precipitate,  on  heating  a  mixed  soluticm  of  the  component 
salts  to  the  boiling-point    (Beringer.) 

7.  Ceroso'oeric  8alts,^The  salt  3Ce0.20e*0'.4SO'.H<0  is  formed,  according  to 
Marignac,  asa  yellow  mass,  by  treating  ignited  eerie  oxide  with  sulphuric  acid.  It 
dissolves  easily  in  water  strongly  acidulated  with  sulphuric  or  nitnc  acid,  and  is 
reduced  to  cerous  sulphate  by  boibng  with  nitric  or  hydrochloric  acid.  According  to 
Bammelsberg  (Fogg.  Ann.  cviii.  40;  Jahresb.  1859,  p.  136),  the  yellowish-red  solu- 
tion of  ceroso-ceric  oxide  in  sulphuric  acid  yields,  by  slow  evaporation,  first  brown-red 

hexagonal  crystals  of  a  salt,  A,  containing  6a*di\QO*Y.lSBH)  -  3Ce''S0^Ce'(S0«)*. 
ISii'O,  which  are  decomposed  by  water,  with  separation  of  a  sulphur-yellow  basic  salt ; 

afterwards  a  yellow  indistinctly  crystalline  salt,  B,  containing  <S6'0e*(SO*)^.8H*O,  or 

Ce'',ije\80*y.SKK>f  which  is  decomposed  bv  water  in  the  same  manner  as  the 
fumer.  The  light-yellow  precipitate,  separated  from  either  of  these  salts  by  water, 
contains  2Ce*0^3SO*.6H*0,  and,  as  well  as  the  salts  A  and  B  themselves,  leaves,  when 
strongly  ignited,  a  residue  of  pure  ceroso-ceric  oxide  (R  am  melsberg).  According  to 
Hermann    (Jahresb.   1864,  p.   194),  Bammelsberig^s  yellow-red  salt  A   contains 

2Ce".SO*.tJe*(SO*)*.27H«0,  and  his  yeUow  salt  B  consists  of  Ce"SO*.Ce«(SO*)«.8H20. 
Hermann  supposes  also  that  there  are  several  other  yellow  ceroso-ceric  sulphates.  The 
composition  of  basic  ceros(hcerio  stUphate  likewise  varies,  according  to  Hermann,  with 
its  mode  of  preparation. 

A  solution  of  the  salt  A  yields,  on  addition  of  potassic  sulphate,  a  veUow  crystalline 
precipitate,  varying  in  composition  according  to  the  proportions  in  which  the  two  salts 
are  mixed,  and  the  temperature  and  concentration  of  the  solutions,  but  generally  con- 
sisting of  a  mixture  of  at  least  two  compounds— viz.,  3E?S0^3Ce"SO^(3e*(SO^)>.6H*0 

and  6K<SO«.3Ce'BO*.de^SO^)'.6H*0.  Bammelsbeig  is,  however,  of  opinion  that  the 
composition  of  these  salts  may  be  more  correctly  exprMsed  by  regarding  the  ceroos  oxide 
and  potash  as  bases  which  replace  one  another  isomoiphously.  Marignac  (Ann.  Min. 
[6]  XV.  276)  obtained,  by  spontaneous  evaporation  of  a  solution  containing  potassic 
and  ceroso-ceric  sulphates,  small  yellow  crystals  having  the  composition  Ce'0*.4S0'  -i- 

4(K«O.SO«)  +  4H»0  or  4K«SO<.Ce"SO*.Ce»(8O*)«.4H«0,  and  consisting  of  monoclinic 
combinations  -I-P.  —  P .  oP  .  ooPoo   .  [oopoo]  .  [^Poo]  .   +^Poo,&c.;   sometimes 
pjramidal,  from  predominance  of  +  P  and  —  P ;  sometimes  tabular,  by  predominance  of 
oP.    Angle  +P  :  +P  (dinod.)  «  83o  7';  -P  :  -P  (clinod.)  -  92^  28';  oP  :  ooPoo 
-  100«  40';  oP:  +P  =  104°  20';   oP :  -P   »  116<>20';  oP  :[JP«]«  134°  10'. 
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— Ammimuhcerom-^eric  adpkateanxe  obtaioed  in  the  same  manner  as  the  potassic  salta 

Besidesa  ayBtallo-grannlar  piedpitate  containing  4(NH«)3SCM.2Ge''SO^cS>(SO«)*.4H*0, 
large,  ocange>ied,   monocJinic  crystals  aze  formed,  containing    9(NH^)^S0'.Ce''S0\ 

2C6XSO^)'.12HK),  easily  solnble  in  -water,  and  leaTing  pore  oeroeo-eeric  oxide  when 
ignited  (Rammelsberg).  Marignac  obtained  an  ammonio-ceroso-ceric  salt,  analo- 
gous in  form  and  composition  to  his  potassio-oeroso-ceiic  salt. 

BnlpliatMi  of  Chronitnm.  (Schrotter,  Poge:.  Ann.  liiL  513. — ^Tr a ub e,  Ann. 
Cb.  Phann.  Ixri.  87,  168.— Moberg,  ibid,  Ixvi.  92.-^Le7kaaf,  J.pr.  Chem.  zix.  225. 
— ^Lowel,  Ann.  Ch.  Phys.  [3]  xL  42;  zliv.  313;  Jahresb.  1855,  p.  376.) — a.  Chro- 
mic 8alt8.^The  nomud  or  neutral  salt,  Cr*(S€M)*  or  OrK)*.3SO',  exhibits  a  violet 
and  a  green  modification.  The  violet  sulphate  is  obtained  by  leaving  8  pts.  of  chromic 
hydrate  dried  at  100°,  and  8  or  10  pts.  of  stzong  sulphnric  add,  in  a  loosely-stoppered 
bottle  for  several  weeks.  The  solntion,  which  is  green  at  first,  gradaally  becomes 
bhie,  and  deposits  a  greenish-blue  cfystalline  mass.  On  dissolving  this  substance  in 
water,  and  adding  alcohol,  a  violet-bine  crystalline  precipitate  is  formed ;  and  by  dis- 
solving this  precipitate  in  very  weak  alcohol,  and  leaving  the  solntion  to  itsdf  for 
some  time,  small  regular  octahedrons  are  deposited,  containing  Cr^S0^)'.15H*0. 
Another  mode  of  preparing  it  is  to  dissolve  5  pts.  of  chromic  hydrate  in  12^  pts.  strong 
nitric  add ;  dilute  the  solntion  with  12^  pts.  of  water;  and  after  boiling  for  a  quarter  of 
an  hour,  and  leaving  the  liquid  to  cool  (whereup<m  it  turns  red),  add  7(  pts.  strong 
sulphnric  add  previously  dilnted  with  15  pts.  of  water,  and  cooled.  On  shaking  up 
this  solntion  with  120  pta.  of  alcohol,  the  salt  separates  in  small  crystals,  which  must 
be  washed  with  alcohol  and  dried  between  filter-paper.  (Low el,  Ann.  Ch.  Phys.  [3] 
xl.  42.) 

The  ffreen  sulphate,  Cr^S0^)'.5H'0,  is  prepared  by  dissolving  chromic  oxide  in  strong 
sulphuric  add  at  a  temperature  between  50^  and  60^ ;  also  by  boiling  a  solntion  of  the 
violet  sulphate;  or  by  heating  the  crystals  of  the  violet  salt  to  100^,  whereupon  they 
give  up  10  at.  water,  and  melt  to  a  green  liquid  which  solidifies  to  a  ereen  amoiphoua 
mass.  The  liquid,  when  qnickly  evaporated,  yields  a  green  non-ctystiuline  salt  having 
the  same  composition  as  the  violet  sulphate.  The  green  sulphate  dissolves  readily  in 
alcohol,  forming  a  blue  solution ;  but  the  violet  salt  is  insoluble  in  alcohoL  The  soln- 
tion of  the  green  sulphate  is  not  completely  decomposed  by  soluble  barium-salts  at 
ordinary  temperatures,  a  boiling  heat  bemg  required  to  complete  it ;  the  violet  sulphate, 
on  the  contrary,  is  deprived  of  all  its  sulphuric  add  by  banum-ealts  at  ordinary  tempe- 
ratures. When  either  the  green  or  the  violet  sulphate  is  heated  to  190^,  with  excess  of 
sulphuric  add,  a  light -yeUow  mass  is  obtained,  which,  when  further  heated,  leaves  a 
residue  of  anhydrous  chromic  sulphate,  having  a  red  colour.  This  anhydrous  salt  is 
completely  insoluble  in  water,  and  dissolves  with  difficulty  even  in  add  hquids. 

Basic  Salts.— The  se8qi^>asie  sulphate,  Cr*0».2S0»,  or  Cr*0».2Cr*(S0«/,  is  farmed 
(according  to  Schrotter)  when  recenUy  predpitated  aiMl  still  moist  chromic  hvdrate  is 
dissolved  to  complete  saturation  in  moderately  dilute  sulphuric  add.  Tne  green 
solution  thus  formed  leaves,  on  evaporation,  a  green  residue,  which  appears  dark  ruby- 
red  by  transmitted  lights  is  perfectly  amorpnous,  and  when  heated  to  redness  is 
converted,  without  change  of  colour,  into  chromic  oxide.  It  dissolves  readily  in  a  small 
quantity  of  water;  the  solution  exhibits  a  dark  ruby  colour  by  transmitted  light, 
and  on  dilution  with  water,  especially  if  heated,  deposits  a  light-green  powder. — The 
I'basic  salt,  ZCrH)*.2SO*.l2TPO  -  7CrK)».2Cr*(S0*)».36HK),  is  the  light-green  powder 
which  separateson  heating  the  dilute  solution  of  the  preceding  salt  (Schrotter). — ^The 
dibasic  salt,  2Cr*0*.3S0*  «  Ct*0'.CT\SO*y,  is  produced  (according  to  Eruger)  when 
a  solution  of  chromic  sulphate  is  heated  till  the  original  green  colour  changes  to  rose-red. 
It  is  insoluble  in  water. — The  predpitates  formed  by  alkalis  in  solutions  of  chromic 
sulphate  are  likewise  basic  salts,  which  however  vary  greatly  in  composition,  according 
to  the  concentration  of  the  liquid  and  the  quantity  of  alkali  added. 

Double  Salts  of  Chromic  Sulphate.  Chrome-alums. — Ammania-ehrome' 
alum,  Cr"'(IiJL*){SO*Y.l2EK),  is  prepared,  like  the  corresponding  potassium-salt,  with 
sulphate  of  ammonium  and  chromic  sulphate  (Schrotter),  or  add  chromate  of 
ammonium  (Traute).  It  is  less  soluble  than  the  potassium-salt,  and  crystallises 
more  readily  in  splendid  ruby-coloured  octahedrons,  which  yield  a  lavender-blue 
powder.  Specific  gravity  s  1*738.  From  a  concentrated  solution  of  violet  chromic 
sulphate,  it  is  precipitated,  on  addition  of  ammonium-sulphate,  as  a  violet-blue 
crystalline  powder.  It  is  not  precipitated  from  its  aqueous  solution  by  alcohol.  The 
cr^'stals  effloresce  slowly  in  coiftact  with  the  air,  and  melt  at  100^,  with  loss  of  9  at. 
water,  the  residue  slowly  solidifying  to  a  green  gummy  mass  containing  3  at.  water, 
which  is  the  double  salt  corresponding  to  the  green  modification  of  chromic  sulphate. 
At  200^,  the  other  3  at.  water  are  given  off,  the  green  anhydrous  salt  then  remaining. 
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The  Tiolet  solution,  prepared  in  the  cold,  passee  at  75^  into  the  green  modificatioo,  and 
is  then  no  longer  crystiulisable ;  if,  however,  it  be  left  to  itself  for  ten  or  twelve  days 
after  cooling,  the  violet  colonr  is  restored,  and  with  it  the  capability  of  crystallisation. 
Pota8si<Mfkr(mie8ulphate,OTPotasHC  Chrome-alum,  Cr'^(S0")M2H*0.- This  salt  is 
produced :  1.  By  mixing  the  solutions  of  potassic  chromate  and  violet  chromic  sulphate, 
adding  a  small  quantity  of  sulphuric  acid,  and  leaving  the  solution  to  evaporate. — 
2.  By  heating  potassic  dichromate  with  strong  sulphuric  acid : 

K«CrO*.CrO"  +  4H«S0*     -     2Cr  "K(SO*)*  +   4HK)  +   0». 

The  reduction  of  the  chromic  acid  is,  however,  greatly  facilitated  by  adding  alcohol  or 
other  organic  substance.  Chrome-alum  is,  in  &ct,  often  obtained  as  a  secondary 
product  in  the  oxidation  of  organic  bodies  with  sulphuric  acid  and  potassic  chromate, 
as  in  the  preparation  of  valerianic  acid  from  amylic  alcohol.  A  very  convenient  mode 
of  reduction  also  is  to  pass  sulphuric  oxide  gas  through  the  liquid.  In  this  case  only 
1  at.  sulphuric  acid  need  be  added,  the  reaction  being  represented  by  the  equation : 
K«CrO*.CrO»  +  H^O*  +   880"     -     2Cr'"K(S0*)«  +  H«0. 

Chrome-alum  crystallises,  by  slow  evaporation,  in  splendid  octahedrons,  sometimes 
very  large  and  of  a  dark  purple  almost  black  colour :  the  smaller  crystals  exhibit,  by 
transmitted  Ught,  a  veiy  nne  ruby-red  colour.  The  salt  dissolves  at  ordinary  tempe- 
rature in  7  pts.  of  water.  The  solution  has  a  dingy-blue  colour,  with  a  tinge  of  red,  and 
when  mixea  with  alcohol  deposits  the  chrome-alum  unaltered.  When  hmted  to  70" 
or  80^,  it  becomes  green,  pemaps  from  formation  of  green  chromic  sulphate  or  the  cor- 
responding modification  of  chrome-alum,  which,  like  green  chromic  sulimate  itself,  is  un- 
crystalUsable.  The  green  solution,  if  left  at  rest  for  some  weeks,  gradually  recovers  its 
violet  colour,  and  then  again  yields  crystals.  The  change  of  the  purple  into  the  green 
salt  has  sometimes  been  supposed  to  be  attended  with  separation  of  the  potassic  and 
chromic  sulphates;  but,  according  toSchrotter  and  Lowel,  it  arises  merely  from 
loss  of  crystallisation-water.  A  solution  of  chrome-alum  which  has  become  green  and 
uncrystaUisable  by  heating,  does  not  deposit  any  sulphate  of  potassium,  even  when 
concentrated ;  neither  does  that  salt  separate  when  the  crystals  are  melted  in  a  sealed 
tube ;  but  the  green  liquid  obtained  by  either  of  these  processes  vields,  when  heated  in 
a  dry  atmosphere,  a  dark-green  mass  containing  CrK(SOM',  with  scarcely  3  at.  water. 
The  violet  crystals  containmg  12H'0,  when  left  for  several  days  in  dnr  air,  at  a  tem- 
perature between  25^  and  30^,  give  off  6  at.  water,  and  assume  a  lilac  colour.  At 
100°  another  quantity  of  water  goes  off,  and  the  crystals  become  green ;  and,  by 
gradually  raising  the  temperature  to  about  350°,  the  whole  of  the  water  may  be  expelled 
without  causing  the  salt  to  molt  The  anhydrous  crystals  are  green,  and  dissolve 
without  residue  in  boiling  water,  but  at  a  temperature  somewhat  above  350°,  they  sud- 
denly become  greenish-y^ow,  without  perceptible  loss  of  weight,  and  are  afterwards 
perfectly  insoluble  in  water.  (Lowel;  see  also  Siewert^  Ann.  Ch.  Pharm.  cxxvi. 
86 ;  Jahresb.  1863,  p.  223.) 

KrugeCf  by  precipitating  a  concentrated  green  solution  of  chrome-alum  prepared  at 
a  high  temperature,  obtained  a  green  viscid  mass  containing  Cr*0'.280'  +  K'O.SO'  or 

dr*E'(SOM'.CrK)'.  According  to  Otto,  the  aqueous  solution  of  this  salt,  when  left  at  rest 
for  a  very  long  time,  is  completely  converted  into  violet  crystals.  Leykauf  has  proposed 
the  use  of  the  green  mass  for  colouring  oil-varnishes,  caoutchouc,  &c.,  and  its  solution 
as  a  green  ink. 

Sodio^kr&mu}  Sulphate,  or  Sodie  Chrrnne-alum,  Ci'''Na(S0«)«l2H«0.— Prepared  by 
cautiously  adding  alcohol  to  a  mixture  of  1  at.  acid  chromate  of  sodium  and  4  at.  sul- 
phuric acid.  It  is  much  more  soluble  than  the  corresponding  ammonium-  and  potassium- 
salts,  and  cannot  therefore  be  obtained  in  well-developed  ciystals.  Under  the  exsic- 
cator it  separates  as  a  violet  warty  mass.  At  100°  it  gives  off  8  at  water,  leaving  a 
green  modification  with  4  at  water.    (Sch rotter.) 

P&tasgitMtlumimo-ckromio  sulphate,  Cr"'ArK*{80*)\24B}0,  and  the  corresponding 
ammonium-eaUj  are  prepared  by  mixing  the  solutions  of  equivalent  quantities  of  the 
aluminar  and  chrome-alums,  and  leaving  the  liquid  to  evaporate.  They  oystallise  in 
laree  octahedrons  having  a  dark-amethyst  colour.  The  solutions  are  aeoomposed  by 
boiling,  and  on  cooling  yield  crystals  of  the  alumina-alum.    (Vohl.) 

/3.  Chromoue  Sulphates. — ^When  the  metallic  powder  obtained  by  the  action  of 
potassium  on  chromic  chloride  is  treated  with  dilute  sulphuric  add,  hydrogen  is 
evolved,  and  a  solution  obtained,  which  exhibits  the  characters  of  a  chromous  salt 
(P^ligot).  The  solution,  mixed  with  ammonia  and  sal-ammoniac,  absorbs  oxygen, 
nitric  oxide,  acetylene,  and  allylene,  but  not  carbonic  oxide,  ethylene,  or  tritylenc. 
(Bert  helot,  Bull.  Soc.  Chim.  [2"Kvii.  194.) 

Potassio-chrtymous  sulphate,  Cr'jBL*(SO*)*6H''0,  is  obtained  by  dissolving  potassic 
sulphate  in  a  cold  saturated  solution  of  chromous  chloride  (i.  941),  and  adding  alcohol 
till  a  precipitate  begins  to  form.  If  the  solution  be  then  left  for  some  weeks  in  a  closed 
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teasel,  potiwsio-efaroiiioiui  snlpliAte  cr^tallises  fiom  it  in  fine  bhie  rhombie  prisms, 
which  tun  gieoi  on  ezposore  to  the  air.    (P6  ligot.) 

smpliMM  of  CMlMlt.— The  neutral  oobaltoua  salt,  Co"SO\7HK),  oocun  native 
as  cobalt-yitriol  or  bieberite,  sometimes  in  monoclinic  OTstals,  but  nsoallj  in 
stalactites  and  crosts,  in  the  rubbish  of  old  mines  at  Bieber,  near  ]Euuian,  and  at  Leogang 
in  Salzburg.  It  is  prepared  artificially  by  heating  metallic  cobalt  with  strong  sulphuric 
acid,  or  by  treating  oobaltous  oxide  or  carbonate  with  the  dilute  acid.  The  red  solu- 
tion, left  to  eraporate  at  ordinaiy  temperatnres,  yields  red  ciystals  having  the  form  of 
ferrous  sulphate,  and,  like  the  latter,  containing  7  at  water.  At  20^ — 80^,  on  the  other 
hand,  it  separates  in  crystals  with  6  at.  water,  isomorphous  with  hezhydrated  sulphate 
of  magnesium  (p.  601)  (Mitscherlich).  It  dissolves  in  24  pts.  of  cold  water,  and 
is  insoluble  in  alcohol.  It  effloresces  in  the  air,  gives  off  its  water  of  crvstallisation 
when  heated,  and  is  thereby  converted  into  the  rose-red  anhydrous  salt,  woich  bears  a 
moderately  strong  red  heat  without  decomposition,  but  is  decomposed  by  continued 
strong  ignition. — ^A  flesh-coloured  basic  sulphate,  insoluble  in  water,  is  formed  by 
treating  the  solution  of  the  neutral  salt  with  a  quantity  of  alkali  not  sufficient  for  com- 
plete precipitation. 

Ammoniaeal  cobaltous  sulph^,  Go^SO^-dNH*,  or  Sulphate  of  tetrammonio-cobaliasO' 
dtammonium,  N'[Co''(NH*)*H*]SO*,  is  a  white  powder,  produced  (according  to  H.  Ko  s  e) 
hj  the  action  of  dry  ammonia-gas  on  anhydrous  eobaltons  sulphate ;  also  (according  to 
^r^my)  by  the  action  of  aqueous  ammonia  on  eobaltons  sulphate. 

Respecting  the  ammoniated  cobalt-salts  obtained  by  the  action  of  ammonia  on 
cobaltous  salt  in  contact  with  the  air,  see  Cobalt-basbs,  Ajucomiacal  (i.  1051).  On 
the  pentammoniated  oobaltic  salts,  see  also  C.  D.  Braun  (Ann.  Ch.  Pharm.  cxzzviii. 
109  ;  BuU.  Soc.  Chim.  1866,  ii.  816). 

Donble  Salts  of  Cobaltous  Sulphate. — Amm<mi<HX>haitous  snlphaU, 
Co''(NH*)«(SO*)«.6H*0,  and  Potassio-cobaUous  sulphate,  C<n8:«(SO*)«.6HH),  are  red 
double  sidts,  isomorphous  with  the  corresponding  salts  of  iron,  magnesium,  and  man- 
ganese. 

Potassio-ferroso-oobaltous  sulphate,  GoTe"E*(SO«)M2H'0,  and  the  corresponding 
ammoniumsalt  are  produced  by  spontaneous  evaporation  of  a  mixed  solution  of  the 
component  salts.  Tney  both  crystallise  in  reddish,  obUque,  rhombic  prisms,  which  oxi- 
dise and  crumble  to  a  vellowish-brown  powder  on  exposure  to  the  air.  On  dissolving 
this  powder  in  water,  tne  original  double  salt  is  reprcniuced.  (Vohl,  Ann.  Ch.  Pharm. 
xciv.  67 ;  Jahresb.  1855,  p.  312.)  ^ 

Maaneskxobaltaus  sulphate,  Co*Mg''(SO«)V28H<0,  is  found  native  (according  to 
Winkelblech)at  Bieber  in  Hesse,  as  a  red  stalactitic  mass,  also  called  cobalt-vitriol. 

Potassio-^nagnesiO'eobalious  sulphate,  Co^Mg^^^SO^)*.  123^*0,  and  the  corresponding 
ammoTttuni'SaU  are  formed  on  mixing  the  solutions  of  the  component  salts,  and  oys- 
tallise  very  easily  in  laifj^e  rose-coloured,  oblique,  rhombic  prisms,  which  give  oif  all 
their  water  between  160^  and  180°,  assuming  a  fine  light-bhie  colour.    (YohL) 

PotassuMnanganoso-cobaltous  sulphate,  Co1in'7^\SO*)*.12HK>,  and  the  correspond- 
ing ammoniumrsalt,  prepared  like  the  preceding,  crystallise  in  fine  red  prisms  and 
tables,  the  ammonium-salt  being,  however,  more  inclined  to  the  tabular,  the  potassium- 
salt  to  the  prismatic  form.    (Vohl.) 

Potassio-niccolo-cobaltous  sulphate,  Co"Ki''E\S0<)M2HH),  and  the  corresponding 
ammonium-salt,  prepared  in  like  manner,  ciystauise  in  large  tables  and  prisms  having 
a  dingy  greenish-grey  colour.    (VohL) 

Potassio-einco-cobaltous  sulphate,  Co"Zn"EXS0«)M2H*0,  and  the  corresponding 
ammonium-salt  crystallise  in  rose-red  prisms  and  tables.    When  heated  to  180^,  they 

?'ive  off  all  their  water,  assuming  a  blue  colour,  which  partially  disappears  on  cooling, 
he  ammonium-salt  leaves,  after  prolonged  ignition,  a  fine  green-coloured  mass,  from 
which  water  extracts  only  a  portion  of  the  cobaltous  sulphate.    (Vohl.) 

Snlpliates  of  Copper. — a.  Cupric  Salts.  Normal  (or  neutral)  cuprie  sulphate, 
Cu"S0^.6H'0,  also  called  Blue  tfitriol  and  Copper  vitriol. — This  salt  occurs  very  fre- 

Suently  as  a  secondary  product,  in  mines  where  sulphuretted  copper-ores  tmdcrgo 
isintegration,  and  is  found  either  crystallised  in  clefts  and  cavities,  or  dissolved  in  the 
waters  of  the  mine,  or  in  the  water  used  for  washing  the  ore. — It  is  produced  artificially 
by  boiling  cuprie  oxide  (scale-oxide  of  copper)  with  dilute  sulphuric  acid,  and  crystal- 
lises out  on  cooling;  or  by  heating  metamc  copper  with  strong  sulphuric  add,  where- 
upon sulphurous  oxide  is  evolved,  and  anhydrous  cuprie  sulpb&te  is  precipitated  as  a 
white  powder,  mixed  with  a  brown  mass  of  cuprous  and  cupric  sulphides  (p.  840).  On 
digesting  this  mass  with  hot  water,  the  cupric  sulphate  dissolves  out,  and  may  be  czys- 
tuiised  from  the  solution. 

Cupric  sulphate  is  extenmvely  used  in  the  arts,  and  is  prepared  on  the  larse  scale, 
either  from  artificially  prepared  sulphide  of  copper,  or  by  roasting  and  tixiviation  of 


SULPHATES  OF  COPFEB.  591 

Bulpliiiicitted  oopper-omfl,  or  from  the  ooane  copper  {Kutffenitmj  ii  27*  84)  prodnoed 
in  the  smeltiiig  of  oopper,  and  oonnsting  mainly  of  the  ralphidee  of  copper  and  iron. 
The  most  usual  mode  of  preparatioii  is  from  artificial  sulphide  of  copper.  For  this  pur- 
pose, plates  of  copper  (s^.,  old  sheathings  of  ships'  bottoms)  are  heated  to  strong 
redness  on  the  hearth  of  a  reTerberatorjr  nimace ;  a  certain  qnantitf  of  snlphnr  is  then 
thrown  in,  and  all  Uie  doors  closed.  The  copper  is  thereby  converted  into  sulphide, 
and  as  soon  as  the  combination  is  complete,  tne  draught  of  air  is  re-established,  and 
the  mass  is  heated  to  redness,  whereby  the  solphide  of  copper  is  oxidised  to  enprio 
sulphate  and  cnpric  oxide : 

Cu«S  +  0»  -  Ca"BO*  +  CnO. 

The  roasted  mass  is  thrown,  while  still  hot,  into  water  containing  sulphuric  add,  and  the 
resulting  solution  is  evaporated  to  the  ciystallising-point.  The  crystals  of  eupric  sul- 
phate thus  obtained  are  nearly  pure. 

The  preparation  of  eupric  sulphate  by  roasting  copper-glance,  purple  copper,  &c.,  or 
coarse  copper,  is  precisely  similar,  and  the  solution  obtcdned  by  hxiviating  the  roasted 
products  sJso  yieuls  nearly  pure  eupric  sulphate  in  the  first  and  second  aystallisations; 
but  the  mother-liquors  contain  a  hurge  proportion  of  ferrous  sulphate,  and  frequently 
also  salts  of  manganese,  cobalt,  &c.,  bo  that  when  evaporated  to  dryness  they  yield  a 
very  impure  eupric  sulphate :  on  this  account  it  is  better  to  precipitate  the  copper 
from  these  liquors  by  metallic  iron,  and  then  treat  it  with  sulphuric  acid. 

Very  pure  eupric  sulphate  is  obtained  as  a  secondary  product  in  the  treatment  of 
auriferous  silver  with  sulphuric  acid.  Erom  the  solution  of  ar|;entic  sulphate  thus 
produced,  the  silver  is  precipitated  by  metallic  copper,  and  a  solution  of  cupnc  sulphate 
IS  formed  (ii.  925). 

The  blue  vitriol  of  commerce  is  generally  pure,  with  the  exception  of  a  small  quan- 
tity of  ferrous  sulphate.  From  this  it  cannot  be  freed  by  mere  recrystallisation,  as 
the  two  salts  are  very  apt  to  crystallise  together  isomorphously  (p.  592) ;  but  if  the 
solution  be  first  heated  with  a  little  nitric  acid,  to  convert  the  ferrous  into  ferric  sul- 
phate, it  will  then  yield  pure  crystals  of  the  eupric  salt.  The  solution,  after  treatment 
with  nitric  add,  may  also  be  digested  with  eupric  oxide,  which  will  precipitate  the  iron 
as  ferric  oxide.  Another  mode  of  removing  the  iron  is  to  boil  the  solution  with  per- 
oxide of  lead,  and  precipitate  the  ferric  oxide  thereby  produced  with  a  small  quantity 
of  carbonate  of  banum.    (W ur t s. ) 

Cupric  stdphate  crystallises  with  5  at.  water  in  large,  azure-blue,  triclinie  prisms, 
having  the  form  and  modifications  shown  vnfya,  313,  814,  and  315  (CnTSTALLOGRA.Pirr, 
ii.  158).  Ang^e  oopoo  :  oo^T-1540  8';  ootoo  :  ooF,  -  149«>7';  oopoo  :  »F 
-  110<>  10';  oof  00  :  oo/P  (behind)  «  126«40';  ooPoo  :  oofoo  »  79®  19'; 
ooF,  :  od;p  a  1280  10';  F  :  oofoo  =-  lOS''  27';  F:  ooF,  -  127<'  40';  F: 
oDpQo  a  120^  50'.  The  face  ool^oo  is  striated  parallel  to  the  prindpal  axis. 
The  salt  has  a  nauseous  metallic  taste  and  add  reaction.  Spedfic  gravity  » 
2-274  (Kopp);  2-302  (Buignet,  Jahreeb.  1861,  p.  15).  The  crystals  effloresce 
superfidally  on  exposure  to  the  air,  give  off  4  at.  water  at  100^,  and  the  remaining 
1  at.  at  200^,  leaving  the  anhydrous  salt  as  a  white  saline  mass,  which  is  decomposed 
at  a  bright  red  heat,  giving  off  sulphurous  oxide  and  oxygen,  and  leaving  eupric  oxide. 
The  anhydrous  salt  has  a  very  powerful  attraction  for  water,  which  it  absorbs  rapidly 
from  the  air,  becoming  hot  and  assuming  a  blue  colour :  on  this  account  it  is  used  for 
dehydratinff  alcohoL 

Hydrated  cupric  sulphate  dissolves  in  3^  pts.  of  cold  and  in  a  much  smaller  quantity 
of  boiling  water.  According  to  Poggiale,  100  pts.  of  water  dissolve  the  following 
quantities  at  various  temperatures  :«• 

QuantttlM  of  nit  dittolved. 


Tempermture. 


/..*...% 


CryttallUed.  Anhydrous. 

lO*' 86-9  20-9 

200 42*3  23-5 

40® 56-9  30-3 

80® 1180  531 

100® 203-3  75-3 

Cupric  sulphate  is  insoluble  in  absolute  alcohol,  and  less  soluble  in  hydrated  alcohol  as 
the  proportion  of  alcohol  is  greater.  According  to  Schiff  (Ann.  Ch.  Pharm.  cxviii. 
862 ;  Jahresb.  1861,  p.  87),  100  pts.  of  spirit  of  various  strengths,  saturated  with 
cupric  sulphate  (CuS0^5H*0)  at  15®,  contain  the  following  quantities  of  the  pentahy- 
dratedsalt: 

Percentage  of  alcohol  by  weight      •        .        •        0  10  20  40 

Quantity  of  salt  in  100  pts.     •        •        .        »   27*2*       13-3  81         0-25 

*  Thii  number,  which  gtret  the  ooantity  of  the  bTdrated  lalt  diuolTed  in  pore  water  at  U",  doei 
aot  agree  with  Ftoni^le's  oetermlnatlona. 
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Hydrochloric  acid  dissolves  cupric  sulphate,  with  consideiable  reduction  of  tempera* 
tore,  forming  a  green  liquid,  which,  when  eyi^rated,  yields  cirstals  of  cupric  chloride. 
According  to  Kane,  both  the  anhydrous  salt  and  the  pulverised  hydrate  rapidly  absorb 
2  at,  hydrochloric  acid  sas. 

When  a  strong  solution  of  sugar  is  added  to  a  strong  solution  of  cupric  sulphate,  a 
white  easily  soluble  precipitate  is  gradually  formed,  consisting  of  a  compound  of  1  at. 
cupric  sulphate  with  1  at.  sugar  (C"H''0")  and  4  at.  water.  (Barreswil,  J.  pr. 
Chem.  zxzT.  253.) 

When  a  solution  of  cupric  sulphate  is  mixed  with  ferrous  sulphate,  or  with  sulphate 
of  zinc,  magnesium,  or  nickel  in  excess,  the  cupric  sulphate  crystallises  isomorphously 
with  these  salts  in  the  most  varying  proportions,  the  crystals  having  the  form  of  fezrous 
sulphate  and  containing  7  at.  water.  If,  on  the  other  hand,  the  cupric  sulphate  is  in 
excess,  the  crystals  have  the  form  of  blue  vitriol,  and  contain  5  at.  water  (Mitscher- 
lich).  According  to  Bammelsbeig,  a  solution  containing  1  at.  ferrous  to  4  at.  cupric 
sulphate  yields  crystals  having  the  form  of  the  latter. 

Cupric  sulphate  is  used  for  the  preparation  of  many  blue  and  green  pigments  (such 
as  Bremer  blue,  Schweinfurt  green,  &c.),  and  veiy  largely  in  the  electrotype  process. 
It  is  also  used  in  medicine.  Its  purity  may  generally  be  recognised  by  the  form  and 
colour  of  the  crystals.  A  tinge  of  green  indicates  the  presence  of  a  ferrous  salt ;  blue 
vitriol  thus  contaminated  does  not  dissolve  completely  in  ammonia.  The  presence  of 
zinc  is  easily  recognised  in  the  liquid  which  remains  aftej  precipitating  the  copper  by 
sulphydric  acid. 

Basic  Salts. — ^There  are  several  basic  cupric  sulphates,  forming  greenish  powders, 
and  obtained  for  the  most  part  by  digesting  a  solution  of  the  normal  salt  with  cupric 
hydrate  or  carbonate,  or  by  imperfect  precipitation  with  potash.  Some  of  them  also 
occur  native. 

A  dicupric  salt,  2Chi''OJ30«.H«0  or  Cu''SO*.Cu"H*0«,  is  produced,  according  to 
Thompson,  by  digesting  the  normal  salt  with  cupric  oxide  in  equivalent  quantities; 
and  the  anhydrous  salt,  2CuO.SO'  or  CuSO^.CuO,  according  toBoucher(J.  Pharm. 
[3]  xxxvii.  249;  Jahresb.  1861,  p.  193),  as  an  orange-yellow  pulverulent  mass,  by 
the  normal  salt  to  dullredness  for  several  hours. 

The  tricupric  salt,  3CuO.SO*  »»  CuSO*.2CuO,  is  produced  by  the  action  of  water  on 
the  anhydrous  dicupric  salt,  which,  when  exposed  to  moist  air,  is  converted  into  a  green 
mixture  of  the  normal  salt  and  the  salt  3CuO.SO'.2^H'0 ;  and  when  immersed  in  hot 
water,  yields  a  solution  of  the  normal  salt,  and  a  residue  consisting  of  3CuO.SO'.3H*0. 

The  teiracupric  salt,  ACvlO^O'.ZUH)  =•  CuS0«.3CuH«0*,  occurs  native  as  ftrocAaw- 
tiU  (i.  664),  in  emerald-green  rhombic  prisms,  at  Ekaterinenberg  in  Siberia,  at  Betz- 
hanya  in  Hungary,  and  at  Krisuvig  in  Iceland  (krisuvigite).  It  is  produced  artificially : — 
i.  By  precipitating  a  solution  of  blue  vitriol  with  a  quantity  of  potash  just  sufficient 
to  render  the  liquid  alkaline ;  it  then  falls  as  a  light-blue  precipitate  containing  3  at. 
water  if  separated  from  concentrated,  and  5  at.  water  if  from  dilute  solutions 
(J.BenhamSmith).  Kuhn  found  this  precipitate  to  contain  4  at  water,  and  observes 
that  the  complete  precipitation  of  the  copper  from  1  at.  normal  cupric  sulphate  (CuSO*) 
requires  exactly  | at.  potash (KHO).  According  to  Field  (FhiL  Mag.  [4]  xxiv.  123), 
the  tetrahydrated  salt,  4CuO.SO".4H»0  or  CuS0*.3CuHH)«.H'0,  is  precipitated  as  a 
shining  green  powder,  when  a  Email  quantity  of  potash  is  added  to  a  laige  excess  of 
blue  vitriol,  the  liquid  boiled,  and  the  precipitate  thoroughly  washed.  The  same  com- 
position is  exhibited  by  brochantite  from  Acandallo  in  Chile:  specific  gravity  ■»  3*81. 
— 2.  The  same  hydrate  is  obtained,  according  to  Y  o  g  e  1  and  Beischauer  (Jahresb. 
1859,  p.  215),  by  precipitating  blue  vitriol  with  an  insufficient  quantity  of  ammonia. 
If  the  ammonia  is  added  in  excess,  the  tetrabasic  salt  is  likewise  formed,  but  mixed  with 
cupric  hydrate,  from  which  however  it  quickly  separates  in  microscopic  crystals,  while 
the  cupric  hydrate  is  converted  into  oxide. — 3.  The  tetrabasic  salt  is  also  formed, 
mixed  however  with  cupric  hydfote,  Irhen  'metallic  copper  is  left  in  a  solution  of 
ammonium-sulphate  exposed  to  the  air.  (Vogeland  Beis'chaner.)—- 4.  The  tetra- 
cupric  salt  with  3^  at.  water  =i  2(CuSO*.3CuO).7HO  -■  2(CuSO*.3CuHK)«).fl*0, 
is  formed  on  mixing  a  dilute  solution  of  blue'vitriol  with  the  acetate  of  an  alkali-metal, 
magnesium,  manganese,  cobalt,  nickel,  zinc,  cadmium,  or  copper ;  thus  with  sodic 
acetate  * 

4CuS0«  +  6C«H»NaO«  +   3HK)     «     CuSO<.3CuO  +   3Na«S0*   +  6C«H«0«. 

The  precipitate,  which  forms  slowly  in  the  cold  (or  with  the  acetates  of  zinc,  nickel, 
and  cobalt,  not  at  all),  but  immediately  on  boiling,  is  flooculent  at  first,  but  soon  becomes 
granular  ;  it  has  a  fine  green  colour,  nearly  equal  to  that  of  Schweinfurt  green,  and  is 
so  nearly  insoluble  in  boiling  water  that  it  is  perceptibly  formed  in  liquids  containing 

only  jo^  pt  of  sodic  acetate ;  in  dilute  acfds,  on  the 'contrary  (even  in  acetic  acid),  it 
is  easily  soluble,  and  somewhat  soluble  in  cupric  sulphate.      By  repeated  evaporation 
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with  sodie  acetate  it  is  graduallj  decomposed,  with  deposition  of  black  eupric  oxide, 
and  formation  of  a  blue  sodio-cupric  acetate.  Tetracupric  sulphate  is  also  formed  on 
mixing  boiling  solutions  of  normal  capric  sulphate  and  formate,  propionate,  or  valerate 
of  sodium,  but  not  with  glycoUate  or  lactate  of  sodium,  or  with  lactate  of  zinc ;  further 
by  mixing  a  solution  of  eupric  acetate  (or  formate,  propionate,  valerate,  or  lactate) 
heated  to  95^,  with  a  boiling-hot  solution  of  a  sulphate,  or  by  boiling  it  with  dilute 
sulphuric  acid.    With  sodic  sulphate  the  reaction  is : 

Na«SO*  +   4C*H«Cu"0«   +   3H«0     =     CuSO«.3CuO   +  2C«H»NaO«  +  6C*H«0«; 

with  eupric  sulphate  it  is  represented  by  the  equation : 

CuSO*  +   8C*H«CuO*  +   3H«0     -     CuSO*.3CuO  +  6C«H*0* 

In  either  case  the  mixture  must  be  repeatedly  evaporated  to  dryness  to  expel  the 
acetic  acid.     (Casselmann,  Zeitschr.  Anal.  Chem.  iv.  24  ;  Jahresb.  1865,  p.  272.) 

Apentacupric  salt,  6CuO.SO«.H'0  -  CuSO«.4CuO.H«0  [?],  is  obtained,  according 
to  Denham  Smith,  as  a  light-blue  precipitate,  by  treating  blue  vitriol  with  a  slight 
excess  of  potash,  and  washing,  pressing,  and  drying  it  as  quickly  as  possible. 

An  ociocupric  salt,  8CaO.SOM2H*0,  is  obtained,  according  to  Kane,  by  adding 
caustic  potash  to  a  solution  of  blue  vitriol  till  the  copper  is  completely  precipitated. 
It  is  described  as  a  grass-green  powder,  which  gives  off  6  at.  water  at  150^,  and  the 
remainder  at  260*'.  Neither  Smith  nor  Kiihn  was  able  to  prepare  the  octobasic  salt  by 
this  process :  the  latter  always  obtained  the  tetracupric  salt. 

A  still  more  highly  basic  sulphate  (containing  only  5  to  7  per  cent.  SO')  is  produced, 
according  to  Yogel  and  Reischauer,  by  diluting  a  solution  of  ammoniacal  eupric  sul- 
phate with  a  \&ige  quantity  of  water ;  but  it  is  perhaps  only  a  mixture.  Indeed,  it  is 
doubtful  whether  any  eupric  sulphate  more  basic  than  the  tetracupric  salt  has  been 
obtained  as  a  definite  compound. 

Ammoniacal  Cupric  Sulphates. — A  solution  of  cuprie  sulphate  mixed  with 
excess  of  ammonia,  forms  a  deep  blue  liquid,  which,  on  addition  of  alcohol,  yields 
crystals  of  the  compound  Ca'S0'.4NH'.H'0 ;  and  this,  when  heated  to  149°,  yields  the 
salt  CuS0*.2NH*,  or  N*H*Cu"SO*,  as  an  apple-green  powder.  Anhydrous  cupric 
sulphate  rapidly  absorbs  dry  ammonia-gas,  and  forms  a  blue  powder  consisting  of 
CuSO^.lONH*.    (See  Coppeb-basbs,  AiofONiACAi.,  ii.  80.) 

Double  Salts.— ^m«imiio-<wpw  «^pAa^«,  Cu'XNH<)*(S0*)^6H«0,  ciystallises  by 
evaporation  of  the  mixed  solutions  of  its  component  salts,  in  blue  easily  soluble  crys- 
tala  (Mitscherlich). — The  corresponding  potaesium'salty  Cu"K''(80*)*.6H'0,  crystal- 
lises by  spontaneous  evaporation,  in  large,  regular,  light- blue,  monoclinic  crystala 
(Mi  tsch  erlich).  By  heating  the  crystals,  tiie  anhydrous  salt  is  obtained  afl  a  green, 
finable  mass,  which  melts  at  a  red  heat,  giving  off  part  of  its  acid  (Vogel).  When 
cooled  after  fusion,  it  solidifies  in  a  blue  crystalline  mass,  which  soon  decrepitates 
and  falls  to  powder  (Graham,  Phil.  Mag.  [3]  iv.  418).  It  dissolves  easily  in 
water,  and  the  solution,  when  heated  to  60°,  deposits  a  light-green  crystalline  powder, 

consisting  of  a  basic  double  salt,  Cu«K'(S0^)*.Cu"0.4H»0  (Brunner,  Pogg.  Ann. 
1.  43),  from  which  water  extracts  sulphate  of  potassium,  leaving  tetracupric  sulphate. 
By  mixing  the  solutions  of  the  ammonio-  and  potassio-cupric  salts  just  described 
with  the  corresponding  double  sulphates  of  cobalt,  iron,  magnesium,  manganese,  nickel, 
and  zinc,  complex  salts  are  obtained,  having  a  composition  which  may  be  illustrated 
by  that  of  the  magnesium-saltsy  viz. : 

Cu'T(Ig"(NH^)*(S0*)M2H'''0  and  Cu"Mg''K^SO<)M  2H«0. 

All  these  salts  crystallise  in  monoclinic  prisms  and  tables,  isomorphous  with  the 
magnesium  double  salts  ^p.  602).  Further,  by  mixing  the  solutions  of  three  or  four 
of  these  double  salts,  otiier  salts  of  still  more  complex  constitution  may  be  formed, 
but  still  isomorphoas  with  the  preceding:  e.ff.,  Cu"Mn*Mg*K*(S0*)M8H"O, 
'Cu''Zn*Mg''(NH*)«(S0«)M8H»0,  and  the  corresponding  potassium-salt;  also 
Ca"Co''Zn"Mg"K\SO*)«.24H^O.  (Vohl,  Ann.  Ch.  Pharm.  xciv.  67;  Jahrt-sb.  1866, 
p.  311.) 

Cobaltoto-eupric  tulphaie,  Cu"Co"''^SO*)'.36H'0,  obtained  by  evaporating  a  mixed 
solution  of  the  component  salts,  crystallises  like  sulphate  of  cobalt.   (Li  ebi  g.) 

FerrosO'-cupric  StUphate,  also  called  Salzburg  Vitriol,  AdUrvUriol,  Cuprum  sulphur^ 
icum  medium. — It  has  already  been  mentioned  that  ferrous  and  cupric  sulphates, 
though  thev  crystallise  separately  in  different  forms,  and  with  different  quantities  of 
crystollisation-water,  are  nevertheless  capable  of  crystallising  together  in  the  form  of 
ferrous  sulphate — the  cupric,  like  the  ferrous  salt,  then  taking  up  7  at.  water.  Sach^ 
composite  salts  (not  true  double  salts)  are  obtained  in  bluish-green  crystals  in  the 
preparation  of  cupric  sulphate  from  ferruginous  materials.  The  proportion  between 
the  copper  and  iron  is  very  variable.  A  common  proportion  is  that  represented  by 
the  formula  CuFe*(S0*)'.2lH'0.    The  so-called  Salzburg  vitriol,  prepared  at  Buxweiler 
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ID  Alsace,  is  (according  to  Lefort)  CiiFe^SO«)^28H*0.  In  Admont  Thriol  the 
quantity  of  iron  is  to  that  of  copper  as  6  :  1 ;  in  double  Admont  Titriol,  as  4  :  1 ;  in 
Bayreuth  vitriol,  as  7  :  1. 

Moffnisfo-^uprie  wipkaUt  CaMg(SO*)*.  14H'0,cry8tallises  by  spontaneoos  erapomtioD, 
in  beautiful  sky-blue  tables  and  prisms.    (Vohl.) 

S^io-cuprie  ndphaU,  Cu"Ka'(S0«)*.2H'0(?>--- A  solution  of  bine  Titriol  and 
Glauber's  wilt  deposits  each  of  the  salts  separately ;  a  solution  of  blue  vitriol  and  acid 
sodic  sulphate  also  yields  blue  vitriol  and  Glauber^s  salt  septirately  at  first,  but 
afterwards  small  crystals  of  the  double  salt,  united  into  a  crust,  and  apparently 
containing  2  at.  water.  The  double  salt  is  easily  dehydrated,  melts  at  a  commencing 
red  heat  without  losing  acid,  and  on  cooling  solidifies  to  a  blue  mass,  which  does  not 
decrepitate  like  the  potassic  double  salt.  The  sodio-cupric  salt  deliquesces  slowly 
in  the  air,  and  is  resolved  by  water  into  the  two  simple  salts.  (Graham,  PhiL  Mag. 
[3],  11.  852.) 

Zinco-cuprie  sulphate,  Cu''Zn''(SO*)*.28H'0,  improperly  called  Ctfprian  vitriol,  is 
prepared  at  Chessy  near  Lyons,  firom  zinciferous  copper-ores,  and  crystallises  in  blue 
rhombic  prisms.    (Lefort,  Compt.  rend.  xxvi.  185.) 

fi.  Cuprous  sulphate^  Cu'SO«  ^  Cu*0. SO",  is  (according  to  Berzelius)  the 
black  powder  which  remains  undissolved  when  copper  is  heated  with  strong  sulphuric 
acid ;  it  dissolves  in  nitric  acid,  with  evolution  of  nitric  oxide.  According  to  Mine, 
on  the  other  hand,  this  insoluble  residue  is  a  mixture  of  cuprous  and  cupric  sulphide 
with  enprio  oxide. 

BvlpHate  of  IHdyiiilaiDy  Di"SO*,  is  obtained  by  dissolving  the  oxide  or  car- 
bonate in  dilute  sulphuric  add.  (For  the  methods  of  separating  it  from  sulphate  of 
lanthanum,  see  LAnnuiiruiff,  iii.  468.)  The  solution  is  rose-coloured,  and  yields,  by 
spontaneous  evaporation,  dark  rose-coloured  shining  crystals  having  the  form  of 
oolique  ihomboidal  prisms  (Mosander),  and  cleaving  readily  and  distinctly  in  a 
direction  parallel  to  the  base.  They  contain  3I>iS0^8H*0  (Marignac),  and  are 
isomorphous  with  the  similarly  constituted  hydrated  sulphates  of  cadmium  and 
yttrium  (Bammelsberg,  Poffg.  Ann.  exv.  579).  At  200^,  they  give  off  the  whole 
of  their  water,  leaving  an  anhy£ou8  powder,  whidi  may  be  heated  to  redness  without 
further  alteration.  Sulphate  of  didymium  is  more  soluble  in  cold  than  in  hot  water. 
Its  solution  when  heated,  especially  to  the  boib'ng-point,  deposits  a  crystalline  precipi- 
tate, containing  DiS0^.2H-0.  The  anhydrous  sulphate  dissolves  in  water  more  readily 
than  either  of  the  hydrates.  The  following  table  exhibits  the  quantities  of  anhydrous 
sulphate  in  100  pts.  of  water,  in  solutions  formed  by  dissolving  the  anhydrous  sulphate 
ana  the  two  hydrates  in  water  at  different  temperatures  (Marignac): 

Quactltj  of  anhydrous  aalt  to  100  pU.  water 
in  solution  of 
TemperaturtL  anhydmnt  salt.  DiSO>.8H*0.        SDlsa«.6H*0. 

120  C.  431 

14  39-3 

18  25-8  16-4 

19 11-7 

26  20-6 

38  130 

40 8-8 

60  110 6*6 

100  17 

The  anhydrous  sulphate  exposed  to  Uieheat  of  an  intense  charcoal -fire,  gives  off  two- 
thirds  of  its  acid,  and  leaves  a  tribasic  sulphate,  3DiO.SO',  or  DiS0^2DiO.  (Marignac). 
The  same  salt  is  obtained  as  a  light-bluish  rose-coloured  hydrate,  3DiO.SO'.8H*0,  by 

Jrpcipitating  a  solution  of  the  neutral  sulphate  with  excess  of  ammonia.  (Hermann, 
ahresb.  1861,  p.  197.) 
Sulphato  of  didymium  forms  double  salts  with  the  sulphates  of  the  alkali-metals. — The 

ammonium-salt,  i)i"(NH*)«(S0«)*.8H«0,  dissolves  in  18  tiroes  its  weight  of  water.^The 

potassiuw^stdt,  l5i'K<(SO^)«.2H'0,  dissolves  in  63  pts.  of  cold  water.—The  sodium-saU, 

Di*'Na*(SO*)*,  is  anhydrous,  requires  200  pts.  of  water  to  dissolve  it,  and  is  still  less 
soluble  in  solution  of  sodic  sulphate.    (Marignac.) 

Sulpliata  of  Brblnm  has,  according  to  Marignac  (Jahresb.  1864,  p.  198),  the 
eomposition  3Kb''SO*.8ll*0,  and  is  isomorphous  with  sulphate  of  didymium. 

Sulpliates  of  aiiiolinuii.-~The  neutral  salt.  G"S0«.4H*O,  or  &\SO*f.l7B'K) 
(ii.  849),  is  obtained  by  dissolving  gluoina  or  its  carbonate  in  a  sliptht  excess  of 
eold  sulphuric  acid,  and  crystallise^:,  by  spontaneous  evaporation,  in  large  quadratic 
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oetahedronf .  Alcohol  precipitates  it  ftom  solution  as  a  ciystalliod  powder.  It  is  very 
soluble  in  pure  water,  somewhat  less  soluble  in  acidulated  water,  insoluble  in  absolute 
aloohoL  According  to  Debray,  water  at  15^  takes  up  nearly  its  own  weight  of  the 
erystals.  The  crystals  effloresce  in  warm  air,  melt  with  strong  intumi*scenoe  when 
heated,  and  leaxe  a  residue  of  pure  glucina.  At  35®  they  giye  off  4  at  water  and 
crumble  to  powder;  between  100^  and  110®,  they  retain  only  1  at  water,  which  is 
regarded  by  Weeren  as  constitutional  water.  The  solubility  of  the  salt  is  not  much 
diminished  by  dehydration  ;  it  does  not  give  off  any  acid  at  160^ — 200®  (Weeren). — 
A  tribasic  mUphate,  sa'O.SO'  -  G"S0«.2a"0,  or  Be'O'.SO*,  is  obtained,  as  a  gummy 
opaque  mass,  by  boilinff  the  solution  of  the  neutral  salt  with  gludnic  carbonate,  as 
long  as  carbonic  dioxide  is  given  oS,  and  leaving  the  solution  to  evaporate  without 

SFBvious  dilution.  If,  on  the  other  hand,  the  solution  be  diluted  before  evaporation,  it 
eposits  a  hexbaeic  salt,  e(K>.SG*.ZBK>,  or  2Be*0*.SO*.8H*0,  in  the  form  of  a  white 
powder;  and  the  liquid  filtered  therefrom  yields  on  evaporation  a  gummy  mass, 
consisting  of  the  dibasic  salt,  2G'0.S0*,  or  2Be*0*.8SO*. 


SnlpHatM  of  TeiaUuau—Iridie  sul^haU,  Ii'*0'.SO*  -  Ir**(SO^)Mr'*0^  is  obtained 
by  dissolving  sulphide  of  iridium  in  nitnc  acid,  and  driving  off  the  excess  of  acid  by  heat, 
as  a  thick  yellow  syrup,  exhibiting  no  signs  of  crystallisation.  It  dissolves  easily  in  water 
and  in  alcohol,  forming  orange-yellow  solutions,  which  are  not  precipitated  by  alkalis. 
On  drying  the  salt,  half  the  acid  is  expelled,  and  a  more  highly  basic  salt,  2lrO*.SO', 
remains. — Iridious  sulphate,  Ix'SO*,  is  produced  by  dissolving  iridious  hydrate  in  sul- 
phuric  acid,  and  separates,  on  evaporation  at  a  gentle  heat,  as  a  brownish-green, 
shining,  amorphous  mass,  which  dissolves  in  water  with  dark  yellow-green  cobur. 

Bolpliates  of  ZroB.— «.  Ferric  Salts.—The  normal  (or  neutral)  salt,  fe^80*y  — 
Fe'O'.SSO*,  occurs  as  a  hydrate  containing  9  at.  water,  at  Coquimbo  in  Chile,  in  six-sided 
pyramids,  and  as  a  fine-grained  mass,  forming  a  layer  several  feet  thick  (see  Coquim- 
KTB,  ii.  83).  It  is  produced  artificially  by  heating  brown  hsmatite  for  some  time 
with  strong  sulphuric  acid,  and  then  expelling  the  excess  of  acid  by  a  gentle  heat ; — 
or,  more  generally,  by  adding  1  at.  sulphuric  acid  to  a  solution  of  2  at  ferrous  sul- 
phate, and  then  adding  nitric  acid  by  small  portions  as  long  as  nitrous  vapours  are 
evolved : 

2Fe''S0*  +  H*90*  +   0     =     ¥e\SO*y  +  H»0. 

According  to  Levol,  this  salt  (and  not  ferrous  sulphate)  is  formed  when  metallic  iron  is 
heated  with  strong  sulphuric  acid. — According  to  Bussy  and  Lecanu,  the  white  deposit* 
formed  during  the  concentration  of  the  acid  in  sulphuric  acid  works,  consists  almost 
wholly  of  ferric  sulphate,  formed  most  probably  by  the  accidental  dropping  of  ferrugi- 
nous substances  into  the  acid. — The  anhydroits  salt,  Fe\SO^)',  is  formed,  according  to 
P.  Hart,  on  introducing  ferrous  sulphate  into  boiling  concentrated  sulphuric  acid,  and 
separates  on  cooling  in  very  small  crystalline  scales.  The  same  salt  is  described  by 
Ulrich  (Jahresb.  1859,  p.  211)  as  occurring  in  the  platinum-vessel  used  for  concen- 
trating sulphuric  acid,  at  the  vitriol- works  o?  Oker  in  the  Harz,  in  small,  shining, 
peaehblossom-coloured  spangles,  api>earing  under  the  microscope  as  rhombic  octahe- 
drons with  truncated  smnmits. 

The  r<Hl  solution  of  ferric  sulphate,  obtained  as  above,  leaves  on  evaporation  a  light- 
yellow  deliquescent  mass,  consisting  of  the  hydrated  salt,  still  retaining  a  slight  excess 
of  acid.  In  this  state  it  redissolves  easily  in  water,  but  if  it  be  gently  heated  till  the 
water  and  excess  of  acid  are  expelled,  the  remaining  anhydrous  «dt  dissolves  but  very 
slowly  in  water,  forming  a  reddish-yellow  solution.  The  anhydrous  salt  is  also 
nearly  insoluble  in  hydrochloric  acid,  and  quite  insoluble  in  strong  sulphuric  add, 
which  indeed  precipitates  it  from  its  solution. — The  anhydrous  salt  is  decomposed  at 
a  red  heat,  and  is  recommended  by  Berzelius  for  the  preparation  of  sulphuric  anhydride 
by  dry  distillation. 

BasicFerric  Sulphates.— The  SM^<ifta«ic<a/^,Fe«0».2S0«  »  2Fe»(S0*)».Fe«0«, 
is  obtained  (according  to  M  aus)  by  digesting  a  concentrated  solution  of  the  normal  salt 
with  ferric  hydrate,  as  a  dark-red  solution,  which  on  boiling,  or  on  dilution  with  water, 
is  resolved  into  the  soluble  normal  salt  and  an  insoluble  basic  salt  The  same  salt  is 
formed  (according  to  Wittstein,  Rep.  Pharm.  [3],  i.  185),  by  the  action  of  the  air  on 
ferrous  sulphate,  and  constitutes  the  yellow  crust,  Fe^O'.zSO'.H'O,  with  which  tho 
crystals  of  this  salt  become  covered  after  a  while.  It  is  resolved  by  water  into  the 
neutral  and  t\iQ  dibasic  salt,  2Fe«0".3SO».8H»0  -  Fe»(S0*)».Fe'0".8H«0.  According 
to  H.  Rose,  this  dibasic  salt  occurs,  together  with  coquimbite,  in  yellowish-green, 
silky,  fibrous  masses — Another  basio  salt,  containing  2FeH)'.dSOM8H'0,  likewise 
occurs  encrusting  coquimbite.     (H.Rose.) 

The  tribasio  salt,  Fe^O'-SO*  «  Fe'^(S0^)».2FeW,  is  produced,  as  a  reddish-yellow 
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powder,  containing  about  3  at.  water,  by  dissolving  the  basic  doable  salt  of  potassie 
sulphate  and  sesquibasic  ferric  sulphate  (p.  597)  in  water,  and  heating  the  solution. 
(Soubeiran.) 

The  hexbasie  salt,  2Pe«0".S0«  «  Fe«(S0^)«.6Fe'0«,  is,  (according  to  Beraelius)  the 
yellow  precipitate  which  gradually  forms  in  a  solution  of  ferrous  sulphate  exposed  to 
the  air,  according  to  the  equation : 

10(FeO.SOT   +   0»     -     2Fe»0«.S0»  +   3(Fe«0\3SO«)  ; 

but  the  composition  of  the  precipitate  most  probably  yaries  with  the  concentration  of 
the  solution. 

The  nanohasic  salt,  2(3Fe«0".SO»).9H=0  «  2[Fe«(SO*)«.8Fe«0>1.27H'0,  separatee 
(according  toScheerer)  as  a  brownish-yellow  deposit^  on  eyaporating  an  oxidised  solu- 
tion of  ferrous  sulphate,  or  when  a  neutral  solution  of  ferric  sulphate  is  diluted  with  a 
huge  quantity  of  water  and  boiled ;  also  (according  to  Berzelius,)  when  a  solution  of 
ferrous  sulphate  is  mixed  with  chlorate  of  potassium. 

A  dodecabasic  salt,  4FeK)«.S0»  -  Fe«(SO*)».llFeK)«,  is  formed  (according  to 
An  th on)  in  preparing  ferric  acetate  by  decomposing  acetate  of  barium  with  soluble 
basic  ferric  sulphate,  being  precipitated  as  a  bulky  brown  powder,  together  with  the  last 
portions  of  baric  sulphate,  from  which  it  may  be  separated  by  levigation. — ^Another 
basic  salt,  containing  2(  7FeM>*.SO*).2 1  H'O,  is  found  (aocordi  ngtoScheerer)asa  daric- 
brown  amorphous  mass,  in  the  alum-slate  of  Modum  in  Norway. 

Double  Salts. — JluminiO'/errie  sulphate  occurs  native  in  the  quicksilver  mines  of 
Idiia,  in  yellowish-white  crystalline  masses,  containing  37*0  per  cent  SO',  8*4  Fe*0*, 
11*6  Al'O',  43*0  water,  and  1*0  insoluble  residue ;  which,  if  the  two  bases  are  regarded 
as  isomorphou8»  may  be  represented  by  the  formula  (Al*0';Fe'0*).3S0'.ldH'0. 
(Fehling.) 

Ammonio-ferric   sulphate,     or    Ammonia-iron^um,    Fe"'(NH*)(S0*)M2H'0,    or 

(JilK*\*Q  SO'  [  '^^*^f  '^  produced  by  mixing  the  solutions  of  ammonic  and  ferric  sul- 

phates,  adding  a  little  free  sulphuric  acid,  and  leaving  the  solution  to  evaporate.  It 
18  more  stable  than  the  corresponding  potassium-salt,  and  crystallises  more  readily 
than  the  latter,  in  large,  colourless,  regular  octahedrons.  It  is  prepared  on  the  large 
scale,  for  use  in  dyeing,  being  always  employed  when  a  perfectly  neutral  ferric  salt  is 
required. 

A  baste  ammanio-ferrie  sulphate,  or^NH^^'o'sO'l  [  '^^^*  ^^  prepared  (according  to 

Mans)  in  the  same  manner  as  the  corresponding  potassium-salt,  which  it  reeemblos 
very  closely  in  form  cuid  other  properties.  Marignac,  however,  found  for  the  salt  thus 
prepared  the  composition  3Fe*0*.6(NH«)*0. 1 2S0M  8H«0.  Berzelius  mentions  another 
basic  ammonio-ferric  sulphate  (composition  not  specified),  which  he  obtained  as  an 
ochry  precipitate  on  dissolving  iron  in  dilute  sulphuric  acid  mixed  with  a  little  nitric 
acid,  the  ammonia  being  produced  by  the  mutual  action  of  the  nitric  acid  and  the 
water. 

Cuprico-ferric  sulphate,  Ie*Cu''(SO*)*.24lI*0,  separatos  from  a  mixture  of  the  com- 
ponent salts  in  equivalent  proportions,  containing  a  slight  excess  of  sulphuric  acid,  on 
evaporating  till  a  crystalline  film  begins  to  form,  in  blaish-green,  microscopic,  warty 
crystallisations  (Bastick). — ^Thn  corresponding  magmsivm-salt  forms  a  warty  mass  ; 
the  corresponding  zinc-salt  crystallises  in  colourless  pribms.     (Bastick.) 

Potassio-fifrie  sulphate,  or  Potash-iron-alum,  Fe'"K(S0*)*.12Hs0,  or  ^®k»OSO»{- 

24H*0,  separates  from  a  slightly  acid  mixture  of  the  component  salts,  by  spontaneous 
evaporation,  in  octahedral  crystals,  which  in  form  and  taste  are  undistinguisnable  from 
eommon  alum.  They  are  some-times  colourless,  bat  often  have  an.  amethyst  tint, 
arising  (according  to  Heintz)  from  a  trace  of  ferric  acid.  The  salt  does  not,  however, 
crystallise  so  readily  as  ammonia-iron-alum.  To  obtain  laige  ciystals,  Heintz  (Ann. 
Ch.  Pharm.  xliv.  271)  triturates  10  pts.  of  crystallised  ferrous  sulphate  with  4  pts.  of 
saltpetre,  then  gradually  adds  4  pts.  of  strong  sulphuric  acid,  and  heats  gently  as  long 
as  nitrous  vapours  continue  to  escape.  The  residue  is  thus  dissolved  in  3  or  4  pts.  of 
water  at  80^,  and  the  filtered  solution  is  left  to  cryKtallise  at  a  temperature  which  is 
very  slowly  lowered  to  0**. 

Potash-iron-alum  is  not  very  stable,  soon  becoming  covered  with  a  yellow  powder 
when  exposed  to  the  air  at  temperatures  above  0^.  Between  80^  and  100"^  it  is  resolved 
into  a  basic  potassio-ferric  sulphate,  neutral  ferric  sulphate,  and  free  sulphuric  acid : 

2[(Fe«0«.3S0«).(K»0.S0").24H«0]     -     [(Fe«0'.2S0»).2(K«0.S0'l 

+  (Fe»0«.3S0»)   t   H»0.S0»   +   475*0. 
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The  aqueoQB  solution  likewise  decomposes  in  the  same  manner  when  heated  to  80^ ; 
bat  after  keeping  for  some  time,  especially  on  addition  of  iree  snlphnric  acid,  it  again 
yields,  by  spontaneous  eyaporation,  crystals  of  the  normal  double  salt.  A  solution  of 
iron-alum,  mixed  with  a  large  quantity  of  free  sulphuric  acid,  does  not  decompose 
when  evaporated  oyer  the  water-bath,  but  deposits  crystalHne  crusts  containing 
2Fe'"K(SO*)*.3H*0,  and,  on  further  concentration,  a  white  powder,  composed  <rf 
2Fe"'K(S0*)«.H-^0.     (Heintz.) 

If  potash  be  added  to  a  concentrated  solution  of  ferric  sulphate  or  iron-alum  till  the 
precipitate  no  longer  redissolres,  the  filtered  solution  yields,  by  spontaneous  eyapo- 
ration,  olive-green  or  yellow  six-sided  tables  of  the  basic  salt  (Fe*0*.2S0"). 
2(K«O.SO«).6H*0(Mau8).— Another  6a«<?rfoM«e«a/^,3(re«0*.2SO»).2(K«O.SO»).22H«0, 
is  produced  (according  toSoubeiran)on  dropping  carbonate  of  potassium  into  a  solu- 
tion of  ferric  oxide  till  the  precipitate  begins  to  become  permanent,  and  mixing  the  clear 
solution  with  alcohol.— A  third  baste  double  salt,  4(Fe«0».SO*).(K«O.SO»).9H«0, 
occurs  (according  to  Bammelsberg)  as  an  ochre-yellow  insoluble  mass,  in  the  lignite  - 
of  Kaloforuk  in  Bohemia.    (Handw.  d.  Chem.  vii.  528.) 

A  basic  sodio-ferrie  sulphate,  4(Fe«0».SO»).(Na«O.SO«).9H»0,  analogous  to  the  last- 
mentioned  potassium-salt,  onmrs,  as  a  light-yellow  stalactitic  mass,  in  the  alum*slate 
of  Modnm  in  Norway. 

fi.  Ferrous  Sulphate,  Fe''S0*.7H'0.  Green  Vitriol.  Copperas.  Couperose, 
Eisemniriol. — ^This  salt  occurs  native,  sometimes  in  crystals,  but  more  frequently 
massive  and  pulverulent,  at  Gnslar  in  the  Harz,  at  Hurlet  near  Paisley,  in  several  of 
the  Saxon  and  Hungarian  mines,  and  at  various  localities  in  the  United  States,  being 
formed  by  the  oxidation  of  iron-pyrites.  It  may  be  obtained  pure  by  dissolving  1  pt. 
iron  or  1^  pt.  ferrous  sulphide  in  1|  pt  sulphuric  acid  diluted  with  4  pts.  water. 
The  solution,  if  quickly  filtered,  deposits  the  salt  in  beautiful,  transparent,  bluish- 
green,  crystals,  containmg  7  at.  water.  The  large  quantities  of  ferrous  sulphate 
consumed  in  the  arts  are  howsTer  prepared,  simultaneously  with  alum,  by  the  decompo- 
sition of  aluminous  schists  containing  iron-pyrites  (p.  680). 

Ferrous  sulphate  forms  well-defined  monoclinic  crystals,  of  prismatic  or  tabular 
character  (/^9.  285,  287,  289,  294,  298,  299,  308,  309,  and  310:  Crystaixoorapht,  ii. 
162—166).  Axes,  a:b:c  -  0-8476 : 1 : 1-267. Angle 6 : c  =^  76° 40' ;  <x>P :  ooP (orthod.) 
«  97<=> 39' ;  [Poo ] :  [Poo]  (cUnod.)«690  16';  +Poo  :  C-430  32';  -Poo  :  e  -  32° 86'; 
-|Pqo  :  <?  -  66<*  20';  oP  :  ooP  =  80'»  37'.  Cleavsge  perfect  parallel  to  oP ;  less 
distinct  parallel  to  ooP.  It  is  isomorphous  with  the  heptahydrated  sulphates  of 
magnesium,  zinc,  cobalt,  nickel,  copper,  &c.  (p.  678). 

The  crystals  of  ferrous  sulphate  effloresce  slightly  in  dry  air,  and  if  at  all  moist, 
absorb  oxygen,  and  become  covered  with  a  reddish-yeUow  crust  of  basic  ferric  sulphate 
(p.  696) ;  but  if'  crushed,  and  deprived  of  hygrometric  moisture  by  strong  pressure 
between  folds  of  cotton-cloth  or  filter* raper,  they  may  be  preserved  in  a  bottle  without 
change  from  oxidation  (Graham).  Ferrous  sulphate,  precipitated  from  its  aqueous 
solution  by  alcohol,  forms  a  bluish-white  powder,  which  does  not  absorb  oxygen  unless 
exposed  to  very  moist  air.  Another  method  of  preserving  it  is  to  mix  the  jpulverised 
crystals  with  an  equal  weight  of  gum-arabic,  dissolve  the  whole  in  distilled  water, 
evaporate  over  the  water-bath  to  the  consistence  of  an  extract,  pour  the  still  hot  mass 
upon  porcelain  plates,  complete  the  desiccation  in  an  oven  at  30^,  and  preserve  the 
dried  salt  in  dosely-stoppered  bottles.    (Parvesi,  J.  Phorm.  [4]  iii.  40.) 

Crystallised  ferrous  sulphate  gives  off  6  at  water  at  114°,  but  retains  the  last  atom 
even  at  280** ;  by  very  careful  heating,  however,  it  may  be  rendered  perfectly  anhy- 
drous without  appreciable  loss  of  acid.  The  anhydrous  salt  is  also  obtained,  in  very 
small  crystalline  scales,  by  immersing  the  hydrated  crystals  in  strong  boiling  sulphuric 
add,  and  leaving  the  liquid  to  cool.  At  a  red  heat  it  decomposes,  giving  ofi^  sulphu- 
rous oxide,  and  leaving  a  basic  ferric  sulphate,  which,  when  more  strongly  heated, 
ultimately  leaves  pure  ferric  oxide,  known  as  Colcoihar  vitrioli  or  Caput  mortuum. 

The  salt  was  observed  by  Mitscherlich  to  crystallise  at  80°  from  a  solution  saturated 
at  the  boiling  heat,  with  4  at.  water,  in  monoclinic  prisms,  isomorphous  with  the 
corresponding  sulphate  of  manganese.  When  its  solution,  containing  an  excess  of  acid, 
is  evaporated  by  heat,  a  saline  crust  is  deposited,  which  (according  to  Kiihn)  contains 
3H^0.  Lastly,  a  dihydrate,  Fe''S0*.2H^0,  having  the  crystalline  form  and  sparing 
solubility  of  gypsum,  is  obtained  (according  to  Mitscherlich),  by  dissolving  the 
ordinary  crystals  in  strong  sulphuric  acid.  A  solution  of  the  salt  mixed  with  excess 
of  sulphuric  acid,  and  left  to  evaporate  in  a  vacuum,  first  deposits  the  ordinary  hepta- 
hydrated cxTstals,  then  greenish-blue  crystals  of  a  pentahydrate,  Fe''S0^.6H'0,  be- 
longing to  the  triclinic  system,  and  lastly  crystals  of  the  tetrahydrated  salt.  (Mari- 
gnac.) 

Ferrous  sulphate  dissolves  easily  in  water,  but  is  insoluble  in  alcohol.    According  to 
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Brandes  and  Firnhaber,  1  pt.  of  the  heptahjdrated  salt  dissolves  in  the  tbllowing 
quantities  of  water  at  the  particular  temperatures  indicated  above  each  quantity : — 
10°  14*>  26°        82'6°  46°  60<>  84°  90°       100°  C. 

1-64  1-48  0-87  0-66  044  0-38  0-37  0-27        0*30 

The  solution  has  a  slight  bluish-green  tint^  or  is  colourless  if  very  dilute.  When 
exposed  for  some  time  to  the  air,  it  deposits  a  yellowish  sediment  of  basic  ferric  sul- 
phate, which  is  used  in  porcelain-painting.  As  soon,  however,  as  a  certain  quantitv 
of  this  salt  is  deposited,  tne  oxidation  ceases,  and  the  solution  remains  almost  unaltered. 
The  partially  oxidised  solution  may  be  reconverted  into  pure  ferrous  sulphate  by  boiling 
with  metallic  iron. 

The  solution  of  ferrous  sulphate  absorbs  nitric  oxide  gas,  assuming  a  dark-brown 
colour,  which  affords  a  very  characteristic  test  for  nitric  acid  (iv.  83  ).  The  brown 
solution  has  a  powerful  attraction  for  oxygen  :  if  heated  in  close  vessels,  it  gives  off 
the  gas  for  the  most  part  unchanged ;  but  when  it  is  heated  in  contact  with  air,  nitric 
acid  is  formed  in  the  liquid,  and  converts  the  ferrous  into  a  ferric  salt. 

Ferrous  sulphate  is  largely  used  in  dyeing  and  in  tanning,  and  for  the  mannfactars 
of  ink  and  Prussian-blue.  It  is  also  very  useful  as  a  reducing  agent  in  chlorimetiy 
and  other  operations  of  analytical  chemistry. 

Ferrous  sulphate  forms,  with  the  sulphates  of  potassium  and  ammonium,  double  salts 
containing  6  at.  water  isomorphous  with  the  corresponding  salts  formed  by  the  sul- 
phates of  zinc,  copper,  manganese,  &c  The  formula  of  the  potassium-salt  is 
Fe'1B:*(S0^)^6U*0.  The  solution  of  this  salt  evaporated  at  50^  yields  a  czystalline 
crust  containing  Fe'T?:*(S0*)«.2H»0.    (Mar i  gn ac) 

Ferrieo-ferrous  (or  Ferroso-ferric)  mlphate^Vo^Fe^BO*)*.  or  (Fe''0.S0»).(Fe«0».3S0»). 
is  produced  when  a  solution  of  ferrous  sulphate  is  exposed  to  the  air,  till  no  more  basic 
ferric  sulphate  is  deposited.  The  solution,  which  is  yellowish-red,  does  not  cr)'stalli8e, 
but  yields  black  oxide  of  iron  when  precipitated  by  an  alkali  (Berzelius).  Abich 
obtained  a  crystalline  ferroso-ferricsulphate,  containing  (3FeO.SO»).2(Fe«0*.3SO*)4H«0. 

or  FeTe*(S0*/.4H"0,  by  heating  a  moderately  strong  solution  of  16  pts.  pure  ciystal- 
lised  ferrous  sulphate  to  the  boiling-point  wiih  an  equal  weight  of  strong  sulphuric 
acid,  then  adding  1  pt*  of  strong  nitric  acid,  and  a  concentrated  solution  of  6  or  6  pts. 
alum.  This  solution,  evaporated  at  a  temperature  below  70°,  deposits  a  dark-brown 
exystalline  powder,  the  solution  of  which,  in  water  acidulated  with  sulphuric  acid, 
yields  the  salt  on  evaporation,  in  nearly  black  shining  crystals,  which  are  combinations 
of  the  cube  and  regular  octahedron.  According  to  &irre8wil,  a  sslt  having  the  same 
composition  as  Abich's,  but  of  a  dark-blue  colour,  is  formed  by  mixing  the  solutions  of 
3  at.  ferroQS  and  2  at.  ferric  sulphate,  and  slowly  dropping  sulphimc  acid  into  the 
liquid  as  long  as  any  blue  precipitate  is  produced  (Handw.  d.  Ghem.  vii.  532). — ^A  bade 
ferroso-ferrie  sulphate,  containing  (3Fe0.2SO>).3(FeH)>.2SO>).86H'0,  is  found  in  the 
copper-mines  of  Fahlun,  in  large  red  stalactites  composed  of  small  transparent  crys- 
tals.    (Berselitts.) 

Magnesio-ferrous  mUphaU,  Fe1ig'(S0«)'14H^0,  crystallises  from  a  solution  of 
the  component  salts,  by  spontaneous  evaporation,  in  lai^  sea-green  crystals.     (V  ohi.) 

8oduhferroua  sulphate,  Fe'^a«(S0*)«.4HK),  obtained  by  eraporation  at  66°,  is  per- 
manent in  the  air,  and  does  not  decompose  at  100°;  but  on  redissolving  it,  and 
leaving  the  solution  to  evaporate,  the  sodic  and  ferrous  salts  crystallise  out  separately. 

ThalliO'ferroua  sulphate,  Fe''T12(SO«)2.6H*0,  has  a  pale-green  colour,  and  is  isomor- 
phous  with  the  corresponding  potassium-salt.    (Werther.) 

Ztnoo^mtnanio-ferrous  sulphate,  ¥e'Zn''(SR*)\SO*)\^^  and  the  corresponding 
potassiuM'SaUf  crystallise  readily  in  large,  greenish,  oblique  rhombic  prisms  ana  tables, 
which  turn  yellow  in  the  air,  from  absorption  of  oxygen. 

•olpluite  of  Ttantif  mmit  La^SO*,  is  prepared  as  dfvcribed  under  Lanthinxtm 
(iii.  468),  and  separates  by  spontaneous  evaporation  in  small  prismatic  crystals  con- 
taining La''S0*.3HK).  It  gives  off  its  water  at  a  low  red  heat,  and  half  its  acid  at  a 
full  red  heat.    It  is  much  less  soluble  in  hot  than  in  cold  water. — Ammonio4anthanic 

sulphate,  £a"(NH^)*(S0*)^8H'0,  is  obtained,  by  spontaneous  evaporation  of  a  dilute 
solution  of  lanthanum-sulphate  mixed  with  a  slight  excess  of  ammonium-sulphate,  in 
eolourless,  spari ngly  soluble,  monoclinic  cxystals.    (M  a  r  i  g n  a  c.) 

Potaasio4anthanie  sulphate,  La1^'(S0M',  is  formed  as  a  white  precipitate  on  mixing 
the  solution  of  a  lanthanum-salt  with  sulphate  of  potassium.  (Hermann,  Jahresb. 
1861,  p.  194.) 

Snlpbate  of  lioad,  Fb^SO*  «  Pb^'O.SO*.— This  compound  occurs  native  as 
Anglesite,  in  lai^  and  beautiful  crystals,  at  Pary's  mine  in  Anglesea,  Leadhills  in 
Scotland,  Wanlockhead  in  Derbyshire,  and  at  Clausthal,  Zellerfield,  and  Giepenbach  in 
the  Harz ;  also  in  Prussia,  in  the  Black  Forest,  at  Baden weilcr  in  the  Breisgan,  in  the 
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Island  of  Sttrdinia^  and  in  the  United  States ;  also  massive  in  Siberia,  in  Andaltisia, 
and  on  Alston  Moor  in  Camberland.  In  Algeria  it  ooenrs  (according  toMarcelde 
Serres,  Compt.  rend.  liv.  748),  in  kidney-shaped  lumps  encloaing  a  nucleus  of  galena, 
by  the  oxidation  of  which  it  has  been  formed. 

The  czystals  of  anglesite  are  trimetric  and  isomorphons  with  those  of  heayy 
spar  (iii.  137),  exhibiting  generally  the  same  faces,  but  withoo  1^2  mostly  predomi- 
nant. Axes,  a\h'.c\  -  0-6089  :  1  :  0-7766.  Angle  c»P  :  ooP  fmacp.)  «  62*  40'  ; 
00^2  :ot>*2  (macr.)  «  101°  13';  too  :  Poo  (basal)  -  76^^  36';  Poo :  Poo  (basal)  « 
103^  43*.  Cleavageimperfectparalleltooof  00  and  Poo.  Hardness  «  2*76  to  3.  Speci- 
fic gravity  »  6'296  to  6*298.  Lustre  highly  adamantine  in  some  specimens,  in  others 
incOning  to  vitreous  and  resinous.  Colour  white,  tinged  with  yellow,  grey,  green,  and 
sometimes  bine.  Streak  uneoloured.  Transparent  to  opaque.  Fracture  conchoi'dal. 
Very  brittle. 

Sulphate  of  lead  also  occurs,  combined  with  carbonate  of  lead,  as  Lanarkite  (iii.  467), 
and  as  LeadhUlite  (iii.  660) ;  also,  with  carbonate  of  lead  and  carbonate  of  copper,  as 
CaledamU  (i.  372). 

Sulphate  of  lead  may  be  artiftdally  crystallised  by  fusing  chloride  of  lead  with 
sulphate  of  potassium,  and  boiling  out  the  soluble  salts  with  water ;  it  then  remains 
as  a  heavy  white  crystalline  powder,  which,  eren  under  a  low  magnifying  power,  is  seen 
to  consist  of  tabular  crystals  having  the  form  of  the  native  si3phate  (Manross). 
It  is  usualljr  obtained,  as  a  heavy  white  crystalline  powder,  by  precipitating  a  soluble 
lead-salt  with  sulphuric  add  or  a  soluble  sulphate;  and  on  the  large  scale,  as  a 
secondary  product,  in  the  preparation  of  alnminic  acetate  by  precipitating  alum  with 
acetate  of  lead.    It  is  also  produced  by  oxidising  sulphide  of  leaa  with  strong  nitric  acid. 

Sulphate  of  lead  is  neany  insoluble  in  pure  water ;  according  toRodwell  ^Chem. 
News,  xi.  60),  1  pt.  of  it  dissolves  in  81,062  pts.  water  at  16° ;  also  in  dilute  stuphurio 
acid,  somewhat  more  easily  in  strong  sulphuric  acid ;  also  in  nitric  and  hydrochloric 
acida.  According  to  Rodwell  (Chem.  Soc.  Qu.  J.  xv.  69),  1  pt.  of  lead-sulphate  dissolves 
in  the  following  quantities  of  hydrochloric  and  nitric  acids  of  various  strengths : — 

Hydrochloric 
acid. 

681-89 

281-73 


Specific 
gravUr. 

10619 

HCl 
per  cooC 

10-602 

Nitric 

MCid. 

303-10 

Specific 
gravitjr. 

1079 

N«0» 
per  rent 

11-66 

1-0800 

16-310 

173-76 

1123 

17-60 

1-1070 

22010 

127-48 

1-260 

3400 

11369 

27-626 

10282-78 

1-420 

6000 

11670 

31-602 

106-66 
47-30 
3603 

On  dilution,  all  the  hydrochloric  add  solutions,  except  the  first,  deposit  needles  of 
plumbic  chloride.  The  nitric  acid  solutions  yield  by  evaporation  octahedrons  of 
plumbic  nitrate.  The  sulphate,  digested  for  three  or  four  days  with  nitric  acid  con* 
taining  60  per  cent.  N'0^  is  almost  wholly  converted  into  octahedrons  of  the  nitrate. 

It  is  dissolred  in  larger  quantity  by  some  ammumiacal  salts — e.ff.,  by  the  sulphate, 
nitrate,  acetate,  and  tartrate,  and  easily  by  caustic  potash  or  soda.  When  boilea  with 
a  strong  solution  of  potassic  or  sodic  carbonate  (best  with  the  acid  carbonates),  it  is 
decomposed  like  sulphate  of  barium,  yieldinga  solution  of  alkaline  sulphate  anda  deposit 
of  carlM>nate  of  lead.  According  to  Lowe  (Jahresb.  1869,  p.  686),  sulphate  of  lead 
dissolves  in  aqueous  hyposulphite  of  sodium,  in  consequence  of  the  formation  of  sodio- 
plumbic  hyposulphite.  This  reaction  may  be  rendered  available  for  separating  sulphate 
of  lead  from  sulphate  of  barium.  According  to  Fi  e  Id  (Chem.  Soc.  Qu.  J .  xvi.  28),  nitrate 
of  lead  produces  no  precipitate  in  a  mixture  of  sodic  sulphate  and  hyposulphite. 
According  to  St  ad  el  (Jahresb.  1863,  p.  246),  1  pt.  lead-sulphate  dissolves  in  12-2  pts. 
of  calcic  acetate  (in  very  dilute  solution).  It  is  slightly  soluble  also  in  triplimbio 
acetate,  insoluble  in  dipiumbic  acetate. 

Sulphate  of  lead  melts  at  a  red  heat,  without  decomposition,  unless  in  contact  with 
silica  or  clay.  On  charcoal  before  the  blowpipe,  it  is  reduced  to  metallic  lead,  with 
evolution  of  sulphurous  oxide.  The  products  obtained  by  heating  it  with  charcoal 
vary,  however,  according  to  the  proportions  used :  thus — 

2PbS0*  +  0  -  2PbO  +  C0«  +  2S0« 
PbSO*  +  C  -  Pb   +  C0»  +  S0« 
PbSO*  +  C«  -  PbS  +  4C0. 

When  heated  with  sulphide  of  If  ad,  as  in  the  process  of  lead-smelting  (iii.  482),  it 
yields  metallic  lead,  or  a  mixture  of  the  metal  and  the  protoxide,  with  evolution  of 
sulphurous  oxide: 

PbSO*  +  PbS  «  2S0»  +  Pb» 
2PbS0*  +  PbS  «  3S0«  +  2PbO  +  Pb. 

Heated  to  redness  in  a  strotim  of  hydrogen,  it  is  reduced  to  metallic  lead,  according  to 
the  equation, 

2PbS0*    ^   7H»  -  Pb«  +   S0»  +   H*S   +   6H'0. 
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The  redaction  of  the  sulphate  by  carbonic  oxide  is  maeh  more  difficult,  and  requires  a 
much  higher  temperature ;  in  consequence  of  which  a  portion  of  the  sulphide  of  lead 
formed  at  first,  as  represented  by  the  equation 

2PbS0«  +  6C0  -  Pb  +  PbS  +   S0»  +  6C0«, 

acts  upon  the  undeoomposed  sulphate  as  above,  and  thus  complicates  the  reaction. 
(Bodwell,  Chem.  Soc.  Qu.  J.  xvi.  42.) 

Iron  and  zinc,  in  contact  irith  water,  reduce  sulphate  of  lead  to  a  spongy  mass 
of  metallic  lead.  When  triturated  with  a  solution  of  potassic  ckromate,  it  yields 
chrome-yellow.    like  all  other  lead-Falts,  it  is  blackened  by  stilpkt/drie  acid. 

Sulphate  of  lead,  as  commonly  prepared,  is  not  adapted  for  painting,  on  account  of 
its  crystalline  character  and  transparency ;  but  by  mixing  lithaT^ge  to  a  paste,  with 
water  containing  a  small  quantity  of  acetate  of  lead,  and  gradually  adding  sulphuric 
add,  the  sulphate  may  be  obtained  in  the  amorphous  state,  and  mixed  with  a  large 
excess  of  oxide  of  lead.  In  this  state  it  has  considerable  body,  and  may  be  used 
instead  of  ordinary  white  lead.     (Richardson.) 

A  basic  sulphate  of  lead,  2PbO.SO*  «  PbSO«.PbO,  is  obtained  (according  to  Ku  hn) 
by  digesting  the  recently  precipitated  normal  sulphate  with  aqueous  ammonia. 

Ammonio-plumbic  stUphaie,  (b'^NH^j^SO*)',  is  produced  by  precipitating  a  mode- 
rately concentrated  solution  of  plumbic  acetate  with  excess  of  sulphuric  airid,  neutralis- 
ing the  liquid  with  ammonia,  and  heating  it  to  the  boiling-point.  If  a  sufficient 
quantity  of  ammoniacal  salt  is  present,  the  precipitate  dissolves  completely,  and  the 
solution  on  cooling  deposits  the  double  salt,  in  slender,  shining,  transparent  crystals. 
If  no  crystals  separate,  the  liquid  must  be  again  heated  till  a  precipitate  begins  to 
form ;  the  liquid  will  dien  deposit  crystals  on  cooling.  Water  decomposes  the  double 
salts,  extracting  39*4  per  cent,  ammonium-sulphate,  and  leaving  60*6  per  cent,  plumbic 
sulphate.  The  crystals  when  heated  yield  a  sublimate  of  ammonium-sulphite. 
(Wohler.) 

A  compound  of  sulphate  and  chloride  of  lead  was  obtained  byBecquerel  (Ann. 
Ch.  Phann.  Ixxxiv.  199),  in  needle-shaped  crystals,  together  with  other  products,  by 
the  action  of  galena  ou  a  solution  of  cupric  sulphate  and  sodic  chloride,  continued  for 
seven  years. 

Snlpbata  of  MtWnin,  Li^SO*.H-0. — ^This  salt  may  be  prepared  by  decomposing 
the  carbonate  or  chloride  with  sulphuric  acid, — or,  better  (according  to  Fuchs),  from 
triphyllin.  8  pta.  of  this  mineral,  finely  pounded,  are  stirred  up  with  6  pts.  of  water ; 
&i  pts.  of  nitnc  acid  (of  specific  gravity  1*20)  and  1 J  pts.  of  strong  sulphuric  acid  are 
then  added ;  the  whole  is  evaporated  to  dryness ;  the  dry  mass  exhausted  with  water; 
the  solution  precipitated  with  ammonia  and  sulphide  of  ammonium,  and  then  with 
oxalate  of  ammonium ;  the  filtrate  evaporated  to  dryness ;  and  the  residue  ignited. 
The  aqueous  solution  of  the  residue  yields  the  salt  in  crystals.  Sulphate  of  lithium 
crystaUises  in  fiat  prisms  or  tables  containing  1  at.  water.  It  melts  easily,  and  dis- 
solyes  in  water  ana  in  alcohoL  Bespecting  the  expansion  of  the  aqueous  solution  by 
heat,  see  Kremers  (Jahresb.  xiv.  61). 

Potassio4ithie  sulphate,  Li'E\SO^)*,  forms  crystals  belonging  to  the  hexagonal 
system  (Schabus). — Sodio4itkic  sulphate  crystallises,  (according  to  Mitscherlich) 
in  acute  rhombohedrons. 

Svlphate  ormmgneaHnm^  Mg''S0^7H'0.  Bitter  Salt.  Epsom,  Seidlitg,  or  Said^ 
schuts  Salt.  Epsomite.  Sal  ajnarum,  s.  anglicum,  s.  eatharticum. — ^This  salt  is  veiy  widely 
diffused  in  nature,  occurring  sometimes  in  the  solid  state,  but  much  more  abundantly 
in  solution  in  sea-water  and  saline  springs.  It  occurs  as  Epsomite,  or  Hair-salt,  in 
silky  fibres  and  fibrous  crusts,  at  Idria  in  Camiola,  at  the  gypsum  quarries  of  Mont- 
martre  near  Paris,  in  Fitou,  Bept.  of  the  Aude  (France),  in  Arragon  and  Catalonia,  in 
the  Cordillera  of  St.  Juan  in  Chile,  and  in  a  grotto  in  South  Africa,  where  it  forms  a 
layer  1^  inch  thick.  The  floors  of  the  limestone  caves  in  Kentucky,  Tennessee,  and 
Indiana  are  in  many  instances  covered  with  minute  crystals  of  epsomite  mingled  with 
the  earth.  In  the  Mammoth  Cave,  Kentucky,  it  adheres  to  the  roof  in  loose  masses, 
like  snowballs.  It  is  said  to  occur  also  in  California  and  at  Idarmora  in  Canada  West. 
(Dana.) 

A  monohydrated  sulphate  of  magnesium,  called  Kieserite,  occurs,  mixed  with  the 
anhydrous  sulphite,  in  the  salt^beds  of  Stassfurth,  forming  granular  lumps. 

Sulphate  of  magnesium  constitutes  the  purgative  principle  of  bitter-waters,  as  those 
of  Epsom  in  Surrey,  and  of  Seidlitz,  Saidschutz,  and  Piillna  in  Bohemia.  It  is  often 
produced  by  the  mutual  action  of  magnesic  carbonate  and  gypsum,  as  when  a  solution 
of  gypsum  remains  for  a  long  time  in  contact  with  a  magnesian  limestone.  At  Said- 
schiits,  Seidlitz,  and  Piillna  it  is  obtained  by  digging  pits  in  the  marl ;  in  these  the 
bitter-water  gradually  collects,  in  consequence  of  the  reaction  just  mentioned,  and  on 
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subsequently  leaving  the  water  to  evaporate  in  shallow  pans,  the  sulphate  of  magne- 
sium crystallises  out. 

Sulphate  of  magnesium  is  prepared  in  considerable  quantities  from  sea-water  and 
saline  springs,  either  by  precipitating  the  magnesia  with  lime^  and  then  dissolving  it 
in  sulphuric  acid ;  or  by  first  crystallising  out  the  greater  part  of  the  common  salt, 
and  then  treating  the  mother-Uquor,  which  contains  chloride  of  magnesium,  either 
with  sulphuric  acid  or  with  ferrous  sulphate,  whereby  sulphate  of  magnesium  and 
ferrous  chloride  are  obtained,  the  latter  remaining  in  solution  when  the  liquor  is 
farther  evaporated,  while  the  sulphate  of  magnesium  crystallises  out.  Kespecting 
Balard's  improved  process  for  obtaining  sulphate  of  magnesium  and  chloride  of  potas* 
sium  from  the  mother-liquors  of  sea-water,  see  Potassium-salts  (iv.  717);  also 
Eichardson  and  Watts's  Chemteal  Technology  (vol  i.  pt.  iii.  pp.  157,  538). 

Sulphate  of  magnesium  is  also  produced  in  considerable  quantities  by  treating 
native  carbonate  of  magnesium  or  dolomite  with  sulphunc  acid;  the  gypsum 
formed  in  the  latter  case,  being  much  less  soluble  than  the  magnesian  sulphate, 
is  easily  separated  from  it.  Sometimes  the  dolomite  is  bumt^  the  lime  dissolved 
out  by  pyroligneous  acid,  and  the  residual  magnesia  treated  with  sulphuric  acid 
(Henry).  Serpentine,  which  is  composed  of  hydrate  and  silicate  of  magnesium,  may 
also  be  used  as  a  source  of  magnesic  sulphate.  In  the  neighbourhood  of  G-enoa,  the 
serpentine  of  the  locality,  which  is  intersected  with  veins  of  iron  and  copper  pyrites,  is 
roasted,  then  eiqx>sed  to  the  air  for  a  long  time,  and  lixiviated.  From  the  liquor  thus 
obtained,  the  copper  is  precipitated  by  iron;  the  ferrous  oxide  is  peroxidised  by 
chlorine ;  the  resulting  ferric  oxide  is  precipitated  by  burnt  lime  or  dolomite ;  and  the 
clarified  solution,  which  contains  sulphate  of  magnesium,  is  evaporated  to  the  ciys- 
tallising-point. 

Sulphate  of  magnesium  crystallises  on  cooling,  firom  a  hot  moderately  concentrated 
solution,  in  large,  four-sided,  right  rhombic  prisms,  containing  7  at.  water,  and  isomor- 
phous  with  the  heptahydrated  sulphates .  of  zinc  and  nickel,  also  with  chromate  of 

magnesium.    The  most  common  form  is  the  coir^bination   ooP  .  > — ^that  is  to  say,  a 

vertical  prism  terminated  by  dome-shaped  summits  placed  in  opposite  directions  above 
and  below  {fig,  281,  ii.  160).  Axes  a :  6  :  c  -  0989  :  1  :  0*6703.  Angle  ooP  :  ooP 
a.  89°  22'.  Cleavable  parallel  to  ooPoo .  The  commercial  salt  is  usually 
crystallised  in  small  needles,  obtained  bv  rapid  crystallisation  from  a  very  strong 
solution.  The  crystals  are  not  efflorescent,  but  the  commercial  salt  sometimes  becomes 
moist  in  contact  with  the  air,  from  adhering  chloride  of  magnesium. 

A  boiling  concentrated  solution,  if  transferred  while  still  hot  to  a  well-closed  vessel, 
often  remains  liquid  and  in  a  state  of  supersaturation,  for  a  long  time  after  cooling ; 
but  if  exposed  to  a  low  temperature,  it  solidifies  entirely  to  a  crystalline  mass.  Some- 
times, however,  such  a  solution,  after  keeping  for  weeks  or  months,  deposits  milk- 
white  prisms  containing  6  at.  water,  and  sometimes  crystals  containing  7  at.  water, 
but  differing  in  form  firom  the  ordinary  crystals  (Lowel,  Ann.  Ch.  Phys.  [3],  xliii. 
406  ;  Jahresb.  1866*,  p.  346).  These  heptahydrated  crystals  were  formerly  supposed, 
according  to  Mar ignac's  determinations  (Jahresb.  1B67,  p-  160),  to  be  rhomhohe- 
dral  (oR  .  +  R  .  +  R  .  —  2R) ;  but  Kopp  has  shown  (Ann.  Ch.  Pharm.  cxxv.  369  ; 
Jahresb.  1863,  p.  192)  that  they  are  monoclinic  prisms  ooP  .  oP.  +Poo,  rendered 
tabular  by  predominance  of  +  Poo  .  The  heptahydrated  salt  appears,  therefore,  to  be 
dimorphous,  a  property  which  is  fiirther  illustrated  by  the  existence  of  the  monoclinic 
double  salt,  Fe'l4"(S0')M4H«0,  or  Fe"SO*  7ffO  +  1%''S0*.7H*0,  and  others  of 
similar  composition  (pp.  694,  698). 

A  solution  of  magnesic  sulphate,  concentrated  till  a  crystalline  film  begins  to  form 
upon  it,  and  then  left  to  crystallise  at  30°,  deposits  the  hexhydrated  salt, 
Mg'S0*.6H'0,  in  small  monoclinic  crystals,  isomorphous  with  the  corresponding 
hydrated  sulphates  of  zinc  and  nickel.  Axes,  a:  b  :  c  «>  0'7123  :  1  :  1*1841.  Angle 
6  :  c  «  8P  26';  ooP  :  ooP  (orthod.)  -  108°  28';  oP  :  ooP  =»  86°  0'.  Ordinaiy  com- 
bination, oP  .  ooP,  with  -P,  +  iP  and  +  2P,  &c.  subordinate. — A  solution,  crystal- 
lised at  a  temperature  several  degrees  below  0°,  deposits  (according  to  Fritzsche) 
laige  crystals  containing  12  at.  water,  of  which,  however,  6  at.  are  given  off  as  soon 
as  Uie  temperature  rises  to  0°. 

The  ordinary  heptahydrated  crystals  melt  in  their  water  of  crystallisation  when 
heated,  and  give  off  6  at  water  at  160°,  but  retain  the  seventh  atom  even  at  200°.  This 
last  atom  of  water,  designated  by  Q-raham  as  "  constitutional  water,''  may  be  replaced 
by  various  salts;  giving  rise  to  double  salts.  The  anhydrous  salt  is  a  white  mass,  which 
melts  at  a  red  heat,  but  is  only  partially  decomposed  at  very  high  temperatures. 

Sulphate  of  magnesium  is  very  soluble  in  water.  100  pts.  of  water  dissolve  26*76 
pts.  of  the  anhydrous  salt  at  0°,  and  0*47816  pts.  for  every  degree  beyond  (Oay- 
LuBsac).     One  pt  of  the  heptahydrated  salt  dissolves  in  0*790  pts.  water  at  18*76. 
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fionmng  a  liquid  of  specific  grarity  1*2982  (Anthon).  The  following  table  exfaibite 
the  quantitiee  of  magneeic  sulphate  contained  in  solutions  of  different  specific  grayitieay 
as  determined  l^  Schiff  (Ann.  Ch.  Fharm.  cviii.  386) : 


flpedfle  gravity 

Per  cent,  of 

Per  cent,  of 
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Per  cent,  of 
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MgSCH.Taq. 

MgSO«. 
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MgSO«. 
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1 
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28 
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2 
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29 
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3 
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80 
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4 
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31 
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5 
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82 
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6 

2*928 
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83 
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7 
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84 
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8 
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11817 

35 
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9 
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86 
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10487 

10 
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87 

18-050 
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11 
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38 

18-538 

10587 

12 

5*854 

1*2049 

39 

19026 

10637 

13 
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1*2108 

40 

19-512 
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14 

6*830 

1-2168 

41 
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15 
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1*2228 

42 
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16 
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1*2288 

43 
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10842 

17 

8-294 

1-2349 

44 
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10894 

18 

8*782 

1-2410 

45 

21*952 

1-0945 

19 
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1*2472 

46 

22*440 

10997 

20 

9-756 

1*2534 

47 

22-928 

11050 

21 

10-244 

1*2596 

48 

23-416 

11103 

22 

10-732 

1-2659 

49 

23-904 

11156 

23 

11-220 

1*2722 

50 

24-390 

11209 

24 

11*708 

1*2786 

51 

24-878 

11262 

25 

12196 

1-2850 

52 

25-366 

11316 

26 

12-684 

1-2915 

53 

25-854 

M371 

27 

13172 

1-2980 

54 

26-341 

Sulphate  of  magnesium  is  insoluble  in  absolute  alooholi  moderately-  soluble  in 
hydrated  alcohol.    According  to  Schiff  (Ann.  Gh.  Fharm.  ezviii.  365) : 

A  sototlon  (Mturated  at  W>} 

in  alcohol  of :  Contnfoe  per  cent,  of 

Spedflc  GruTity  Per  cent,  by  weight.  MgSO^aq. 

1-000  ....  0  .         •         .  .  50-8 

0*986  ....  10  ...  .  39*3 

0*972  ....  20  ...  .  21*3 

0-939  .         .         .         .  40  .         .         ,  .           1-62 

(See,  further,  Storer's  Dictionary  of  Solubilitia,  yol.  iii.  pp.  609^612.) 

Sulphate  of  magnesium  may  be  used,  in  localities  where  it  occurs  natiye,  as  a  substi- 
tute for  sulphuric  acid  in  the  decomposition  of  common  salt.  When  2  pta.  of  the 
ordinary  crystallised  sulphate  are  heated  with  1  pt.  of  common  salty  hydrochloric  acid 
is  eyolyed,  and  a  residue  is  obtained,  consisting  chiefly  of  sulphate  of  magnesium  and 
snlphateof  sodium  (Ramon  de  Luna).  Bespecting  Olemm's  process  for  preparing 
sulphuric  acid  from  kieserite,  (MgSO*.H'0),  or  from  common  stilphate  of  magnesium, 
ana  for  decomposing  common  salt  and  chlorideof  potassium  with  kieserite,  see  Richard- 
son and  Watts's  Chemical  Technology,  toL  L  pt  y.  p.  266.  A  mixture  of  common  salt, 
peroxide  of  magnesia,  and  sulphate  of  magnesium  may  be  used  for  the  preparation  of 
chlorine.    (D  e  L  u  n  a.^ 

An  add  sulphate  qf  magneeium^  Mg"H*(SO^)*,  is  produced  by  dissolying  the  anhy- 
drous neutral  sulphate  in  hot  coneentrHted  sidphuric  acid.  The  perfectly  saturated 
syrupy  solution  deposits  the  acid  salt  on  standing,  in  shining  six-sided  tables,  which, 
howeyer,  rapidly  absorb  water  and  aie  thereby  decomposed.  (Schi  f  f,  Ann.  Ch.  Fharm. 
cyi.  115.) 

Double  Salts. — Sulphate  of  magnesium  unites  with  the  sulphates  of  ammonium, 
potassium,  and  thallium,  forming  double  salts,  which  contain  6  at.  water,  and,  as 
already  obseryed,  may  be  regarded  as  formed  from  the  heptahydrated  sulphate  by  the 
substitution  of  1  at.  E*SO*,  &c.  for  1  at  H'O.  They  ciystaUise  in  monoclinic  pnsms, 
isomorphous  with  the  corresponding  ferrous  salts,  &;c.  (pp.  593,  598).  The  seyeral  salts 
of  this  isomoiphous  group  do  not  exhibit  exactly  the  same  angles,  but  the  differences 
are  but  small.    As  an  ayerage,  the  ratio  of  the  axes,  a  :  6  :  c  <■  1*4  :  1  :  0*67.    Angle 
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6  :  0  «  74^  30*.  The  ciystals  genenlly  exhibit  the  faces  ooP  .  oP  .  -f  P  .  •»-  2Po»  « 
Poo ;  often  also  [  aoP2]  and  odPoo  ,  but  mostly  subordinate ;  also  —  P,  &c.  They  are 
usually  prismatic  in  the  direction  of  the  principal  axis,  or  tabular  from  predominance 
of  oP ;  rarely  pyramidal  or.  rhombohedral. 

Pittaseio-fnoffTissic  sidphate  Mg''K'(S0*)^.6H^0,  is  obtained,  as  a  secondary  product, 
in  the  preparation  of  common  salt  from  sea-water  and  brine-springs  (iv.  717)» 
separating  from  the  mother-liquors  when  concentrated  to  34°  Baum^  in  large  hurd 
crystals,  which  may  be  purified  by  recrystallisation.  It  also  separates  from  a  solution 
of  its  component  salts,  by  cooling  or  evaporation.  It  is  nearly  as  soluble  as  sulphate 
of  magnesium. 

Sulphate  of  magnesium  also  unites  directly  with  other  heptahydrated  sulphates  of 
diatomic  metals,  forming  salts  containing  14H*0,  which,  as  they  are  formed  without 
replacement  of  any  portion  of  the  water  by  another  salt,  may  for  distinction  be  called 
coupled  or  composite  salts  (gepaarte  SaUe:  Vohl) — 0.^.,  Magnesio-ferrous  md- 
pAatCt  Mg*Fe7S0*)*.14H'0.  (p.  698) ;  and  these  composite  salts  are  further  capable  of 
uniting  with  alkaline  sulphates,  forming  double  salts  in  which  2  at  water  out  of  the 
14  are  replaced  by  2  at.  of  an  alkaline  sulphate— «.^.,  Mg''Cu"K\S0*)*.12H«0. 

Pota^sio-ferrogo-^nacnesic  mUphate,  Mg''Ee"K^(S0^)'*.12H*0,  and  the  corresponding 
ammoniwn-Mlt  crystallise  in  large,  greenish,  oblique,  rhombic  prisms  and  tables,  which 
turn  yellow  on  exposure  to  the  air.    (Vohl.) 

PotassiO'calcio'magnesie  sulphate,  Mg"da*K*(S0*)^2H*0,  occurs  in  the  salt-beds  of 
Stassfurth,  and  other  localities,  forming  the  mineral  called  polyhalite  (iv.  687, 
718). 

Sodio-maffnrsic  aitlphate,  Mg*Na'(S0*)*.6H'0,  separates  in  rhombohedral  crystals, 
from  the  liquors  obtained  in  the  preparation  of  Epsom-salt.  It  dissolves  in  3  pts.  of 
cold  vfater,  is  permanent  in  the  air,  decrepitates  when  heated,  and  gives  off  its  water 
without  melting.  A  sodio-magnesic  sulphate  with  8  at  water,  is  found  (according  to 
Muuozy  Luna)  in  the  form  of  efHorescences,  on  the  bottoms  of  numerous  lakes  which 
dry  up  in  summer,  in  the  province  of  Toledo,  between  Madrid  and  the  Mediterranean. 
It  forms  large,  transparent,  regular,  prismatic  crystals. 

SvlpliateB  of  Mansaaese. — a.  Manganic  Sulphate,  Mn*(SO*)'  »  Mn*0'. 
380*. — ^This  salt  does  not  crystallise,  and  was  formerly  known  only  in  solution ;  but, 
according  to  Carius,  it  may  be  obtained  in  the  solid  state  by  triturating  very  finely- 
divided  manganic  peroxide  (prepared  by  passing  chlorine  into  a  solution  of  sodic  car- 
bonate in  wbich  manganous  carbonate  is  suspended)  to  a  thin  paste  with  strong  sul- 
phuric acid,  heating  the  mass  very  gradually  to  about  138°  (at  which  temperature  it 
exhibits  a  deep  green  colour),  then  placing  it  on  a  warm  plate  of  pumice  to  absorb  the 
excess  of  sulphuric  acid,  triturating  it  in  a  warm  porcelain  mortar  with  strong  nitric 
acid,  afterwards  absorbing  this  acid  by  pumice,  and  repeating  this  treatment  six  or  eight 
Xxmen — ^finally  heating  the  mass  in  a  porcelain  dish  to  130°,  till  all  the  nitric  acid  is 
driven  off,  and  quickly  transferring  the  product  to  dry  glass  vessels. 

Manganic  sulphate  thus  prepared  is  a  deep  green  perfectly  amorphous  powder.  It 
may  be  heated  with  sulphuric  acid  to  the  boiling-point  of  the  latter  without  decompo- 
sition ;  but  on  continued  boiling,  it  gives  off  oxygen,  and  gradually  dissolves  as  man- 
ganotw  sulphate.  It  is  insoluble  in  nitric  acid ;  but  strong  hydrochloric  acid  dissolves 
it,  forming  a  brown  solution,  which  gives  off  chlorine  when  heated.  It  absorbs  moisture 
rapidly  from  the  air,  and  small  quantities  of  it  delic^uesce  instantly  to  a  clear  violet 
viscid  solution,  which,  however,  soon  becomes  turbid  from  separation  of  manganic 
hydrate.  It  is  quickly  decomposed  by  water,  and  by  dilute  acids.  With  organic 
bodies  it  reacts  like  a  mixture  of  manganic  peroxide  and  sulphuric  acid,  but  much 
more  quickly.  When  heated  with  a  laige  quantity  of  sulphuric  acid,  and  a  small 
quantity  of  water,  it  is  converted  into  a  red-brown  basic  manganic  sulphate. 
(Carius,  Ann.  Ch.  Pharm.  xcviii.  64.) 

Manganic  sulphate  unites  directly  with  the  sulphates  of  potassium  and  ammonium, 
forming  alums. — The  potassium-salt,  Mn'"K(S0*)*.12H*0,  obtained  by  mixing  the 
concentrated  red  solution  of  manganic  sulphate  with  a  saturated  solution  of  potassic 
sulphate,  and  evaporating  to  a  syrup  at  a  gentle  heat,  crystallises  on  cooling  in  dark- 
violet  octahedrons.  It  is  resolved  by  water  into  its  component  salts. — ^The  ammonium' 
salt  resembles  it  exactly  in  external  appearance. 

^.  Manganous  sulphate,  Mn''SO*,  is  occasionally  found  native  together  with 
ferrous  sulphate  and  zinc-sulphate.  It  is  prepared  by  dissolving  manganous  carbonate 
in  dilute  siUphuric  acid,  or  by  heating  any  of  the  higher  oxides  of  manganese  (generally 
the  native  peroxide)  with  strong  sulphuric  acid,  till  the  evolution  of  oxygen  ceases,  and 
the  mass  has  become  dry.  This  residue,  after  being  then  strongly  ignited  to  decompose 
the  iron-salt  present,  yields,  by  lixiviatiou  with  water,  a  solution  of  manganous  sul- 
phate free  from  iron.    A  process,  much  used  on  the  large  scale,  consists  in  igniting 
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barium  with  excess  of  sulphuric  acid,  and  eyaporabng  the  filtered  solution  id  the 
cator.  It  deliquesces  on  ezpoeure  to  the  air.  On  boiling  the  solution  with  excess  of 
molybdic  trioxide,  the  liquid  becomes  turbid,  gelatinises  on  cooling,  and  deposits  a 
light-yellow  flocculent  body,  probably  a  basic  salt,  somewhat  soluble  in  water,  but 
insoluble  in  alcohoL 

Snlpliata  of  Viekel*  NijSO«  -  Ni'O.SO',  is  obtained  by  dissolving  metallic 
nickel  in  dilute  sulphuric  acid  mixed  with  a  little  nitric  acid,  or  by  dissolving  the 
hydrate  or  carbonate  of  nickel  in  dilute  sulphuric  add.  The  solution,  concentrated  by 
evaporation,  yields  crystals  containing  6  or  7  at.  water,  according  to  the  temperature 
at  which  they  separate.  Below  15^,  the  salt  NiS0*.7HK)  separates  in  emerald-green 
crystals,  isomorphous  with  sulphate  of  magnesium;  but  between  15°  and  20^,  emerald* 
green,  quadratic  octahedral  crystals  are  deposited,  containing  Ni'SO'.CHK),  exhibiting 
the  combinations  P  .  oP  (Jia.  228,  ii.  136) ;  P  .  jP  .  oP  (fy.  229) ;  P .  JP .  oP .  Poo  (/Py. 
280);P.iP.JP.oP;  also  P  .  jP  .  iP.oP.Poo.  ooPooC/^.  231),  and  ooPw  .Poo 
.  oP  .  P  .  |P.  Length  of  principal  axis  »  1*888.  Angle  P  :  P  in  the  terminal  edges 
«  97°  4';  in  the  lateral  edges  »  138<'  56^;  ^P  :  ^P  (terminal)  «  llio  4'  (lateral)c. 
106^  20'.  Cleavage  very  distinct  parallel  to  oP,  less  distinct  parallel  to  ooPoo .  The 
former  crystals,  when  exposed  for  some  days  to  a  gentle  heat,  are  oouTerted  into 
aggregates  of  the  latter,  losing  their  transparency  at  the  same  time ;  sometimes  also, 
when  broken,  they  exhibit  in  t^^eir  interior  aggregates  of  the  quadratic  ciystals  (Mit- 
scherlich).  The  hexhydrated  salt  is  moreover  dimorphous,  a  solution  kept  at  a 
temperature  of  60°  to  70°,  depositing  monodinic  crystals  with  6  at.  water,  and  isomor- 
phous with  the  6-hydrated  crystals  of  magnesic  sidphate  (p.  601),  cobaltous  sulphate, 
and  zinc-sulphate.  These  crystals  gradually  become  opaque  and  bluish  at  ocdinajy 
temperatures.    (Marignac) 

Sulphate  of  nickel  dissolves  in  3  pts.  of  water  at  10°,  but  is  insoluble  in  alcohol 
and  in  ether.  The  crystals  effloresce  in  dry  air,  and  crumble  to  a  white  powder.  When 
heated,  they  give  off  their  water,  the  last  atom  being,  however,  retained  more  strongly 
than  the  rest.  The  anhydrous  salt  is  yellow,  and  gives  off  part  of  its  acid  at  a  red 
heat. 

A  basic  nickd'tulphate  is  obtained,  as  a  light-green  insoluble  powder,  by  imperfect 
precipitation  of  the  neutral  salt  with  potash;  also  (according  toTupputi)  by  gently 
heating  the  neutral  salt. 

Ammoniaeal  Sulphates  of  Nickel. — ^Anhydrous  sulphate  of  nickel  absorbs  ammonia- 
gas  with  rise  of  temperature,  forming  the  pale-violet  compound,  NiS0^6NH'  (H.  S o  s e). 
A  warm  saturated  solution  of  nickel-sulphate  in  aqueous  ammonia,  left  to  cool  and 
evaporate  in  a  vacuum,  deposits  (according  toErdmann,)  light-blue  prismatic  crystals 
belonging  to  the  trimetric  system,  and  containing  NiSO*.4NH'.2H'0.  This  compound 
is  very  soluble  in  water,  and  is  precipitated  from  the  solution  by  alcohoL  The  solu- 
tion is  decomposed  by  boiling. 

tiulphate  of  Nickel  and  Potassium,  Ni"K'(S0«)".6H«0,  is  a  light-green  salt  forming 
crystals,  isomorphous  with  the  corresponding  ferrous  and  magnesic  salts,  and  exhibiting 
the  combination  ooP  .  rooP2]  .  [odPqo].  oP.  [Poo]  .  +P.  +2Poe  (fiff.  296,  ii.  164), 
also  without  [  ooP2]  and  [  ooPoo  ]  (Jig,  297).  It  dissolves  in  9  pts.  of  water.  The  cor- 
responding ammonium'saJtf  Ni"(NH')*(S0*)'.6H''0,  dissolves  in  IJpt.  water. 

atdpkaU  rf  Nickel  and  Zinc,  NrZn'^(S0«)^6H<'0,  is  formed  (according  to  Mi  t s  ch  e  r- 
lich)  by  digesting  sulphate  of  nickel  with  metallic  zinc,  and  separates  on  evaporation  ; 
in  light-green  efflorescent  crystals,  having  the  form  of  the  6-hy^ted  sulphate  of  nickel 
(which  form  ?). 

The  salt  Ni"Fe"E*(S0*)M2H'0,  and  the  corresponding  salts  containing  magnesium, 
manganese,  or  zinc  in  place  of  iron,  and  ammonium  in  place  of  potassium,  crystallise 
in  emerald-green  prisms  and  tables,  isomorphous  with  the  salts  of  like  composition 
already  described.     (Vohl.) 

Snlpbatea  of  Oamlmn.— (^mtb  sulphaie,  Os'^SO*)*  «•  Os0^2SO^  is  produced 
by  dissolving  sulphide  of  osmium  in  excess  of  nitric  acid,  and  remains  after  the 
excess  of  nitric  acid  and  the  osmic  tetroxide  simultaneously  formed  have  b«>en  removed 
by  distillation,  as  a  dark  yellowish-brown  syrup,  showing  no  tendency  to  crystallise, 
llie  yellow  aqueous  solution  has  an  astringent  taste,  reddens  litmus  strongly,  and 
is  not  precipitated  by  alkalis. —  Osmicms  suipihate,  Os"SO\  obtained  by  treating  sulphide 
of  osmium  with  an  insufficient  quantity  of  nitric  acid,  or  by  dissolving  oenuous  hydrate 
in  dilute  sulphuric  acid,  is  a  yellowish- brown  amorphous  mass. 

Bulpliates  of  Palladlmn. — The  nettiral  sulphate,  Pd''SO^,  is  obtained,  according 
to  Kane,  by  dissolving  palladium  in  sulphuric  acid  mixed  with  a  little  nitric  add.  The 
solution,  evaporated  to  a  pyrup,  deposits  the  salt  on  cooling,  in  brown  irregular  crystals 
containing  2  at  water.  It  has  a  sour  and  metallic  taste,  deliquesces  in  moist  air,  and 
is  decomposed  by  a  large  quantity  of  water. — A  bow:  salt,  Pd"SO*.7Pd''0.6H*0,  is 
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foimed  when  a  flolution  of  the  neutral  salt  in  a  small  quantity  of  watra  is  dilated  with 
a  laige  quantity,  and  separatee  as  a  brown  powder,  which,  when  exposed  to  the  air  in 
the  £7  state^  gradually  takes  up  4  at.  water.    (Kane.) 

Sulphate  of  PaUadam^nonium,  K'H'Pd".SO\    See  Palladiuv-basbs  (ir.  329). 


•nlpliates  of  >latlnmp« — Platinie  sulphate,  Pt'^(SO*)*,  is  prepared  by  dis- 
solving recently  precipitated  sulphide  of  platinum  in  fuming  nitric  acid,  ana  evaporating 
at  a  gentle  heat  (£.  Davy) ;  or  by  mixing  a  concentrated  aqueous  solution  of  platinie 
chloride  with  sulphuric  acid,  and  evaporating  to  dryness  (Berzelius).  The  dry  salt 
is  nearly  black,  the  solution  dark-brown.  It  is  decomposed  by  sal-ammoniac  when 
evaporated  to  dxyness  therewith.  (£.  Davy,  PhiL  Trans.  1820 ;  Schw.  J.  xxxi. 
340.) 

Bario-flatinic  sulphate  is  formed,  as  a  precipitate  insoluble  in  water,  on  mixing  a 
solution  of  platinie  sulphate  with  chloride  of  barium.  It  dissolves  in  boiling  hydro- 
chloric acid,  and  is  not  decomposed  bv  alkalis.     (E.  D  a  vy,  loe.  eit.) 

Fotassuhplatime  smfphate  is  formed,  by  boiling  a  solution  of  platinie  sulphate  with 
potash,  as  a  dark-biown  precipitate,  whidi  is  insoluble  in  water,  dissolves  in  hydrochloric 
acid  at  the  boiling  heat^  turns  black  on  drying,  and  decomposes  at  a  red  heat.  (£. 
Davy.) 

8odio-flati$ws  anUphatexB  a  similar  double  salt,  containing  7*11  per  cent,  sodic  sulphate, 
84-16  platinum,  and  8*73  water.    (£.  Davy.) 

Platino  us  sulphate^  Pt^O^  is  obtained  b^  saturating  as  olution  of  platinous  oxide 
in  potash  with  sulphuric  acid,  decanting  the  liquid,  and  dissolving  the  precipitated  oxide 
in  dilute  sulphuric  acid  (Berzelius) ;  also  by  digesting  platinous  chloride  with  strong 
sulphuric  acid,  as  long  as  hydrochloric  acid  is  thereby  eliminated  (V  auquelin).  The 
solution  is  dark- brown,  turns  red  on  dilution,  and  leaves  a  black  syrup  when  evapo- 
rated. 

Bespecting  the  ammoniaoal  sulphates  of  platinwn,  see  Pzjltinuic-baku  (iv.  676- 
677). 

SolplifttiHi  of  yotaflolmn. — a.  Normal  or  Neutral  Sulphate,  K'SO^^ 
KK).SO*.  Tartarus  vitrMatus.  Arcanum  duplicatum.  Sal  pofyckrestum  Glaseri,  Sal 
de  duolms,  Specificum  purgans  Paracelsi,  Panacea  holsatica.  Panacea  duplicata. 
Nitrum  vitriolatum.  Spiritus  vitrioli  coagtdabUis. — This  salt  occurs  native,  in  delicate 
needle-shaped  crystals,  or  as  a  crust,  on  many  of  the  Vesuvian  lavas,  and  is  desig- 
nated mineralogicallv  as  Glaserite,  Areanite,  Aphthitalite,  Aphthalose,  or  Vesuvian  salt. 
It  exists  more  abundantly,  however,  in  solution  in  sea-water  and  spring-water,  and  in 
the  bodies  of  plants  and  animals.  It  is  obtained  as  a  bye-product  in  several  manufac- 
turing processes,  as  in  the  preparation  of  nitric  acid  from  nitrate  of  potassium,  the 
acid  sulphate  usually  obtained  as  a  residue  of  this  operation  being  converted  into  neu- 
tral sulphate  by  addition  of  potassic  carbonate.  The  quantity  thus  produced  is, 
however,  not  so  great  at  present  as  formerly,  in  consequence  of  the  substitution  of 
sodic  for  potassic  nitrate  as  a  source  of  nitric  acid.  Sulphate  of  potassium  is  also 
obtained  when  the  residue  left  on  treating  crude  potash  with  cold  water  (iv.  710) 
is  dissolved  in  a  small  quantity  of  boiling  water.  It  likewise  crystallises  out  from 
the  mother-liquors  of  sea-water  and  salt-springs,  and  of  the  liquors  obtained  by 
lixiviating  kelp  and  varec,  when  these  mother-liquors  are  left  to  cool  at  a  certain  stage 
of  the  concentration  (iv.  713-719^.  According  to  Payen,  300,000  kilogrammes  of 
this  salt  are  annually  obtained  in  France  from  varec.  Further,  it  may  be  formed 
directly  by  heating  a  solution  of  chloride  of  potassium  with  kieserite,  MgSO*.H*0, 
or  ordinary  sulphate  of  magnesium,  under  a  pressure  of  10  atmospheres  (Clemm, 
Jahresb.  1864,  p.  764) ;  and  from  felspar  by  calcining  that  minend  with  lime  and 
sulphate  of  calcium  or  barium.    (Tilghmann,  iv.  719.) 

Sulphate  of  potassium  crystallises  in  four-sided  prisms,  or  double  six-sided  p3munids, 
belon^ng  to  the  trimetric  system  (j^ff.  269-275,  Cbtstalloobapht,  ii.  148,  149);  also 
in  twins  like /;7.  831  (ii.  162).  Cleavage  parallel  to  ao  JE^oo  and  ooPoo .  Axes  a\b\o 
«  0-7464:  l:6-6727.  Angle  P:P(brach.)  -  ISl^  8';  ooP:  <xP  (macr.)  -  73°  28*; 
odP2  :  oo1?2  »  112<»22';  ?oo:?oo  (basal)  «  69<'36'.  The  salt  was  formerly  sup- 
posed, under  certain  circumstances,  to  form  crystals  belonging  to  the  hexagonal  system  ; 
but  these  crystals  are  now  known  to  consist  of  sodio-potassic  sulphate  (p.  609).  The 
crystals  of  potnssic  sulphate  are  colourless,  very  hard,  anhydrous,  and  unalterable  in 
the  air;  they  decrepitate  when  heated, and  melt  at  a  bright  red  heat.  Specific  gravity 
»  2-662  (Kopp);  2-672.     (Buignet.) 

Sulphate  of  potassium  has  a  saline  bitter  taste,  and  is  one  of  the  least  soluble  of 
potassium-salts.  According  to  Kopp  (Ann.  Ch.  Pharm.  xxxiv.  361),  100  pts.  of  water 
dissolve  8*36  pts.  of  it  at  0**,  and  0*1741  pt.  for  every  degree  above  0®.  According  to 
K  re  mere  (Pogg.  Ann.  xcv.  120),  the  specific  gravity  of  the  solution  varies  with  its 
strength,  as  follows : 
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Rthw  hj  diHolving  nlTU  io  bmlirg  anliJiiiiic  add,  or  by  pradpitatiDg  m  ulotion  «f 

the  uilT»te  with  aulptuLte  of  Bodiaiii.  It  is  >  vUte  inodonxu  powder,  h&ving  k 
dimgrAesble  melallic  taste,  meltii  at  a  nCher  low  temperature,  and  decampoirB  at  s 
higher  lempsnitiiro,  leaving  metmUic  ailvBr.  When  eipoeed  to  light,  il  gimdnslly  tnina 
gresn.  It  cUnoWes  in  200  pta.  of  cold  and  88  pta.  of  boiling  vats',  and  crrstalliMa  od 
cooling  in  aohjdions  shining  needles.  Aecoidiog  to  Hitscheiiich,  the  best  crjHtala  we 
obtuc^  b;  slow  eraporation  of  a  solution  of  the  salt  in  nitric  acid.  They  are  tnme- 
trie  and  iaomorphoos  vith  auhjdrons  nilphat«  of  lodinm,  exhibttiDg  the  combina- 
tion P  .  nP»  .  <bP.  JP.  Aiee,  a:  li:e  -  0-4SI4  : 1 :  0-8078.     Angle  P  :  P  (biseh.) 

-  188°  20"  ;P  :  P  (macr.)  -  72°  SS" ;  P  :  P  (basal)  -  124°  11".  Clean^  paimllal 
to  P  and  odFb. 

A  «H/plata-m{f>U^  of  lilver  is  formed  bj  digesting  the  snlpbide  with  nitrie  acid, 
aa  a  brovn-jellow  powder,  which  when  boiled  with  eicpas  of  nitric  acid,  ie  completely 
convened  into  eiJphate.  Boiling  water  dlssolvea  out  the  inlphat«  of  lilTer  and  leavea 
the  mlphide.    (Beraelina) 

auipkata  qf  Ar^etUjintmomiai,  (NH'Agj'SO',  Is  formed  by  satnrating  the  diy  snl- 
phitewith  ammonia-gaa  (H.  Rose).   Hitscberlich  obtained  thecamponnd  Ag^O'.iNH' 

—  [N'H*(NH')'Ag'nSO<),  by  disaolving  reeeatly  precipitated  atgentic  snlplate  in 
warm  strong  ammonia :  it  eepaieted  on  cooling  in  oolourieBS  OTatala,  toleTably  peima- 
sent  in  the  air. 

a/M)>.d<itm,Al''A2(S0*)*.12H'0,  has  already  been  described.— A  lamarffatto-ftrne 
sii^iiLif<,18(2AgH).SO').(2Fe*0*.80'),isobtain^aceoTdiDgtolAvini,bjl«TingaBaln- 
tion  of  atgentie  and  ferric  enlphatf^  for  some  time  in  a  closed  veaael,  and  separates  in 
niBt-tnown  eryitalline  craata,  solnble  in  100  pts.  of  water. 

■oIpbaMaof  Soatam,— a-TheVarnaJori^s«(ra/5ii/f,Na'SO*-Na*O.SO*. 
Glaubtr't  Sail.  Sai  tmirahiU  GlauberL  Satntui  KdplairicuneTyttidliiibt7iL.—T^aa 
salt  was  discovered  and  described  in  ISSS  by  Qlanber,  who  prepared  it  &om  the  residua 
obtained  in  the  preparation  of  bydrorhloric  ucid  from  common  rait  and  ealpharic  acid. 
It  occoiB rather  abnndantly  in  nat<iie,eitheraDhydrons.  as  TiUnonfife,  crystallised  in  right 
rhombic  prisms,  or  with  10  at.  water,  as  Olanber's  salt,  iDmonocUnic  prisms.  Thjoardils 
ia  (bond  at  Tarapaea  in  Pern,  and  at  Espaitinaa  near  Madrid.  Qlanbcr's  salt  occnra  in 
ayatals,  or  more  fnqnently  in  efflorescent  crusts,  at  Ischl  and  Hullatadt  in  Austria  ; 
also  in  Himgary,  Switierland,  Italy,  &c ;  it  is  sbundaQtl^  deposited  at  the  hot  springs 
of  Kariabad;  in  larKe  quantity  also  in  a  cavern  in  Hawaii,  being  farmed  by  the  action 
of  volcanic  heat  and  gases  on  salt-WHtari  and  effloresces  with  other  salts  in  the  lim^ 
■tooe  below  the  Oenesee  Falls,  Rochester.  New  York;  also  near  the  Sweetwater  river, 
Bocky  Moontaius.  It  occurs  more  abundantly  in  comliinstiun  with  caldc  sulphite, 
aa  ^aiAtrUi  or  brongniaTiin  (ii.  84S).  Sulphate  of  sodium  is  also  a  constituent  of  ses- 
water  and  of  most  brinB  springs,  and  ejasts  in  large  qoantitj  in  many  salt  lakes  of 
Russia,  and  in  many  mineral  waters,  as  those  of  Karlsbad  and  Piillna. 

Fig.  785. 


Snlphala  of  sodium  ia  prepared  in  enormous  qaantitics  by  the  action  of  snipharie 
acid  on  common  salt  as  a  preUminair  atep  in  the  manufadareof  carbonsteof  sodiam. 
The  operation  is  perfbrmed  in  a  rererberatory  furnace  connected  with  on  apparatus  for 
coBdensing  the  hydrochloric  acid.  On«  of  the  best  finrna  of  fnmace  is  represented  in 
fig.  196,  tb*  lumigMDeiit  of  the  flues  being,  however,  aomewhst  diSerant. 

A,  tbtsmallcrof  the  two  comp«rtnnits  wliich  eompoM  thefontace,  is  of  east  iron; 
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In  this  (tbe  deeompoter)  from  5  to  6  cwt.  of  oommon  salt  10  introduced,  and  an  equal 
weight  of  snlphnrie  acid  (of  specific  giavity  1  *6)  is  gradually  mixed  with  it,  a  sentle  heat 
being  applied  to  the  outside ;  enonnous  Tolumes  of  hydrochloric  acid  are  usengaged, 
and  pass  off  by  the  flue  d^  to  the  condensing  towers  E  and  F.  These  towers  are  filled 
with  fragments  of  coke  or  stone,  oTer  which  a  continuous  stream  of  water  is  caused  to 
trickle  slowly  from  h  h.  A  steady  current  of  air  is  drawn  throush  the  furnace  and 
condensing  towers,  by  connecting  the  first  tower  with  the  second,  as  shown  at  fft 
and  the  second  tower  with  the  mam  chimney  (E)  of  the  works.  In  the  first  bed  of  the 
furnace,  about  half  the  chlorine  is  expelled  as  hydrochloric  acid  from  the  common  salt, 
and  the  pasty  mass  Uience  resulting  is  pushed  throxigh  a  door  into  the  roaster,  or 
second  division  (B)  of  the  furnace.  In  this  state  it  consists  of  a  mixture  of  add  sodie 
sulphate  and  undecomposed  sodic  chloride : 

2KaCl  -f  H^0«    -    NaCl  +  KaHSO«  +  HCL 

In  the  seeond  stage,  a  higher  temperature  is  required,  the  acid  sulphate  then  reacting 
on  the  unchanged  chloride,  in  such  a  manner  as  to  oonyert  the  whole  of  the  sodium  into 
normal  sulphate : 

Kaa  +  NaHSO«     -    HCl  +  Na«SO«. 

The  fnsed  sulphate  of  sodium  thus  obtained  is  called  salt-cake.  The  hydrochlorie 
acid  gas,  as  it  is  liberated  from  JB,  passes  through  the  flue  d,  and  is  carried  on  to  the 
condensing  towers.  Heat  is  applied  to  the  outside  of  the  roaster  B ;  the  smoke  and 
products  of  combustion  circulate  in  separate  flues  round  the  chamber,  in  the  direction 
mdicated  by  the  arrows,  but  never  come  into  contact  with  the  salt-cake  in  B.  (Miller's 
Siementa  of  Chemiiiry,  3rd  edition,  part  ii^.  420.) 

For  farther  details,  see  Bichardson  and  Watts's  Chemical  Technologi/f  yol.  i.  part.  iii. 
pp.  204—215,  and  part  ▼.  pp.  285^244. 

Sulphate  of  sodium  is  likewise  obtained  as  a  residue  in  many  chemical  operations 
as:  (a)  in  the  preparataon  of  nitric  acid  with  sulphuric  acid  and  Chile  saltpetre ;  (h)  of, 
sal-ammoniac  from  sulphate  of  ammonium  and  chloride  of  sodium ;  (e)  of  magnegia 
al6a  from  sxilphate  of  magnesium  and  carbonate  of  sodium. — {d)  Considerable  quantities 
are  also  obtained  from  the  panstone  and  mother-liquors  in  tne  preparation  of  common 
salt  from  sea-water  and  salt-springs  (p.  333).  The  panstone,  which  often  consists 
mainly  of  a  mixture  of  common  salt  and  anhydrous  calcio-sodic  sulphate,  is  lixiviated 
with  water,  which  dissolves  out  the  sulphate  of  sodium ;  the  non-saturated  solutions 
are  poured  upon  f^resh  panstone,  and  the  saturated  solutions  into  large  receivers,  in 
whidi  the  sulphate  of  sodium  dystallises  out  in  winter.  From  the  mother-liquor  of 
brine-springs  and  of  sea-water,  sulphate  of  sodium  is  separated  by  fractional  crystal- 
lisation, the  liquor  being  exposed  during  winter  to  a  freezing  temperature.  The  sulphate 
of  sodium  partly  exists  in  these  mother-liquors  ready-formed,  and  is  partly  produced  by 
the  mutual  action  of  the  magnesic  sulphate  and  sodic  chloride  contained  in  them,  so  that 
the  mother-liquor  left  after  the  separation  of  the  sodic  sulphate  contains  chiefly  chloride 
of  magnesium.  The  crude  salt  is  dissolved  in  water  at  33°,  and  separatee  from  the  solu- 
tion on  cooling  in  larse  tolerably  pure  crystals  (Richardson  and  Watts*s  Chemical 
Technology,  vol.  i.  part  lii.  pp.  157,  545). — e.  By  the  decomposition  of  ferrous  sulphate 
with  chloride  of  sodium,  a  mixture  of  these  two  salts  depositing  sulphate  of  sodium 
when  exposed  to  a  winter  temperature.  It  may  also  be  fbrmed  by  heating  iron-pyrites 
or  green  vitriol  with  common  salt  in  a  reverberatoiy  furnace^  hydrochloric  acid  then 
going  ofi^  and  the  iron  being  partly  volatilised  as  chloride,  partly  remaining  in  the  form 
of  ferric  oxide.  At  Fahlun,  in  Sweden,  Glauber's  salt  is  obtained  from  the  mine- 
wster,  and  from  the  mother-liquor  of  green  vitriol,  by  mixing  these  liquids  with  the 
requisite  quantity  of  common  rait,  evaporating  to  dryness,  igniting,  and  dissolving  the 
residue  in  hot  water. 

Sulphate  of  sodium  is  obtained,  as  an  anhydrous  mass,  by  leaving  ordinary  Glauber's 
salt  (the  decahydrate)  to  effloresce,  or  by  heating  it  to  redness,  and  in  anhydrous 
crystals  by  heating  a  solution  saturated  at  83^  to  40°,  some  decrees  higher ;  according 
to  Mitscherlich,  it  separates  even  at  40°.  These  crystals,  which  have  the  same  form  as 
'th^nardite,  are  rhombic  octahedrons  ismorphous  with  sulphate  of  silver,  and  with  the  sele- 
nates  of  sodium  and  stiver,  and  exhibit  tne  combination  P  .  }  P  .  ooP .  ooJPoo .  Axes 
a:b:c  -  0-4734  :  1  :  0-8005.  Angle  P  :  P  (brach.)  -  186<>  41';  P  :  P  (macr.) 
«  74°  18';  P  :  P  (basal)  »  123-43°.  Cleavage  parallel  to  P.  and  oof  oo .  The  salt 
melts  at  a  strong  red  heat  to  a  thin  liquid,  and  solidifies  on  coolins  to  a  transparent 
crystalline  mass.  Specific  gravity  of  me  crystals  >-  2'73  (Oordiei^ ;  2*645  (Tliom- 
Bon);  of  the  solid  fused  salt  »  2'693  (Karsten;  Schroder).  By  ignition  with 
charcoal,  it  is  converted  into  monosulphide  of  sodium. 

Sulphate  of  sodium  czystallises  from  solution  at  ordinary  temperatures,  in  lar^e, 
colourless,  striated,  monoclinic  prisms,  containing  Ka'SOMOH'O,  and  isomorphous  with 
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ehiomate  a&d  selenate  of  sodinm  oontaiiuiig  conesponding  qnantitiee  of  water.  Axes 
a\h.  e  «  0-8962  :  1  :  1109.  Angle  6  :  c  «  72«>  16';  ooP  :  ooP  (orthod.)  - 
93<»  29';  [Poo]  :  [Poo ]  (clinod.)  «  80°  88';  r2Poo]  :  [2Poo]  (clinod.)  -  46*'  68'; 
+  Poo  :  e  -  49<^  60';  +JPoo  :  o  =  76°  19^^;  -  JP  :  «  -  47**  66';  oP  :  ooP  - 
77**  66'.  The  ordinaiy  combination  ia  odP  .  ooPoo.  oP  .  [Poo].  +P.  +Pflo.  The 
crystalfl  are  almost  always  prismaticallj  elongated  in  the  direction  of  the  orthodiagonal, 
and  deaye  yeir  distinctly  parallel  to  ooPoo .  They  effloresce  readily  on  exposure  to 
the  air,  melt  in  their  water  of  crystallisation  at  33^,  and  giye  off  the  whole  of  it 
below  100®. 

The  salt  has  a  bitter  and  cooling  taste,  and  is  nsed  as  a  pnigatiye.  100  pts.  of 
water  dissolye  12  pto.  of  it  at  0° ;  48  pts.  at  18° ;  100  pts.  at  26"" ;  322-6  pts.  at  33° ; 
268  pts.  at  60°  (Gay-Lnssac),  and  244  pts.  at  100°  (Brandos  and  Firnhaber). 
Hence  it  appears  that  there  is  a  maximum  of  solubility  at  about  34^. 

When  a  scdution  saturated  at  the  point  of  greatest  solubility  is  left  to  cool  in  a  closed 
yessel  and  at  perfect  rest,  it  remains  supersaturated  at  ordinaiy  temjperatures,  and  does 
not  dystaQise;  but  on  a^tating  it  in  contact  with  the  air,  or  dropping  a  crystal  of  the 
salt  into  it»  the  whole  solidifies,  with  rise  of  temperature,  to  a  mass  of  crystals  of  ordi- 
nary Glauber^s  salt.  If^  howeyer,  the  supersaturated  solution  be  cooled  below  12°, 
witnout  agitation,  crystals  are  sometimes  formed  containing  7  at.  water  and  much 
harder  than  the  decahydrated  crystals.  If  now  the  temperature  be  again  raised  aboye 
16°,  or  the  crystals  touched,  they  become  milk-white,  and  are  oonyerted,  with  consider* 
able  rise  of  temperature,  into  a  mixture  of  the  anhydrous  and  the  decahydrated  saltb 
(Zie;  Faraday;  Lowel.) 

The  heptahydrated  salt,  Na*S0^.7H'0,  ciystallises  in  rhombic  prisms,  ooP .  ooP3 . 
OD^  00,  terminated  by  the  faces,  1^  oo  .  4^  oo.  Axes  a\h',c  »  0*956  :  1  :  0*966. 
ooP:  ooP(macr.)  -  87°  20':  ooPS  :  ooP3  -  36°  18*;  too  :  foo  (basal)  -  88*0'; 
iP  oo  :  ^P  00  (basal)  »  36°  40'. 

According  to  Lowel  (Ann.  Ch.  Phys.  [3],  xlix.  32;  Jahresb.  1866,  p.  321X  sul- 
phate of  sodium  may  exist  in  solution  in  three  different  states — yiz.,  as  anhydrous  salt, 
or  as  the  ordinary  decahydrate,  or  as  the  heptahydrate.  When  the  ordinary  decahy- 
drated crystals  are  melted  in  their  water  of  crystallisation,  then  heated  till  the  liquid 
boils,  and  the  yessel  immediately  closed,  a  crystalline  powder  of  the  anhydrous  salt  is 
deposited.  If  the  liquid  be  frequently  agitated  as  it  cools,  the  anhydrous  salt  dissolves 
more  and  more,  till  the  temperature  has  &llen  to  18°.  On  further  cooling,  crystals  of 
the  salt  Na*S0*.7H'0  are  deposited  on  the  still  undissolyed  residue,  and  below  18°, 
the  ai^ydrous  salt  is  gradually  but  completely  oonyerted  into  the  heptahydrate.  The 
solutions  of  the  anhydrous  sulphate  remain  as  such  at  ordinary  temperatures  only  in 
closed  yessels ;  in  contact  with  the  air,  or  a  crystal  of  Glauber^s  salt,  they  immediately 
deposit  crystals  of  the  decahydrated  salt.  The  solubility  of  the  anhydrous  8;i1t 
diminishes  as  the  temperature  rises ;  but  that  of  the  ordinary  decahydrate  increases 
ap  to  about  34°,  at  which  temperature  it  is  conyerted  into  the  anhydrous  salt.  At 
84°,  the  decahydrated  crystals  gradually  melt  in  their  water  of  crystallisation.  As 
long  as  the  saturated  liquid  remains  in  contact  with  a  large  excess  of  the  unaltered 
crystals,  it  retains  an  amount  of  salt  corresponding  to  that  in  a  solution  of  the  deca 
hydrated  salt  saturated  at  34° — that  is  to  say,  66  pts.  of  anhydrous  salt  to  100  pts.  water. 
If,  however,  the  fusion  be  continued  further,  the  anhydrous  salt  begins  to  separate ; 
and  when  all  the  crystals  are  fused,  the  solution  ultimately  contains  49*63  pts.  of 
anhydrous  salt  to  100  pts.  water,  an  amount  corresponding  to  that  of  a  solution  of  the 
anhydrous  salt  saturated  at  34°.  Hence  the  apparent  maximum  in  the  solubility  of 
sodie  sulphate  at  34°,  arises  from  the  fact  that  the  salt,  under  ordinaiy  circumstances, 
dissolves  in  water  up  to  the  temperature  of  34°,  as  Na'SOMOH'O,  the  solubility  of 
which  increases  with  the  temperature ;  but  above  34°,  it  dissolves  as  anhydrous  salt> 
the  solubility  of  which  diminishes  as  the  temperature  rises  up  to  103*7°>  the  boiling- 
point  of  the  saturated  solution.    (L o  w  e  L  ) 

Saturated  solutions  of  the  salt  Na'S0\7H*0  are  obtained,  for  higher  temperatures, 
by  removing,  at  a  lower  temperature,  a  portion  of  the  mother-liquor  which  covers  the 
crystals,  and  then  warming  the  crystals  with  the  rest  of  the  liquid.  When  a  liquid 
containing  an  excess  of  the  crystals  of  this  heptahydrate  is  heated  to  27°,  these  crystals- 
behave  just  like  those  of  the  deca^dzate  at  34° — ^that  is  to  say,  they  mcJt,  and  the 
liquid  deposits  the  anhydrous  salt.  (Lowel.) 

The  foilowing  table  exhibits  the  variations  of  solubility  of  anhydrous  sodic  sulphate, 
and  of  the  two  hydrates ;  in  the  two  latter  cases,  also,  the  quantity  of  anhydrous  gait 
aqulTiilent  to  the  hydrated  ialt  4is0olyed  at  each  temperature  is  given : — 
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QiumtiUes  of  Sodic  Sulphate  dissolved  in  100  pts,  qf  Water  in  the  state  of  Saturated 

Solution, 


N«*SO«  +  lOHso. 

N««SO«  +  7H«0. 

Tompcratim* 

ADhydraoi. 

Anhydroat. 

Hydrate. 

Aohydrocu. 

Hydrate. 

o«c. 

•          • 

5-02 

12-16 

19-62 

44-84 

10 

•         • 

9-00 

23-04 

30-49 

78-90 

16 

•         • 

13-20 

85-96 

37-43 

105-79 

18 

52-25 

16-80 

48-41 

41-63 

124-59 

20 

52-76 

19-40 

58-85 

44-73 

140-01 

25 

51-58 

28-00 

98-48 

52-94 

188-46 

26 

51-31 

8000 

109*81 

54-07 

202-61 

30 

50-87 

4000 

184-09 

S3 

49-71 

50-76 

32313 

34 

49-53 

5500 

412-22 

4015 

48-78 

5040 

46-82 

50-79 

46-42 

70-61 

44-86 

84-42 

42-96 

103-17 

42-65 

Sulphate  of  sodium  is  insoluble  in  alcohol,  but  someiwhat  soluble  in  dilute  sjnrit ; 
strong  alcohol  heated  with  the  oidinaiy  efrstals,  abstzacts  part  of  their  water  of 
crystallisation.     Aeooiding  to  Schif f  (ijin.  Ch.  Pbann.  czriii.  865) : 


A  lolution  (saturated  at  18P)  in  alcohol  of  t 


Specific  gravity. 
1-000 
0-976 
0-972 
0-939 


Per  cent,  hy  weight* 
0 
10 
20 
40 


Coatalotper 
Ne>SOM0HSO. 
25-6 

14-35 
5-6 
1-3 


of 


Alcohol  precipitates  it  from  the  oold  aqaeons  solution. — [On  the  solubility  of  sodic 
sulphate  in  Tarious  liquids,  see  further,  Storei^s  Dictionary  of  Solubilities,  iii.  623— 
628.] 

Strong  hydrochloric  acid  poured  upon  crystallised  Glauber's  salt,  piodnees  consider^ 
able  depression  of  temperature. 

0.  Acid  Sulphates  of  Sodium.-^Hydro^monosodie  sulphate,  NaHSO^  or  Na*SO^ 
fi'SO^  commonijr  called  fydrated  bisulphate  of  soda,  is  obtained,  in  large  transparent 
triclinic  crystals,  by  dissolying  equivalent  quantities  of  the  neutral  sulphate  and 
sulphuric  acid  in  water,  and  evaporating  by  heat.  From  a  solution  saturated  at  the 
boiung  heat,  it  separates  on  cooling  in  oblique  rhombic  prisms  containing  2  at.  water, 
according  to  Mitseherlich,  8  at  according  to  Wittstein.  The  ciy8tals»  when  exposed 
to  the  air,  graduallly,  absorb  water  without  deliquescing,  and  are  resolved  into  the 
neutral  salt  and  free  sulphuric  acid.  The  same  decomposition  takes  places  on  dissolving 
them  in  4  pts.  of  hot  water  or  pouring  alcohol  upon  tnem. 

Hydro-trisodie  sulphate,  Na*H(SO^)',  is  obtained,  according  to  Mitseherlich,  when 
the  neutral  sulphate  is  treated  with  half  the  quantity  of  suljihurio  acid  required  to 
convert  it  into  the  preceding  salts ;  it  crystallises  by  evaporation  in  beautifu  oblique 
rhombic  prisms.  H.  Bose  always  obtained  it  from  a  solution  of  hydromonosodio 
sulphate,  and  in  one  preparation  it  was  deposited  in  small  crystals  with  a  somewhat 
different  amount  of  water.  Its  aqueous  solution  always  yields  crystals  of  nenteal  sodic 
sulphate  with  2^  at.  water  (H.  BoteX  Mitsdherlich  sometimes  also  obtained  ciystala 
containing  Na"Br(80«)*. 

The  anhydrondphate,  Na*8H)'  -  Na%0«.SO*  »  Na*0.2S0«,  or  anhydrous  hisul^ 
phate  of  soda,  is  obtained  b^  covering  1  at.  of  the  dzr  neutral  sulphate  with  1  at. 
sulphuric  acid,  and  heating  till  the  mass  fuses  tranquilly  at  a  low  red  heat.  When 
heated  to  full  redness,  it  gives  off  sulphuric  anhydride  (p.  569). 

Snlpliate  of  Strontlaiii*  Sr^SO^  ■•  SrO.SO",  occurs  native  as  coelestin, 
sometimes  in  large  trimetric  crystals,  sometimes  spany  or  fibrous  (i.  1069.)  Manrosa^ 
by  fusing  sulphate  of  potassium  with  excess  of  chloride  of  strontium,  obtained  sulphate 
of  strontium  in  crystab  having  the  form  and  specific  gravity  of  coBlestin.  By  precipU 
tating  a  soluble  strontium-salt  with  sulphuric  acid,  it  is  obtained  as  a  white  powaor 
which,  according  to  Fresenius,  Lb  soluble  in  6,895  pts.  of  cold  and  9,638  pts.  of  boiling 


614 


SULPHUR:  OXYGEN-ACIDS  AND   SALTS. 


water,  but  muob  less  soluble  in  water  containing  bydroeblorio  or  sulphuric  acid,  of 
which  it  requires  11,800  parts.  The  aqueous  solution  is  used  as  a  reagent  for  distin- 
guishing barium  from  strontium  (p.  436).  According  to  H.  Boee,  sulphate  of  strontium 
dissolves  yeiy  perceptibly  in  hydrochloric  add  at  ordinary  temperatures.  Wat.er 
containing  common  salt  dissolves  it  slowly  but  completely.  Virek  (Chem.  Centr. 
1862,  p.  402)  has  determined  the  solubility  of  sulphate  of  strontium  in  certain  saline 
solutions  with  the  following  results : — 


Quantity  of  ult  in 

Quantity  of  SrSO^ 

Quantity  of  ult  in 

Quantity  of  SrSO* 

solution. 

ditsoUed. 

solution. 

1 

diuolved. 

NaCl  22-17 

01811 

MgCl«  13-63 

0-2419 

„      16-64 

0-2186 

„         4-03 

0*2057 

„        8-44 

01653 

„         1*69 

01986 

KCl  1808 

0-2513 

Caa*  83-70 

0*1706 

H     12*54 

01933 

„       16-61 

01863 

»       8-22 

0*1925 

„        8-67 

01766 

Sulphate  of  strontium  melts  to  a  vitreous  ibass  at  a  strong  red  heat,  and  is  reduced 
on  charcoal  before  the  blowpipe  to  sulphide  of  strontium.  With  an  equivalent 
quantity  of  sodic  carbonate,  it  forms  an  easily  fusible  mass,  which,  on  cooling,  becomes 
opaque,  and  like  mother-of-pearL 

Snlpbate  ofTeUariuiii,  Te^^(SO«)*  »  TeO'.2SO*  ?— -When  pulverised  tellurium 
is  triturated  to  a  thin  paste  with  strong  sulphuric  acid,  and  the  mass  gently  heated,  it 
assumes  a  fine  purple-red  colour,  arising,  according  to  Magnus,  firam  the  solution  of  the 
tellurinm  as  such,  and  not  in  the  oxidised  state.  The  purple  colour  remains  as  long  as 
there  is  any  liquid  left,  whilst  the  undissolved  portion  of  the  teUurium  becomes  oxi- 
dised at  the  expense  of  the  sulphuric  acid,  and  disappears  as  soon  as  all  the  acid  is 
decomposed,  the  whole  being  then  converted  into  a  white  mass.  If  this  mass  be  gently 
heated  till  the  excess  of  acid  is  just  driven  off,  there  remains  a  white,  earthy,  amotphous 
substance,  which  produces  a  Sense  Of  dryness  on  the  tongue,  and  after  a  while  a  metallic 
taste.  When  heat.ed  it  melts,' gives  off  sulphuric  anhydride,  and  leaves  a  yellow  liquid, 
which  solidifies  oil  cooling  to  a  transparent  vitreous  mass,  consisting  of  a  basic  salt, 
which,  when  heated  in  an  open  crticibie,  gives  off  its  sulphuric  add,  and  leaves  opaque 
tellurous  oxide.  Sulphate  of  tellurium  £ssolves  in  warm  hydrochloric  or  nitric  acid, 
and  crystallises  therefrom  in  cranules  on  cooling.  Water  decomposes  it,  dissolving 
out  sulphuric  add  with  a  small  quantity  of  tellurium,  and  separating  tellurous  oxide 
(Magnus,  Fogg.  Ann.  x.  491).     See  further  Gmelin's  Handbook,  iv.  406. 

Bnlpliate  of  Terbtuiiifl  3Tb'^0^8H*0,  is  isomorphous  with  sulphate  of  didymium 
(Delafontaine,  Jahreeb.  1864,  p.  198;  1865,  p.  179).  According  to  Mosander,  it 
effloresces  at  60^;  Delafontaine,  however,  only  once  observed  an  impeHectly  crystallised 
Bpedmen  to  effloresce  completely  at  ordinary  temperatures.    (See  Tkrbiux.) 

smpliAtM  of  TiialllviB.— «.  Thalliaus  Mulphate,  Tl'SO*  =  Tl<O.SO',  is  obtained 
by  evafKirating  a  solution  of  the  chloride  or  nitrate  with  sulphuric  add  (Lamy),  or 
by  heating  metallic  thallium  with  sulphuric  add  (Crookes).  It  is  soluble  in  21*1  pts. 
of  water  at  16°  and  in  5*4  pts.  at  100°  (Grookes),  and  crystallises  from  the  solution 
in  anhydrous  rhombic  pnsiM,  isomorphons  with  solpluite  of  potassium,  and  exhibiting 
the  combination  odFqo  .  ooF2 .  ooP  .  ooPoo  .  F  .^  oo  ;  the  crystals  are  prismatically 
elongated  in  the  direction  of  the  prindpal  axis,  and  the  faces  ooFoo  greatly  predominate 
(y,  Lang,Fhil.  Mag.  U]  xxv.  348).  In  presence  of  sulphate  of  ammonium,  it  separates 
in  long  striated  crystals  resembling  snlphoeyanate  of  potassium.  (Crookes,  Chem» 
News,  viii.  248.) 

Tfaallious  sulphate  forms,  with  sulphate  of  aluminium,  the  salt,  TlAr(S0«)M2HK), 
isomorphous  with  common  alum  (Lamy);  and  with  the  sulphates  of  magnesium,  nickel, 
&c,  double  salts  contsdning  6  at.  water,  and  isomorphous  with  potassio-magnesic 
sulphate,  A».  (G.  Werther,  Bull.  Soe.  Chim.  [2]  ii.  272 ;  Jahresb.  1864,  p.  248).— 
The  meM-W^,  T1W(S0«)>.6H''0,  sefwrates  from  a  solution  containing  a  slight  excess 
of  nickel-sulphate,  in  green  prisms,  which  are  permanent  in  the  air,  give  off  their  water 
at  120^  and  decompose  at  a  red  heat.— The /«m>iM  «a^,Tl'Fe''(S0«)*.6HK),  obtained  in 
like  manner,  is  pale-green ;  the  gine-9alt,  Tl*Zn"(S0^)'.6HK>,  is  colourless,  and  has  a 
glassy  lustre;  the  magnesium-salt,  Tl*Mg"(S0«}'.6HH),  resembles  it»  but  is  more 
•oluble. 

3.  Thallie  sulphate,  Tl«(SO*)».7H«0-Tl«0».8SO«.7H«0,  separates  by  evaporation 
£tom  a  solutidn  of  thallie  oxide  in  dilute  sulphuric  add,  in  thin  colourless  lamime,  which 
are  decomposed  by  water,  even  in  the  cold,  with  separation  of  brown  thallie  oxide.   It 


SULPHATES  OF  THORINUM— TIN.  615 

giTefl  oflf  6  at.  trater  at  220^,  and  is  reduced  at  a  stronger  heat  to  tluillioiis  ralpihate. 
(Streelrer,  Ann.  Gh.  Pharm.  czxxv.  207.) 

According  to  Wi  11m  (Ann.  Ch.  Phys.  [4]  ix.  5;  Jaliretb.  1865,  p.  2^81  a  solution  of 
thallic  oxide  in  moderately  concentrated  solphnric  acid,  prepared  with  aid  of  heat,  first 
deposits  slender  needles  of  the  basic  salt,  Tro'.2S0'.dH*0 ;  afterwards  a  thaUoso* 
thaUio  sulphate,  in  transparent  prismatic  crystals,  together  with  anamorphons  pulvera- 
lent  salt  containing  Tl'0*.2S0'.3H'O.  A  solution  of  thallions  sulphate  heated  with 
baric  or  plumbic  peroxide  and  sulphuric  acid,  then  filtered  and  concentrated  by  eyapo- 
xation,  deposits  crystals  of  anhydrous  thallic  sulphate,  Tl'O'.SSO*.    (Willm.) 

PotassiO'thallic  stdvhaU,  fi«K*(SO*)»  -  T1«(S0*)«.2K«S0«,  separates,  on  mixing  a 
solution  of  the  preceaing  salt  with  a  strong  solution  of  potassic  sulphate,  as  a  h^, 
colourless,  crystalline  crust,  which  is  coloured  brown  on  the  surface  by  water,  and  is 
but  slightly  soluble  in  dilute  sulphuric  acid. — Sodio-thallie  sulphate^  Tl  Na(SO^)',  is 
formed  in  like  manner,  and  separates  in  colourless  needles.    (Strecker.) 

Sulfate  of  Tbortanm,  Th<^(SO<)*  »  Th0^2S0'.*— Obtained  as  a  white  pow- 
der by  dissolying  thorina  in  strong  sulphuric  acid  and  expelling  the  excess  of  acid  by 
eyaporation  (Berzelius).  Delafontaine(N.  Arch.  Ph.  Nat.  xviii.  343 ;  Jahresb. 
1863,  p.  197)  prepares  it  by  mixing  finely  pulverised  thorite  or  orangite  with  strong 
sulphuric  acid  to  a  semi-fluid  paste  (the  mass  becoming  strongly  heated,  and  part 
of  the  excess  of  acid  yolatilisiug),  and  heating  the  residue  to  400^ — 600®,  as  long  as 
acid  fumes  are  evolved ;  then  gradually  introducing  the  dry  and  cooled  mass  into  cold 
water,  with  constant  stirring,  and  heating  the  filtered  solution  to  100^.  The  sulphate 
of  thorinum  then  separates^  and  may  be  purified  by  repeated  solution  in  cold  water 
and  precipitation  by  heat. 

Sulphate  of  thorinum  thus  obtained  is  a  heavy  white  curdy  precipitate,  made  up  of 
interlaced  needles,  and  consisting,  according  to  Delafontaine,  of  2Th*''(SO*)'.9H*0.  By 
slow  evaporation  of  an  aqueous  solution  at  ordinary  temperatures  (10^ — 16^),  a  salt 
separates  containiog  double  this  amount  of  water,  viz.,  Th'^(S0^)'.9H'0  (Delafon- 
taine. Chydenius,  Pogg.  Ann.  cxix.  48;  Jahresb.  1863,  p.  196).  Berzelius,  by 
spontaneous  evaporation  of  a  solution  containing  a  little  free  sulphuric  acid,  obtained  a 
hydrate  containmglO  at.  water,  6  at^  of  which  were  given  off  at  a  somewhat  higher  tem- 
perature, leaving  the  salt  Th'*(S0^)'.4H'0,  which  also  separated  from  the  sdution  on 
evaporation  at  higher  temperatures.  These  two  hydrates  were  probably  the  same  as 
those  above  mentioned,  containing  9  and  4^  at.  water. 

The  hydrate,  Th(S0*)'.9H'0,  crystallises,  according  to  Chydenius,  in  translucent, 
elRorescent,  monoclinic  pnsms,  exhibiting  the  combination  ooP .  [Poo  ] .  ooPoo  .  [  ooPoo  ]. 
oP.  Axes,  a  :  6  :  c  -  1  :  0-5981  :  0*6584.  Angle  b  :  o  "  Sl^  50';  ooP .  coP  (dinod.) 
=  118°  50' ;  [Pool :  [Poo  ]  (over  the  pole)  -  149<»  25'.  Delafontaine,  by  leaving  the 
salt  precipitated  m>m  a  hot  solution,  in  contact  with  a  quantity  of  water  not  sufficient 
to  dissolve  it»  obtained  six  or  eight-sided,  pointed,  monoclinic  crystals,  the  composition  of 
which  is  not  stated,  but  whidi,  according  to  Marignac's  determinations,  exhibit  the 
same  faces  as  those  just  described,  with  addition  of  [8Pao  ]  and  [  ooPoo  ]  and  nearly 
the  same  value  of  the  angle  ooP  :  ooP,  viz.  1 19°  0' ;  also  oP  :  ooPoo  «  98<'  30' ;  odP  : 
oP  «  97° 6';  [Poo]  :  oP  -  124^28' ;  [6Pao]  :  oP  -  960  27';  [ooPoo]  :  oP  -  94<>  51'. 
Hence  they  were  probably  also  Th(S0*)*.9H*0. 

A  slightly  acidulated  aqueous  solution  of  sulphate  of  thorinum  yields,  when  boiled, 
a  flocculent  precipitate  which  redissolves  on  cooling,  and  contains  Th(S0^)*.3H'0,  or 
from  somewhat  dilute  solutions,  Th(SO*)'.HK>.  The  solution,  evaporated  at  25°,  yields 
without  formation  of  crystals,  a  white  saline  mass  consisting  of  Th(S0^)'.2H*0.  The 
9-hydrated  salt  gives  up  half  its  water  at  100®,  and  the  rest  at  a  stronger  heat  (at  400° 
to  450°  according  to  Delafontaine).  The  anhydrous  salt  hisses  when  dissolved  in 
water  (Chydenius).  The  salt  is  insoluble  in  alcohol,  and  gives  off  all  its  acid^  at  a 
red  heat  (Berzelius). — A  hasio  salt  is  obtained  on  adding  ammonia  to  the  solution  of 
the  neutral  salt  as  long  as  any  precipitate  is  formed. 

P&tassio-thorinie  sulphate,  Th»'K*(S0^)*.2H«0  -Th»'(SO<)«.2K«80*.2H«0,  separates, 
according  to  Berzelius,  as  a  crystalline  powder,  when  a  crust  of  potassic  sulphate  is 
suspended  in  a  solution  of  thorinic  sulphate.  It  is  easily  soluble  in  water,  insoluble  in 
alcohol  and  in  sulphate  of  potassium.  From  a  boiling  aqueous  solution,  it  crystallises 
on  cooling  in  rectangular  prisms,  which  give  off  their  water  at  a  gentle  heat,  but  with- 
out disintegratin|(Berzelius).  According  to  Chydenius,  the  salt,  Thi^E*(S0«)*.2H-0, 
separates  in  slenaer  crystals  when  solid  siSphate  of  potassium  is  immersed  in  a  solu- 
tion of  thorinic  sulphate  at  60° — 70°. 

SnlpliatM  of  Ttau— Stannic  sulphate,  Bn^^SOy'^  Sn»'0«.2S0«,  is  formed  hj 
dissolving  stannic  hydrate  in  sulphuric  acid,  or  by  heating  tin  with  excess  of  the  acid. 
It  forms  an  add  uncrystallisable  syrup. 

•  Tb  ■■  SSlff. 
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SUanwma  HUpkate,  Sn^SO^  «  Sn^O.SO',  is  obtained,  by  heating  an  excess  of  tin 
with  concentrated  or  slightly  diluted  sulphuric  acid,  as  a  saline  mass,  which  dissolves 
with  brown  colour  in  boiling  water,  and  separates  in  needle-shaped  crystals  on  cool- 
ing ;  also  in  nacreous  laminar  crystals,  by  dissolving  stannous  hydrate  in  warm  dilute 
sulphuric  acid  ;  and  as  a  oystalline  precipitate,  by  adding  sulphuric  acid  to  a  concen- 
trated solution  of  stannous  chloride.  The  anhydrous  salt  is  obtained  by  distilling 
stannous  sulphide  with  mercuric  oxide.  It  bears  a  red  heat  without  decomposition, 
whereas  the  hydrated  salt  when  ignited  leaves  a  residue  of  stannic  oxide.  Stannous 
sulphate  dissolves  very  easily  in  water,  but  the  solution,  after  some  time,  deposits  a 
white  basic  salt. 

Potassio-stannoua  MUphate  separates,  on  mixing  a  solution  of  stannous  sulphate  with 

sulphate  of  potassium  in  fine  silky  needles,  containing  Sn*K<(SO<)',  or  Sn"K>(SO^)* 
(Marignac).  A  mixtnre  of  hot  concentrated  solutions  of  stannous  chloride  and 
sulphate  of  potassium,  deposits  the  compound  4Sn''K*(S0*)'.Sn''Cl',  in  small, 
shinine,  hexagonal  eiystals,  which  may  be  reczystallised  wiUiout  decomposition. 
(Marignac.) 

Snlpliates  of  TUaninmM—TUame  stdphate,  Ti*'(SO*)'  »  Tii*0*.2S0',  is  pre- 
pared bv  digesting  finely  pulverised  titanic  oxide  with  sulphuric  acid  diluted  with  half 
Its  weight  of  water  till  all  the  water  is  driven  ofi^  On  expelling  the  excess  of  acid  by 
a  stronger  heat,  titanic  sulphate  remains  as  a  saline  mass,  which  dissolves  completely 
in  lukewarm  water ;  the  diluted  solution,  however,  deposits  titanic  oxide  when  boiled 
(H.  Bose).  From  a  solution  of  acid  potassic  titanate  in  hydrochloric  acid,  sulphuric 
acid  throws  down  a  compound  consistinff  of  9TiC)*.SO'.9H*0  (H.  Bose). — Potassio- 
titatUc  sulphate,  Ti^^K\QO*y,  \a  ohtaiaea,  according  to  Warren  (Jahresb.  1857,  p. 
175),  in  small  sparingly  soluble  crystals,  by  fhsing  titanic  oxide  with  acid  sulphate 
of  potassium,  digesting  the  resulting  vitreous  mass  with  strong  sulphuric  acid,  expelling 
the  greater  part  of  the  latter  by  a  gentle  heat,  and  dissolving  out  the  excess  of  acid 
potassic  sulphate  with  water. 

TUanous  sulphate^  Ti^O'.SSO^  according  to  Ebelmen,  is  formed  by  dissolving  tri- 
chloride of  titanium  in  sulphuric  acid,  and  separates  on  evaporating  the  solution  in  a 
vacuum  over  lime,  in  violet,  deliquescent,  crystalline  masses.  Its  solution,  when  boiled, 
deposits  titanic  oxide. 

Sulpliate  of  Tnacsten  separates,  on  dropping  a  solution  of  alkaline  tungstate 
into  dilute  sulphuric  add,  as  a  neavy  white  precipitate^  soluble  in  purs  water. 

Snlpliateo  of  IftWEdttm. — Uranie  ndphate,  U*0'.SO',  or  Sulphate  of  Uranyt, 
(U*0*)''SO*,  is  obtained  by  dissolving  uranoso-uranic  oxide  in  strong  sulphuric  acid, 
diluting  the  solution  with  water,  and  oxidising  with  nitric  acid ;  also  by  decomposing 
a  solution  of  uranie  nitrate  with  sulphuric  add,  expelling  the  excess  of  acid  by  beat, 
dissolving  the  residue  in  water,  evaporating  the  solution  to  a  syrup,  and  leaving  it  to 
cxystallise.  It  forms  small  lemon-yellow  prisms  containing  3  at.  water  (Berzelius ; 
P^ligot);  ^  at.  (Ebelmen).  According  to  Berzelius,  the  salts  U*0".2S0'  and 
U'O'.SSO*,  are  obtained  by  dissolving  the  monosulphate  in  sulphuric  acid ;  but  P^Iigot 
denies  their  existence  (see  Ubantdv). — Uranie  sulphates  of  various  composition, 
called  uranium'^)chre  and  uranium-vUriol,  are  found  in  small  flattened  monodinic 
crystals,  of  a  bright  emerald-green  colour,  near  Joachimsthal  in  Bohemia,  also  at 
Johanngeoigenstadt    (Bam m el sb erg's  Mineralehemie,  p.  279.) 

PotassiO'Uranic  eulphate,  (XJ*0«)"'K«(S0*)*.2H*'0,  forms  lemon-yellow  crystalline 
crusts,  very  soluble  in  water,  and  homing  anhydrous  at  100^. — Ammonia-uranio 
sulphate^  of  similar  composition,  forms  sparingly  soluble,  lemon-yellow  prisms.  There 
is  also  a  crystalline  soe2to-«m9t«0  sulphate. — Basic  cupro-uranic sulphates,  called  tt«*am«m- 
^/reetif  are  found  at  Joachimsthal.    (Bammelsberg*s  Mmeralchemie,  p.  295.) 

Uranous  sulphate,  U''SO*  =  TTCSO',  may  be  prepared  by  dissomng  uranoso- 
uranic  oxide  in  hot  oil  of  vitriol,  diluting  with  water,  and  evaporating  in  a  vacuum ;  or 
by  dissolving  hydrated  uranous  oxide  m  dilute  sulphuric  acid ;  or  by  decomposing  a 
concentrated  solution  of  uranous  chloride  with  sulphuric  acid.  It  ciyFtallises  with  2  and 
with  4  at.  water.--Arfift<Mtt?«ranoiM»MlpAfl<«,U'*SO*.U*0.3H*0,  is  obtained  by  treating 
the  normal  salt  with  a  large  quantity  of  water;  by  exposing  the  alcoholic  solution  of 
that  salt  to  the  sun's  rays ;  by  careful  addition  of  ammonia  to  its  aqueous  solution ; 
and  by  boiling  that  solution  with  green  uranoso-uranic  oxide.  It  forms  a  light-green 
powder  having  a  silky  lustre. 

Ammonto-vranous  sulphate,  U*(NH*)*(SO*)*,  forms  easily  solujjie,  dark-green,  warty 
groups  of  crystals :  its  solution,  when  heated,  deposits  a  basic  sulphate. 

P&tassio-uranie  sulphate,  tj*E^SO«)*.H'0,  forms  green,  slightly  soluble  saline 
erasts. 
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XTranosO'Wxmie  sulphate^  U''(tPO*)''(BO^)',  obtained  by  diBoolriiig  nranoflo-imiiio 
oxide  in  warm  oil  of  yitiiol,  and  eraporating  the  escees  of  add  by  heat,  forms  a  light- 
green,  soluble  mam,  whidi  at  a  red  heat  gives  off  snlj^nroiu  anhydride,  and  is  oon- 
Terted  into  nranic  sulphite  (Ebelmen,  (Ann.  Ch.  Phys.  t.  189).  On  the  sulphates  of 
uranium,  see  further  umelin's  Handbook^  ir.  174.) 

•olpbatM  of  Vanadlimi.— ronotfu;  sulphate,  Yd'^'CSO^)'  =  VdO^.SSO*,  is  pro- 
duced by  dissolving  vanadic  oxide  in  hot  sulphuric  acid  diluted  with  half  its  weight  of 
water,  and  evaporating  the  excess  of  acid  at  as  low  a  temperature  as  possible.  It 
forms  small  red-brown  crystalline  scales,  quickly  deliquescing  to  a  rusty-brown  syrup, 
which  is  not  rendered  turbid  either  by  water  or  by  alcohol.  The  aqueous  solution 
becomes  turbid  on  boiliqg,  an4  the.  liquid  separated  frorp  the  precipitate  contains  an 
acid  aalit  which  dries  up.to  a  red  syrup.  A  hasie  ^flit,  VdO'.iSO*,  formed  by  dissolv- 
ing neutral  vanadious  sylphate  in  pitrie  acid,  formfi  a  red,  deliquescent,  soluble,  saline 
mass(Ber2eliuB).  Pi[>^(u»io-,ifana44e  mdpkaie,  Yd7^K\SO*)\  separates  from  a  solu- 
tion of  potassic  vanadate  mixed  with  a  little  sulphuric  acid,  and  left  to  evaporate,  in 
yellow  grains,  composed  of  microsoopic  ciystals.  It  is  slightly  soluble  in  water,  inso- 
luble in  alcohol.    (Berzelius.) 

Vanadioua  aUipkate,  yd*^(SO<)'  -  ydO*.2SO*,  is  prepared  by  dissolving  the  di-  or 
tri-oxide  of  vanaaium,  obtained  by  igniting  vanadate  of  ammonium,  in  sulphuric  acid, 
and  paseinff  sulphurous  add  gas  through  the  solution,  or  heating  it  with  oxalic  acid,  to 
complete  me  induction  of  Sie  vanadic  tri-oxide.  The  solution,  when  eTaporated, 
yielas  sky-blue  crystals,  probably  consisting  of  an  add  vanadious  sulphate,  which, 
when  purified  by  washing  with  absolute  alccmol,  gradually  swells  up,  ana  is  converted 
into  a  loose  sky-blue  powder,  consisting  of  the  neutral  salt.  This  salt,  after  being 
washed  with  alcohol,  and  dried  over  oil  of  vitriol,  may  be  obtained  in  the  crystalline 
form  by  allowing;  it  to  deliquesce,  and  then  leaving  it  for  some  time  in  a  dry  atmo- 
sphere. It  usuauy  crystallises  in  groups  of  prisms,  but  sometimes  in  separate,  short, 
rhombic  prisms,  having  a  fine  blue  colour,  and  consisting  of  yd'*(S0^)^4£['0.  It  dis- 
solves very  slowly  in  cold  water,  and  when  ignited,  leaves  vanadic  tri-oxide  (Berze- 
lius). A  basic  salt  is  produced,  according  to  Berzelius,  by  digesting  a  strong  solution 
of  the  neutral  sulphate  with  vanadious  hydrate.  It  dries  up  to  a  blue  transparent 
mass,  which  gives  off  water  and  turns  brown  at  100^.  PotassiO'Vanadious  sulphate, 
Vd^'KXSO*)*,  is  a  light  blue  gummy  mass. 

Bvlpbates  of  Tttrimii.  The  neutral  sulphate,  Y"SO^  oystallises  very  easily 
in  small  four-  or  six-sided,  colourless,  or  faintly  rose-coloured  prisms,  which  do  not 
effloresce,  but  remain  transparent,  even  at  80^,  but  at  higher  temperatures  give  off 
water  and  become  milk-white;  they  dissolve  very  slowly  in  water  (Berzelius).  A 
solution  of  yttria  in  sulphuric  add  saturated  in  the  cold,  becomes  turbid  at  30^ — 40^, 
from  separation  of  the  sulphate,  and  at  the  boiling  heat  the  whole  is  predpitated  as  a 
crystalline  powder,  contaming  2Y^S0^6H^O ;  it  has  a  faint  reddish-colour,  which  it 
loses  at  180^,  together  with  its  water  of  crystallisation.  The  anhydrous  salt  dissolves 
easily  in  cold  water  (Popp,  Ann.  Ch.  Pharm.  cxxxi.  179;  Jahresb.  1864,  p.  203). 
By  evaporation  over  oil  of  vitriol  at  6^ — 10^,  crystalline  crusts  are  obtained,  consisting 
of  3Y''S018H'0,  isonxnrphous  with  the  correspionding  hydrated  sulphates  of  cadmium 
and  didymium  (Popp;  Delafontaine,  Jah»«b.  1864,  p.  198.)  The  anhydrous  salt 
gives  on  I  of  its  sulphuric  anhydride  at  a  red  heat,  leaving  the  tribanic  salt  3  YO.SO*  «■ 
X'S0^.2Y0  ;  and  by  yerj  stronff  and  prolonged  ignition,  the  whole  of  the  sulphuric 
anhydride  may  be  expeUed,  leaving  pure  yttria.  The  basic  salt  is  likewise  obtained 
by  precipitating  the  neutral  salt  with  ammonia.    (Berzelius.) 

Potassio-yttric  sulphate,  Y*TL.\80*y,  is  obtained,  by  evaporation  of  the  solution  of 
its  component  salts,  as  white  crystalline  crust  (B  erzelius) ;  or  by  covering  the  solution 
with  a  layer  of  alcohol,  in  ciystals,  which,  on  exposure  to  the  air,  give  off  about  6  pec 
cent  of  water  (Popp).  The  salt  dissolves  in  16  pts.  of  cold  water,  and  in  10  pte.  of  a 
solution  of  potassic  sulphate  (Berzelius).  The  aqueous  solution  saturated  in  the 
cold,  deposits  sulphate  of  yttnum  when  heated.    (Popp.) 

Sulphate  of  yttrium  may  be  combined  by  fusion  wiUi  sulphate  of  sodium,  but  does 
not  unite  with  sulphate  of  magnesium,    (Popp.) 

Svll^liatoo  of  Une^ — The  normal  or  neutral  sulphate,  Zn^SO*,  also  called  whits 
vitriol  or  ginc-vitriol,  is  produced  by  dissolving  oxide  or  carbonate  of  zinc  in  dilute 
sulphuric  add;  and  on  the  large  scale,  by  roasting  the  native  sulphide,  lixiviating  with 
water.      "  ''       '*        '    '      *       ^j*.*        »-     . 

irom 

YH'., ^ ^ ^ , ^ 

odP  .'  P.  (fig.'264,  ii.  147),  and  P .  tooTooP  .  'od^w  ;  also  tiS  hemihedral  foim 

+   J   .  -  ^  .   »P  .  »f  00 .  (fig.  282,  ii.  148).    The  crystals  have  a  rough  metallic 
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taste,  and  effloresce  slightly  in  dry  air.  Like  the  other  heptshydrated  magnesiaii  sul- 
phates, they  give  off  6  at  irater  at  about  100^,  but  the  seventh  only  at  ahigher  tem- 
perature (about  260^);  indeed  it  is  difficult  to  obtain  the  salt  peifectly  anhydroQa 
irithottt  loss  of  acid.  At  a  bright  red  heat»  the  anhydrous  aslt  is  completely  decom- 
posed, leaving  pure  oxide  of  zinc. 

The  heptahydrated  czrstals  dissolTe  in  about  2J  pts.  of  cold,  and  in  somewhat  less 
than  their  own  weight  of  boiling  water  ;  the  solution  has  an  acid  reaction.  According 
to  Poggiale,  100  pts.  of  water  dissolve  at  different  temperatures  the  following  quantities 
of  2dnc-8ulphate ; — 

Temperature.  CrrtUlUied  Anhjrdroai 

C.  ZdSO«.7HSO.  ZnSOn 

10^  .  .  .  138-21  .  .  •  48-36 
20®  .  .  .  161-50  .  .  .  6810 
80®  .  .  •  19100  .  ,  .  68-60 
50<>  ,  .  .  263-80  ,  .  .  68-76 
lOO^'  .        .        663-60      .        .        .        96-60 

The  salt  is  insoluble  in  absolute  alcohoL  According  toSchroder  (Ann.  Ch.  Fharm. 
fix.  45^,  a  supersaturated  solution  of  sinc-vitriol  contained  in  a  glass  tube,  closed  by  a 
plug  01  cotton-wool,  deposits  a  modification  of  the  heptahydr^ed  salt  more  soluble 
than  the  ordinary  salt.  The  supematcuit  liquid  still  remains  supersaturated,  and,  in 
contact  with  the  air,  yields  ciystals  of  the  ordinaiy  salt^  together  with  crystals  of  the 
BH>re  soluble  modification. 

A  solution  of  zinc-sulphate  left  to  OTStallise  at  30®,  yields  monodinic  hexhydrated 
crystals,  Zn''S0^.6H*0,  isomoiphous  with  the  corresponding  magnesium-  and  nickel- 
salts.  The  same  hydrate  is  obtained  by  heating  the  o^inary  crystals  to  529.  A 
pentaJMrated  salt,  in"B0*.6B*0,  is  obtained,  acco»ling  to  Kiihn,  by  boiling  the  pnl- 
yerised  heptahydrated  salt  with  alcohol  of  specific  gravity  0*856.  It  also  crystallises, 
according  to  Pierre  and  Schindler,  from  solution  between  86^  and  60^.  A  granular 
dihydrate,  Zn"S0^.2H'0,  is  obtained  by  boiling  the  finely  pulveris<^  heptahydrate  with 
absolute  alcohol ;  it  also  separates  on  adding  strong  sulphuric  acid  to  a  concentrated 
solution  of  zinc-sulphate  (Kiihn).  The  monohydriUe,  Zn^SOMlK),  remains  when 
the  heptahydrated  salt  is  dried  in  the  air  at  100^,  or  in  a  vacuum  over  oil  of  vitriol 
at  20^  (Schindler,  Graham);  it  also  separates  in  crystedline  grains  during  the 
cooling  of  a  boiling  saturated  solution  of  nnc-sulphate  (Graham).  It  retains  its 
water  at  206®,  but  gives  it  up  at  238®.    (Graham.) 

Sulphate  of  zinc  is  chiefly  used  in  calico-printing.  It  also  serves  as  an  addition  to 
oils  in  the  manufiicture  of  varnishes ;  for  the  preparation  of  many  other  zinc-oompounds, 
as  of  zinc-white ;  and  in  medicine  for  the  composition  of  eye-washes,  &c. 

Basic  Zinc-sulphates.— The  dibasie  salt,  2ZnO.SO*  -  Zn''SO«.Zn''0,  is  pro- 
duced by  digesting  a  strong  solution  of  zinc-vitriol  with  oxide  or  hydrate  of  zinc  as 
long  as  anting  is  dissolved :  it  does  not  crystallise  (Schindler). — ^The  tetmbasio 
salt,  4Zn'0.80*  »  Zn"S0^3Zn"0,  crystallises  from  a  solution  of  the  preceding  l^ 

?>ontaneous  evaporation  in  long  flexible  needles,  containing  10 at.  water  (Schindler). 
he  same  salt  is  precipitated  on  adding  a  small  quantity  of  potash  to  the  solution  of 
the  neutral  sulphate,  as  a  white  bulky  powder  insoluble  in  oold  water,  and  separates 
from  a  boiling  aqueous  solution  on  cooling,  in  small  unctuous  crystals,  which,  according 
to  Kane,  contain  2  at  water.  It  is  also  formed  by  heating  the  neutral  sulphate  till  it 
IS  partially  decomposed,  and  boiling  the  residue  with  water,  or  by  boiling  a  solution 
of  the  neutral  smphate  with  zinc-oxide  or  metallic  zinc ;  in  that  case  also  the  solu- 
tion, on  cooling,  deposits  the  dihydrated  compound  Zn''SO\3Zn''0.2H<0.  (EHhn, 
Schindler.) 

The  kexboiiesaU,  6Zn''O.SO*.10H*O  «  Zn"S3O*.6Zn''O.10HH),  is  obtained,  according 
to  Kane,  as  a  white  powder,  by  treating  sulphate  of  zinc-ammonium  with  water. — The 
octobano  salt,  8Zn''O.SO*.2HK)  ^  Zn"80'.7Zn''0.2H*0,  is  precipitated  in  white  bulky 
flocks  on  diluting  a  solution  of  the  dibasic  salt  with  a  large  quantity  of  water.  Hie 
precipitates  formed  by  caustic  potash  in  a  solution  of  zinc-vitriol,  are  basic  salts, 
varying  in  composition  according  to  the  quantity  of  alkali  used. 

All  Siese  basic  zinc-sulphates,  when  heated  nearly  to  redness,  give  off  their  chemi- 
cally combined  water,  without  change  of  appearance ;  but  at  a  bright  red  heat,  they  are 
decomposed  in  such  a  manner  that  water  afterwards  extracts  from  them  the  neutral 
salt,  leaving  zinc-oxide. 

Ammoniaeal  Sulphates  of  Zinc — There  are  several  of  these  compounds, 
varying  in  composition  according  to  the  quantity  of  ammonia  added  to  Uie  sulphate  of 
ainc.  When  ammonia*gas  is  passed  into  a  hot  saturated  solution  of  neutral  zino-sulphate 
till  the  precipitate  at  flrst  formed  is  redissolved,  nUphate  qf  tinc-ammonium^ 
Zn'^0^2NH^H*0  »  (N*H"Zn)*SO^HK),  separates  on  cooling  in  fine  semi-ctystallina 
■tarch-like  granules.    The  water  may  be  expelled  by  prolong^  fusion.    If  the  ammo- 
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niaeal  g^tion  jnst  mentloiied  be  left  to  eyaporate  at  oidinazy  tempentures,  it  yields 
czyBtalB  of  the  connjonnd  Zn'T30*.4NH«.4HK)  or  [N*  H*(NH*)«ZdXS0*.4H«0,  which 
give  off  2  at.  water  in  drying,  and  quickly  efflareeoe.  AboTe  27°  they  gire  off  another 
atom  of  water,  leaying  the  compound  Zn''S0^.4NH'.H'0  ;  and  this  when  carefully  melted 
yielde  a  gummy  mass  of  zLncammonium-inilphate,  Zn''S0*.2NH'.H'0,  and  ultimately 
the  same  oompouod  in  the  anhydrous  state  (Kane).  The  compound,  Zn"S0\6NH',  is 
produced  by  the  action  of  dry  ammonia-gas  on  zinc  sulphate,  and  forms  a  white  pow- 
der which  is  dissolved  by  water  with  partial  separation  of  cine-oxide  (H.  Rose^. — 
When  zinc-sulphate  saperraiturated  while  hot  with  ammonia,  is  boiled  till  the  odour 
of  free  ammonia  is  no  longer  perceptible,  a  precipitate  is  formed,  consisting  of 
(4ZnO.SO»).4NH».4H»0.    (Schindler.) 

Double  BAltB.^Jmmonio'9incie  wlphatey  Zii(SR*y{80*)\6B*0,  a,nd  the  cone- 
Bpanding  potassiufH'talt,  are  isomorphous  with  the  corresponding  magnesium-salts. 

Sodio'sincic  gidphaUf  Zn''Na*(SQ')*.4HH),  is  produced,  accordinff  to  Graham,  by 
mixing  the  concentrated  solutions  of  zinc-sulphate  and  acid  sodic  sulphate,  and  erapora- 
tiog  to  the  crystaUisiDff  point    It  is  very  deliquescent. 

Sfoffneaio-zincic  sulphate,  Zn'Mg"(S0*)*.14HK),  crystallises,  according  to  Pierre,  at 
ordinaiy  temperatures,  in  fine  rhombic  prisms ;  it  retains  2  at.  water  at  200°.  The 
salt  crystallised  above  36°  contains  only  10  at.  water. 

Zinco-aluminie  sulphate  or  zin<HUum  is  analogous  in  composition  to  common  alum. 
(Kane.) 

SvlpliateA  of  Zireonliim.— The  neutral  or  normal  sidphatej  Zr'''(SO*)*  ta 
Zr'^0*.2S0',  is  obtained  by  dissolving  oxide  or  hydrate  of  zirconium,  free  from  potash, 
in  an  excess  of  sulphuric  acid ;  evaporating  the  eolation  to  dryness ;  and  heating  the 
residue  for  a  quarter  of  an  hour  to  a  temperature  just  below  redness.  The  salt  loses 
the  whole  of  its  acid  at  a  full  red  heat.  A  neutral  solution  of  the  salt  yields  on  evapo- 
ration, a  gummy  mass,  which,  when  further  dried,  becomes  white  and  full  of  fissures. 
If,  however,  the  solution  contains  free  acid,  hydrated  orstals  are  obtained,  which  may 
be  freed  from  adhering  acid  by  means  of  alcohoL  The  crystals  fiose  when  heated, 
giving  off  their  water,  and  swelling  up  like  alum. 

The  anhydrous  salt  dissolves  Tery  slowly  but  completely  in  cold,  and  rapidly  in  hot 
water.  Ammonia  added  in  excess  to  the  solution,  precipitates  pure  zirconia  tree  from 
sulphuric  acid.  Alcohol  throws  down  a  mixture  of  the  normal  and  tribasic  sulphates, 
which,  after  being  washed  for  a  considerable  time  with  alcohol,  is  entirely  converted 
into  the  tribasic  sulphate.    (Be  r z  el  i  u  s.) 

The  dibaaie  svl^haUy  Zr»'0«,SO«  -  Zr^rSO«)*.Zn*'0«,  is  formed  by,  saturating  a 
concentrated  solution  of  the  normal  salt  with  hydrate  of  zirconium.  On  evaporating 
the  liquid,  a  mass  of  salt  is  obtained  which  is  gummy  and  fissured  at  first,  but  when 
further  dried  becomes  white  and  opaque.  The  salt,  when  heated,  swells  up  like  alum, 
and  parts  with  its  water,  but  a  white  heat  is  required  to  expel  the  acid.  It  dis- 
solves in  a  very  small  (quantity  of  water.  By  a  larger  addition  of  water,  the  solution 
is  resolved  into  the  tnbasic  salt,  which  is  precipitated,  and  the  normal  salt,  which 
remains  in  solution.    (Berzelius.) 

The  trUxuie  sulphate,  3ZrO«.2SO«  «  Zr(80*)«  2ZrO«,  is  obtained  by  precipitating 
the  normal  salt  with  alcohol,  and  washing  the  precipitate  first  with  alcohol  and  then 
with  water ;  or  by  diluting  a  solution  of  the  dibasic  salt  with  a  laige  quantity  of  water. 
It  forms  white  flakes,  insoluble  in  water,  bat  soluble  in  hydrochloric  acid.  (Berze- 
lius.) 

A  hexbasie  salt,  8ZrO<.SO*  »  Zn(SO*)*.5ZnO',  is  produced  b^  saturating  a  solution 
of  a  zirconium-salt  at  the  boiling  heat  with  sulphate  of  potassium,  or  by  mixing  the 
zirconium-solution  with  a  hot  saturated  solution  of  sulphate  of  potassium.  It  separates 
as  a  white  precipitate,  and  b^  saturating  the  supernatant  liquid  with  carbonate  of 

rotassium,  the  whole  of  the  ziroonium  may  be  brought  into  the  precipitate  (Berze- 
ius,  Hermann).  According  to  Berzelius,  the  precipitate  always  contains  small 
quantities  of  potash,  probably  chemically  combined,  inasmuch  as  it  is  produced  only  by 
sulphate  of  potassium,  and  not  by  sulphate  of  sodium.  It  is  insoluble  in  a  solution  of 
potassic  sulphate,  but  dissolves  partially  in  pure  water,  and  the  water  with  which  it  is 
washed  becomes  turbid  (Berzelius).  Sulphate  of  ammonium  reacts  with  zirconium- 
ialts  in  the  same  manner  as  sulphate  of  potassium.     (Berzelius.) 

Zirconia  fused  with  acid  sulphate  of  potassium  forms  a  double  salt,  which,  in  the 
fhsed  state,  is  perfectly  transparent  Water  dissolves  only  the  potassium-salt,  leaving 
the  spmngly  soluble  zirconium-salt  just  mentioned  (Berzelius).  Warren  (Pogff. 
Ann.  cii.  449 ;  Jahresb.  1857,  p.  158),  by  precipitating  a  solution  of  neutral  zirconie 
sulphate  with  neutral  and  acid  sulphate  of  potassium,  has  obtained  some  double  salts 
of  complicated  and  vezy  doubtfhl  composition. 
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Alcoholic  Sulfha.tbs.    Svlphubio  Ethbbs. 
Aloohols  treated  with  strong  salphmie  acid,  yield  acid  solphnrie  ethen  zepreaented 
hj  the  general  formula,  -g^*  '• 

2|0     +     g|sO*     -    H«0     +    h|sO«. 
Aloohol.    Solphut ic  acid.  Add  athcr. 

There  are  also  a  few  neutral  anlphnrie  ethers  repreaented  by  the  fcnniila  ^(  SO^ ; 

they  are  formed,  not  by  the  action  of  solphnrie  add  npon  alcohols,  but  of  snlphurie 
anhydride  npon  neutral  ethers  (alcoholic  oxides). 

AUyl^ralpliiirio  Aold,  CH«SO«   «  ^^|S0«  -  C^*  >^0*    (Cahonrs  and 

Hofmann,  Chem.  Soc.  Qu.  J.  x.  816\ — ^When  allylic  alcohol  is  added  by  drops  to 
about  an  equal  Tolume  of  strong  sulpnnric  acid,  the  mixture  becomes  heated  without 
blackening :  and  in  adding  seven  or  eight  times  the  volume  of  water,  and  neutralising 
with  carbonate  of  barium,  the  liquid  yields,  by  evaporation,  white  shining  crystals  of 
baric  aUyl-sulphate  (C»H*)*Ba''(SO«)«. 

Amylsnlplnirle  aeid,  (C^H")HSO*.  BulphamyUe  acid,  (C  ah  ours,  Ann.  Ch. 
Phys.  r2],  Ixz.  86.— KekuU,  Ann.  Gh.  Fharm.  Ixxv.  275.)-^A  mixture  of  equal  parts 
of  amylic  alcohol  and  oil  of  vitriol,  after  standing  for  some  time,  till  water  no  longer 
separates  amylic  aloohol  from  it,  is  diluted  with  water;  the  resulting  crude  amyl- 
sulphuric  add  is  saturated  with  carbonate  of  barium ;  the  solution  filtered  fiom  the 
sulphate  of  barium  is  evaporated ;  and  the  crystals  of  amylsulphate  of  barium  obtained 
after  cooline  are  freed  nom  the  mother-liquor  upon  filter-^per;  and  purified  by 
shaking  up  their  aqueous  solution  with  animal  charcoal,  and  twice  ciystallising  by  spon- 
taneous evaporation.  The  solution  of  these  crystals,  predpitated  by  the  proper  quantity 
of  Bulphnnc  add,  then  filtered  and  evaporated,  yields  the  pure  acid  (Can ours). 
Keknle  prefers  preparing  the  lead'Salt  and  decomposing  it  with  sulpharettod  hydrogen, 
after  which  he  carefully  evaporates  the  colourless  filtrate  to  a  thin  syrup. 

Amyl-eulphuric  add  is  a  colourless,  thin  syrup  which  sometimes  deposits  slender 
needles  by  spontaneous  evaporation.  (Kekul^  did  not  obtain  any  dystals.)  It  tastes 
acid  and  bitter  (sharply  add,  according  to  Kekul6),  and  reddens  litmus  strongly. 
(Cahonrs.)    It  dissolves  readily  in  water  and  in  alcohoL 

The  concentrated  aqueous  acid  decomposes  spontaneously  into  amyl-alcohol  and  sul- 
phuricadd,  slowly  in  the  cold  and  in  a  vacuum  or  when  exposed  to  the  air ;  quickly  on 
bdlinff ;  ^e  more  quickly  as  it  is  more  concentrated.  It  is  decomposed  by  chlorine  in 
the  o(Md,  and  by  nitric  add  when  heated. 

Theamvlsulphates  or  sulphamylates  (C*H")MSO\  and  (C*H")'Sr'(SO<)'. 
are  generally  czystallisable,  have  a  bitter  taste  and  are  soapy  to  the  touch.  The 
crystals  generally  contain  water,  and  in  that  case  are  often  efflorescent.  When  their 
aqueous  solution  is  boiled,  they  are  resolved  into  sulphate,  free  sulphuric  acid  and 
amylic  alcohoL  This  decomposition  takes  place  slowly  at  ordinary  temperatures,  even 
in  the  crystallised  salts ;  nevertheless,  these  crystallised  salts  may  generally  be 
dehydrated  at  100^  before  decomposition  begins.  All  amylsulpbates  dissolve  in 
water  and  in  alcohol,  very  sparingly  in  ether.  Most  of  them  in  the  czystalline  state 
or  in  aqueoua  solution  are  decomposed  by  prolonged  contact  with  Uie  air,  givine 
(^  amylic  alcohol  and  leaving  a  metallic  sulphate ;  the  decomposition  is  accelerated 
by  heat.  By  dry  distillation  they  leave  metallic  sulphate  mixed  with  charcoal,  and 
give  off  a  combustible  gas  toffether  with  carbonic  ana  sulphurous  anhydrides,  and  an 
oil  containing  amylene,  otner  hydrocarbons  polymeric  therewith,  amylic  ether 
(G>H")H),  and  probably  also  amyhe  sulphate  (CH")'SO« ;  at  all  events,  the  distilled 
product  contains  sulphur. 

AmylsidphaU  of  Aluminium  fonns  a  gelatinous  mass,  soluble  in  water,  alcohol,  and 
ether,  veiy  deliquescent,  and  easily  decomposible. 

JmyUulphaU  of  Ammonium. — ^The  filtrate  obtained  by  precipitating  the  calcium* 
salt  with  carbonate  of  ammonia,  yields  by  spontaneous  evaporation,  colourless,  bitter 
crystalline  scales,  and  by  evaporation  over  the  water-bath  a  nodalar  crystalline  mass. 
The  crystals  give  off  nothing  at  100^,  b^gin  to  decompose  at  140°,  and  bum  away, 
leaving  a  residue  of  charcoal.  They  deliquesce  slightly  in  damp  air,  and  dissolve  very 
readily  in  water,  on  which  they  move  briskly  about;  they  are  less  soluble  in 
alcohol,  and  insoluble  in  ether. 

The  barium-aalt  (C*H")*Ba''(S0«)*.2H*0,  prepared  as  above,  crystallises  by  spon- 
taneous evaporation,  in  large  very  flexible  rhombic  tables.  The  crystals  effloresce  in 
dry  air  and  give  off  6*66  per  cent,  (I  at.)  water  in  vacuo.  They  beein  to  decompose 
at  95^,  mating  at  the  same  time,  if  they  h^ve  not  beton  previously  dried.    They  give 
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pffan  oil  Bomewhat  aboTe  200^,  and  leare  sulphate  of  barium  mixed  with  diarooaL 
Their  aqueous  solution  is  resolved  by  longer  boiling,  into  amylic  alcohol,  sulphuric 
acid,  and  sulphate  of  barium.  The^  dissolve  very  readily  in  water,  more  reatulj  in 
wann  than  in  cold  alcohol,  but  are  msoluble  in  ether. 

The  caletum-sali,  (C*H")«Ca'*(S0*)».2H«0,  obtained  by  saturating  amvl-sulphuric 
acid  with  chalk,  forms  mammellated  crystals,  soft  to  the  touch,  very  soluble  in  water, 
especially  in  hot  water,  soluble  in  alcohol,  insoluble  in  ether.  It  has  a  bitter  and 
pungent  taste.  An  aqueous  solution,  saturated  and  limpid  at  ordinary  temperatures, 
Deoomes  turbid  at  the  boiling  heat.  The  crystals  effloresce  in  dry  air,  give  off  the 
whole  of  their  water  (8*65 ^per  cent.)  in  a  vacuum,  and  are  gradually  decomposed  by 
contact  with  the  air.  The  salt,  heated  to  250^  in  a  seSed  tube  witb  alcoholic 
ammonia,  yields  sulphate  of  calcium  and  sulphate  of  amylamine.  (Berthelot,  Compt. 
rend.  xnvi.  1098.) 

The  cobalt-salt  is  obtained,  by  precipitating  the  bariumnsalt  with  sulphate  of  cobalt, 
and  evaporating  the  filtrate,  in  rose-coloured  laminn,  very  soluble  in  water. 

Cfujirie  talt,  (C*H")*Cu''(S0*)*.2H«0.— The  blue  solution  of  carbonate  of  copper  in 
the  acid  yields,  when  left  over  oil  of  vitriol,  large  elongated  tables  which  are  permanent 
in  the  air,  dissolve  readily  in  water  and  weak  alcohol,  less  readily  in  absolute  alcohol, 
and  are  insoluble  in  ether. 

The  ferric  salt^  obtained  by  dissolving  ferric  hydrate  in  the  aqueous  acid,  forms 
imall,  yellow,  easily  decomposible,  deliquescent,  crystalline  granules. — The  ferrous  salt 
is  produced  by  dissolving  metallic  iron  in  the  aqueous  acid.  The  pale  green,  sweetish- 
bitter  solution  reddens  litmus,  and  when  evaporated,  deposits  brown  flakes  of  ferric 
oxide,  together  with  pale  green  crystalline  grains  of  the  ferrous  salt.  These  crystals 
quickly  turn  yellow  on  exposure  to  the  air,  dissolve  in  water  and  alcohol,  and  with 
green  colour  in  ether. 

The  Uad-^t,  (C*H")*Pb''(SO«)'.H*0,  obtained  by  saturating  the  acid  with  carbonate 
of  lead,  forms  mammellated  groups  of  small  laminae,  very  soluble  in  water,  acid  to  test- 
paper,  soluble  in  alcohol,  insoluble  in  ether,  and  having  a  bitter-sweet  taste.  The 
Bouition  decomposes  slowly  in  contact  with  the  air,  rapidly  at  the  boiling  heat. 

The  maoneiiumsalt,  (C*H")'Mgf  (S0^)*.4HK),  is  obtained  by  spontaneous  evapora- 
tion in  elongated  rhomboidid  laminae,  which,  have  a  fine  nacreous  lustre,  ana  ar^ 
with  difficulty  deprived  of  the  whole  of  their  water  of  crystallisation. 

The  manganese-salt,  (C*H")'Mn"(S0^)^4H'0,  forms  nearly  colourless  cxystals,  per- 
manent in  the  air;  the  solution,  however,  gradually  decomposes. 

Mercuric  salt — ^The  yellow  solution  of  mercuric  oxide  in  amylsulphuric  acid  yields, 
by  evaporation  in  a  vacuum,  dark  yellow  cxrstalline  nodules,  soapy  and  glutinous  to 
tiie  touch,  having  an  extremely  sharp  ana  bitter  taste ;  they  contain  2  at,  water, 
decompose  after  keeping  for  some  time,  and  deliquesce  in  damp  air. 

The  nickel-salt,  r(J»H")*Ni'(S0*)*.2H«0,  crystallises  by  evaporation  in  a  vacuum,  in 
nodules  of  green,  dongated  lamins,  which  deliquesce  in  moist  air. 

The  potassium-salt,  (C*H")KSO^,  separates  from  its  solution  by  spontaneous  evapo- 
ration m  colourless  tufts  of  needles^  having  a  very  bitt«r  taste,  or  in  nodules  composed 
of  needles  having  a  silk^  lustre.  These  crystals  effloresce  on  exposure  to  the  air,  and 
turn  slightly  brown,  giving  off  amylic  alcohol  and  sulphuric  acid.  In  a  vacuum  or  at 
100^,  they  give  off  8*99  per  cent  (1  at)  of  water,  without  further  decomposition,  swell 
up  stronffly  at  170^,  then  melt,  and  leave  a  black  scum.  The  colt  dissolves  readily  in 
water  and  in  weak  alcohol,  less  readily  in  strong  alcohol,  from  the  hot  solution  in 
which  it  crystallises  in  slender  needles,  and  is  insoluble  in  ether. 

BUver-salt,  (C«H")AgSO<.— The  solution  of  carbonate  of  silver  in  the  slightly  heated 
add  yields,  by  evaporation,  colourless  laminse,  which  dissolve  very  easily  in  water, 
blacken  on  exposure  to  the  air,  and  dissolve  in  alcohol  but  not  in  ether. 

The  sodiwn-salt,  (0*H")NaSO^,  is  obtained  by  precipitating  the  calcium-salt  with 
carbonate  of  sodium,  and  spontaneous  evaporation  of  the  filtrate,  in  nodules  set  with 
small  crystals.  These  swell  up  at  86^  [135  ?]  softening,  and  giving  off  water,  and 
begin  to  undergo  farther  deoompoaition  at  145^.  They  dissolve  abundantly  in  cold 
water,  and  in  all  proportions  in  not  water ;  from  hot  alcohol  they  crystallise  in  long 
radiated  laminae ;  they  do  not  dissolve  in  ether. 

The  strontium-salt,  (C*H")<Sr''(S0<)*.2H'0,  forms  white  crystallised  nodules,  which 
turn  brown  in  the  air,  leave  89*82  per  cent,  sulphate  of  strontium  when  ignited, 
dissolve  readily  in  water  and  weak  alcohol,  with  dimcnlty  in  absolute  alcohol,  and  not 
at  all  in  ether. 

The  einc-salt,  (C*H")'Zn''(S0^)*.2HH),  fbrms  nacreous  scales  grouped  in  nodulea, 
soluble  in  water  and  in  alcohol,  and  decomposing  at  1 10^. 

BatylHNdplinrle  aold.    See  Tbtryl-svlfbtjric  acid. 

C}aiftr3r].salpliiirle  aoid.    See  Octtl-svlphuric  acid. 

0«tylHialpliiurle  aeld.  (C^^W^)liSO'.—Sufphocctic acid:  (Dumas  audP^ligot, 
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Ann.  Ch.  Phys.  [2]  bdi.  4.— Kohler,  Jahresb.  1866,  p.  679.— HeintE,  Fogg.  Ann 
di.  257;  Jal^b.  1857,  p.  445.)~-The  potassium-salt  of  this  add  is  produced  by 
mixing  ethalwith  strong  suphnrio  add,  at  the  temperature  of  the  water-bath ;  dissolTing 
the  mass  in  alcohol ;  saturating  with  alcoholic  potash ;  sfparating  the  liquid  from  the 
deposited  sulphate  of  potassium ;  concentrating  it ;  digesting  tibe  oetyl-solphate  of 
potassium,  wmch  separates  with  alcohol,  to  free  it  from  excess  of  etbal;  and  purifying 
it  by  repeated  crystallisation  from  boiling  alcohoL 

Cetyl-sulphate  of  potassium,  (C>*H'*)KSO*,  ciystallises  in  soft  nacreous  laminae^ 
composed  of  interlaced  needles ;  it  is  moderately  soluble  in  hot  alcohol,  less  soluble 
in  boiling  water,  insoluble  in  ether,  not  fudble.  Heated  with  cyanide  of  potassium, 
it  yields  cyanide  of  oetyl  (i.  840). 

■tbylpsnlplnirlo  aeld.  (C'H')HSO^  Sulpketkylic  acid,  Sulphovinic  acid. 
(Dabit,  Ann.  Chem.  xxxiv.  300;  zliii.  101. — Sertiirner,  Gilb.  Ann.  Iz.  53;  Iziv. 
6,7. — A.  Vogel,  ibid,  bdii.  81. — Gay-Lussac,  Ann.  Ch.  Fhys.  [2],  xiii.  76. — 
Hen nell,  Phil.  Trans.  1826,  p.  240;  1828,  p.  365.— Dumas  and  BouUay.Ann. 
Ch.  Fhys.  xzzvi.  300. — SeruUas,  ibid,  zzxix.  153. — ^Liebig  and  Wo  hi  er,  Ann. 
Ch.  Fharm.  i.  37. — ^Liebig,  ibid,  xiii.  27. — Magnus,  i6u2.  yi.  52. — Marchand, 
Fogg.  Ann.  zxriii.  454;  zcdi.  345;  xli.  595. — ^M Ciller,  Ann.  Ch.  Fhys.  [3],  xix. 
22. — ^Berthelot^  Compt  rend,  xxxvi.  1098. — Gm.  viii.  415;  x.  511). — ^This  add, 
produced  by  the  action  of  strong  sulphuric  add  upon  alcohol,  ether,  or  ethylene,  was 
first  noticed  by  Dabit  (in  1800),  in  the  residues  of  the  preparation  of  ether  by  heating 
alcohol  with  sulphuric  add;  afterwards  (1819)  by  Sertiirner.  Hennel,  in  1826,  an- 
nounced that  he  had  produced  it  by  the  direct  combination  of  ethylene  (defiant  gas) 
with  sulphuric  acid ;  but  this  result  was  for  a  long  time  doubted,  me  formation  of  the 
ethyl-sulphuric  acid  being  attributed  to  the  presence  of  alcohol  or  ether  vapour  in  the 
defiant  gas.  The  more  recent  experiments  of  Berthdot,  however,  have  confirmed 
Hennel's  statement,  and  shown  that  ethyl-sulphuric  acid  may  be  formed  by  briskly 
agitating  strong  sulphuric  acid  with  perfectly  pure  ethylene  gas,  obtained  either  from 
alcohol,  or  from  coal-gas  (by  absorbing  it  with  iodine,  and  decomposing  the  ethylenic 
iodide  with  potash),  or  produced  by  the  direct  combination  of  hydrogen  with  acetylene, 
(i.  112),  or  m  various  other  ways  from  inoiganic  materials  (iL  565.)---On  the  foimati<xi 
of  ethyl-sulphuric  add  from  alcohol,  see  Aitohoi.  (i.  76). 

iVt^Mva^ion. — A  mixture  of  equal  parts  of  strong  sulphuric  add  and  strong  alcohol 
is  heated  to  about  100^,  and  after  standing  in  a  warm  phice  for  24  hours,  diluted  with 
water,  and  saturated  with  carbonate  of  barium  or  carbonate  of  lead;  the  solution  is 
then  filtered  from  the  predpitated  sulphate  of  barium  or  lead ;  and  the  filtrate  care- 
fblly  evsporated  to  the  ciystallising  point  The  crystals  of  baric  or  plumbic  efJiylsul- 
phate  are  then  redissoli^  in  water ;  the  solution  is  decomposed  with  an  exactly 
equivalent  quantity  of  sulphuric  add— or  better,  in  the  case  of  the  lead-salt,  with 
aulphydric  add ; — and  the  filtrate  is  concentrated  in  a  vacuum  over  oil  of  vitriol  or 
chloride  of  caldum. 

Properties, — ^Ethyl-sulphuric  acid,  concentrated  to  the  highest  degree  that  it  will 
bear  without  decomposition,  is  a  limpid,  oily,  very  sour  liquid,  of  spedfic  gravity  1*815 
to  1-317  at  16^  It  dissolves  in  all  proportions  in  water  and  in  alcohol,  but  is 
insoluble  in  ether. 

The  dilute  add  decomposes  gradually  at  ordinary  temperatures,  quickly  on  boiling, 
into  alcohol  and  sulphuric  add.^  The  concentrated  acid  is  resolved  at  a  moderate  decree 
of  heat  into  ether  and  sulphuric  add,  but  at  a  higher  temperature  it  sufiers  more 
complete  decomposition,  giving  off  ethylene  gas  and  sulphurous  oxide,  and  leaving  a 
carbonaceous  residue.  Heated  with  alcohol  to  130° — 140^,  it  yields  ether  and  sul- 
phuric add,  (i.  76) : 

(C*H»)HSO«  +  (CJ«H»)HO     =    (C«H»)»0  +  H«SO*. 

Heated  with  manganic  })eroxide  or  potassic  chromate,  ityidds aldehyde.  (Jacquemi n 
andLi^s-Bodard,  Jahresb.  1857,  p.  345.) 

Ethyl-sulphates  or  sulphovinates,  (CJ*H»)MSO*  and  (C«H*)«M''(SO*)«. 
Ethylsttlpfauric  add  is  a  strong  add,  which  decomposes  carbonates  and  sulphites,  and 
neutralises  bases  completdy.  Some  of  the  ethyl-sulphates  are  anhydrous;  others 
contain  water  of  crystallisation,  which  for  the  most  ^irt  ttiey  give  off  in  a  vacuum 
over  oil  of  vitriol.  They  are  likewise  dehydrated  by  heating  to  100^,  or  in  some 
cases  to  higher  temperatures,  with  partial  decomposition.  They  all  dissolve  easily  in 
water,  some  also  in  alcohol,  and  a  few,  the  ammonium* salt,  for  example,  in  ether. 
Most  ethylsulphates  are  permanent  in  the  air,  but  the  ammonium-,  lithium-,  sodium-, 
and  zinc-salts  are  very  deliquescent.  When  dissolved  in  a  small  quantity  of  water, 
they  produce  a  perceptible  degree  of  cold. 

The  ethyl-sulphates  may  be  prepared  by  saturatinjip  the  add  with  oxides  or  carbo- 
nates, or  l^  decomposing  the  barium-  or  lead-salt,  with  the  corresponding  sulphates ; 
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the  etliyl-milphatefl  of  the  aULali-metalfl,  also  by  deoomposixig  the  bftrimn-  or  lead-salt 
with  an  alkaline  earbonate. 

The  ethyl-solphates  in  aqueous  solution  are  decomposed  by  ebullition,  but  the 
decomposition  is  completely  prerented  by  adding  a  few  drops  of  caustic  pota^  Some 
of  them,  especially  the  strontie,  baric,  plumbic,  ferric,  maneanous,  argentic,  aluminic, 
and  uranie  salts,  undergo  spontaneous  decomposition,  while  others  may  be  kept  for 
years  without  alteration.  They  are  decomposed  by  dry  distillation,  first  giving  off 
ether  and  alcohol,  together  with  their  water  of  crystallisation,  afterwards  heavy  oil  of 
wine  (probably  a  mixture  of  neutral  ethvlicsulphate  and  oily  hydrocarbons),  together 
with  carbonic  and  sulphurous  anhydrides,  and  olefiant  gas,  and  leaving  metallic 
sulphate  mixed  with  charcoal.  Heated  in  contact  with  the  air,  they  bum  with  a  faint 
bluish  flame.  Heated  with  strong  sulphuric  acid,  they  give  off  ether,  and,  with  the 
dilute  add,  alcohoL    Heated  with  hydrate  of  potasnum,  they  yield  alcohol,  and  with 

SiicXdime  they  give  off|  first  alcohol,  afterwards  heavy  oil  of  wine  and  olefiant  gas. — 
eated  with  manffoHc  peroxide  or  poiasnc  ekromaUt  they  ^eld  aldehyde,  together 
with  wine-oil  and  other  products  of  decomposition.  (Jacquemin  and  Lies-Bodard.) 
The  ethyl-sulphates  oistilled  with  other  salts  yield  compound  ethers ;  for  example : 

0»H*KO«  +  C«H»KSO*    -    K«SO«  +  C«H«(C*H»)0*. 

PoUMie  PoUMle  Bihrlle 

aeeUte.         Btbyt-ralphate.  aceuta. 

Compound  ethers  are  often  prepared  by  this  method.  According  to  Nadler  (Ann.  Ch. 
Phium.  exvi.  173;  Jahresb.  1860,  p.  408),  ethyl-sulphate  of  potassium  distilled  with 
nitrate  of  potaeeimm,  yields,  not  e&ylie  nitrate,  but  a  heavy  oily  liquid  consisting  of 
aeeto-ethyl-nitrate,  0*H>*N*O',  a  compound  of  2  at.  ethylic-nitrate  and  1  at. 
aldehyde  (2C'H*N0*  •»-  (?B*0),  the  Utter  being  produced  from  ethylic  nitrate  by 
elimination  of  NO'H. 

When  a  cold  concentrated  aqueous  solution  of  an  ethyl-sulphate  is  electrolysed  with 
platinum-plates  for  electrodes,  the  inorganic  base  is  sepanted  at  the  negative  pole, 
with  evolution  of  hydrogen,  whilst  firee  sulphuric  acid  is  eliminated  at  the  positive 
pole,  together  with  ox^n  and  carbonic  dioxide,  an  odour  of  aldehyde  being  also 
perceptible.  If  the  positive  pole  is  formed  of  amalgamated  zinc,  it  becomes  coated 
with  a  film  of  ethyl-sulphate  of  sine,  but  neither  aldehyde  nor  sulphuric  acid  makes  its 
appearance.    (Guthrie,  Ann.  Ch.  Pharm.  xcix.  64.) 

Ethyl-sulphate  of  Aluminium  is  gummy  and  deliquescent 

The  ammonium-sal  t,  (C^B.*)(SB.*ySO*,  forms  anhydrous  cnrstals  which  melt  at 
62^,  are  very  deliquescent,  and  very  soluble  in  water,  alcohol,  and  ether. 

The  6artttm-«a/^(CH*)*Ba''(SO^)'.2H'0,  crystallises  in  monodinic  prisms,  iso* 
morphous  with  themelhyl-sulphate,  and  exhibiting  the  combination  cdP  .  odPoo  .  oP  . 
-Poo  .  ^  P.  Axes,  a:b:e  ^  0-8229  :  0*9790  :  1.  Angle  &  :  0  -::  84^  39';  ocP : 
ooP(orthod.)  -«  80O  20';  +P  :  +  P  -  OO**  44' ;  oP :  oeP  -  93°  26';  ooPoo  :  -Poo 
i»  121^  18'.  Cleavage  perfect,  parallel  to  ooPoo(Schabus,  Bestimmung^  der  KrystaU" 
gestaUen,  j-c).  The  <aystals  contain  8*48  per  cent,  water  ot  crystallisation,  which  they 
give  off  in  a  vacuum.  The  anhydrous  salt  aoes  not  alter  at  100^,  but  the  hydrated  salt 
undergoes  slight  decomposition  at  that  temperature.  The  hydrated  salt  dissolves  in 
0*92  pts.  water  at  17°;  it  is  soluble  also  in  alcohol  of  ordinary  strength.  Its 
aqueous  solution,  when  boiled,  becomes  turbid  and  acid,  and  deposits  sulphate  of  barium, 
and  the  filtered  liquid,  saturated  with  carbonate  of  barium,  yields  parathionate  of 
barium,  isomeric  with  theethyl-sulphate  (iv.  864). 

The  (?a<fmftfm-«a;f,(C^*)*Cd''(SO^)'.2H*0,;formslonglimpid  prisms, veiysoluble 
in  water  and  in  alcohol,  insoluble  in  ether,  and  giving  off  their  water  of  erystailisation 
in  a  vacuum.  

The  calcium-salt  (C'H*)HV(S0<)*.2H*0,  forms  monodinic  crystals,  apparently 
isomoiphous  with  the  barium-salt  Dominant  faces  odP,  ooPoo  .  Angle  ooP  :  odP 
(orthod.)  «  80^  S'  (Schabus).  The  orstals  are  permanent  in  the  air,  and  contain 
11  *7  per  cent  water,  which  they  give  off  m  a  vacuum,  or  when  heated  to  80^.  One 
part  of  the  salt  dissolves  in  1  pt  water  at  8^  in  0*8  pt  at  17^,  in  0*63  pt  at  30^  and 
m  aU  proportions  in  boiling  water.  The  salt  is  less  soluble  in  alcohol,  insoluble  in 
ether.    Tne  anhydrous  salt  begins  to  decompose  at  about  120^. 

The  cobalt-salt,{(^R*YCo''{m*Y,2S'0,  forms  dark-red  oystals,  permanent  in  the 
air,  veiy  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

Theeupric  salt,  (C'H*)*Cu''(S0<)*.4H«0,  czystallises  in  right  rectangular  prisms, 
or  laminae  of  a  fine  blue  colour,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  ferric  salt,  obtained  by  dissolving  ferric  hydrate  in  ethylsulphuric  acid,  cry- 
stallises with  difficulty  in  yellow  deliquescent  tables,  soluble  in  water  and  in  alcohol, 
insoluble  in  ether. 

The  ferrous  salt,  obtained  by  dissolving  metallic  iron  in  the  acid,  crystallises  in 
gfeenish  prisms,  which  alter  very  quickly. 
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Lead'8alt8.~T!ht  normal  wit,  (C*H.*)Pb"(SO*y,2WO,  crysUUiBes  in  colourless 
tiUDBparent  tables,  Tery  soluble  in  water  and  in  alcohol,  and  having  an  acid  reaction. 
They  contain  7'28  per  cent,  water  of  crystallisation,  which  they  give  off  in  a  vacuum,  or 
when  heated.  They  underso  gradual  decomposition.  The  solution  of  this  salt,  digested 
with  recently  precipitated  oxide  of  lead,  yields  an  unciystallisable  basic  salt, 
(CH*)*Pb*8'0*  J^^O,  soluble  in  water  and  in  alcohol.  Bv  supersaturating  tlie  solu- 
tion ck  the  neutral  salt  with  ammonia,  evaporating,  redissolving  the  residue  in  water, 
and  again  evaporating,  scales  are  obtained  containing  lead  and  ammonia. 
The  lithium-salt,  CH^'LiSO^HH),  forms  deliquescent  crystals. 
The  magn  eaiumsaltt  (U"H*)'Mg^'(S0*]P.4HK),  forms  crystals  very  soluble  in  water, 
insoluble  in  alcohol  and  in  ether,  and  containing  20*8  per  cent  water  of  crystallisation, 
half  of  which  goes  off  at  80<>,  the  rest  at  90^. 

The  manffanese'Saltt  (C'H*)*Mn*(S0*)*.4H*0,  forms  roseate  tables,  permanent  in 
the  air,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 
The  mercuric  salt  is  very  unstable  and  deliquescent. 

The  nickel-^alt,  (C^*)>Nr(S0«)*.2HH),  forms  green,  very  soluble,  granular  ciys* 
tals. 

The  potasaium-salf,  OffKSO*,  oystallises  easily  in  large,  colourless,  anhydrous 
tables  or  laminse  belonging  to  the  monodinic  system,  and  exhibiting  the  combination 
QoP  .  oP  .  [Poo  ].  Axes  a  :  6  :  c  c-  0-6730  :  0*6149  :  1.  Angle  b:c  -  80<^  27  . 
odP:  a)P(othod.)-86*68';[Poo]:[Poo]-600  30';oP:  ooP  «  960  88'.  Cleavage 
perfect  parcel  to  oP  (Schabns).  It  has  a  sweetish  saline  taste,  dissolves  in  0*8  pts. 
water  at  17°»  deliquesces  in  moist  air,  is  insoluble  in  absolute  alcohol  and  in  ether. 

The  silv0r'Saft,  C*H*Ag80MIK),  forms  shining  scales,  which  dissolve  in  water 
and  in  alcohol,  and  do  not  give  off  their  water  of  crystallisation  till  raised  to  a  tempe- 
rature at  whidi  they  decompose. 

The  9odium-»aJt,  C^*NaSO^H*0,  crystallises  in  hexa^nal  plates,  which  contain 
10*78  per  cent,  water  of  crystallisation,  effloresce  in  warm  air,  and  melt  to  a  colourless 
liquid  at  86^.  The  anhydrous  salt  does  not  melt  or  decompose  till  heated  above  100^. 
It  dissolves  in  0^61  pts.  water  at  17^,  and  is  even  more  deliquescent  than  the  potas- 
sium-salti 

The  strontium-salt,  {(yB^yBt''(80*)',foTmB  anhydrous  crystals  very  soluble  in 
water. 

The  uranic  saltia  vellow,  and  decomposes  between  60®  and  70®. — The  uranous  salt 
oystallises  with  difficulty  and  is  deliquescent. 

The  sine-salt,  (C*H*)*Zn''(S0«)«.2fl*0,  forms  huge  colourless  tobies,  very  soluble 
in  water  and  in  alcohol,  insoluble  in  ether. 

DiBTHTLic  or  Nbtjtsal  Etrtlic  Sulphatb,  or  Ethtlic  Ethtlsul- 
l»HATB,  (C«H»)«SO*  »  (C«H»)H).SO».  Sufpkuric  ether.  (Wetherill,  Ann.  Ch. 
Pharm.  Ixvi.  117.) — This  compound  is  produced  by  direct  combination  of  ethylie 
oxide  with  sulphuric  anhydride ;  also  by  the  action  of  sulphuric  anhydride  on  abso- 
lute alcohol,  the  alcohol  being  first  dehydrated,  and  the  ether  thus  produced  uniting  with 
another  portion  of  sulphuric  anhydride. 

JS^eparation. — Vapour  of  sulpnuric  anhydride  is  passed  into  a  flask  oontoining  ether 
and  surrounded  by  a  freezing  mixture.  The  vapour,  by  its  great  density,  sinks  to  Uie 
bottom  of  the  flask  and  comes  in  contact  with  the  ether,  and  the  li(}uid  after  a  while 
acquires  a  svrupy  consistency,  so  that  it  requires  to  be  shaken  up  with  an  equal  bulk 
of  ether  and  four  times  its  bulk  of  water.  It  then  separates  into  two  layers,  the 
upper  of  which,  containing  the  ethylie  sulphate,  must  be  separated  from  the  lower, 
which  is  strongly  acid,  and  contoins  sulphuric,  sulphurous,  ethionic,  and  ethyl-sulphuric 
acids  (p.  626),  mixed,  if  the  temperature  has  not  been  kept  low  enough,  with  black 
carbonaceous  particles,  and  also  with  isethionic  and  methionic  acids,  resulting  from 
the  decomposition  of  the  ethionic  acid.  The  ethereal  liquid  is  then  shaken  up  with 
milk  of  lime  to  remove  the  sulphurous  acid — whereby  part  of  the  colouring  matter  is 
at  the  same  time  removed — ^then  washed  with  water,  filtered,  and  the  ether  distilled 
off.  In  the  retort  there  remains  an  oily  liquid,  contoininff  a  trace  of  ether,  and  haring 
A  slightly  acid  reaction,  arising  from  the  decomposition  of  part  of  the  ethylie  sulphate, 
whi(£  tfOces  place,  when  the  l£^uid  is  heated,  by  the  action  of  the  water  token  up  by 
the  ether.  The  oil  is  then  transferred  from  the  retort  into  a  basin,  and  washed  with  a 
small  quantity  of  water,  the  last  portions  of  which  are  carefUly  removed  by  strips  of 
bibulous  paper,  after  which  the  liquid  is  dried  in  a  vacuum  over  sulphuric  acid. 

Properties. — ^Ethylie  sulphate  is  an  oily  liquid,  colourless  when  pure,  but  generally 
exhibiting  a  yellow  tint.  It  has  a  sharp  taste,  and  smells  like  oil  of  peppermint.. 
Specific  gravity  1*120.  It  makes  greasy  spoto  on  paper,  which  however  disappear 
after  a  while. 

1.  Deeomposiiions. — ^This  compound  is  very  easily  deoompoeed  when  heated  in 
contoct  with  the  air,  so  that  it  can  only  be  distilled  in  an  atmosphere  of  carbonic 
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^nlijdr^e.  At  iOO^,  vapours  begin  to  rise,  which  condense  in  small  oily  drops ; 
between  110°  and  120°,  the  oil  passes  over  unchanged;  but  between  130°  and  140^ 
the  liquid  blackens,  gives  off  sulphurous  anhydride  and  alcohol,  and  at  a  higher 
temperature,  the  same  products  mixed  with  oleflant  gas. — ^2.  Ethylie  sulphate  heated 
trith  wateTf  forms,  without  separation  of  wine-oil,  a  veiy  acid  liquid,  which  gives  off 
alcohol  when  boiled ;  and  when  treated  with  carbonate  of  barium,  yields  three  soluble 
barium-salts — viz.,  methionate,  ethylsulphate^  and  isethionate  of  barium.  The  first  of 
these  salts  is,  however,  so  small  in  quantity,  that  it  can  only  be  regarded  as  a  secondary 
products  The  formation  of  the  other  products  may  be  represented  by  the  following 
equation : 

3(C«H»)*S0«  ■«-  8H*0     -     2(C«H»)HS0«  +  (CH^m'SO^  +  8(C»H».H.O) 

Ethybe  Ethybuliihurie  iMthlonic  Aloubol. 

■ulpbate.  acid*  add. 

3.  Ethylie  sulphate  is  decomposed  by  an  excess  of  wiphurie  anhydride,  yielding 
ethylsulphurie  acid,  ethionic  acid,  and  ethionic  anhydride ;  hence  the  formation  of 
these  products  in  the  preparation  of  the  compound : 

2C*B:»»80*  +  6S0»     -     C»H»80*  +   C«H«S«0'    +   2C*H*S»0«. 

Ethylie  BthTlgul-  Ethionic  Bibfonle 

sulphate.  pharicacid.  acid.  anhydride. 

4.  Sulphydrie  acid  does  not  act  on  ethylie  sulphate  at  ordinary  temperatures,  but  nU' 
fhydrate  of  potassium  decomposes  it,  forming  mercaptan  and  sulphate  of  potassium : 

(C«H»)«SO*  +  2KHS     -     2(0«H*)HS  +  K«SO*. 

5.  CJdorine  does  not  decompose  ethylie  sulphate  at  ordinary  temperatures,  but 
combines  with  it,  forming  a  green  liquid,  which,  on  addition  of  water,  yields  the  com- 
pound in  its  original  state.— -^.  Potasaitun  does  not  act  on  sulphuric  eUier  at  ordinary 
temperatures,  but  on  the  application  of  heat,  decomposes  it,  with  evolution  of  light 
and  heat,  forming  mercaptan,  together  with  other  products. — 7.  Sulphuric  ether 
dissolves  in  fuming  nitric  aeidf  and  is  precipitated  from  the  solution  by  water.  On 
adding  caustic  potash  till  the  liquid  is  nearly  neutral,  and  applying  heat,  nitrous  ether ^ 
C«H*NO«,  is  evolved. 

SuLPHBTHAMio  AciD,  C«H»NS*0»-  2C*H»•S0^NH«  -  (C'H*)7n4.  (Strecker. 

H«  )" 
Ann.  Ch.  Fharm.  Ixxv.  46.^ — Ethylie  sulphate  absorbs  ammonia-gas  with  rise  of 
temperature;  the  product  dissolves  easily  in  water  or  in  alcohol,  and  the  solution 
yields,  by  evaporation,  groups  of  crystalline  laminae,  consisting  ofsulphethamate 
of  ammonium.  This  salt,  treated  with  oxide  of  lead,  yields  the  sulphethamate  of 
that  base,  which,  when  decomposed  by  sulphuretted  hydrogen,  yields  the  free  acid. 
The  solution  of  sulphethamic  acid  may  be  concentrated  by  evaporation ;  but  at  the 
boiling  heat  it  decomposes,  yielding  free  sulphuric  acid. 

Sulphethamate  of  AmmoniuTn,  C"H"(NH*)N8*0*,  deliquesces  in  moist  air,  melts 
below  100°,  and  burns  at  a  stronger  heat,  with  a  faintly  luminous  fiame,  emitting  an 
odour  like  that  of  ethylie  sulphide.  It  dissolves  easily  in  water  and  in  alcohol,  not  in 
ether.  The  solution  is  neutral,  and  does  not  precipitate  metallic  salts.  It  is  decom- 
posed by  alkalis  in  the  cold,  with  evolution  of  ammonia.  When  mixed  with  chlorider 
of  barium  and  nitric  acid,  it  does  not  yield  an  immediate  precipitate  of  sulphate  of 
barium,  but  the  mixture  becomes  cloudy  after  long  boiling. 

When  moist  sulphethamate  of  ammonium  is  heat^  to  100°,  or  a  little  above,  it 
quickly  becomes  acid,  and  its  solution  is  then  precipitated  by  barium-salts.  If  the  am- 
monia be  precipitated  from  a  solution  of  the  salt  by  platinic  chloride  and  hydrochloric 
acid,  and  tne  liquid  containing  the  excess  of  platinic  chloride  evaporated  over  the  water- 
bath,  czyetals  of  chloroplatinate  of  ethylamine  are  obtained.  It  appears  then  thc^ 
sulphethamic  acid  is  decomposed  by  heat,  under  the  infiuence  of  acids,  into  ethylamine 
and  sulphuric  add,  other  products  not  yet  examined  being  likewise  produced.  Pos- 
sibly alcohol  and  isethionic  acid  are  formed  at  the  same  time,  according  to  the  equation : 

C«H«NS»0"  +  2H«0     =     C'H'N  +  C«H«SO*  +   2C*H*0  +   H«SO*. 

A  solution  of  the  ammonium-salt  evaporated  over  the  water^bath  with  baryta,  leaves 
nothing  but  sulphate  of  barium.  On  boiling  it  with  carbonate  of  barium  or  oxide 
of  lead,  till  all  the  ammonia  is  expelled,  and  then  distilling  with  potash,  ethylamine 
is  obtained. 

Sulphethamate  of  Barium  is  obtained  by  boiling  the  aqueous  ammonium-salt  for  a 
short  time  with  carbonate  of  barium,  and  remains  on  evaporation  as  a  very  soluble 
mass,  crystallising  with  difficulty. — The  leadsalt,  prepared  in  like  manner  with  oxide 
of  lead,  the  excess  of  lead  being  removed  by  carbonic  acid,  crystalUses  in  needles,  very 
soluble  in  water  and  alcohol  of  ordinary  strength,  slightly  soluble  in  absolute  aleohoi 
(Strecker.) 

XoL.  V.  S  S 
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Aflld,  (CH*)HdO*.  Suipkometk^lie  Jeid.  (Damss  Mid 
Piligot,  Abb.  Gh.  Phys.  Wm.  54 ;  Izi.  199.— Kaae,  PhU.  Mag.  vii.  397.)— Pkt)diioe4 
IB  luge  qvaBtity  by  Buzing  1  pt.  of  wood-spiiit  with  2  pts.  of  etrong  sulpharic  acid, 
the  Biaaa  becoming  hot,  and  aometiaies  crystiUliBii^;  by  s|>oBtABeou»  evaponUion.  It  ia 
obtaiaed  pore  by  oompletolpr  deoompoBlog  a  solution  of  it«  barinm-sali  with  tolphszie 
add ;  abo  (aooovdinf  to  Liebig)  by  diBtolTing  Boutral  melihylie  milpha/te  in  boiling 
water,  aad  leaving  ue  solntioB  to  erapofate^  It  forma  cdkwurtoaB  needlea,  aol«ble  ia 
water  aBd  iB  alcohol,  and  very  Bnatable. 

The  methyUulphates,  GH'MSOS  ace  all  Tory  solnble  ia  water.  Thoae  of  the 
alkali-metals  yield,  by  distiUation,  a  Luge  quantity  of  methylic  sulphate,  wit^  a  residua 
of  alkaline  fumhate : 

2CH»KS0*    -    (CH»ySO<  +  K«SO^ 
When  distilled  with  other  salts,  they  yield  methylic  ethers  by  double  decomposition, 
just  like  the  ethylsulphates. 

The  barium-salt,  (CH*)'Ba''(SO0*.2HK),  obtained  by  saturating  a  raixtnxe  of  sul- 
phuric acid  and  wood-spirit  with  carbonate  of  barium,  is  deposited,  by  eTaporation  in 
a  vacuum,  JB  beautifiil  naoeoiis  tables  or  lamiBK,  yeiy  solnble  in  water.  The  ciystals 
are  monoclinic,  exhibiting  the  combination  odP  .  ooPoo  .  [ooPoo  1  •  oP  •  [Poo  ].  Axes, 
a:  b:c  ^  0824  :  1907  :  1.  Angle  6  :  c  -  830  30' ;  ooP  :  ot>P  (dinod.)  «  47°  0'  ; 
rPoo]  :  [Poo] a  79°  20';  oP  :  ooP  »  92°  36'.  CleaTage  perfect  jpamllel  to  odPoo. 
(Schabns).  By  dry  distiUation,  the  salt  yields  sulphurous  oxide,  inflammable  gas, 
water,  and  neutral  methylic  sulphate,  leaving  sulphate  of  barium  slightly  coloured 
with  charcoal. — ^An  isomer  of  this  salt  is  obtained  in  very  thin  prisms,  when  wood- 
spirit  which  has  absorbed  the  vapour  of  sulphuric  anhydride  is  diluted  with  water 
and  saturated  with  baryta- water. 

The  ealcium-saltt  (CH*)*Ca''(SO*)*,  forms  anhydrous,  Tery  deliquescent  octahe- 
drons. 

The  lead-Bait,  (CH«)*Pb'*(SO^)",  crystallises  in  long  prisms  containing  1  at.  water, 
or  sometimes  in  tables  containing  2  at.  water.  The  ciystals  are  very  soluble  and 
deliquescent. 

The  potassium'Salt,  CH'KSO^HK),  forms  rhombic,  very  deliquescent,  monocfinic 
tables,  exhibiting  the  &ces  oP  .  -P  .  ooP  .  [Poo  ].  Axes,  a:b:c»  0*742  :  0779  : 1. 
Angle  bio  -860  51'.  ^^p  .  ^P  (dinoi)  -  Sl^  16';  ^P  :  -P  -  99«  16'; 
[Poo  ]  :  [Poo ]  -  40°  60'.    (Schabus.) 

The  uranie  salt,  (CH»)*(U«0»nSO^)«.H«0,  obtained  by  predpitating  the  barimn- 
salt  with  uranie  sulphate,  and  evaporating  the  filtrate  in  a  vacuum,  is  deposited  after 
some  time  in  veiy  deliquescent  cxystals. 

DiXBTHTLio  or  Kbutbal  Mbthtlio  Sulfhatb,  (CH')'SO^  Methtflstd- 
phvrio  Ether.  (Dumas  andP^ligot,  Ann.  Ch.  Phys.  [2)  IviiL  32.)— Produced  by  the 
direct  combination  of  sulphuric  anhydride  and  methylic  oxide :  (CH')K)  +  Sd*  = 
(CH*)'SO* ;  also  in  the  diy  distillation  of  methylsulphates. 

It  is  most  readily  prepared  by  distilling  1  pt.  of  wood-spirit  with  8  or  10  pts.  of 
strong  sulphuric  acid,  the  mixture  being  kept  m  a  state  of  gentle  ebullition;  washing 
the  oily  liquid  which  oondensea  in  the  receiver,  with  water ;  agitating  it  with  chloride 
of  calcium ;  and  recti^ing  it  several  times  over  finely-pounded  caustic  baiyta. 

Methylic  sulphate  u  a  colourless  oil,  having  an  alliaceous  odour  and  a  density  of 
l'824at  22°  (Dumas  and  Piligot);  1-386  at  ordinary  temperatures  (Bo d eke r, 
Jahiesb.  1860,  p.  17).    It  boUs  at  188°,  under  a  oressure  of  761  millimetres. 

It  it  dowly  aecomposed  by  odd,  rapidlv  by  boUing  water,  into  methylic  alcohol  and 
methvlmilphurie  adcL — ^When  boiled  with  Mkalis,  it  yidds  methylic  alcohol  and  an 
alkaluM  sulphate. — ^By  distillation  with  fused  chloride  of  eodium,  it  yields  methylic 
diloride  and su^hato  of  sodium;  with  benzoaie  of  potauium,  methylic benzoate  and 
sulphate  of  potMsivm ;  with  formaie  of  eodimm,  in  like  mannBer,  it  yields  methylic 
formate;  and  ia  eontaetwith  mJgMu  of  alkqli'metal^it  is  conrerted  iBto  methylic  sul- 
phide, {cwys. 

Ammonia  converts  it  into  methylic  suIphamaiD  (sniphamethylane)  and  methyUc 
alcohol: 

(cipyGo*  +  ira»  -  CE»Nso«  +  (ch»)ho. 

This  reaction  is  tcytally  diffexeat  from  that  of  ethylic  sulphate  with  ammonia  (p.  636). 

Ootylsolplnurto  Aeid«  (C*H>')HSO*.  Capr^sulphurie  or  Sulphoetq^lie  And, 
(Bonis,  Oompt.  r«nd.zzziii.  144;  xxzviii.  9JI6.)^Produced  by  gradually  mixing 2  pts. 
of  oetyUc  alcohd  with  1  pt.  of  strong  sulphuric  add,  keeping  t^  mixture  cool  at  firs^ 
but  afterwards  asmsting  the  action  by  a  gentle  heat.  It  then  separates  into  two  layers, 
the  upper  of  which,  consisting  chiefly  of  octylsulphuric  add,  may  be  diluted  with  water, 
and  neutralised  with  carbonate  of  barium,  calcium,  or  lead. 

The  pure  add,  obtained  by  decomposing  the  lead-salt  with  sulphydric  add,  or  the 
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boihiiii-Mlt  with  Bolpbaric  add,  and  erapontiag  in  a  vacanm  orer  oil  of  Tiirioi,  is  a 
limpid,  ookmrleis,  (fynipy,  starongljr  acid  Uqaid,  wluch  disflolrea  very  readily  in  water 
aad  alcohol,  and  disaolTea  aine  andioEon  with  evxiliition  of  hydrogen.  It  bbu^ens  when 
heated,  and  ita  aqneoiui  aolution,  when  boiled,  is  zeaolred  into  octylic  alcohol  and  snl- 
phnricacidi 

OctfUuipkaie  &f  Barmm,  (0*H>')^*(SO«)*,  ia  obtained  in  fine,  flexible,  nacreous 
Gxystals  containing  2  at.  water,  by  cooling  its  solntion,  or  leaving  it  over  oil  of  vitriol ; 
the  crystals,  merely  freed  ftom  mother-liqnor  by  presenre  between  ftlter-paper,  contain 
3  at.  water.  It  is  very  solnble  in  water,  haa  an  extremely  bitter  taste,  and  leaves  a 
strongly  saccharine  aftertaste^  The  solntion  is  decomposed  by  boiling,  and  the  dry 
salt  by  heating  to  100^,  or  by  prolonged  keeping  in  a  vacuum. 

The  eakmmrMU  erjstaUises  in  cobnrless  tables^  bitter  and  soapy  to  the  touch. 

The  mutral  lead-salt  crystallises  readily :  its  solntion  is  add  to  test-paper.  By 
digestion  with  massicot,  it  yields  a  colourless  alkaline  solution,  containing  a  basic  lead' 
«a/^,  which,  on  exposure  to  the  air,  beoomea  covered  with  peUides  of  lead-carbonate,  and 
is  reconverted  into  the  neutral  salt. 

The  potassiwmrsaU^  G*H"KSO\H*0,  is  white,,  nacreous,  permanent  in  the  air,  very 
soluble  in  water  and  in  alcohoL  When  heated,  it  begins  to  fuse,  and  bums  with  a 
bright  flame  without  carbonisation.    It  decomposes  at  temperatures  above  100^. 

VbenylaalpHiirlo  Add*  C«H«SO*  >-  (C<!H»)HSO^  Sulphofhenie  or  Sulpha- 
phenyUc  Acid.  (Laurent,  Ann.  Ch.  Phys.  [3],  iii.  203. — ^Freuna,  Ann.  Ch.  Pharm. 
cxx.76 ;  Jahresb.  1861,p.617.) — ^IVepared  by  treating  phenol  with  excess  of  strong  sul- 
phuric acid ;  diluting  with  water  after  about  twenty-four  hours ;  saturating  the  solution 
with  carbonate  of.barinm ;  filtering,  evaporating,  and  purifying  the  crystamsed  barium- 
salt  thus  obtained  by  recrystallisation  from  alcohol ;  and  decomposing  it  with  an  equi- 
valent qtiantity  of  sulphuric  acid  (Laurent^. — Or  the  barium-SEilt  may  be  converted 
into  a  cupric  salt  by  double  decomposition  with  cuprie  sulphate,  and  the  cupric  salt 
decomposed  bv  sulphydnc  add.    ^reund.) 

Phenylsulpnuric  acid  may  be  obtained,  by  evaporation  in  a  vacuum  over  oil  of 
vi  triol,  in  slender  needle-shaped  crvstals  (Laurent  obtained  it  only  as  a  syrup).  The 
recently  prepared  solution  yields,  by  distillation,  first  water  containing  phenol,  then 
pure  phenol,  together  with  sulphurous  anhydride ;  and  leaves  a  carbonaceous  residue,  the 
acid  being  first  resolved  into  phenol  and  sulphuric  acid,  (OH'SO^  -i-  H'O  —  G*H*0 
+  IPSO^},  whidi  is  subsequently  reduced  to  sulphurous  add  by  the  organic  matter 
present.    (Freund.) 

Phenylsulphates,  CWE[»MSO«  and  (C«H»)«M''(SO«)«.r-The  ammonium-salt, 
2C«H*(NH*;^0«.H*0,  crystallises  in  scales.— The  bantm-sdt,  (Cra»)*Ba'(S0*)».3HK), 
crystallises  in  spherical  groups  of  microscopic  needles,  which  ave  off  their  water  of 
crystallisation  at  100^,  and  vield  phenol  by  dry  distillation,    ^aurent) 

The  cupric  salt,  C'*H'*Gu  S*0*,  separates  from  a  concentrated  aqueous  solution  on 
cooling,  or  by  spontaneous  evaporation,  in  greenish-blue  permanent  crystals  containing 
6  at.  water ;  and  the  darkjEreen  mother-liquor  yields,  by  further  concentration,  crystals 
containing  4  at.  water.  The  mother-liquor  remaining  after  the  hexhydrated  crystals 
had  separated  by  spontaneous  evaporation,  once  yielded,  after  some  time,  probably  in 
consequence  of  defu^ssion  of  temperature,  well-defined  efflorescent  crystals  having 
the  colour  of  blue  vitriol,  and  containing  10  at.  water.    (Freund.) 

The  cobalt-salt,  C"H'«Co''S'0*.8H*0,  forms  beautiful  mstals,  having  the  colour  of 
neutral  cobalt-sulphate,  permanent  in  the  air,  easily  soluble  in  water  and  in  alcohol, 
and  giving  up  part  of  their  water  (19  per  cent.)  at  180^.— The  nickel-salt, 
G"H**NrS'0*.SU*(>,  fbrms  emerald-green  crystals,  which  are  permanent  in  the  air, 
dissolve  in  water  and  in  alcohol,  and  acquire  a  canary-yellow  c^our  when  dehydrated. 
(Freund.) 

The  maffnesiun^^ali  fomiB*  white  needle-shaped  cxystals,  soluble  in  water  and  in 
alcohol. 

The  potassitm'Salt^  CH'ESO*  J[K>,  forma  small  silky  crystals,  adlable  in  water  and 
in  alcohol. 

The  silver-salt,  dried  ovn  oil  of  vitxiol,  ia  anhydrous,,  very  soluble  in  watei  and  in 
alcohol,  and  erystallises  indistinfltly.    (Freund.) 


phenyisalphamie  (sulphanilic)  aeid  (p^.  477) : 

Cra'NSO*  +  HNO»    »    C^B^BO*  +  HH)  +  K«. 
2.  By  heating  diazophenylsulphurous  add  to  80^: 

C«H*N*SO»  +  BK>    ^    C«H«SO*  +  K». 
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If  this  deoompo8itioiil)e  alloved  to  take  place  in  a  Teasel  from  which  air  is  excluded,' 
and  the  resultmg  liquid  be  concentrated  over  the  vater-bath,  in  a  flask  into  which  a 
stream  of  carbonic  acid  gas  is  contimially  passed,  the  acid  is  obtained  as  alight-brovm 
uncrystallisable  syrap.    (Schmitt.) 

Paraphenylsnlphuric  acid  decomposes  carbonates,  and  forms  salts  which  are  rerj 
soluble  in  water,  and  can  be  obtained  in  the  crystalline  state  only  by  evaporating 
their  solutions  to  dryness. — ^The  barivm-salt,  C*'H**Ba''S'0*^H*O,  requires  a  strong 
heat  to  decompose  it.  When  heated  with  solid  potash,  it  forms  sulphate  of  potassium, 
and  gives  off  phenol. — The  tUver-saltj  CH'AgSO*,  bears  in  the  dry  state  a  tolerably 
high  temperature  without  decomposition.  Both  these  salts  hare  a  yeUowish  or  brownish 
colour.     (Schmitt.^ 

Dibromophenylsulphurie  Acid,  CHfBr'SO^  is  produced  by  boiling  diasodibro- 
mophenylsulphurous  add  {infra)  with  water.  By  saturating  its  aqueous  solution  with 
carbonate  of  ammonium,  adding  chloride  of  barium,  and  reciystallising  the  resulting 
precipitate,  the  barium-salt  is  obtained  in  needle-shaped  crystals.    (Schmitt.) 

Appendix  to  PAenylnUphurie  Add, 

Phrntlsulphubovs  Acid,  (C^*)HS0'. — ^To  the  description  of  this  acid 
already  given  (p.  664),  we  have  to  add  the  following  results  obtained  byFreund 
(Ann.  Ch.  Pharm.  czx.  76): — ^Pure  benzene  (prepared  by  distilling  calcic  benzoate),  left 
in  contact  with  frequently-renewed  quantities  of  pure  strong  sulphuric  acid  at  ordinarr 
temperatures,  and  repeatedly  shaken,  dissolyes  completely,  without  evolution  of  suf* 
phurous  oxide;  and  the  product  diluted  with  water  also  dissolves  perfectly,  forming  a 
dear  liquid ;  and  by  neutralising  this  liquid  with  carbonate  of  barium,  filtering,  evapo- 
rating to  dryness,  redissolving  in  water,  and  again  concentrating,  pore  pkenyUuipiite 
of  barium  is  obtained,  in  transparent  nacreous  lamins  or  tables,  containing 
C**H>^a'^K)«.2H'0.  This  salt  is  slightly  soluble  in  alcohol,  and  effloresces  over  oil 
of  vitriol,  but  not  on  mere  exposure  to  the  air. — Cupric  phenylmdpMte,  C"H**Cu"S'0'. 
6H*0,  prepared  by  decomposing  the  barium-salt  with  cupric  sulphate,  evaporating  the 
filtrate  to  dryness,  and  redissolving  in  alcohol,  crystallises  from  a  hot  concentrated 
alcoholic  or  aqueous  solution,  on  cooling,  in  large,  thin,  tabular,  light-blue  crystals, 
permanent  in  the  air ;  by  sponteneous  evaporation  of  the  aqueous  solution,  also  in 
well-defined  crystals. — ^The  sUver-aaU,  C*H*AgS0*.8H'0,  produced  by  precipitating  the 
barium-salt  with  sulphate  of  silver,  forms  tebular  crystsJs,  soluble  in  water  and  in 
alcohol. 

Phenylsvlphurous  actd^  obtained  by  decomposing  the  cupric  salt  with  sulphuretted 
hydrogen,  ciystalliscs  by  evaporation,  in  slender  very  deliquescent  needles.  The 
aqueous  solution,  when  distilled,  begins  to  decompose  as  soon  as  it  attains  a  syrupy 
consistence,  giving  off  sulphurous  oxide,  benzene,  and  sulphobenzide  (p.  486),  which 
condenses  in  the  crystalline  form ;  the  distillate  also  contains  sulphuric  and  undecom- 
posed  phenylsulphurous  acids,  while  a  black  liquid,  or  a  light,  shining,  carbonaceous 
mass,  IS  left  behind,  according  to  the  strength  and  duration  of  the  heating.  Phenyl- 
sulphurous acid  is  therefore  decomposed  by  distillation,  partly  by  assumption  of  1  at. 
wafer,  into  benzene  and  sulphuric  add : 

O»H«S0»  +  HK)     =     cm*  +   H»SO«; 

partly  into  sulphobenzide  and  sulphuric  acid : 

2C«H«S0«     =     C"H»SO«  +  H«SO*. 

At  the  same  time,  a  secondary  decomposition  takes  place,  attended  with  dimination  of 
sulphurous  acid  and  separation  of  carbon.    (Freund.) 

Paraphenylsulphurous  Acid. — This  name  may  be  applied  to  an  unoystalli- 
sable  modification  of  phenylsulphurous  add,  obteined — ^according  to  R.  Schmi  tt  (Ann. 
Ch.  Pharm.  cxx.  129),  by  whom  it  is  inappropriately  termed  "  phenylsulphuric  acid  " 
(Phenylscktoefsaure) — by  heating  diazophenylsnlphurous  add  (M|/ra)  with  absolute 
alcohol  under  pressure. — Its  barium-aaltf  C"H"Ba''S'0*.jpH*0,  is  soluble  in  water, 
slightly  soluble  in  alcohol,  gives  off  its  water  of  crystAllisation  at  110^,  and  decom- 
poses at  a  higher  temperature.— The  lead-salt,  C"HifPb''S*0'.fHK),  is  a  colourless 
ciystalline  mass,  easily  soluble  in  water,  very  slightly  soluble  in  alcohol. 

Dibromophenylsulphurous  Acid,  C*H*Br*SO*  (Sehmitt's  Dibromopkenyl^ 
9chwef»diJtre\  is  produced  by  boiling  diazoidibromophenylsulphurous  acid  with  absolute 
alcohol  under  pressure.  By  evaporation  it  is  obtained  as  a  brown  liquid,  which  soli- 
difies after  some  time  to  a  ciystalline  mass ;  and  by  precipitating  its  solution  with 
acetete  of  lead,  decomposing  the  lend-salt  with  sulphuretted  hydrogen,  and  evaporating, 
it  may  be  obtained  in  needle-shaped  crystals  containing  1  at.  water;  these  crystals 
melt  at  84^ — 86°,  without  loss  of  water,  and  decompose  at  a  higher  temperature. 
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The  salts  of  this  acid  resemble  the  dibiomosulphanilates  (p.  478)  in  solubility. — The 
bariujn-saltf  G'*H'Ba'^r^O*.«H*0,  obtained  by  precipitation,  crystallisefi  from  hot 
water  in  long  needles,  sparingly  soluble  in  cold  water  and  in  alcohol ;  it  gives  off  its 
water  at  100^,  but  does  not  aecompose  eyen  at  200^.  By  dry  distillation,  it  gives  off 
water,  sulphurous  oxide,  and  an  oil  having  the  odour  of  bromobenzene. — The  lead' 
and  sUffer^salis  crystallise  in  needles  slightly  soluble  in  water. — The  potaasium-sali 
forms  easily  soluble  needles.    (S  c  h  m  i  1 1,  tec.  cit.) 

DiazophenylsulphurouB  Acidy  OH^N-SO*  (Schmitt,  loe,  eit^,  Diaeophenyl' 
tehwefdwure. — ^This  acid  is  produced  by  the  action  of  nitrous  acid  on  sulphanilic  acid 
(p.  478),  2C*H'NS0«  +  1TO«  -  2OH*N'S0«  +  3HK).  It  is  insoluble  in  cold 
water,  but  dissolves  easily  in  water  at  60° — 70°,  and  separates,  by  rapid  cooling,  in 
small  ooloudess  needles.  It  is  insoluble  in  cold  alcohol,  and  is  decomposed  by  boiling 
alcohol,  with  evolution  of  nitrogen.  Its  aqueous  solution  is  very  unstable,  and  gives 
off  nitrogen  continuously.  When  heat^^  to  100^,  it  decomposes  with  explosive  violence, 
leaving  a  brown  woolly  substance.  Gaseous  ammonia  decomposes  it  with  explosion. 
It  is  decomposed  by  kydriodic  and  hgfdrobromie  aeids,  with  evolution  of  nitrogen ; 
and  hy  snlphydric  aetdf  with  evolution  of  nitrogen,  separation  of  sulphur,  and  formation 
of  sulphanilic  acid : 

2OTI*5«S0«  +  8H«S     -     2Cra^S0»  +  8»  +   5«. 

'  When  boiled  with  alcohol  of  90  per  cent,  it  yields  aldehjrde,  paraphenylsulphnious 
acid,  and  paraphenylsulphuric  acid ;  but  when  it  is  heated  with  absolute  alcohol,  under 
pressure,  only  the  first  two  products  are  obtained,  thus : 

C^*N*SO»  +  CmK>     -     C»H«SO»  +  C«H<0  +  N«. 

J>iazodihromophenyl$ulphurou9  acid,  CH^r'K'SO',  is  produced  by  the 
action  of  nitrous  acid  on  bromofralphanilic  acid  (p.  479).  It  forms  yellowish-white 
scales,  which  are  permanent  at  100^,  but  decompose  with  detonation  at  a  higher  tern- 
perature.  It  dissolves  in  alcohol,  but  not  without  detonation ;  is  nearly  insoluble  in 
cold  water,  easily  soluble  in  hot  water ;  but  decomposes  in  aqueous  solution  at  the 
boiling  heat,  wiUi  evolution  of  nitrogen.  Its  reactions  are  similar  to  those  of  diazo- 
phenylsulphurous  acid. 

Tetrylsvlpliiirio  Atl^  ((^H')HSO*.  Butyhulphurio  Acid,  Sulpkohutylic  Acid. 
(Wurts,  Compt  rend.  xxxv.  310.)— Produced  by  mixing  tetrylic  alcohol  with  an  equal 
volume  of  strong  sulphuric  acid,  taldng  care  that  the  mixture  does  not  become  hot. 
After  about  twenty-four  hours  the  action  is  complete,  and  a  product  is  obtained  perfectly 
soluble  in  water.  The  solution,  saturated  with  carbonate  of  potassium,'  and  evapo- 
rated to  dryness  over  the  water*bath,  yields  a  mixture  of  sulpnate  and  tetrylsulphate 
of  potassium. 

The  tetrylsulphate,  C^H*KSO\  extracted  from  the  mixture  by  boiling  absolute 
alcohol,  crystallises  on  cooling,  in  shining  anhydrous  laminae,  which  when  dry  have  a 
nacreous  lustre,  and  are  unctuous  to  the  toucL  The  salt  distilled  with  cyanate  of 
potassium  yields  a  mixture  of  tetrylic  cyanate  and  cyanurate. 

Tkrl^jtovlpbvHe  Ael4«  (C^')^^0^  Pnpylwlpkwric  or  Bulphopropylie  Acid. 
(Chancel,  Compt  rend,  xxxvii.  410.) — ^The  potassium-salt  of  this  add,  CH'KSO\ 
prepared  ftom  tritylic  alcohol  in  the  same  manner  as  the  preceding,  crystallises  on 
cooling  from  ala>holie  solution,  in  anhydrous  very  slender  needles,  extremely  soluble  in 
water. 

B!jp4Mii]plftiiroiui  CMnponadfl. 

Htpo8Ui«phubous  or  Tb^iosulfuubio  Aoid,  H'S'O*;  called  also  Dt- 
tkionoua  Acid^  and  Shilphuretted  Sulphurous  Acid.  (Gay-Lussac,  Ann.  Chim. 
Ixxxv.  199.— Herschel,  Ed.  Phil.  J.  i.  8,  296;  ii.  164.— £essler,  Pogg.  Ann. 
Ixxxiv.  274.— Vohl,  Ann.  Ch.  Pharm.  xciv.  287.— Slater,  Chem.  Gaz.  1856, 
p.  369.)— ^This  acid  is  scarcely  known  in  the  free  state,  since,  when  liberated 
from  any  of  its  salts  by  the  action  of  a  stronger  acid,  it  is  almost  immediately 
resolred  into  sulphuions  acid  and  sulphur:  H'S'O'  «  H'SO*  +  S.  According 
to  H.  Bose,  however  (Trot^  de  Chimie  analutique,  i.  476),  the  decomposition  is 
never  complete  unless  the  quantity  of  hyposulphite  operated  upon  is  very  small ;  and 
the  liquid,  if  filtered  fmm  the  deposited  sulphur,  even  after  several  weeks,  still  exhibits 
the  reactions  of  hyposulphurous  add.  According  to  Fliickinger  (J.  Pharm.  [3], 
xlvi.  463;  Jahresb.  1863,  p.  149),  small  quantities  of  this  acid  are  often  found  in 
flowers  of  sulphur,  in  precipitated  sulphur,  in  sulphur  which  has  been  crystallised 
from  carbonic  disulphide,  and  even  in  xoll-sulphor.    FliickiDger  finds  also  that  it  ia 
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prodnoed  hj  the  aetaon  of  aqueofut  folplraioiis  add  cm  pure  solphu;  0?«n  al  ocdinirf 
tempetataxtm,  but  mon  reamly  at  80^  or  90^  in  a  sealfid  iaba.  'When  a  mixtniw  oif 
fine^^TidiBd  eadmiun,  ralphide  of  f*iiinifiT»,  and  Bnk>hiir,  mobtoned  wkh  abeolnte 
alcoliol,  was  tnated  inth  ■i^phvRMW  add,  snlplniretted  hydrogen  then  pa  wad  into  the 
lUtxate  after  the  eolphnimui  add  had  erapoiated,  and  the  cseese  oil  aolphiiretted 
hjdn^en  ranored,  the  liqnid  after  Are  mantos  still  exhibited  the  leactioas  of  hjpoeul- 
fjinrons  add, — a  fiMst  whidi  f^i^mm  H.  Boss's  statement  as  to  the  stabHitj  vi  that 
add  in  dilate  solntiotts. 

Hjposnlphite  s. — These  salts  majfor  themost  part  be  rMazded  dtherasaaalqgens 
to  the  Ibtmates  (]mOO>),  sod  lepresoitedbj  the  fonnnls  ICBSO*  and  XVSKi*,  or 

ash7dmledtlnomi^hates,^j{|!|8()'.HK),deriYedfrottsdph^  I7  tha 

sabstitation  of  8  for  0 : 

]ra*0*.HH)     -    2MHS0* 
MrSHyj3*0    -    JTHWO*. 

The  fomer  tiew  is  in  aoeoidanoe  with  the  ftet  established  by  H.  Boee^  that  nMily 
all  hyposulphites  eontsSn  at  leaat  one  atom  of  hydrogen ;  also  with  the  fonnation 
of  hyposnlphites  by  the  action  of  sodinm,  one,  or  iron  on  aqneons  Bal|Anroias  add, 
just  as  sodio  formate  is  prodneed  bj  ibe  acti<»  of  sodinm  on  earboaie  aad  (iL  683) : 

2H*80«  +   Na«    -    NaHSO*  +  NaHSO«  +  HH). 
SalplNiroai  liodle  brpo-      Acid  loSie 

"  fVyhnt.  tnlphitft. 


2H*C0*  +  Ka*    -     NaHOO>  -h  KaHCO*  -¥  SPO. 
CarbQOk  Sodie  Add  sodle 

•cifl.  fifnneie.         tuboamto, 

Bat»  on  the  other  bead,  hyposalphate  of  lead  ooatains  no  water  of  crystallisatioD, 
and  may  be  randfiEed  completely  anhydrous  by  hsating  to  l¥P  (Pape,  Jahresb.  1864, 
p.  67) :  it  cannot  therefaro,  be  reguded  as  analogous  to  a  foimate,  but  mast  be 
represented  by  the  formula  Ph'TSH)*.  The  potaadnm-salt  s^ipears  also  to  be  capable 
of  oystallising  with  less  than  1  at  water.  The  dibanc  formula  M%0*  is  also  more 
in  aeoocdanoe  with  the  tendew^y  of  hyposnlj^hurous  add  to  form  double  salts. 

Hyposulphites  are  produced : — a.  By  passing  sulphurous  oxide  through  a  eolation  of 
an  sikaliae  sulphide,  the  reaction  beiqg  accompanied  by  deposition  of  sulphur ;  e^, : 

2Na«    +  SSO»     -     2Na«S«0»  +  S 
2Na^  +  «S0«     -     2Na«S«0«  +  &; 

or,  better,  by  digesting  or  bmling  sulphur  with  a  solutioB  of  an  alfcalinfe  aalphite ; 
thus: 

Na«0«  +  8     -    Na«SH>». 

fi.  By  boiling  sulphur  with  a  solution  of  alkaline  hydiate,  an  alkaline  pentasulphide 
bdng  formed  at  the  same  time ;  ^us  with  caldc  hydnite : 

SCaHK)*  -I-  8»    »    OaS*0*  -f  2GiiS*  *  AHKX 

By  exposing  the  lesultinf  solution  to  the  air  till  it  becomes  coloorlesS)  the  pentasal- 
phide  M  further  vesdTsd  mto  sulphur  and  hyposulphite : 

CsS»  +  0«    -    CaSW  +  &. 

In  this  manner  h^rposulphites  are  obtained  from  gas-lime  reftise  and   ball-soda 
refuse,  which  contain  solpnide  of  caldum. 

7.  By  the  action  of  certain  metals  on  aqueous  sulphurons  add  (supra), 

8.  According  to  Bathke  and  Zsehiesche  (J.  pr.  Chem.  xdi.  141),  hyposulphites 
are  produced,  together  with  hvposulphates  (dithionates),  when  selenium  is  dissolTed  in  an 
slkuine  sulphite.  By  quickly  evaporating  such  a  solution,  recently  prepared  and  satu- 
rated, aerystaBine  mass  is  obtained,  ooloined  red  by  separated  selenium^  aad  eooaisting 
makly  of  fJ^^Hn*  aulphite  mixed  with  hyposulphate ;  aad  the  solution  of  these 
ciTStals^  freed  fiNxn  selenium  by  filtration,  and  evaporated  (even  in  an  atmosphete  of 
hydrogen),  again  deponta  selenium,  and  afterwards  a  mixture  of  sulphite  and  hypo* 
aolpUte.  The  mother-Uquor  of  the  fiist  czystals  also  leaves,  when  eviqporated,  a 
certain  qnsntity  of  selenium,  aad  a  eiystaliiaa  mass  condsting  of  a  small  quantity  of 
salphite^  and  a  luge  quantity  of  hyposn^diite  together  with  separated  sulphuiv 

The  hvposalphites  of  the  alkali-metals,  alkaline  earth-metius,  and  magnenum  are 
soluble  m  water.  That  of  barium,  however,  is  only  dightly  soluble^  aad  may  be 
obtained,  as  a  cfystailine  predpitate,  by  mixing  the  solutions  of  baiic  cfaloiide  and 
sodio  hyposulphite. 

Solutions  of  hyposulphites  dinolve  chloride,  iodide  and  bromide  of  silver,  mercnrous 
chloride,  iodide  of  lead,  sulphate  of  caldum,  and  sulphate  of  lead.  Merraric  iodide 
dissolves  in  eold  aqueous  hyposulphite  of  sodiunit  aad  the  solution  when  heated 
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depoeito  red  mlphida  of  nmeiu^  free  firan  iodide.— Ovpfrooi  Mid  ei^ric  hrdntee 
diMolra  in  Uie  mae  salt  at  ordinary  temperBtuw»  and  are  predpitatal  cm  Aeatiag 
(Field, Cfaem.Soo.  (in.  J.zvl 28;  Jahreeb.  1869, p.  179).— AceoidiQgtoDiehl(Jahresb. 
1860,  p.  78),  the  ferromnidee  of  sine,  man^aneee,  oobalt,  nickel,  eadralum,  and  tin  are 
ineolable  in  aqneonii  hyposnlphite  of  aodinm ,  whereas  those  of  potassinm,  CQpjper, 
lead  and  Bilver,  and  the  rorricyanides  of  silver  and  mercuir,  are  dissolved  by  it.  The 
white  predpitate  formed  by  ferrocyanide  of  ^tassinm  in  ferrous  salts  is  not  dissolved 
by  it;  the  Prussian-blues  are  converted  into  a  white  compound. — ^The  alkaline 
^anides  and  ferro^anides  are  converted,  by  fusion  with  the  hyposalphites  of  potassium 
and  sodiom,  into  sulpboeyanatoa.    (Frohde,  p.  614.) 

Solutions  of  hyposulphites  give,  with  mereurie^plumbie  and  argentie  9alt»,  white 
predpitatM  of  metallic  hypoenlphites,  which  flpeedihr  beeome  yellow,  brown,  and  black, 
espeaallv  if  heatrd,  owing  to  the  resolution  of  the  hyposulphite  into  inetailie  sulphide 
and  salpWie  acid : 

Ag>SO*.H«0    -    Ag«  +  H^SO«. 

With  MUmmomeUarids  they  give  off  a  brown,  and  with  mercutous  nUraie,  meJM'StUti, 

and  cobaUsalUt  a  hkatk  precipitate  of  matallie  snlphide ^With  firrous  §tUU  they 

give  no  precipitate,  ewn  at  the  boiling  heat,  nnder  the  ordinary  atmospheric  pressure ; 
but  by  prolonged  heating  to  180^ — 140^  in  sealed  tabes,  the  iron  is  completely 
precipitated  as  sulphide. — Zine  is  but  partially  predDitated  even  at  120  ,  and 
manoaneae  not  at  all,  unless  iron  is  also  present,  m  wnidi  case  a  mai^ganiferous 
sulphide  of  iron  is  thrown  down  under  increased  pressure  (Wolcott  Gibbs,  Sill. 
Am.  J.  zzxvii.  846 ;  Jahreeb.  1864,  p.  183). — When  a  soluble  hyposulphite  is  boiled 
with  an  tUummiwm-^alt,  alumina  and  sulphur  are  precipitated,  sulphurous  oxide  is 
evolfed,  and  the  add  of  the  aluminium-salt  remains  in  solution  combined  with  the 
base  of  the  hyposulphite  (Chancel,  L  185);  e.^.: 

3Na«SK)«  +  A1«(S0*)»     =     A1*0»  +  S«  +   8S0»  +   8Na«S0^ 

According  to  Gibbe,  the  precipitation  is  aoceleiated  by  heating  under  increased 
pressure^  and  the  precipitated  alumina  is  then  insoluble  in  dilute  sulphuric  acid,  and 
neerly  insoluble  in  cold  concentrated  hydrochloric  add. 

Hyposulphites  heated  with  hydroehlorie  acid,  give  off  sulphurous  oxide  and  deposit 
sulphur,  wnich  in  this  case  is  yellow,  not  white,  as  it  usually  is  when  precipitated 
from  solution.  When  treated  with  iodine,  they  £orm  a  metallic  iodide  and  a  tetra- 
thionate,  thus : 

iB^rSK)*  +  !•     -    Ba'I«  +  Ba^S^O*. 

These  two  reactions  distinguish  hyposul{^urous  from  sulphurous  add.  The  reaction 
with  iodine  Ss  sometimes  used  for  the  volumetrie  estimation  of  that  substance 
(Brown,  Chem.  Soc.  Qa.  J.  x.  71). — Hyposulphites  treated  with  hypochlorite  of 
sodtuntf  or  with  chlorine  in  presence  of  water,  are  completely  converted  into  sulphates 
even  at  ordinary  temperatures ;  t*g,: 

Na«S'0»  +  a*  +   6HH)     -     mCl   +  2NaHS0*. 

Hyposulphites  are  oxidised  by  permanganate  of  potammn,  and  converted  into 
sulphates  and  hyposulphates :  in  an  alkaune  solntion,  1  at.  hyposulphite  of  sodium 
takes  up  exactly  4  aL  oxygen,  and  is  converted  into  sulphate:  rfa^SH5*.H*0  +  O*  » 
2NaHS0*  (F^an-de-St-Gilles,  Ann.  Ch.  Phvs.  [3],  Iv.  374;  Jahiesb.  1858, 
p.  583).  Neutral  chromates  are  not  decomposed  by  sodic  hyposulphite  even  at  the 
tx>iling  heat;  but  add  chromatea  are  reduced  to  neutral  chromates,  especially  on 
heating,  with  separation  of  CrO*.    (£.  Kopp,  Jahreeb.  1864,  p.  233.) 

Hyposulphites  treated  with  tfinc  and  kydroekUmo  acid,  yield  free  sulphur  and  a 
large  quanti^  of  sulphydric  acid.  This  reaction  is  extremely  delicate,  serving, 
Bcoordiiigto  £.  J.  Reynolds  (Chem.  News,  viil  283)  for  the  detection  of  s^j^j^ssth  part 
of  sodic  hyposulphite  in  a  solution,  if  a  piece  oi  paper  moistened  with  acetate  of  lead 
be  exposea  to  the  evolved  sulphydric  add. 

All  hyposulphites  are  decomposed  by  heat»  those  of  the  alkali-metals  into  a  poly- 
sulph^de  and  a  sulphate;  e.g, : 

4Na«8W     -     3Na«S0*  +  Na«iy. 

Those  which  contain  water  of  crystallisation  {<B.g.,  thepotasdum-,  sodium-,  and  barium- 
salts)  do  not  give  it  up  till  Uiey  are  heated  nearly  to  the  point  (about  220^)  at  which 
decomposition  begins.    (Pape,  Jahresb.  1864,  p.  57.) 

To  aetect  hypoeulphurous  add  in  presence  of  sulphydric  add  or  a  soluble  sulphide, 
the  solution  is  maoe  neutral  and  precipitated  by  a  zinc-salt,  the  sulphide  of  sine 
filtered  oC  ^nd  the  filtrate  tested  for  hy^^Mulphurous  acid. 

Soluble  hyposulphites,  especially  the  sodium-salt,  are  ranch  used  for  fixing  photo- 
graphic pictures,  which  they  .effect  by  di)E>so]ving  out  the  chloride  of  silver  which  has 
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not  been  aeted  upon  by  light.  The  Bodinm-salt  is  also  lai^ly  «Dployed  as  an 
antiebloTe,  for  remoring  the  last  traces  of  chlorine  from,  bleached  fiilnies.  On  the 
nse  of  soluble  hyposulphites  as  mordants  in  calico-printing,  see  R  Kopp  (Dingl.  pol. 
J.  d.  883). 

HypoavlplKtte  of  AnunoBiiuii,  3(NH*)^K)MI*0  (Bammelsberg),  is  obtained 
by  decomposing  the  calcinm-salt  with  carbonate  of  ammonium,  and  separates,  by 
evaporation,  in  yezy  deliquescent  needles  or  rhombic  plates. 

BjrpiMiilpldte  of  Barium.  Ba'S^O'.HH)  or  BarEr&O*,  is  obtained,  by  mixing 
the  solution  of  the  sodium-salt  with  acetate  of  barium,  as  a  white  precii»tate,  the 
separation  of  which  may  be  completed  by  addition  of  aloohoL  It  retains  its  water  of 
crystallisation  with  great  tenacity  (H.  Rose,  Pogg.  Ann.  zzi.  437);  gives  it  off  at 
215°,  and  decomposes  at  220^'— 225°  (Fape).  The  anhvdious  salt,  when  heated  to 
redness,  gives  off  sulphur,  and  leaves  a  residue  of  sulphide,  sulphite,  and  sulphate  of 
barium  (Rammelsberg,  Pogg.  Ann.  l?i.  300): 

eBa'S'O'     -     Ba"S   +   2Ba''S0»  +   SBa'SO*  +  S«. 

Bypoaulpliito  of  Cailmtiiin,  obtained  by  mixing  the  solutions  of  cadmie  sul- 
phate and  baric  hyposulphite,  is  extremely  soluble  in  water  and  in  alcohol,  and  when 
concentrated  by  eraporation  decomposes  before  solidifying. 

Bypoavlpblte  of  CaloHun,  Ca'S*0«.6HK),  or  Ca'H*S*0*.5H'0.— This  salt  is 
usually  prepared  by  boiling  sulphur  with  milk  of  lime,  and  passing  sulphurous  acid 
gas  into  the  solution  of  calcic  sulphide  thereby  produced,  till  it  becomes  colourless  and 
neutral : 

2Ca-S  +  3S0«     «     S  +   2Ca"S»0^ 

On  evaporating  the  solution,  at  a  temperature  below  60°,  the  hyposulphite  of  calcium 
crystallises  out  (He rschel).    This  process  is  used  on  the  large  scale. 

The  sulphide  of  calcium  contained  in  soda-waste  or  gas-lime  may  be  converted  into 
hyposulphite  and  sulphite  by  atmospheric  oxidation.  Messrs.  T  own  sh  e  nd  and  Walker 
employ  for  this  purpose  the  soda-waste  obtained  in  the  lixiyiation  of  crude  soda  (i.  793 ; 
V.  325),  which  contains  a  considerable  quantity  of  insoluble  calcic  sulphide.  The  oxida- 
tion is  effected  by  exposing  the  waste,  in  a  state  of  dampness,  to  the  air  for  some  days,  oc- 
casionally turning  it  over  and  sprinkling  it  with  water,  or  with  solution  of  calcic  sulphide. 
When  fully  oxidised  and  lixiviated  with  water,  it  yields  a  solution  of  calcic  hyposulphite 
and  sulphite,  the  former  salt  predominating.  If  the  product  is  lixiviated  before  the  oxi- 
dation IS  complete,  a  yellow  solution  is  formed,  containing  sulphide  of  calcium  as  well 
as  sulphite  and  hyposulphite.  The  complete  oxidation  may  then  be  effected  by  causing 
the  yellow  solution  to  percolate  slowly  tnrough  a  tower  filled  with  lumps  of  coke,  and 
having  openings  at  the  lower  part  to  admit  the  air.  The  sulphite  and  hyposulphite 
of  calcium  thus  produced  may  be  obtained  in  the  solid  form  by  evaporation,  or  merely 
brought  down  to  the  state  of  concentrated  solution,  and  in  either  case  used  as  an  anti- 
chlore.  Or  the  solution  may  be  mixed  with  sulphate  of  sodium,  whereby  a  solution  of 
sodic  sulphite  and  hyposulphite  is  obtained,  together  with  a  precipitate  of  calcic  sul- 
phate containing  small  quantities  of  sulphite  and  hyposulphite.  This  precipitate,  dried 
at  a  temperature  not  exceeding  100*^  C,  constitutes  the  product  called  "  precipitated  an- 
tichlore."  It  has  been  found  very  valuable  in  the  manufacture  of  paper,  as  the  hydrated 
calcic  sulphate  gives  weight  and  body,  while  the  sulphite  and  hyposulphite  destroy 
any  chlorine  present  in  the  paper-pulp  ^see  Richardson  and  Watts's  Chemical 
Technology t  toI.  i.  pt.  iii.  p.  39). — ^A  somewnat  similar  process  has  been  patented  by 
J  u  Hi  on  \ibid,  p.  42),  who  however  subjects  the  calcic  sulphide  contained  in  soda-waste 
or  gas-lime  only  to  partial  oxidataon,  whereby  he  obtains  a  yellow  solution  called  "  sul- 

§huretted  hyposulphite  of  lime,**  consisting  chiefly  of  calcic  sulphide  and  hyposulphite, 
'his  solution  may  be  decompoised  by  a  strong  acid,  whereby  sulphur  is  precipitated, 
and  a  mixture  of  sulphurous  and  snlphydric  acid  gases  is  given  off,  which  may  be 
utilised  in  various  ways ;  or  the  solution  may  be  treated  with  sulphurous  acid  gas, 
whereby  sulphur  is  precipitated,  and  the  whole  of  the  calcic  sulphide  converted  into 
hyposulphite. 

Hyposulphite  of  calcium  ma^  also  be  prepared  by  decomposing  chloride  of  calcium 
with  hyposulphite  of  sodium,  m  hot  concentrated  solution.  The  liquid,  as  it  cools, 
deposits  a  large  quantity  of  eodic  chloride ;  and  if  it  be  then  concentrated  at  a  tempe- 
rature below  50*^,  and  allowed  to  cool  to  30^,  after  all  the  sodic  chloride  has  separated 
out,  it  yields  crystals  of  pure  calcic  hyposulphite.  (Kes  sler.) 
Hyposulphite  of  calcium  ciystallises  in  large,  eight-sided,  tridinic  prisms,  exhibiting 

the  combination  ool^^  .  ooji?  .  ool^oo  .  odPoq  .  oP  (Kopp's  KryMUographie^  2te 
Auflage,  p.  239).  It  is  easily  soluble  in  water,  and  is  decomposed,  on  heating  the 
solution  to  60^,  into  sulphate  of  calcium  and  free  sulphur. 
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HjpomUplilte  of  Cobalt,  Co''S*0'.6fi'0  or  Co'^^*0«.5H*0»-Obtamed,  as  li 
^Uric-ied  dystaUine  mass,  by  mizmg  the  solutions  of  cobalt-sulphate  and  strontium- 
hyposulphite,  and  evaporating.    (B  am  m  els  berg.) 

B jpoovlpliiteo  of  Copper. — ^Neither  cupric  nor  cuprous  hyposulphite  b  known 
in  ihe  separate  state ;  but  some  double  salts  of  cupruus  hyposulphite  with  alkaline 
hyposolpnites  have  been  obtained  by  mixing  the  solutions  of  the  latter  with  cupric 
salts.  Their  solutions  are  colourless,  have  a  sweet  taste,  yield  with  alkalis  a  pieapi- 
tate  of  cuprous  oxide,  and  are  decomposed  by  heating  with  acids. — ^A  potassium'-saltt 
Cu*K*S^0*.2H'0,  separates  on  mixing  the  solutions  of  potassic  hyposulphite  and  cupric 
sulphate  or  acetate,  as  a  yellow  precipitate,  which  soon  turns  black,  from  formation  of 
sulphide  of  copper,  and  is  completely  decomposed  by  water  into  sulphide  of  copper, 
sulphurous  acid,  and  sulphuric  acid.  The  solution  of  this  double  salt  in  hyposulpnite 
of  potassium  deposits,  on  addition  of  alcohol,  an  oily  liquid,  which  solidifies  to  a  white 
salt  having  the  composition  Cu^*S'0>*.3H'0  (Kammelsberg). — A  sodiumsalti 
containing  Cu'Na^S'^0'*.5H'0(Lenz),  is  obtained,  like  the  first-mentioued  potassium- 
salt,  as  a  yellow  crystalline  precipitate,  which  it  is  best  to  wash  with  water  containing 
acetic  acid.  From  its  solution  in  hyposulphite  of  sodiimi,  alcohol  throws  down  a  white 
salt^  Cu*Na«S'0'«.2n-0.— According  to  Schutte  (Compt  rend.  xlii.  1257),  a  salt 
having  the  composition  (Cu^;  Cu")Na'S^O".NQ',  is  obtained,  in  small  violet  needles, 
by  adding  a  concentrated  solution  of  sodic  hyposulphite  to  an  ammoniacal  solution  of  a 
cupric  salt.  The  ciystals  are  permanent  in  the  air,  give  off  ammonia  at  100^,  and  are 
decomposed  at  a  stronger  heat,  also  by  cold  water. — H.  Feltzer  (Ann.  Ch.  Pharm. 
cxxvi.  351 ;  cxxviii.  187 ;  Jahresb.  1863,  p.  277)  describes  a  salt  having  the  composition 
Cu'Cu"Na*S*0".2NH",  as  separating  in  dark-blue  needles  or  prisms,  from  a  solution  of 
cupric  sulphate  and  sodic  hyposulphite  in  ammonia,  or  as  a  violet  powder  on  mixing 
e^ual  volumes  of  the  solutions  of  cupric  sulphate  and  sodic  hyposulphite  both  saturated 
with  ammonia.  It  is  decomposed  but  not  mssolved  by  hot  water,  cnssolves  in  ammonia 
and  in  sodic  hyposulphite,  and,  when  heated  with  potash-ley,  yields  a  precipitate  of 
cupric  and  cuprous  oxides.  Acetic  acid  dissolves  the  salt  with  yellowish-green  colour, 
and  alcohol  throws  down  from  the  solution,  first  a  white,  then  a  canary-yeUow,  tolerably 
permanent  salt,  not  containing  ammonia.  Hyposulphite  of  sodium  produces  in  the 
acetic  solution,  after  a  while,  a  heavy  white  precipitate  of  a  cuprous  salt  containing 
tetrathionic  acid.  A  strong  solution  of  silver-nitrate  forms,  in  the  same  liquid,  first  a 
grey  precipitate,  which  soon  redissolves ;  then  a  precipitate  which  dissolves  with  blue 
colour  in  ammonia,  quickly  decomposes  with  formation  of  silver-sulphide,  and  gives  \ht 
reactions  of  cupric  oxide,  silver,  and  hyposnlphurous  add. 

STPoralplilteo  of  Oold. — Sodio-aurous  hypostUpkiie,  AuNa'S^0*.2H'0,  is  pro* 
duced  by  mixing  the  solutions  of  auric  chloride  and  sodic  hyposulphite,  and  adding 
alcohoL  Its  aqueous  solution  yields,  with  chloride  of  barium,  a  gelatinous  precipitate  of 

bari<Miiurou8  hjfposulphiie,  Au*^'SK)** ;  and  this  salt,  decomposed  by  sulphuric  acid, 
yields  unciystallisable  hydrated  auroiu  hypostUphite.  A  sodio-auric  hypoaulpMte 
appears  also  to  be  formed  by  dropping  a  neut^  solution  of  auric  chloride  into  a  solution 
of  sodic  hyposulphite  (F  o  r  d  o  s  and  G  ^  1  i  s).    See  G^old  (ii.  93 1 ). 

Bypoonlpliites  of  Zron. — The  ferric  aalt  is  not  known. — Ferrous  hypasulphits, 
2Fe"SH>*.6H*0,  is  produced,  together  with  the  sulphite,  by  dissolving  iron  in  aqueous 
sulphurous  add.  On  evaporating  the  solution,  or  mixing  it  with  alcohol,  the  sulphite 
separates  out;  and  the  mother-liquor,  when  further  evaporated,  yields  crystals  of  ferrous 
hyposulphite,  which  are  more  stable  than  those  of  the  sulphite,  and  may  be  kept 
unaltered  if  excluded  from  the  air.  Bammelsberg  obtained  the  salt  in  small  green 
crystals,  mixed  with  a  basic  ferric  salt^  by  mixing  the  solution  of  ferrous  sulphate  with 
hyposulphite  of  barium  or  strontium.  On  attempting  to  concentrate  the  salt  furthar 
in  contact  with  the  air,  a  small  quantity  of  ferric  salt  is  first  formed,  which  then  acts 
upon  the  hyposulphite,  converting  it  into  ferrous  tetrathionate,  and  the  latter  is  resolvai 
by  further  evaporation  into  ferrous  sulphate,  sulphurous  add,  and  sulphur.  (Fordos 
and  G^lis.) 

ByposQlpliito  of  Xeadv  Pb'S'O',  is  a  white  predpitate,  very  sparingly  soluble 
in  water,  but  dissolving  in  alkaline  hyposulphites,  with  formation  of  double  salts.  It 
may  be  dried  at  100^  without  decomposition ;  but  at  a  stronger  heat,  it  blackens  and 
gives  off  sulphurous  oxide,  and  leaves  a  residue  of  sulphide  and  sulphate  of  lead.  When 
heated  in  the  air,  it  glows  like  tinder. 

Ammonuhplumbie  ^^posulphite,  Fb''(NH^)^S*0*.6H*0,  separates  by  spontaneous 
evaporation  from  its  solution,  obtained  as  above,  in  rhombic  prisms  shortened  into 
tables.  It  dissolves  in  water  without  immediate  decomposition,  but  the  solution 
becomes  doudy  after  a  while,  from  separation  of  plumbic  hyposulphite ;  when  heated, 
it  yields  sulphide  of  lead. — BaruhplunUne  kyposulpkUe  is  a  sparingly  soluble  salt, 
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faj  pNcipitatiiig  the  aolvtioa  of  one  of  tiie  alkaliiie  double  eaks  with  acetate 

of  banmiL — Calcio-plmmhie  hupowfykUe,  F1>*(Sft^8'0*.iHK),  is  obtained  m  like  msBner 
as  a  erystallo-granular  piecipitate.— Ayfonto^mnMe  k^^pondpkite,  Pb'^*8*0*.2lIK>, 
is  pnpued  by  agitating  the  recently  predpilaated  lead-^alt  with  adilnte  aad  waim  (bat 
not  bculing)  aolntion  of  potaanc  hypoBulphite.  On  eoolinff,  the  entice  liqaid  aoUcUfiea 
to  s  thick  «**g««*  of  amall  cryatala,  which  mnst  be  porified  by  exprwiaing  the  mother- 
liquor,  aa  they  are  decomposed  by  solution  in  water,  the  simiple  leadHwlt  then  aepa- 
latiBg  in  crystalline  apanglee.  Tlie  doable  salt  diasolTes  c«si^  in  hyposulphite  of 
potaBsinm,  and  the  lead  is  bat  slowly  ptecipitated  from  the  solntion  by  sni^harie  acid, 
solphnr  being  precipitated  at  the  same  time ;  the  solution  ia  not  precipitated  by 
solable  snlphates.— '/SM^to^p^vin^  hypomlpkite  is  prepared  in  a  aimilar  manner.  The 
8tn»tio-plambic  salt  is  not  crystalline,  bat  separates  f^om  solution  as  a  *jn^  mass. 

Byporalpblte  of  Magiwiilwtn,  liff^Cf^^BH)  or  Mg'H^SKH.SHH),  is  prepared 
by  boiling  a  soluttou  of  magnesie  sidphite  with  sal|Aar,  and  eraporating  over  oil  of 
vitrioL  It  forms  small  tridinie  crystals,  permanent  in  the  air,  and  easily  solable. 
When  heated,  it  melts,  gives  off  water,  salphor,  and  solpharoos  acid,  and  leares  when 
Ignited  a  mixtore  of  magnesie  sulphate  uid  sulphite  with  poie  magnesia.  Jollion 
prepares  it  by  boiling  pnlTerised  soda-waste  or  gas-lime  with  carbonate  of  magn«>inum, 
whereby  carbonate  of  calcium  and  insoluble  sulidiide  of  magnesium  are  produced, 
rendering  the  ln^tter  soluble  by  boiling  it  with  sulphur  or  an  alkaline  polysnlphide, 
and  oonrerting  the  soluble  sulphide  of  magnesium  into  hyposulphite  by  treating  the 
solution  with  sulphurous  acid. — Jmmtmuhmaffne$w  J^fpotmfplUtg,  Mg"{VK*yQK)^, 
CH'O,  is  obtained  by  decomposing  ammonio-magnesie  sulphite  with  hyposulphite  of 
stronttam.  The  concentrated  solution  becomes  turbid  when  heated,  and  when  cooled 
below  the  freecing-point  of  water,  deposits  •very  deliqneseant  crystals  (Kessler). — 
Fotamchmaffnesie  l^^osuipkite,  ])f|f1B?S*0*.6H*0,  is  deposited  fiom  a  hot  solution  of 
equivalent  quantities  of  potassic  and  magnesie  hyposulphites,  in  Tery  soluble  deliques- 
cent crystals,  which  may  be  obtained  of  considerable  size  by  immersing  prcTionsly- 
formed  crystals  in  the  concentrated  sohttion. 

lljlp— IplBltii  «f  MtauicaBMM  is  known  only  in  solution,  and  is  produced  by 
decomposing  the  barium-  or  strontium'^alt  with  manganous  sulphate ;  also  (according 
Ui  Ram mels berg)  by  dissolving  xecentlv  precipitated  sulphide  of  manganese  in 
aqueous  sulphoroas  acid.  It  is  deoomposea  by  «vapaEation  into  solphttr  and  man- 
gnnoiis  sulphur. 

Ryposol^liltea  of  WU/tourym—IhtanUHMrTune  hypomdphite,  iCfflD^^^O^,  is 
produced  by  dissolving  meroaiie  oxide  in  hyposulphite  of  potaasiam.  The  Kquid 
becomes  warm,  and  on  cooling  deposits  the  doable  aiut  ia  eokrarless,  [q>aiingly  soluble 
prisms.  Acids  decompose  it,  separating  sulphur  and  sulphide  of  mercury.  Iodide  ot 
potassium  does  not  precipitate  mercuric  iodide  from  the  solution. — Ammanio-mercuria 
Xyposulphiie,  which  is  very  easily  decomposible,  is  separated  from  its  solution  by 
alcohol  m  colourless  prisms. — ^The  aoduhmtrcurie  salt  is  not  crystallisable. 

Byporalpliito  of  Vtekol,  Ni''SH>".6H'0  -  Ki'^^0*.6HK),  prepared  like  the 
cobalt-salt,  separates,  by  evaporation  over  oil  of  vitriol,  in  crBen  triclinic  crystals,  which 
when  heated  give  off  water,  sulphur,  and  sulphurous  add,  leaving  sulphide  of  nickel. — 
Ammoniacal  HypowlphUe  qf  Nickel,  Ni''S*0*.4KH'.6HH),  is  obUmied,  as  a  blue  crystal- 
line powder,  when  the  blue  ammoniacal  solution  of  the  preceding  salt  is  mixea  with 
alcohol.    It  decomposes  quickly  when  exposed  to  the  ur. 


VjrpOMdpliitoo  of  WUMmwau — Neither  platinous  nor  platinic  sulphite  is  known 
in  the  separate  tAAtt.-Sodia-platinoua  kypoiulpkUe,  Pt*Na*S*O".10HH),  is  produced 
by  dissolving  ammonio-platinoas  ehloride  in  a  strong  solution  of  sodic  hyposulphite ; 
and  may  be  separated,  by  addition  of  absolute  aloolMl,  as  a  dense,  yellow,  oily  liquid, 
wfaricfa  gvadually  solidifies  to  a  yellow  crystalline  mass.  When  purified  by  two  more 
Mecipitationa  with  alcohol,  it  forms  a  yellow  noncrystalline  mass,  very  solable  in  water. 
Its  solution  is  decomposed  by  hydrochloric  add,  slowlv  in  the  cold,  quicklv  when 
heated,  with  deposition  of  platinous  sulphide  and  evolution  of  sulphurous  oxide.  It 
is  not  decomposed  bv  caustic  soda,  or  by  sulphuretted  hydrogen.  (Schottl&nder^ 
Ann.  C!h.  Pbarm.  cxL  200 ;  Sull.  Soc.  Chim.  1867,  i  403.) 

»jp— IfHlto  ofFof  ■otwrn,  K*SK>*.— This  salt,  which  oystalliM*  wiih  various 
proportions  of  water,  is  prepared  by  boiling  a  concentrated  solution  of  potassic 
•olphites  with  excess  of  solphur,  or  by  adding  a  hot  eolation  of  potassic  dichromate  by 
small  portions  to  a  hot  solmtion  of  potaasic  pentasulphida,  waiting  after  each  additioB 
tin  the  separated  chromic  oxide  has  aeqaired  a  pare  green  odour  (D  6  pp  i  n  g ;  S  e  8  s  1  e  r). 
If  tlie  solution  obtained  by  either  of  these  methods  be  evaporated  to  30^  tlie  salt 
oystalliaes  in  very  thin  four-sided  prisms,  containii^  SK'S'O'Ji'O.    These  ciyatals 
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are  Teiy  soluble  in  waAfir,  and  deliquescent^  but  iBflolable  in  aloohoL  Tbey  ffxe  off 
their  water  ai  200°,  and  the  anbjdroas  salt  diwrnnposffl,  at  a  higlier  temperataze^  into 
a  miztare  of  1  at  potassic  pentasnlphide  and  3  at.  potaesic  solphate.  (Bammels- 
berg.) 

The  mother-liquor  deeanted  ftom  these  ^/nsma  jidds,  if  briakljr  stirred  or  shaken 
when  cold,  a  quantity  of  small  granular  ciystals ;  and  if  these  be  redissolved  in  the 
eolntion  from  which  they  have  separated,  with  addition  of  a  little  water,  the  liquid  on 
ooobng  deposits  large  coHourless  crystals,  haying  a  rhombic  octahedron  for  their  primary 
form.  They  contain  18-62  per  cent,  water,  ttod,  according  to  Keasler,  consist  oS 
dKn3*0>.6HH),or  3E:HS0*.HH);  according  toDopping,of  2K*S*0*.3H*Oor  4KHS0'. 
HK).  These  crystals  do  not  deliquesce  in  moderately  damp  air,  but  effloresce  imme- 
diately over  oil  of  Titriol,  or  when  heated  above  40°.  This  salt  dissolves  very  easily  in 
water,  and  with  great  depression  of  temperature ;  the  solution  is  neutral,  and  remains 
unaltered  even  in  contact  with  the  air.  Sometimes  these  octahedral  orstals  separate 
dixeotlv  ficom  solution  either  before  or  after  the  ^smadc  ciystals,  and  they  are  idways 
formed  when  an  octahedral  ciystal  is  immersed  in  a  solution  of  the  salt  evaporated  at 
30° 

Popping  mentions  also  a  prismatic  salt  oontaininff  8|  per  cent,  of  water,  and 
having  the  composition  JL?BKrMH)  or  KHSO' ;  this,  however,  Kessler  was  not  able 
to  obtain.  

Fleesy's  salt,  K^BH)*.2HH>  -  2KHS0*.H*0,  is  regarded  by  Xessler  as  identical 
with  the  octahednd  salt. 

The  compound  K^SKi^JBg'Xjj  was  ones  obtsined  by  Kessler,  on  mixing  the  solu- 
tions of  equivalent  quantities  of  potassic  hyposulphite  and  mercuric  cyanide,  adding 
alcohol  after  a  oyvtalline  precipitate  (probably  consisting  of  potassio-mercoric  hypo- 
sulphite and  potsssio-mercuiic  cyanide)  had  separated,  and  evaporating  the  mother- 
liqnor  in  a  vaonum.  It  crystallises  in  laige  Ibar-sided  prisms,  which  give  off  2  per 
cent,  water  over  oil  of  vitnol. 

Kypoaulpliite  <ir  Mirer. — This  salt,  on  account  of  its  extreme  instability,  is 
scarcely  known  in  the  separate  state ;  but  it  forms  two  series  of  double  salts,  B^Ag^H)* 
and  BAgS'O*  (R  denoting  an  alkali-metal),  prepared  by  dissolving  silver-oxide  in 
an  alkaline  hyposulphite,  or  by  adding  chloride  or  nitrate  of  silver  to  the  solution  of 
the  alkaline  ImKMutphite.  The  salts  of  the  first  series  dissolve  easily  in  water,  and  are 
precipitated  therefrom  by  alcohol ;  but  those  of  the  second  series  are  insolublo  or 
sparingly  soluble  in  water,  and  separate,  in  crystalline  or  pulverulent  form,  when  the 
salts  drihe  first  series  are  treated  with  an  additional  quantity  of  silver-salt. 

Thftse  insoluble  double  salts  dissolve  easily  in  ammonia,  and  the  ammoniacal  solutions, 
as  well  as  the  aqueous  solutions  of  the  double  salts  of  the  first  series,  have  an  intensely 
sweet  taste.  The  solutions  may  be  used  for  silvering ;  the  silver  cannot  be  detected  in 
Huy  of  diem  by  hydrochloric  add.  All  these  double  salts  decompose  easily  when  heated, 
yielding  sulphide  and  sulphate  of  silver :  hence,  in  preparing  them,  the  tempmiture 
must  be  kept  as  low  as  possible.  They  are  likewise  decomposed  by  alkalis,  and  by  an 
excess  of  the  alkaline  hyposulphite. 

Sodio-argentie  kyposufphite,  Ag^a*S*0'.2HK),  is  produced  by  dropping  a  solution 
of  sodic  hyposulphite,  with  constant  stirring,  into  a  solution  of  silver-nitrate,  tJU  a 
pennanent  precipitate  is  formed,  and  separates  in  shining  lamfnie  on  adding  alcohol  to 
the  liquid.  If,  instead  of  adding  alcohol,  the  addition  of  the  silvep«alt  be  con- 
tinued, the  salt,  AgNaS^O'.HK),  separates  in  flocks,  which  soon  become  crystalline. 
(Herschel;  Lens.) 

The  ammonio-,  potaffsio*,  ealcio*,  strontio-,  and  phm&bo-acgentie  hyposulphites  may 
be  prepared  by  similar  processes.    (Herschel.) 

Bjrpofliilpblte  of  Sodiam,  Na'S*0'.5H'0,  or  NaHS0*.2H'0.— This  salt,  which 
is  extensively  used  as  an  anticblore,  and  for  fixing  photographic  pictures,  is  pre- 
pared: — 1.  By  boiling  sulphur  with  soda-ley,  and  passing  sulphurous  gas  into  the 
solution  till  it  is  completely  decolorised  (p.  630). — 2.  By  igniting  sulphate  of  sodium 
with  charcoal,  at  a  temperature  not  high  enough  to  fuse  the  mass,  moistening  the 
pulverulent  carbonaceous  mass  with  water,  and  subjecting  it  to  the  action  of  sulphu- 
rous acid  gas.    (Anthon,  Pbana.  Centr.  1846,  p.  414.) 

3.  By  roasting  a  mixture  of  sulphur  and  sodic  carbonate  in  a  sulphur-furnace,  and 
adding  the  product  to  a  boiling  solution  of  sulphur  in  caustic  soda-ley,  till  the  liquid 
becomes  colourless.  The  darifled  solution  is  then  evaporated  in  iron  pans,  and  the 
sulphate  of  sodium  which  separates  is  continually  taken  out.  The  concentrated  liquid 
deposits  hyposulphite  of  sodium  in  large  pure  crystals,  and  the  mother-liquor,  mixed 
with  caustic  soda,  is  used  for  dissolving  fitesh  portions  of  sulphur.  (Jahresb.  1862, 
p.  664.) 

4.  By  decomposing  the  hyposulphite  of   cakium  obtained  from  soda^waste  or 
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gas-lime  (p.  682)  with  carbonate  of  flodium,  and  evapoiating  the  filtered  solution  to 
the  ctystaUising  point.  (Richaidson  and  Watts's  Chemical  Teeknology,  voL  i.  pt.  iy. 
p.  185.) 

Hyposulphite  of  sodium  forms  large,  well-defined,  monoelinic  crystals,  usually  exhi- 
biting the  combination  ooP.[ooP2]  .  [ooPoo]  .  oP  .  [P«],  also  with  +  P  and 
other  faces  subordinate.  Axes  a  :  6  :  r  »  2*8507  :  1  :  0*7825.  Angle  5  :  c  »  76°  2' ; 
ooP  :  ooP(orthod.)  -  37°  36';  [odP2]  :  [ooP2]  (orthod.)  -  68°  30';  [?•]  : 
fPool  (dinod.)  -  150°  10'.  The  crystals  have  a  specific  gravity  of  1*672  (Buignet), 
dissolve  easily  in  water,  but  are  insoluble  in  aloohoL  Respecting  the  specific  gravity 
of  its  solutions,  see  Schiff  (Jahresb.  1859,  p.  41).  The  aqueous  solution  cannot  bo 
preserved  unaltered  even  in  closed  vessels,  but  deposits  sulphur,  and  is  partly  con- 
verted into  sulphate  of  sodium ;  in  contact  with  the  air,  it  is  gradually  but  completely 
oxidised  to  sulphate.  The  dry  salt  when  heated  gives  off  sulphur,  and  leaves  a  mixture 
of  sulphide  ana  sulphate  of  sodium.  The  ctystals  melt  in  their  water  of  crystallisation 
at  56° ;  and  if  the  fusion  be  performed  in  a  small  glass  flask,  the  temperature 
raised  to  the  boiling-point,  the  flask  then  immediately  dosed,  and  left  to  cool  quickly 
on  a  surface  which  conducts  heat  slowly,  the  salt  will  remain  liquid  even  at  ordinary 
temperatures ;  but  on  immersing  the  bulb  of  a  thermometer,  or  dropping  a  crystal  into 
it,  the  whole  wHl  instantly  solicuiy  to  a  crystalline  mass,  with  a  nse  of  temperature 
which  may  amount  to  25°.    (B  o  1 1 g e  r.) 

A  saturated  solution  of  sodic  hyposulphite  dissolves  gypsum  with  moderate  facility 
at  oidinaiy  temperatures,  more  quickly  when  gently  heated,  forming  a  sodio-calcic 
hyposulphite,  which  is  predpitated  by  alcohol,  together  with  excess  of  sodic  hypo- 
sulphite, as  a  heavy  oily  liquid,  which  solidifies  in  needle-shaped  crystals.  This 
reaction  affords  the  means  of  separating  sulphate  of  calcium  from  sulphate  of  barium, 
which  is  not  dissolved  by  hyposulphite  of  sodium  (Diehl,  J.  pr.  Chem.  Ixxix.  430 ; 
Jahresb.  1860,  p.  78).    For  the  reactions  with  other  metallic  salts,  see  p.  631. 

Byposalpblte  of  Btrontliuiit  Sr"SK)'.6HH),  is  prepared  like  the  barium-salt. 
Alcohol  precipitates  it  from  its  solution  in  needles  having  a  silky  lustre;  but  even 
without  the  aid  of  alcohol,  it  separates  in  very  large  crystaJs.  It  retains  1  at.  water 
at  180°,  and,  according  toKessIer,  the  monohydrated  salt  is  likewise  obtained  in 
small  OTStals,  by  evaporating  the  solution  at  or  above  50°. 

ByposQlpbite  of  ThaUInm  and  Sodium,  Tl^Na^S^^O^MOHK)  or  2T1^20'. 
SNa'S^O'.lOH'O,  is  formed  by  dissolving  chloride  of  thallium  in  boiling  aqueous 
hyposulphite  of  sodium,  and  crystallises  in  long,  silky,  interlaced  needles, — or  from  a 
small  quantity  of  water  in  small  g^ranules  (containing  an  unknown  amount  of  water). 
At  a  red  heat,  it  is  resolved  into  sulphide  of  sodium,  sulphate  of  sodium,  and  sulphide 
of  thallium.    (G.  Werther,  J.  pr.  Chem.  zd.  385.) 

Bjposvlplitto  of  U11C9  Zn'SK)',  is  produced  by  decomposins  the  barium-salt  with 
sulphate  of  dnc ;  also,  though  with  difficulty,  by  passing  sulphurous  acid  gas  into 
water  in  which  sulphide  of  zinc  is  suspended  (Bammelsberg);  also,  together  with 
sulphite  of  zinc,  by  dissolving  due  m  aqueous  sulphurous  add  (Mitscherlich). 
The  sulphite  crystallises  out,  and  may  be  completely  removed  by  alcohol ;  or  (according 
to  Be  r  Eel  i  us),  it  may  be  wholly  converted  into  hyposulphite  by  digesting  the  solution 
with  sulphur. 

Hyposulphite  of  dnc  cannot  be  obtained  in  the  crystalline  form,  but  (according  to 
Kone)  it  is  predpitated  by  anhydrous  ether  from  its  aqueous  solution,  as  an  oily  liquid, 
which  dries  up  in  a  vacuum  to  a  gummy  deliquescent  mass.  The  concentrated  solution 
is  gradually  decomposed  by  exposure  to  the  air,  sulphide  of  zinc  being  separated,  while 
trithionate  of  zinc  remains  in  solution :  2Zn"S^0*  «  Zn''S  -i-  Zn^S'O*  (Fordos  and 
G-^lis,  Compt  rend.  xvi.  1070).  The  solution  is  also  decomposed  by  heat  into  sul- 
phuric acid,  sulphurous  add,  sulphide  of  zinc,  and  sulphate  of  zinc. 

Hyposulphite  of  Ztnc-aimnonium,  (N^H'Zny'S'O*,  is  produced  by  heatine  hyposul- 
phite of  zinc  with  ammonia,  and  separates  from  the  solution  in  dender  czystals.  (Bam- 
melsberg.) 

aHtmoBlo  C^ompoiuids. 

DiTHioKicor  Htposulphubio  Acid,  H'SH)'.  (Welter  and  Gay-Lussac, 
Ann.  Gh.  Phys.  [2],  x.  312. — ^Heeren,  Pogg.  Ann.  vii.  55. — ^Bammelsberg,  tbid. 
Iviii.  295.) — This  acid,  discovered  by  Wdter  in  1819,  is  produced  as  a  manganoos  salt 
by  the  action  of  aqueous  sulphurous  add  on  manganic  peroxide : 

MnO«  +  2H«S0»     =    Mn'SH)*  +  2H*0. 

To  prepare  the  acid,  sulphurous  oxide  gas  is  passed  through  water  in  which  findy- 
divided  manganic  peroxide  is  suspended,  as  long  as  it  continues  to  be  absorbed. 
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Dithionate  and  sulphate  of  manganese  are  then  fbrmed,  the  dithionate  heing  the  prin- 
cipal product,  provided  the  tempemture  be  kept  down ;  at  higher  tempemtnres,  on  the 
contxary,  scarcely  anything  but  sulphate  is  produ<!^.  On  adding  hydnte  of  barium 
to  the  impure  solution  of  manganous  dithionate,  hydrate  of  manganese  and  sulphate 
of  barium  are  precipitated,  wlule  dithionate  of  barium  remains  in  solution ;  and  by 
carefully  predpitatang  the  barium  with  an  exactly  sufficient  quantity  of  sulphuric  acid, 
a  solution  of  dithionic  add  is  obtained,  which  may  be  concentrated  in  a  vacuum  oxer 
oil  of  vitriol,  till  it  attains  a  specific  gravity  of  1*347  (Gay-Lussae;  Heeren). 
061is  (Ann.  Ch.  Phys.  [3],  b^.  222)  passes  sulphurous  oxide  through  water  in 
which  ferric  hydrate  is  suspended,  whereby  a  solution  of  ferric  sulphite,  Fe*(SO')',  is 
produced ;  ana  this  solution,  when  kept  in  a  dosed  vessel,  acquires  after  some  time  a 
£ght-green  colour,  and  then  contains  a  mixture  of  ferrous  sulphite  and  dithionate : 

F^(SO»)«     -     Fe'lSO*  +  Fe^S^O*. 

From  this  solution,  the  dithionic  acid  may  be  separated,  by  means  of  hydrate  of 
barium,  &c.,  in  the  manner  above  described. 

Dithionic  add,  when  concentrated  as  highly  as  possible,  is  an  inodorous,  strongly 
acid,  hydrated  liquid,  of  specific  mvitv  1*347 ;  on  attempti^  to  concentrate  it  further, 
it  is  resolved  into  sulphuric  acid  and  sulphurous  oxide :  H'SK)*  »  H*SO^  +  SO'. 
The  dilute  add  decomposes  in  the  same  manner  at  higher  temperatures.  In  contact  with 
the  air,  dithionic  add  is  gradually  oxidised  to  sulphuric  acid ;  the  same  dumge  is  pro- 
duced by  heating  it  with  nitric  add,  chlorine,  or  manganic  peroxide. 

Dithionates  or  Hvposulphates,  M^'O*. — ^These  salts,  investiffated  chiefly  by 
Heeren,  aro  all  soluble  m  water,  and  are  easil;^  prepared  by  decomposmg  the  barium- 
salt  with  the  corresponding  sulphates.  The  ditnionates  of  the  alkali-metals  may  also 
be  obtained  by  dissolving  the  carbonates  in  sulphurous  acid,  boiling  the  neutral  solution 
with  findy  pulverised  manganic  peroxide,  and  leaving  the  filtrate  to  ciystallise 
(C.  V.  Hauer,  J.  pr.  Chem.  Ixxx.  229).  They  are  likewise  produced,  together  with 
W)osidphitee,  when  selenium  is  dissolved  in  an  alkaline  sulphite.  (Rathke  and 
Zschiesche,  p.  630.) 

The  dithionates  are  permanent  at  ordinary  temperatures,  both  in  the  solid  state  and 
in  solution;  but  when  heated,  in  some  cases  even  at  100°,  they  give  off  sulphurous 
oxide,  and  leave  a  residue  of  neutral  sulphate.  The  solid  dithionates  are  decomposed 
by  stronff  sulphuric  acidy  at  ordinary  temperatures,  with  brisk  evolution  of  sulphurous 
oxide ;  the  solutions,  mixed  with  sulphuric  or  hydrochloric  acid,  are  decomposed  at  the 
boiling  heat,  yielding  sulphurous  and  sulphuric  adds,  without  separation  of  sulphur: 
this  reaction  is  characteristic  of  the  dithionates.  A  solution  of  potassic  manganats 
mixed  with  sulphuric  add  is  decolorised  when  boiled  with  a  dithionate.  Solid  di- 
thionates are  decomposed  hj phosphoric  oxychloridc  only  when  heated.  The  dry  sodium- 
salt,  distilled  with  phosphoric  peniachloridef  yields  a  distillate  consisting  of  phosphoric 
oxy chloride  and  sulphurous  chloride,  SOCl*.    (Kraut,  Ann.  Ch.  Pharm.  cxviii.  96.) 

Dithionate  of  Aluminium  separates  from  its  solution  by  slow  evaporation  in 
small  crystals,  mixed  however  with  a  considerable  quantity  of  sulphate.    (Heeren.) 

Dithionate  of  Ammonium,  (NH*)*S*0«^'0,  forms  indistinct  capillary  crystals, 
very  soluble  in  water,  insoluble  in  alcohol. 

Dithionate  of  Barium,  Ba'S^O*,  prepared  as  above  described,  crystallises  from 
the  hot  saturated  solution  on  cooling,  in  crystals  containing  Ba"SK)*.2HK>,  which, 
according  to  S^narn^nt  (Jahresb.  1867,  p.  142),  are  trimetric,  exhibiting  the  com- 
bination :  ooPoo  .  ooPoo  .  P  .  oP  .  JPoo  .  JjPoo ,  and  having  the  axes  a  i  h  i  c  « 
0-7199  : 1  :  0*6920 ;  angle  P  :  <»I>oo  -  128°  20' ;  P  :  oP  =.  130°  10'.  Rammels- 
berg  also  found  them  to  be  trimetric  with  nearly  the  same  ratio  of  Uie  axes.  But, 
according  to  the  measurements  of  v.  Lang  (Wien.  Akad.  Ber.  [2],  xlv.  27  ;  Jahresb. 
1862,  p.  126),  made  upon  well-developed  specimens,  these  dihydrated  crystals  are 
monoclinic,  exhibiting  the  combination  oP  .  [  ooPoo  ]  .  +  2Poo  .  [Poo  ]  .  +  2P  .  [|P21 
.  [ooP2]  .  +P  .  +rPf]  .  -[Pf].  Axes  a  :  6  :  c  «  1  :  09343  :  1-4030.  Anglo 
6:  c  =  110°  37';  oP :  +Poo  «  108=>  22';  oP  :  +P  =  103°  46';  +P:  rPool  - 
132°  12';  [JP2]  :  +2Poo  -  116°  14'  ;  [Pf]  :  [Poo]  =  118°  41';  [PfJ  :  +P  « 
143°  22',—Atetrahydrate,'Bar^'^0*AlS:-Oj  is  obtained,  by  spontaneous  evaporation,  in 
distinct,  shining,  monoclinic  crystals,  which  efiloresce  quickly  on  exposure  to  the  air. 
(Hoeren;J!lfarignac).  Dithionate  of  barium  serves,  as  abo\f  mentioned,  for  the 
preparation  of  the  other  dithionates. 

■  Dithionate  of  Barium  and  Magnesium,  Ba"Mg'18^0".4H'0,  is  obtained  (according 
to  Schiff,  Ann.  Ch.  Pharm.  cv.  239),  by  predpitating  half  the  barium  from  baric 
dithionate  with  sulphuric  acid,  saturating  the  filtrate  with  magnesia,  and  evaporating; 
the  double  salt  then  separates  on  cooling  in  crystalline  geodes,  which  give  off  their 
water  completelv  at  90^. 

Dithionate  of  Barium  and  Sodium,  Ba'T^a«S*0'*.6H'0,  is  produced  (acooiding  to 
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Schif  f),  by  deeoiDpoeiiig  the  barinm-Balt  with  a  ealeaUted  quantity  of  aodic  sulphate. 
Kraut  (Aan.  Ch.  Pham.  cxviii.  95),  by  mixing  eqiuvalent  quantities  of  baane  and 
sodic  dithionates,  obtained  laige  transjpairent  ciyftak,  with  enzYed  edges  and  eonyoi 
faces,  containing  Ba1Sfa*S^0".4H'0,  which  were  permanent  in  the  air,  and  not  resolved 
into  the  component  salts  by  reeiystaUiaation ;  he  zegaids  the  salt  obtsined  by  Scluff  as 
merely  a  mixture. 

Dithionate  of  Cadmium  is  obtained,  as  a  crystafiine  deliqnsscimt  mass,  by 
STaporating  a  solution  of  the  carbonate  in  dithionic  acid  (HeerenX  It  dissolves  in 
ammonia,  and  the  solution  on  oooling  yields  a  ciystalline  powder,  consisting  of  the 
salt  Od'I^O'.^NH'  mixed  with  hydrate  of  cadmium.    (Rammelsberg.) 

Dithionute  of  Calcium,  Ga'SH^'.iHK),  prepared  like  the  barium-flalt,  eiystal- 
lises  by  spentaneoos  evaporation  in  tabular  crystals,  betongtng  to  the  hexagonal  system 
and  exhibiting  the  combination  oF  :  P  (jS^  239,  ii.  189).  licngth  of  principal  axis  « 
1-486.  Angle  P  :  P  (terminal)  »  laS^'  49^ ;  P  :  P  (lateral)  »  119^  SO'.  According 
to  Norre  n  b  er^  they  are  opdca^y  negative.  They  are  permanent  in  the  air,  andin- 
soluble  in  alcohol.    (H  e  e  r e  n.) 

The  Dithionatet  of  Cerium,  Lanthanum^  and  Didymium^  obtained  by 
double  decomposition,  are  crystallisable. 

Dithionaie  of  Chromium^  Cr'S'O**,  is  obtained  by  dissolving  dixoraio  hydrate 
in  aqueous  dithionic  acid. 

Dithionaie  of  Cobalt,  Co'^0'.6H'0,  separates  on  evaporation  hi  rose-coloured 
crystals  (Heeren).  By  treating  the  solution  with  ammonia  and  evaporating,  Bam- 
melsbeig  obtained  the  salt  CoH>*.2S*O^.10NH*,  in  small  rectangular  prisms,  which  after 
a  while  turned  brown,  and  lost  their  lustre. 

Dithionat€9  of  Copper, — The  normal  euprie  salt,  Cu*8'0'.4H*0,  forms  small, 
riiombie,  efflorescent  prisms. — Abasicealt,  Cu'^'0'.3Cu"0.4H*0,  is  obtained,  as  a  blue- 
gnen  precipitate,  on  mixing  the  solution  of  the  normal  salt  with  a  small  quantity  of 
ammonia  (Heeren). — ^An  ammoniacai  cttprie  dithionate,  Cu"S*0*.4NH',  is  obtained  in 
thin,  tabular,  violet-blue  prisms  with  oblique  end-faces,  by  supersaturating  the  solution 
of  the  normal  euprie  sslt  with  ammonia.    (Heeren.) 

Dithionates  of  Iron. — A  basic  ferric  dithionate  is  produced  (aocordinff  to 
Heeren)^  by  treating  recently  precipitated  ferric  hydrate  with  the  aqueous  acid,  which, 
however,  dissolvps  but  little  of  it,  the  greater  jMXt  being  converted  into  an  insoluble, 
brown,  lisic  salt. — The/«Tot«  salt,  Fe''S»0*.6H*0,  obtained  by  double  decomposition, 
crystallises  on  evaporation  in  oblique  rhombic  prisms,  having  the  colour  oi  ferrous 
sidphate. 

Dithionate  of  Lead,  Fb"S*0*.4H'0,  prepared  by  dissolving  carbonate  of  lead  in 
aqueous  dithionic  acid,  forms  large  crystals  belonging  to  the  hexagonal  system,  isomor- 
phous  with  the  calcium-  and  strontium-salts,  but  exhibiting  also  Uieface  jP,  occurring 
hemihedrally  with  P.  The  crystals  are  permanent  in  the  air,  optically  uniaxial  and 
positive  (Norrenberg).  The  solution  of  this  salt  mixed  with  a  quantity  of  am- 
monia, not  sufficient  for  its  complete  decomposition,  yields  slendpr  needles  of  a  di- 
plunAic  mU,  Pb'^^.Pb''0;  with  an  excess  of  ammonia,  a  still  more  basic  salt  is 
produced.    (Heeren.) 

Dithionate  of  Lithium,  Li'SK)*.2HK>,  forms  indistinet  eiystals,  easily  soluble 
in  water,  insoluble  in  aloohoL    (Rammelsherg.) 

Dithionate  of  Magneeium,  Mg''S'0*.6H'0,  forms  six-sided  tables,  permanent 
in  the  air,  and  very  soluble  in  water. 

Dithionate  of  Manganese,  Mn''S'0'.6HK),  prepared  as  already  described 
(p.  636),  crystallises,  by  spontaneous  evaporation,  in  rose-coloured,  mostly  indistinct, 
deliquescent  crystals  ^Marignac).  According  to  Kraut  (Jahresb.  1861,  p.  118), 
it  forms  crystals  containing  8  at.  water.  According  to  Gut  he,  these  crystals  are  tri- 
metrie,  exhibiting  the  combination  P  .  oof  qo  .  ooP2.  Angles  P  .  P  in  the  terminal 
edges  »  90O  32^  and  139^  86';  whence  ooP  :  odP  (maer.)  -*.  Sl^'  6' ;  oof2  :  oo]^ 
(macr.)  -  9lo  13'. 

Dithionates  of  Mercury, — ^Tbe  mereuroue  edU,  Hg^*0^  separates  in  colourless 
indistinct  crystals,  on  evaporating  a  solution  of  recentlv  precipitated  mercurous  oxide 
in  the  aqueous  acid,  ^t  dissolves  with  difficulty  in  cold  water,  and  is  decomposed  by 
hot  water.  When  heated,  it  is  resolved  into  mercury,  sulphurous  oxide,  and  sulphate  of 
mercury  (B  am  m  els  berg). — A,  basic  mercuric  dithionate  appears  to  be  formed  by 
digesting  aqueous  dithionic  add  with  excess  of  mercuric  oxide. 

Dithionate  of  Nickel,  Ni*S^0'.6H*0,  separates  by  spontaneous  evaporation  in 
large,  thin,  green  prisms.  Its  solution  mixed  with  ammonia  deposits  the  ammoniacai 
salt^  Ni'13H)'.6NH',  as  a  blue  powder,  which  crystallises  from  solution  in  warm  aqueous 
ammonia,  in  tabular  prisms  of  a  fine  violet-blue  colour;  it  is  decomposed  by  water. 
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J>tik%onat€  ef  Potassium,  K^QH^,  prepwed  by  daoompoiing^  tlio  baric  omuin- 
gpaoua  nit  with  an  esaetlj  eqniTsknt  qiuuititf  of  poUane  oubonate  (or  the  barie  salt 
with  potnaaiff  aolphata),  aepamtaa  on  av^wiatioii,  in  ojatala  iriiieh  aiw  penaaaent  in 
Um  air,  deorepitata  whan  haatod,  and  aro  zaaolTod  at  higher  tamparaturaa  into  anl- 
phniooa  ozida  and  wi^p^it**  of  potaaaimn*  It  diaaolrea  in  IS  pta.  of  cold  and  1(  pta. 
boiling  water,  bat  ia  inaolnbla  in  aloohoL    (H a  e r a  n.) 

Ditkionrnts  of  Ruhidium,  Bb^B*0^  erjataOiaea  iaomorphoiurly  with  tiie  potas- 
aium-aalt,  in  hard  ghMay  eiTstala,  belonging  to  tha  hexagonal  ajatem,  and  exhibiting 
the  eombination  q»^  .  o»P2 .  oP .  P .  SP3.  Length  of  principal  axia  *-  0*6307.  Angle 
P  :  P  (teminal)  -  144^46';  P:P  (lateral)  -  72^*  8',  (Piccard,  J.  pr.Chem. 
IzxxTi.  44».) 

Dxthionate  of  5tii;^r,  Ag«S*0*.2H*0.--P*«pared  by  diaaolying carbonate  of  ailter 
in  the  aqueons  acid,  and  ctyatallisea  in  right  rhombic  priama,  permanent  in  the  air 
(Heeren).  By  evaporating  a  aolution  of  the  salt  mixed  with  anlphuona  add,  at  a 
tempentore  not  exceeding  5^,  Krant  obtained  it  in  large  ciyatala  containing  6  or  7 
at.  water.  Ita  aolntion  in  warm  aqneona  ammonia  yields  small  shining  czystals  of  the 
salt  Ag«S«0«.4NH».H»O.    (Rammelsberg.) 

Dxthionate  of  Sodium,  Ha'S*0'.2H*0,  prepared  like  the  potaaainm-aalt,  erya- 
tAllises  by  spontaneons  evaporation,  in  laige,  transparent,  right  niombio  prisma,  per- 
manent in  the  air,  having  a  bitter  taste,  easily  soluble  in  water,  insoluble  in  alcohol 
(Heeren).  It  is  optically  biaxial  and  positive,  and  exhibits  considerable  diapenion. 
the  angle  of  the  axes  b^ng,  in  the  air,  for  red  light,  126^  26\  for  violet,  134°  40'. 

Dxthionate  of  Sodium  and  Silver,  AgNaS<0'.2H'0,  is  obtained  by  spon- 
taneous evaporation  of  a  solution  containing  equivalent  proportiona  of  aodic  and  aigentio 
dithionates,  and  reciystaUisation,  in  large  crystals,  apparently  isomorphons  with  ita 
eomponent  aalts,  and  exhibiting  very  distinct  cleavage.  They  efBoreace  over  oil  of 
vitnol,  bat  not  in  the  open  air.    (Krant.) 

Dithionate  of  Strontium,  Sr'S'O'.H'O,  prepared  like  the  barium-salt,  forms 
hexagonal  crystals,  iaomoiphous  with  the  calcium-  and  lead-salts,  and  indistinctly 
eWvable  parallel  to  oP.  The  crystals  are  permanent  in  the  air,  easily  soluble  in  water, 
exhibit  negative  double  refraction,  and  strong  dispersion. 

Dithionate  of  Thallium,  T1*S*0',  is  very  soluble  in  water,  and  separates  in  vi- 
treous tabular  crystals,  apparently  isomorphous  with  the  potassium-salt.  (G.  W  e r  t  h  e  r, 
J.  pr.  Chem.  xd.  385.) 

The  Dithionate*  of  Yttrium,  Erbiuju,  and  Terbium  are  cryatallisable. 

Dithionate  ofZine,  Zn^EPCOHK). — This  salt  is  very  soluble  in  water,  and  ita 
solution  rarely  yields  distinct  crystals  (Heeren).  Its  solution  in  warm,  concentrated, 
aqueous  ammonia  depodta,  on  cooling,  small  prisma  of  the  salt  Zn''SH)*.4NH', 
(Kammelsbarg.) 

Tbxthionic  Acid,  H'8*0«.  Sulphuretted  ^poamlpkurie  Aeid.  (Langloia, 
Ann.  Ch.  Phys.  [2],  Ixxix.  77. — ^Pelouze,  ibid.  bmx.  85l— Keaaler,  Pogg.  Ann. 
Ixxiv.  260A— Thia  add,  diacovarnd  by  Langloia  in  1842,  ia  obtained  aa  a  potaaaiam- 
aalt: — 1.  By  gently  heating  an  aqueona  aolntion  of  add  potaaaio  aolphita  with 
aulphnr: 

6KH80»  +  S?     «     2K«8K)«  +  K»S?0»  +  3HKX 

▲ciil  nil-  Trithlonato.  Hypo* 

phttfw  fulpblta. 

A  aatniaiad  aolution  of  tha  add  aolphita  ia  digeated  with  anlphnr  for  some  days  at  a 
moderate  heat,  till  the  yellow  colour  at  flrst  produced  has  <fiaappaared.  Sulphuroua 
oxide  is  then  evolved*  and  trithionata  of  potaasium  ia  left  in  aolutioo,  mixed  with 
hyposulphite  and  sulphate  (the  latter  xesultmg  from  the  deoompodtiQa  of  the  trithio- 
nate  by  heat).  The  warm  filtered  aolution  yielda  crystak  of  the  trithionate,  mixed 
with  sulphur  and  a  small  quantity  of  sulphate :  they  may  be  purified  by  dissolving 
them  in  the  amalleat  poadole  quantity  of  lukewarm  water,  and  leaving  the  filter^ 
aolution  to  eryatalliae  by  cooling.  fLanglois.) 
2.  By  the  action  of  sulphurous  acid  on  hyposulphite  of  potaadnm : 

2K^0«  +   8S0«     -    2K«S«0«  +  a 

A  vary  concentrated  aolutioa  of  the  hypoanlphite  ia  prepared  by  adding  it  to  a  mixtnra 
of  8  pta.  water  and  1  pt.  akohol,  till  the  alcohol  separatee  out ;  and  through  this 
aolution  wanned  to  25^ — 30^,  and  kept  in  a  state  of  concentration  by  frequent  addition 
of  the  aolid  salt,  sulphuroua  add  oaa  ia  passed,  till  the  liquid  toma  yellow  and  smells 
of  sidphuroua  add.    The  liquid  uen  depodta  a  condderable  quantity  of  crystals  of 
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potaane  tnthioiiata,  after  which  it  beeoniM  coloarleaa,  do  longer  smella  of  snlphiizoiia 
acid ;  and  if  again  saturated  with  hTpoanlphite^  and  treated  with  snlphnxons  acid,  will 
yield  a  fresh  quantity  of  the  trithionate.  To  purify  this  salt^  it  is  disaolyed  in  water 
of  60^  or  70^ ;  and  the  eolation,  freed  from  snlphnr  by  filtration,  ia  mixed  with  eight 
times  its  Tolnme  of  alcohol  of  84  per  cent.,  then  gently  warmed,  and  left  to  crystallise 
by  cooling  (Plessy,  Ann.  Ch.  Fbys.  [3],  zx.  162).— According  to  Bathke  (Jahieeb. 
1864,  p.  164),  a  mixed  solution  of  hyposulphate  and  add  solpUte  of  potasaiom,  yields 
TerjT  pure  c^tals  of  the  trithionate.  Bathke  has  also  observed  that  the  solution 
which  yields  these  crystals  is  not  precipitated,  or  but  Teiy  slightly,  by  meicoric 
cyanide  at  the  boiling  heat,  whereas  this  salt  forms  an  immediate  precipitate  in  a 
solution  of  the  crystals  themselyes,  even  when  very  dilute ;  further,  that  the  original 
solution,  if  not  too  concentrated,  does  not  deposit  sulphur  on  boiling,  whereas  the 
solution  of  the  crystals  themselves  deposits  it  immediately.  Hence  Bathke  concludes 
that  the  trithionate  is  not  contained  in  the  original  solution,  but  is  formed  only  at  the 
moment  of  crystallisation :  this  appears  also  to  be  the  case  in  the  preparation  of  the 
salt  by  Langlois's  method. — ^According  toLangloi8,a  solution  of  sulphide  of  potassium 
may  be  used  in  the  preceding  mode  of  preparation,  instead  of  Uie  hyposulphite. 

3.  Chancel  and  Diacon  (Compt  rend.  Ivi.  720)  prepare  trithionate  of  potassium 
by  converting  2  pts.  of  potaasic  hydrate  into  acid  sulphite,  and  1  pt.  into  mono- 
sulphide  ;  then  pouring  the  former  solution,  with  agitAtion,  into  the  latter ;  saturating 
the  mixture  with  sulphurous  add,  evaporating  quickly  in  thin  layers,  and  dissolving 
the  separated  salt  in  water  of  60^  mixed  with  a  little  alcohol.  The  filtered  solution, 
on  cooling,  deposits  the  trithionate  in  prismatic  crystals.  Its  formation  is  represented 
by  the  equation : 

4KHS0*  +  K«S  +  4S0»    -    3K«S"0«  +  2H«0. 

Trithionic  acid  separated  from  the  concentrated  solution  of  its  potassium-salt 
by  predpitating  the  potassium  with  an  equivalent  quantity  of  tartaric,  perchloric,  or 
sUicofiuoric  add,  is  a  limpid  inodorous  liquid,  having  a  sour  and  somewhat  harsh  and 
bitter  taste.  It  is  permanent  in  the  dilute  state;  but  on  attempting  to  concentrate  it 
in  a  vacuum  over  oil  of  vitriol,  it  bc^ns  to  decompose,  even  at  0^,  sulphurous  oxide 
being  evolved,  sulphur  deposited,  and  sulphurous  acid  remaining  in  solution :  at  80^ 
the  decomposition  takes  place  more  quickly.  By  nitric^  cldorie^  or  iodic  acid,  it  is 
immediately  converted  into  sulphuric  acid,  with  separation  of  sulphur.  When  boiled 
vriihpotashf  it  is  converted,  according  to  Kessler,  into  hyposulphite  and  sulphate  of 
potassium,  as  shown  by  the  equation : 

H»S»0«  +  4KH0     =     K«S«0*  +  K«SO*  +   3H«0. 

According  to  For  do  s  andG^lis,  the  products  of  the  decomposition  are  hyposulphite 
and  sulphite. 

The  trithionates  M*S*0*  and  M^S'O*,  are  but  little  known ;  they  appear,  however, 
to  be  all  soluble  in  water,  and  are  characterised  bv  extreme  instability.  When  heated 
to  redness,  or  boiled  with  water,  dther  alone  or  with  addition  of  the  acid,  they  are  con- 
verted into  sulphates,  with  evolution  of  sulphurous  oxide  and  deposition  of  sulphur. 
Nitric  acid  and  chlorine-water  also  quickly  convert  them  into  sulphates. 

A  solution  of  tilver-nitrat$  forms,  in  a  solution  of  potassic  trithionate,  a  white 
precipitate,  which  gradually  turns  black. — Mercuroua  nitrate  immediately  forms  a 
black  precipitate,  which  after  a  while  becomes  perfectly  white,  and  does  not  afterwards 
change  colour  on  boiling.  With  a  small  quantity  of  mercurous  nitrate,  however,  a 
permanently  black  precipitate  is  formed. — Afercurio  chloride  in  small  quantity  produces 
a  black  ;  in  excess,  a  white  precipitate. — Mercuric  cyanide  forms  no  predpitate  at 
first,  but  after  some  time  a  yellow  precipitate,  which  turns  black  gradually  in  the 
eold,  immediately  on  boiling. — Cupric  stuphate  boiled  with  potassic  trithionate  pro- 
ducas  an  immediate  separation  of  sulphide  of  copper. 

Trithionate  of  Ammonium  ia  produced,  together  with  sulphate,  by  saturating 
dry  ammonia-gas  with  dry  sulphurous  oxide,  and  <£ssolring  the  product  in  water. 

Trithionate  of  Barium,  Ba''S*0*.2H*0,  is  produced  (according  toKessler)  by 
saturating  the  add  with  carbonate  of  barium,  and  mixing  the  solution  with  a  lai^ 
excess  of  absolute  alcohoL  The  salt  then  separates  in  shining  laminse.  Its  solution 
decomposes  very  easily,  depositing  sulphate  of  barium. 

Trithionateof  Potaaeium,  K'S'O",  prepared  as  above  described,  crystallises  in 
four-sided  prisms  bevelled  with  two  fiices.  It  has  a  slightly  saline  and  bitter  taste, 
and  is  insoluble  in  alcohol.  The  aqueous  solution  is  neutral,  and  is  decomposed  by 
heat  into  sulphur,  sulphurous  oxide,  and  sulphate.  The  dry  salt  decomposes  in  like 
manner  at  1 26^.  Acooitling  toGhancel  and  I)  i  a  c  o  n,  it  is  converted  by  monosnlphide 
of  potassium  into  hyposulphite,  without  separation  of  sulphur: 

K«H)«  +  K-S     -     2K«S«0». 
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TritktQnaU  ofZine  is  pioduced,  with  aeparation  of  sulphide  of  zinc,  by  gndnal 
decomposition  of  a  concentrated  solution  of  the  hyposulphite.   (Fordos  and  G^lis.) 

tetrathlontp  C9omp*im4s« 

TaTBATtiioiYK}  ACiD,  H*SH)'.  Acid  hypositffurijue  himffurS,  (Fordos  and 
GAlis  [18431,  Ann.  Ch.  Pharm.  xliv.  247.— Kessler,  Pogg.  Ann.  Ixiiy.  253.— 
Chancel  and  Diacon,  Gompt  rend.  H.  6l0 ;  JahreSb.  1863,  p.  160.)— The  salts  of 
this  add  are  produced  by  the  action  of  iodine  on  hyposulphites,  thus : 

2Ba''S*0«  +  P     «    Ba'l?  +  Ba'S^O*. 

The  barium-salt  is  prepared  by  adding  iodine,  in  small  successive  poitiansi  to  hyposul- 
phite of  barium  suspended  in  a  Teiy  small  quantity  of  water;  after  complete  satura^ 
taon,  the  crystalline  pul^  is  digested  with  strong  alcohol,  which  dissolres  the  iodide  of 
barium  and  excess  of  iodine,  and  leaves  the  tetrathionate  in  the  form  of  a  white 
powder,  which  may  be  purified  by  dissolving  it  in  the  smallest  possible  quantity  of 
water,  and  leaving  the  solution  to  evaporate.    (Fordos.) 

A  salt  of  tetrathionic  acid  is  also  produced  by  carefully  adding  sulphuric  acid  to  a 
mixture  of  hyposulphite  and  peroxide  of  lead  or  barium,  according  to  the  equa- 
tion: 

2PbS«0»  +  PbO»  +  2H«90*     -     PbS*0«  +   2PbS0«  +   2H«0; 

further,  by  the  action  of  peroxide  of  lead  on  pentathionic  acid  (Chancel  and  Bia* 
con): 

4H«SH)«  +  6PbO«     m     6PbS*0«  +  4H«0* 

Tetrathionic  acid  maybe  prepared  by  decomposing  the  bariuiii-  or  lead-^alC 
with  the  exact  quantity  of  sulphuric  add  required.  Acooiding  to  Kessler,  the  lead- 
salt  is  better  adapted  for  the  purpose  than  the  barium-salt,  because  the  acid,  in 
presence  of  strong  bases,  is  apt  to  decompose,  espedally  at  the  moment  of  libera- 
tion, ihto  triihionic  add  and  free  sulphur.  The  lead-salt  must  be  decompiled  by 
sidpharic,  not  by  sulphydric  add,  as  in  the  latter  case  it  woldd  be  contend  partly, 
or  perhaps  entirely,  into  pentathionic  add  by  the  action  of  the  sulphide  of  lead  pro* 
duced  in  the  reaction. 

Tetrathionic  add  is  a  colourless,  inodorous,  very  add  liquid,  of  about  the  same 
degree  of  stability  as  dithionic  acid.  In  dilute  solution  it  may  be  boiled  witJiout 
decomposition,  but  in  the  concentrated  state  it  is  decomposed  by  heat  into  sulphuric 
add,  sulphurous  add,  and  sulphur.  It  is  not  decomposed  by  hydrochloric  or  dilute  sul- 
phuric acid  in  the  cold,  but  a  moderately  dilute  solution,  heated  with  hydrochloric  addt 
gives  off  sulphuretted  hydrogen.  When  nested  with  nitric  acid,  it  evolves  o^  i^  fumes, 
and  deposits  sulphur. — Chlorine  converts  it  into  sulphuric  acid. 

The  tetrathionates  M^^O*  and  M'S^O*  are  all  easily  soluble  in  water,  but 
insoluble  in  alcohol,  and  are  predpitated  from  their  aqueous  solutions  by  alcohol.  They 
are  produced  either  by  saturating  the  add  with  bases,  or  by  double  decompodtion 
from  the  lead-salt.  The  solutions  cannot,  however,  for  the  most  part  be  evaporated 
without  decomposition,  the  tetrathionates  of  the  stronger  bases  being  thereby  con* 
verted  into  salts  of  adds  containing  a  smaller  proportion  of  sulphuri  and  those  contain- 
ing easily  redudble  bases  being  reeohred  into  sulphide  and  sulphate. 

Tetrathionic  add  and  its  salts  form,  with  cuprie  sulphate,  a  orown  predpitate  after 
long  boiling ;  with  merourotu  nitraU  a  yellow  predpitate,  whieh  slowly  blackens  on 
boiling ;  with  mercwric  ehloridey  by  degrees,  a  yellowish  predpitate,  consisting  of  a 
compound  of  chloride  and  sulphide  of  mercury  mixed  with  free  sulphur ;  with  met' 
euHc  cvunidef  by  degrees,  a  yellow  predpitate,  which  blackens  slowly  in  the  cold, 
imlnediately  on  boiling ;  with  nitrate  of  tUoer,  a  yellow  precipitate,  which  soon  turns 
blade.  When  tetrathionic  acid  is  supersaturated  in  the  cold  with  ammonia,  no  alteration 
is  produced  in  it  by  the  addition  of  ammoniaoal  solution  of  silver-nitrate^  or  mercuric 
byanide,  or  sulphydric  add  (Kessler).  This  last  reaction  distinguishes  tetrathionic 
itom.  pentathionic  acid.  It  is  further  distinguished  from  pentathionic  acid  by  not 
beinff  decomposed  by^  peroxide  of  lead ;  and  from  all  the  other  polythionic  acids  by  the 
reaction  of  its  potassium-salt  with  menosulphide  of  potassium,  whereby  it  is  converted 
into  hyposulphite  of  potassium,  with  separation  of  sulphur:  K'S^O'  -t-  K*S  « 
2K*S*0'  +  S.    (Chancel  and  Diacon.) 

Tetrathionate  9f  barium,  Ba"S^0^2HH),  may  be  prepared  as  above  described. 
According  to^^essler,  itis  obtained  in  large  tabular  crystals,  by  mixing  the  aqueous 
add  with  an  equivalent  quantity  of  acetate  of  barium,  and  adding  absolute  alcohol. 

Tetrathionate  of  Cadmium,  obtained  by  double  decomposition^  separates,  on 
evaporation  in  a  vacaum,  as  a  very  deliquescent  mass*    (Kessler.) 
Vol.  V.  T  T 
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Tetraihionates  of  Copper. — The  euprie salt  has  not  been  obtained  in  tihe  soBd 
fonn.  Ite  solution,  when  concentrated  in  aTacnam,  deposits  a  laige  quantity  of  bioim 
shining  scales,  whilst  snlphnrie  acid  and  cupric  sulphate  remain  in  solution. — The 
cuprous  salt,  Cu*S*0*,  is  produced  by  the  action  of  hyposulphite  of  barium  on  sulphide 
of  copper.  It  decomposes  easily,  even  at  ordinary  temperatures,  and  still  more  when 
heated,  into  cupric  sulphide  and  sulphuric  anhydride :  Cu'S*0*  »  2Cu"S  +  2S0'. 
(Chancel  and  Diacon.) 

Tstrathionatsof  Iron  (ferrous),  Fe"S^,  is  produced  by  the  action  of  alezrie 
salt  on  ferrous  hyposulphite :  it  is  resolved  on  evapoiation  into  fenons  sulphate,  sul- 
phurous acid,  and  sulphur.    (Fordos  and  G^lii.) 

Tetrathionate  of  Z e 0(2,  Fb''S*0*.2H*0,  cannot  be  crystallised  by  evaporation, 
but  separates  in  shining  needles,  on  adding  alcohol  to  the  mixed  o(mcentnited  solutaona 
of  plumbic  acetate  and  tetrathionie  acid.    (Kessler.) 

Tetrathionats  of  Nickel  is  obtained,  as  a  deliquescent  mass,  by  evaporating  its 
solution  in  a  vacuum. 

Tetrathionate  of  "Potassium,  S?SK)',  is  prepared  by  thegradual  addition  of  iodine 
to  a  concentrated  solution  of  potassic  hyposulphite,  tiQ  the  reddish-brown  colour  becomes 
permanent.  The  tetrathionate  separates  completely,  and  is  dissolved  in  hot  water ;  the 
solution  is  then  filtered  from  free  sulphur,  and  mixed  with  alcohol  till  the  precipitate 
at  first  formed  slowly  redissolves  in  the  liquid.  On  cooling,  the  salt  separates  in 
laige  crystals.  When  tetrathionie  acid  is  added  to  a  concentrated  solution  of  potassic 
aeetate,  the  salt  separates  in  a  pulverulent  form,  in  which  state  it  is  more  stable  than 
when  in  large  crystals.    (Eessler.) 

Tetrathionate  o/6fo(2t«m  is  prepared  like  the  potassium-sah,  but  requires  large 
quantities  of  alcohol  to  precipitate  it  from  its  aqueous  solution.  It  melts  in  its  water 
of  crystallisation,  when  sently  heated,  with  separation  of  sulphur  and  evolution  of  sul- 
phurous oxide.    (E  e  s  s  1  e  r.) 

Tetrathionate  of  Strontium,  Qir8*0*.6B.*0,  nuiy  be  prepared  like  the  barium- 
salt,  but  is  not  so  completely  jKrecipitated  by  aloohoL  It  separates  br  spontaneous 
evaporation  in  thin  prisms,  but  is  at  the^  same  time  decomposed,  for  toe  most  part, 
into  sulphate  of  strontium,  sulphurous  acid,  and  sulphur.    (Kessler.) 

gantathlonlc  Compomids. 

PiKTATHioNic  Acid,  H'S'O*.  (Wackenroder  [1846],  Ann.  Ch.  Fhaim.  Ix. 
189.— Lenoir,  ilnd,  Ixii.  258.— Fordos  and  G^lis,  Ann.  Ch.  Phys.  [8],  xxii.  66.— 
Kessler,  Fogg.  Ann.  Ixxiv.  267. — ^Ludwig,  Arch.  Pbarm.  [2],  Ixxxv. 9.— Chancel 
and  Di  aeon,  Compt.  rend.  Ivi.  710.) — This  acid  is  produced  by  the  mutual  action  of 
sulphurous  and  sulphydric  adds : 

6H«0*  +  6H«S     -     H«S»0«  +   9H«0  +  8*. 

To  prepare  it,  Wackenroder  passes  sulphydric  acid  gas  in  excess  through  a  satu- 
nted  aqueous  solution  of  sulphurous  acid,  filters,  and  digests  the  milky  filtrate  with 
slips  of  dean  metallic  copper,  till  it  becomes  clear — ^filters  again — ^removes  the  dis- 
solved copper  by  sulphydric  acid,  and  drives  off  the  excess  of  the  latter  by  a  gentle 
heat.  The  solution  thus  obtained  is  colourless,  and  destitute  of  odour;  it  may  be 
concentrated,  without  decomposition,  till  it  attains  the  specific  gravity  of  1*37. — 
Kesder  passes  sulphurous  and  sulphydric  add  gases  alternately  through  water,  till 
the  precipitated  sulphur  forms  a  thick  magma  at  the  bottom  of  the  vessel ;  digests 
the  filtered  liquid  with  freshly  precipitated  carbonate  of  barium,  to  remove  sul- 

Shurio  acid ;  filters,  and  concentrates  the  filtrate  over  a  water>bath,  till  it  attains  a 
endty  of  1*26 — 1*8.    The  add  liquid  thus  obtained  may  be  further  concentrated,  in  a 
vacuum,  to  the  dendtv  of  1*6  at  22^^. 

According  to  Bisler-Bonnet  (Fogg.  Ann.  cxvi.  470;  Jahresb.  1861,  p.  60), 
pentathionio  add  is  also  produced  by  the  reaction  of  dnc  on  sulphurous  acid ;  the 
dne  first  dissolves  in  the  aoid,  with  evolution  of  hydrogen,  which  at  the  moment  of 
liberation  decomposes  part  of  the  sulphurous  add,  yielding  water  and  sulphydric  add ; 
and  the  latter  reacts  on  the  sulphurous  add,  so  as  to  form  pentathionio  ada: 

10H«SO«  +  6H«8     -     3H«8»0«  +  X2HP0. 

The  solution  exhibits  the  reactions  of  pentathionic  acid  as  long  as  it  retains  free  sul- 
phurous add,  but  the  pentathionic  acid  is  subsequently  resolvea  into  sulphuric  add, 
hyposulphurous  add,  and  fr«e  sulphur. 

Fentathionic  add  is  colourless  and  inodorous,  and  has  a  strongly  add  taste, 
inclining  to  bitter.  It  may  be  preserved  undianged  at  the  temperature  of  the  air ; 
but  on  attempting  to  concentrate  it,  by  heating  beyond  the  dendty  of  1*37,  it  is 
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decomposed,  snlphTdrie  add  and  afterwazds  snlpliaroaB  acid  being  evolved,  while 
Bolphuric  acid  and  sulphur  remain  behind.  It  is  not  deoomp^ed  by  siilphy- 
dric  acid,  or  bj  dflnte  nydiochlorie  or  snlphnrie  acid ;  the  latter,  howerer,  when 
ooDcentnted,  decomposes  it.  By  nitric  acid,  bjpochlorons  acid,  or  tshlorine,  it  is 
oxidised,  and  converted  into  salpimrie  acid.  Metallie  copper  and  iron  decompose  it  at 
the  boihng  heat,  the  former  with  erolution  of  sulphozous  acid  and  formation  ot 
solphide  of  copper ;  the  latter  with  erolatiott,  first  of  snlphjdrio  acid,  then  of  sol* 
phnrons  add,  a  portion  of  the  latter  also  remaining  in  the  liquid  (Wackenroder). 
A  moderately  oonoentrated  solution  of  pentathionic  add  jb^tcs  off  a  £iint  sulphurous 
smdl  when  boiled,  but  does  not  evolve  sulphurous  add  gaa  except  when  highly 
concentrated ;  on  IxnUi^  it  with  hydrochloric  add,  the  odour  of  suphydrie  acid  is 
pemeptible.  On  boiling  the  add  with  solution  of  eansde  potash,  hyposulphite,  sul- 
phate^ and  sulphide  of  potasnum  are  Ibrmed.    (K  essle  r.) 

The  reactions  of  pentathionic  add  with  cuptio  wUphatt,  m$reurou$  mitrtief  merewric 
chloride,  mercuric  oyamidet  and  nUnUe  qfaiiver^  are  the  same  as  those  of  tetrathionie 
add.    With  ammoniaeal,  nitrate  ofwdver,  however,  it  reacts  differently. 

When  a  solution  of  pentathionic  add  is  rapidly  mixed  with  excess  of  ammonia, 
the  addition  of  an  ammoniacal  solution  of  diver-nitrate  quickly  produces  a  brown 
colour,  which  sradnally  becomes  darker,  while  sulf|hide  of  silver  seiparates  from  the 
liquid  (Kessfer).  According  to  Bisler-Bonnet,  it  produces  an  immediate  black 
predpitate.  An  ammoniacal  solution  of  m&rewic  chlcride  added  to  the  same  liquid 
gradually  produces  a  black  predpitate  of  sulphide  of  mercury ;  and  on  the  addition  of 
sulphydnc  add,  a  separation  of  sulphur  takes  place  (Kessler).  A  rtH»ntly  prepared 
solution  of  pentathionic  add  mixed  with  potadi,  decolorises  a  solution  of  indigo. 
(Risler- Bonnet.) 

TIA  pentathionates  have  not  been  mudi  examined,  ^ey  are  very  unstable,  so 
much  so,  that  it  is  difficult  to  obtain  them  in  tha  solid  state.  In  fact,  the  fifth  atom 
of  sulphur  in  the  add  appears  to  be  retained  by  only  a  feeble  affinity;  and  in  pre-* 
sence  of  a  strong  base,  espedally  if  the  solution  be  concentrated,  tms  last  atom  of 
sulphur  is  sc^)arated,  and  the  pentathionio  add  is  reduced  to  tetrathionic  acid,  the 
salts  of  which  have  greater  stability.  Sometimes  two  atoms  of  sulphur  are  given  up, 
and  trithionic  acid  isproduced.  Kender  found  that  on  mixing  a  solution  of  peutafthionie 
acid  of  specific  gravity  rS2,  with  alcohol  of  96  per  cent.,  washing  the  precipitate 
with  alocmol,  ana  dissolvins  it  in  warm  water,  a  considerable  quantity  of  sulphur 
remained  undissolved;  and  Um  solution  mixed  with  alcohol yieldedciystals,  having  the 
form  and  compodtion  of  potassic  tetrathionate* 

The  pentathionates  of  barium  and  lead  are  soluble  in  waiter,  but  cannot  be  obtained 
in  the  solid  state  by  evaporation,  even  in  a  vacuum,  deoompodtion  taking  place  as 
soon  as  the  solutions  attain  a  certain  degree  of  concentration.  Lenoir,  however, 
obtained  the  barium-»salt,  Ba'8K)*.HH),  in  definite  crystals,  by  mixinff  the  fredily 
pepared  aqueous  solution  with  strong  alcohol.  The  salt  then  separated  abundantly 
in  transparent  silky  prisms,  which  ehuiged  within  the  liquid  tolaiger  and  well-defined 
crystals. 

l^anUMonaiie  of  i^otesdum,  K*SK)*,  crystallises  (acoordinff  to  Rammelsberff, 
Jahresb.  1857*  p.  186)  in  monodiaie  prisms,  exhibiting  tJlie  cooabination  ooP .  [  odP8]  . 
pdPoo  .  -i-P  .  -P  .  -i-PS  .  -P8.  Axes  a :  & :  s  «*  1 :  0*9285 :  1*2689.  AAgle  h :  c 
-  78«46';ooP:  ooP  (dinod.) -9*0  24';  ^.P:  +P(clinod.)  -  101*88';^-P:  -P 
(dinod.)  -  112<>  12'. 

MnfMUMfmMJOtMMi  or  ■VUMtAJIH I BJRJLDWk  Karnes  sometimes  applied 
to  the  sulphides  of  the  move  electronegative  metals  (arsenic,  antimony,  &«.),  whidi,  in 
combination  with  the  electiopodtive  sulphides,  form  sulphur-salts. 

&V%9MV  llwB  H  ■—■  The  sulphides  of  the  more  electiopodtive  metals,  potas* 
num,  barium,  copper,  lead,  &c 

SV&FBinunr.    Syn.  with  Sxtlfsidb  (p.  482). 

smuramuo  ACZ9  and  JkMWnMXDMm  See  Svlfhub,  Oxidbs  amd  Oxtobk* 
Aonis  OF  (p.  669). 

(p.  676). 
(p.  620). 

mV%WMVMOVU  AOXB  and  AMUIJIJUBS.  See  SuLFBtTB,  Oxjdxs  axd 
Oxramr-ACiDS  of  (p.  640). 

I  (p.  642). 

(p.  661). 

iVWB*  CkimpoundsaDalogoostocongenHnlti,  composed  of  sulphur- 
adds  or  sulphanhydrides  and  sulphur-bMeB:  «^.,  sulpkarsenate  ofpotoMiium,  K*AsS\ 
or  8K'8.AsS>,  dns, 

tt2 
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80^.    The  mdide  of  sulphuric  acid  a&d  its  derivatiTes* 
Syn.  with  Stn>ntiaiiite,  or  natire  carbonate  «f  strontium*     (Sm 


GabboKatbs,  i.  797.) 

BITBULCB*  The  powder  of  the  dried  leaves  of  Tarions  shrubs  and  trees  of  the 
genus  Rkua  (order  Ter^inthacea),  especially  of  Bh,  coriaria  and  Sh.  ootinus.  It  con- 
tains colonring-matter  and  tannin,  and  is  used  in  dyeing  and  calico-printing,  as  a 
substitute  for  nut-gaUs,  in  the  production  of  grey  colours,  and  in  Turkey-red  dyeing ; 
also  for  tanning  the  finer  kinds  of  leather.  According  to  ChcTreul,  it  contains  a 
yellow  colouring-matter,  which  separates  from  a  concentrated  decoction  on  cooling,  in 
small  crystalline  grains.  It  forms  a  yellow  precipitate  with  solution  of  alum,  and 
may,  therefore,  be  used  for  communicating  a  yellow  d^e  to  stuf&  mordanted  with 
alum.  The  decoction  of  sumach  reacts  strongly  acid  with  litmus,  gives  a  yellowish- 
white  precipitate  with  stannous  ddoride,  pale-yellow  with  acetate  of  lead,  jellowish- 
bzown  with  cuprie  acetate,  and  a  blue  flocculent  precipitate  with  ferric  chloride. 


ACXB.    A  peculiar  acid,  contained  (according  to  Beinseh) 
together  with  angelic  acid,  in  sumbul-root. 

linb-BA&BAaK*    See  Suvbul-boot. 


The  name  given  by  Beinseh  to  an  acid  contained  in 

snmbul-root-,  which  he  at  first  regarded  as  distinct  from  angelic  add,  because  its 
alcoholic  solution  is  coloured  blue  by  sulphuric  acid;  but»  according  to  later  experi- 
ments by  Rieckher  and  Beinseh  (Jahrb.  pr.  Pharm.  xri.  12),  it  does  not  exhibit 
this  coloration  when  quite  pure  and  free  from  sumbulamic  acid,  and  must  therefore 
be  regarded  as  identical  with  angelic  acid,  with  which  it  agrees  in  all  other  respacts. 

The  name  given  by  Murawieff  to  an  alkaloid  supposed  to  exist 

A  mixture  of  volatile  oils  obtained  by  the  distillation  of 
sumbul-balsam. 

IV&O&IO  ACIB.    Syn.  vrith  Suhbolic  or  Angbuc  Acd). 

KUX-XOOTa    Mtuk-root,    The  root  of  an  umbeUiferous  plant,  said  to  be 


in  sumbul-root. 


indigenous  in  Persia.  It  usually  occurs  in  commerce,  in  rather  large  cakes  having  a 
strong  musk-like  odour,  and  a  faintly  sweetish  musklike  taste,  with  aromatic  burning 
aftertaste,  like  angelica  and  imperatoria  root.  Beinseh  found  in  100  pts.  of  sumbul- 
root  18  pts.  water,  12*0  balsam,  28*4  starch  and  salts,  8  gum,  4  colouring-matter 
soluble  in  alcohol,  7  bitter  substance,  and  6  ash-constituents  ^containing  a  laige 
quantity  of  potassic  carbonate),  besides  mucilage,  woody  fibre,  ream,  wax,  and  traces 
of  volatile  ou  not  smelling  of  musk. 

According  to  Beinseh,  the  balsam  extracted  from  the  root  by  ether  has  the  colour 
and  consistence  of  copaiba-balsam,  a  burning  taste,  and  only  a  faint  musk-like  odour 
in  the  dry  state,  but  gives  out  a  stronj^  odour  of  musk  when  in  contact  with  water. 
Strong  sulphuric  acid  dissolves  it  with  fine  blue  colour.  By  drf  distillation,  the 
balsam  gives  off— firsts  a  yellowish  oil  tasting  like  peppermint ;  afterwards  a  grass- 
green  oil  having  the  odour  of  cajeput,  while  the  residue  acquires  an  indigo-blue  colour. 
On  continuing  the  distillation,  a  blue  oil  passes  over,  which  dissolves  with  blue  colour 
in  alcohol ;  paper  on  which  the  solution  is  diopt^  acquires  a  musklike  odour  after  a 
few  days.  The  oil  is  coloured  g^reen  by  cold  potash-ley ;  hot  potaah-ley  dissolves  it. 
The  balsam  dissolves  in  potash-ley,  and,  on  adding;  water,  a  rt«inous  mass  separates, 
containing  the  potassiom-salt  of  sumbulamic  acid,  which  may  be  separated  from  it 
by  dilute  sulphuric  acid.  This  acid  is  resinous  at  first>  but  is  converted  into  a 
crystalline  mass  by  long  contact  with  water;  it  is  said  to  form  an  ether.  Poither 
investigation  is  required  to  determine  how  far  this  acid  differs  £rom  sumbulic  or  angelic 
acid. 

Sommer  (Arch.  Pharm.  cxxxviii.  1)  has  also  investigated  sumbul-root,  but  with 
somewhat  different  results.  The  extract  obtained  from  the  root  by  treatment  with 
ether,  gave,  bv  distillation  with  waler,  a  very  small  quantity  of  a  pale-yellow,  neutral, 
volatile  oil,  which  in  the  concentrated  state  smelt  more  like  angelica-root,  but  in  the 
dilute  state  more  like  musk.  This  oil  is  mobile  and  lighter  than  water,  but  resinisea 
quickly  in  contact  with  the  air,  becoming  viscid,  darker-coloured,  and  acid.  It  dissolves 
in  nitric  acid  with  violet  colotur,  soon  changing  to  yellow ;  by  sulphuric  acid  it  is  turned 
brown,  and  carbonised.  The  balsam  prepared  with  ether  or  alcohol  yields  by  dry  distil- 
lation (according  to  Somm  er)  one-third  of  its  weight  of  a  greenish  mobile  oil,  smelling 
like  creasote ;  afterwards  white  ftunes  are  ev<dved,  which  thicken  to  a  blue  oil  (about 
one-third  of  the  resin) ;  finally,  tarry  products  pass  over,  and  a  carbonaceous  residue 
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\n  left.  The  blue  oil  sometimeB  contain^  needle-shaped  erystalB,  which  likewibe 
condense  in  the  neck  of  the  retort 

The  bhie  oil  is  a  miztore  of  seTsnl  bodiee ;  it  begins  to  boil  at  150^,  a  pale- 
yellow  oil  then  passing  oyer ;  at  200^—- 280^  a  light-blue,  and  at  286^— 826^'  a  dark- 
blue  oil  passes  oyer,  at  which  latter  temperatuie  partial  decomposition  takes  place. 
The  blue  oil  has  a  peculiar,  not  yezr  agreeable  odour,  is  b'ehter  than  water,  sUghtly 
soluble  Uierein,  easily  soluble  in  alcohol  and  ether.  Heated  with  nitric  acid,  it  yiel<u 
oxalic  add.  When  distilled  with  potash,  it  giyes  off  a  neutral  pale-blue  oil,  smelling 
like  bergamot  i>eaxs ;  and  the  residue,  treated  with  sulphuric  acid,  giyes  off  the  odour 
of  yalenanic  acid.  The  crystals  obtained,  together  with  the  blue  oi^  consist  of  umbel- 
liferone  (o. «.).     (Som m e r.) 

Sumbul-root  is  said  to  cause  trembling  and  weakness  of  the  limbs,  oonfasion  of  the 
head,  acceleration  of  the  pulse^  increased  heat^  and  greater  activity  of  the  stomach. 
(Handw.  d.  Chem.  yiii.  440.) 


A  mineral  from  Kimito  in  Finland,  allied  to,  and  perhaps 
identical  with,  anorthite.    (Rammdsber^s  Minertihkmmef  p.  693.) 


Oligodase  from  Tvedestrand  in  Norway  (iy.  198). 
BUWMMtm    A  prefix  synonymous  with  Pkb  (iy.  874). 


.   ^  Add  phosphate  of  calcium,  prepared  on  the  large  scale 

for  manure,  by  treating  bones,  coprolites^  &c  with  sulphuric  acid. 


An  alkaloid,  occurring,  according  to  Huttenschmidt  (Mag. 
Pharm.  yiL  287),  in  the  bark  of  Qeoffroya  wermit, 

SUltTU  UWB  Hire,  Fibrous  lignite,  so  called  in  Iceland,  where  it  occurs  in  large 
quantities. 

SVSJkinrXTBp  or  SVX ax  M  ITB.  A  snlphato-carbonate  of  lead  haying  the 
same  composition  as  leadhillite  (27'5  per  cent  FbSO^  and  72*5  FbOO*),  but  cxrstal- 
lising  in  rhombohedral  forms,  deriyed  from  a  primitiye  rhombohedron  in  whicn  the 
lengUi  of  the  principal  axis  is  1*1062  and  B  :  B  »  94° ;  it  exhibits  the  ftices  -2B, 
oeB,  oB,  and  deayes  easily  parallel  to  oB.  Hardness  a  2*5.  Spedfie  grayity  —  6*55. 
Lustre  resinous  to  adamantine.  Colour  white,  green,  yellow,  and  brownish-black. 
Streak  uncoloured.  It  occurs  in  attached  crystals  at  Leadhilb  in  Scotland,  and  at 
Moldawa  in  the  Bannat    (Dana,  ii.  873.) 

SVAarBBROZTB.  A  mineral  disooyered  by  lielstrSm  (Jahresb.  1854,  p.  681), 
together  with  lazulite,  on  the  Horrsjobeig  in  Wermland,  Sweden,  in  cube-like  rnombo- 
hc^rons,  resembling  those  of  beudantite,  and  deaying  parallel  to  the  terminal  face. 
Hardness  a  5*0.  Specific  gravity  =s  3*30.  Colour  pale  red,  or  yellow.  Transparent 
to  translucent.  Before  the  blowpipe  it  becomes  decolorised,  and  melts  only  in  thin 
splinters.  The  pulyerised  mineral  dissolves  partially  in  strong  adds,  and  the  reddua 
h^oomes  incandescent  when  heated.  Contains  17'32  per  cent  SO*,  17*8  P'O^  37*84 
Al'O',  1-40  FeO,  60  lime,  12-84  Na^O,  and  6*80  water,  with  a  trace  of  chlorine ;  whence 
the  formula  is,  perhaps,  2(2Al'"HO«.Na«SO^)  +  (2Al"TaO».CaT»0«),  or,  according  to 
Bammelsberg  (Mit^ra^AssiM,  p.  361),(iNa*0.iCaO)*.PH}*-i-(8Al'0'.2SO')  +  3HK). 

The  Thibetian  name  for  borax. 


Bog  iron-ore. 

A  genus  of  trees  belongpig  to  the  meliaoeous  order.  The  bark  of 
Swietenia  seneffoUnaiSf  or  CaU-ccdra,  is  used  in  Senegal  as  a  febrifnge.  The  bark  of 
8w.  febrifma,  indigenous  in  Indi^  is  the  Cortex  Soyomida,  whioh,  according  to 
Duneau(Tromms£!rff's  Journal,  iii.  257 )>  contains  a  bitter  prindple,  tannin,  vo&tile 
oil,  and  resin.  According  to  Over  beck  (Arch.  Fhann.  [2]  Izviii.  271)f  the  bark  con- 
tains an  amorphous  bitter  prindple,  but  no  base. 

STCOOnnrailC  ACIB.    See  the  next  artide. 


8TCOOBBT%IOA&COBO».  Ci>H*0-^*'^^|  O.    (De  laBue  and  Muller, 

PhiL  Trans.  1860,  p.  43 ;  Chem.  Soc.  Qu.  J.  y.  62.) — This  compound,  homologous  with 
benzylic  alcohol  (C'H"0)  and  cymylic  alcohol  (C'H^^O),  is  pr^uced  b;^  treating  syco- 
ceirlic  acetate  (it^fra)  with  sodium-alcohol,  and  purified  by  precipitation  with  water 
and  ciystallisation  from  ordinary  alcohol.  It  forms  yeiy  thin  crystals,  resembling 
caffeine,  usually  aggregated  in  masses  like  wavellite ;  melts  at  90°  to  a  liquid  heavier 
than  water,  and  soUdifies  in  the  ciystalline  state  on  cooling ;  after  being  stronely  heated, 
it  solidifies  to  a  transparent  glass,  which  becomes  cryst^line  in  contact  with  alcohol ; 
distils  partly  undeeompoeed. — It  is  insoluble  in  water,  aqueous  ammonia,  and  alkalu 
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It  dibfldves  zeadily  in  Hhjfiie  ideohol:  %  hot  0atii]!atod  solufeioii  fofins  a 
mass  of  crystals  on  cooling;  a  solution  in  very  dilate  alcohol  deposits,  on  coolings 
a  jelly,  which  afterwards  becomes  ccystalline.  Bissolves  in  tther,  oaufeme,  cUorqform, 
and  light  mineral  oil. 

Decom^ntiona, — 1.  Sycocerylic  alcohol  is  bat  slowly  attadced  \ff  boiling  with 
dilate  nitric  acid :  the  dark-yellow  resin  formed  after  six  hours,  wnen  washed  and 
dried,  and  afterwards  dissolved  in  warm  alcohol,  yields  white  and  yellow  erystalB, 
easily  soluble  in  aqueous  ammonia  and  potash,  and  precipitable  by  alodholic  neutnl 
acetate  of  lead;  probably  a  mixture  of  sycocerylic  acid,C*'H^*0*,  and  nit  rosy  co- 
cerylicaci  d. — 2.  Moderately  dilute  aqueous  ehromie  acid,  boiled  with  sycocerylic  alco- 
hol for  eight  hours,  produces  no  sycocerylic  acid :  on  one  occasion,  neutnl  thin  prisma^ 
probably  of  sycocerylic  aldehyde,  C^'H-^O,  were  produced. — 8.  The  alcohol  dis- 
soItcs  easily  in  oil  of  vitriol,  forming  a  brown  solution,  from  which  water  throws  down 
a  viscid  resin ;  no  conjugated  compound  of  sulphuric  acid  remains  in  solution.— 4.  Sy- 
cocerylic alcohol  is  rmdiiy  attackeid  by  chlorine  and  bromine,  and  forms  yellow  crys- 
tals with  iodine, — 6.  A  solution  of  syoooeiylic  alcohol  in  benzene  evolves  hydroehJorie 
acid  gas  when  treated  with  ^ieniachloride  of  phosphorus  jiX  60^,  If,  after  the  evolatioB 
of  gas  has  ceased,  the  remaining  chloride  oi  phosphorus  be  removed,  and  the  benzene 
solution  washed  with  water  and  aqueous  alkali  and  evaporated,  there  remains  an 
amorphous,  greenish,  viscid  residue,  easily  soluble  in  ether  and  chloroform,  but  diffi- 
cultly soluble  in  alcohoL  On  one  occasion  crystals  were  also  obtained. — 6.  Botassium 
evolves  hydrogen  from  melted  sycocerylic  alcohol,  and  becomes  covered  with  a  white 
crust,  which,  when  heated  till  it  melts,  blackens  and  takes  fire. — 7.  Sycocerylic  alcohol, 
treated  with  fused  caustic  potash,  evolves  hydrogen  without  forming  syoooeiylie  add. 
— 8.  With  chloride  of  acetyl  it  forms  acetate  of  sycoeeryl,  and  with  chloride  of  bensoyi 
benzoate  of  sycoeeryl. 

8TCOCBST&ZO  ATillWffTPM,    See  the  last  article. 


STCMCBKTUO  amnOUU  (De]aBiieandMnU6r,<0e.0t^.)  Syeoeerylie 
Acet  a  te,  C»H**0*  a  C^*(G>«H**)0<.— This  ether  is  contained,  together  with  s;reore- 
tin,  in  the  resin  of  Fume  rubiffinosa  from  New  South  Wales  (ii.  646).  To  obtain  it,  the 
sycoretin  is  dissolved  out  of  the  resin  by  cold  alcohol,  and  the  residue  is  boiled  with 
alodhol.  The  solution,  on  cooling,  deposits  crystals  of  ^eooerylic  acetate,  nuxed,  towards 
the  end  of  the  crystallisation,  with  a  small  quantity  of  a  flocculent  substance ;  and  by 
leaving  the  solution  to  cool  to  40^,  then  straining  off  the  liquid,  reciystallisiBg  the 
solid  residue  from  boiling  alcohol,  and  treating  the  produet  at  30°  with  a  quanti^  of  ether 
not  sufficient  to  dissolve  it,  the  sycocerylic  acetate  is  obtained  pure,  while  a  neutral 
crystalline  substance  remains  undissolved.  Sycocerylic  acetate  is  also  produced  by 
treating  sycocerylic  alcohol  with  chloride  of  acetyl. 

Sycocerylic  acetate  crystallises  from  alcohol,  in  thin  laminse  resembling  cholesterin, 
and  from  ether  in  flat  six-sided  tables.  It  melts  at  118° — 120^,  and  solidifies  below 
80°  to  a  mass  which  is  transparent  at  first,  but  afterwards  becomes  opaque  and  crys- 
talline. It  distils  unchanged;  but  when  it  is  too  strongly  heated,  the  distillate  smells 
rancid,  and  like  acetic  acid.  It  is  brittle ;  strongly  electric  when  rubbed;  neutral.  It 
dissolves  very  easily  in  hot  alcohol,  and  in  acetic  actd,  acetone,  chloroform,  ether ^  benzene, 
and  oil  of  turpentine.  It  is  not  precipitated  by  alcoholic  neutral  acetate  of  lead,  or  by 
aloholic  acetate  of  copper. 

Hot  dilute  nitric  acid  converts  sycocerylic  acetate  into  a  resin.  The  easily  prepared 
solution  in  faming  nitric  add  is  predpitatod  by  water  in  amorphous  yellow  flocks.  It 
dissolves  easily  and  without  coloration  in  oil  ^wtricl;  the  solution  becomes  brown  on 
standing,  and  gives  off  tnuses  of  sulphiHous  and  acetic  adds ;  water  precipitates  from  the 
solution  a  hard  substance,  fusible  below  100°,  difficultly  soluble  in  alcohol,  and  easily 
soluble  in  chloroform  and  benzene.  It  forms  resinous  compounds  with  chlofine,  bromine, 
and  iodine ;  the  last  two,  when  added  gradually  to  a  warm  alcoholic  solution  of  the 
-acetate,  form  crystals  of  a  oolouxless  bromine-  or  iodine-compound,  which  are  deposited 
on  cooling.  It  is  not  affected  by  boiling  solution  of  caustic  potash,  but  is  decomposed 
by  the  fused  hydrate,  with  liberation  of  hydrogen. — Sodtu/mndoohol  decomposes  it  even 
at  90°,  forming  acetic  add  and  sycocerylic  alcohol. 

Byeocerylic  Benzoate,  C»H»*0«  «  C*H»(C»*H»)0«.— Prepared  by  dissolving 
sycocerylic  alcohol  in  chloride  of  benzoyl  (no  gas  being  evolved,  in  the  cold),  and  heatinff 
the  solution  as  long  as  hydrochloric  add  gas  is  given  off.  The  crystalline  mass  formed 
on  cooling  is  thrown  into  a  warm  aqueous  solution  of  add  potassic  carbonate,  with  which 
it  is  warmed  for  several  hours.  The  redn  thereby  separated,  after  washing  with  warm 
water  and  boiling  alcohol,  is  dissolved  in  boiling  ether,  from  which  it  is  obtained  in 
crystals.  Boiling  absolute  alcohol  dissolves  only  a  trace  of  the  crystalline  substance, 
and  deposits  it  again,  on  cooling,  in  small  crystals  recognisable  under  the  micro- 
scope.   It  di^olves  with  difficulty  in  cold  eiher,  and  in  all  proportions  in  chlorO' 
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/<H*i»  and  h&Mtms,  cxyBtallisiiw  in  prisms  on  erapontion.    SodiwiMihohol  deoomposet 
it  only  on  long  boiling,  with  ronnation  of  syooeerylie  alcohol  and  Bodic  benooate. 


flTOOBBmr.  The  resin  of  Ficua  rubigino$a  is  resolved,  by  treatment  with  alcohol, 
into  about  7  3  per  cent,  of  syooretin  soluble  in  oold  alcohol,  14  per  cent,  of  syooeerylie 
acetate  soluble  in  hot  alcohol,  and  13  per  cent,  of  residue,  oonsisting  of  caoutehoue, 
sand,  and  firagments  of  bark. 

On  mixing  the  neutaral  pale-brown  solution  in  cold  alcohol  with  water,  the  sycoretin 
is  precipitated,  and  may  1^  rendered  colourless  by  repeated  solution  and  predpitatiou. 
A  saturated  alcoholic  solution  deposits,  in  the  cold,  a  small  quantity  of  a  etystalline 
substanoe,  syooretin  in  a  pnrerstate  remaining  in  solution.  The  latter  may  be  separated, 
by  fractional  precipitation  with  water,  into  two  portions,  the  first  of  which  contains 
74*66  per  cent.  G  and  lO'll  H ;  the  second,  77*89  ^  cent.  Cand  9*04  H. 

^coretin  is  amorphous,  white,  neutral,  very  brittle,  and  highly  electric.  It  melts 
in  boiling  water  to  a  thick  liquid,  which  floats  on  the  surface.  Melts  below  100^. 
Sycoretin  is  insoluble  in  toaier,  dilute  acids,  ammonia,  and  aqueous  alkalis.  It  is 
not  precipitated  from  its  alcoholic  solution  by  neutral  acetate  of  lead,  or  acetate  of 
copper, — ^Dissolves  easily  in  alcohol,  ether,  chloroform,  and  oil  of  turpentiae.  (De  la 
Bue  and  Muller,  loc.cit.) 

Sycoretin  undergoes  decomposition  at  a  few  degrees  above  its  melting-point,  firothing 
up,  and  giving  off  water  with  a  wax-like  odour.  When  further  heated,  it  melts  quietly, 
and  yields  a  distillate  oontainiug  acetic  acid  and  tar,  charcoal  being  left  behind. — It  is 
attacked  by  nitric  acj<2,  and  dissolved  on  boiling  therewith ;  water  precipitates  from  the 
yellow  solution  a  slightly  acid  nitro-compound,  which  dissolves  with  dark  colour  in 
aqueous  alkalis,  and  mrms  an  explosive  compound  with  potash.  In  this  reaction  a  little 
oxalic  add  is  formed,  but  no  picnc  acid. — Syooretin  dissolres  in  oil  of  tntriol  with  fino 
green  colour,  without  fonning  sugar :  water  throws  down  from  the  solution  a  brown 
precipitate,  less  soluble  than  BjefOtfdxL^-Oaustio  potash  acts  on  sycoretin  in  the  same 
way  as  oil  pf  vitrioL 

vnnrXTB*  A  rock  allied  to  granite,  and  oonsisting  essentially  of  a  oystaDf^ 
granular  mixture  of  orthodase  and  homblendot  the  fckrmer  being  often  more  or  less 
replaced  by  oligodase.  QuaiCa  and  mica  also  occur  in  syonite^  giving  it  more  or  less  of 
a  granitic  character,  while,  on  the  other  hand,  the  oeeurrenee  of  hornblende  in  granite 
renders  it  more  or  less  inrenitic ;  in  fact,  the  two  rocks  pass  into  one  another  by  insen- 
sible gradations.  In  like  manner  the  ooeurrenoe  of  rather  laige  crvstals  or  masses  of 
ortho^uw  in  syenite  gives  rise  to  trandtioas  between  that  rock  and  porphyry ;  and  in 
other  cases,  the  alternation  of  layers  of  hornblende  with  felspar  produces  syenitie  slate, 
or  (if  mica  is  also  present)  syenitie  gneiss.  Titanitic  syenite  and  dreon-syenite  are 
syenites  in  which  titanite  and  dreon  oocnr  imbedded. 

VWmwoOMmu  Native  protoeulphide  of  cobalt,  Co^S,  occurring  at  Syepoor,  in 
Korth-weetem  India,  in  steel-grey  crystalline  grains  or  masses,  of  specific  gravity  5*45 
(i.  1060). 

•TBaSBZTfl.  A  silicate,  occuniog  in  the  trap  of  Thore-gate,  in  the  Syhediea 
Mountains,  Bombay,  in  irregularly  laminated  masses,  naTing  a  fine-green  colour,  vitreous 
lustre,  hardness  *  3*6,  and  specific  gravity  »  2*3*21.  It  gives  by  analyds  66*92  per 
cent  SiO*,  1606  A1*0*,  2*71  FeO, 6*46  CaO,  24  MgO, and  16*40  water,  and  therefore 
approaches  in  oompodtion  to  stilbite  (p.  433) ;  but  it  differs  from  that  mineral  in 
colour,  and  in  being  less  easily  decomposed  by  adds.  (Shepard  anl  Tyler,  Sill. 
Am.  J.  [2]  xl.  110 ;  Jahresb.  1866,  p.  891.) 

Native  tellurium. 


BIXVAVXra.  Graphic  Tellurium,  Graphic  Gold,  Yellow  Tellurmm,  MuUeriU, 
AurottUurite,  Schr\fters,  Schrifttellur.  TeUurenat^fauro-ar^etU^fire,  Aurumgra' 
phtcum.-'A.UtWm^  of  gold  and  silver,  sometimes  also  containing  lead  and  antimony, 
occurring  in  narrow  veins  in  the  porphyry  mountains  of  Offenbanya  and  Nagyag,  in 
Transylvania.  It  contains  a  large  proportion  of  gold,  and  is  a  valuable  ore.  It  forms 
trimetric  crystals,  mostly  small  and  needle-shaped,  and  grouped  in  such  a  manner  that 
the  combinations  are  difficult  to  make  out.  ^e  crystals  frequently  also  cross  one 
another  at  angles  of  60°  and  120°,  probably  in  consequence  of  twin-formation ;  and  by 
a  repetition  of  this  ^uping  on  the  surfaces  of  rocks,  triangular  and  rhombic  figures 
are  produced,  like  oriental  writing  characters :  hence  the  name,  graphic  tellurium.  The 
primary  form  of  the  crystals  is  a  rhombic  prism  having  the  angle  odP  :  odP  s  110° 
48';  oF:  Poo  «  119°  26^';  and  therefore  a\h:c'.  -  1  :  1-4496  :  1*7721.  The 
prism  ooP  is  combined  with  ool^2,  oolPoo ,  ooPoo ,  oP ,  forming  elongated  prismatic 
crystals,  the  ends  of  which  are  modified  by  several  pyramids  and  domes.  Cleavage  very 
distinct  parallel  to  ooPoo ,  less  distinct  parallel  to  oof^oo .  The  mineral  occurs  also 
imbedded  in  lamixue  and  masses. 
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HardnesB  b  1*5  to  2.  Speciflo  gravity  —  7*99  to  8*83.  Lustre  metallic.  Stn^ 
and  ooloar  pine  Bteel-mj  to  silTer-white,  sometimes  nearly  brass-yellow.  Fracture 
oneren.  Veiy  seotile.  Before  the  blowpipe,  it  melts  easily,  tinging  the  flame  greenish- 
bine,  ooyering  the  ehaicoal  with  a  white  oxide,  and  finally  leaving  a  ductile  metallic 
globule.    It  dissolves  easily  in  nitric  acid. 

The  following  analjrses  are  by  P  e  t £  (^ogg*  Ann.  Ivii,  472) : — a.  Thin  needle-shaped 
crystals:  specific  gravity  a  8'28. — b.  Indistinct  crystals:  specific  gravity  -■  8*28. — 
c.  Long  white  crystals:  specific  gravity  »  8'27.---<2.  Thidc  white  crystals:  specific 
gravity  »  7*99. — e.  Short  yellowish  crystals :  qwdfic  gravi^  *  8*83.—;/)  y.  Light 
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Lead 

0-26 

2-76 

2-64 

8-61 

816 

11-21 

13-82 

Copper 

0-76 

10000       100-00       100-00       100-00       100-00       100-00       100-00 

These  analyses  are  most  easily  reduced  to  a  formula  on  the  hypothesis  that  the 
tellurium  and  antimony  on  the  one  hand,  and  Uie  gold,  silver,  and  lead  on  the  other, 
replace  one  another  isomorphously.  On  this  supposition  the  whole  of  the  analyses 
may  be  included  under  the  general  formula  (An* ;  Ag* ;  Pb"XTe ;  Sb)*.  The  composition 
of  the  mineral  from  Offenbanya  is  very  nearly  express^  by  the  simpler  formula, 
Au'Afl^e*,  or  Au^Te'-AgH^e'.  This  variety  is  sometimes  specially  distinguished  as 
graphic  tellurium;  and  that  which  contains  lead  and  antimony  in  tuldition,  as 
white  tellurium. 

8T&VZO  AOm*  0**H*>0^  (Unverdorben,  Fogg.  Ann.  vii.  311 ;  viii.  40, 407  ; 
zi.  28,  230,  893;  xiv.  116;  zvii.  186.— Trommsdorff,  Ann.  Ch.  Phaim.  ziii.  169. 
— ^H.  Bose,  Pogg.  Ann.  zzxiii.  42 ;  liii.  874. — ^Laurent,  Ann.  Ch.  Phys.  [2],  Ixv. 


324;izviii.  396;  Izzii.  469;  [31,  xxii.  469 Sievert,   Zeitschr.  f.  die  ges.  Natur- 

wissenschaften,  xiv.  311 ;.  Jahi^sb.  1869,  p.  608. — ^Maly,Wien.  Akad.  Ber.  xliv.  121 ; 
Jahresb.  1861.  p.  389.) — ^This  acid  was  discovered  and  investigated  by  Unverdorben, 
but  confounded  by  him  and  all  later  investigators  (except  Maly),  with  abietic  acid,  the 
acid  existing  ready-formed  in  pine^resin.  Owing  to  this  conftision,  it  is  not  always 
dleas  which  statements  refar  to  abiotic  and  which  to  sylvic  acid.  Unverdorben,  how- 
ever, seems  to  have  examined  pnncipally  an  acid  prepared  with  sulphuric  acid — 
therefore  sylvic  acid.  Laurent's  statements  apply  bintter  to  sylvic  acid,  though  his 
method  of  preparation  must  have  yielded  abietic  acid. 

Two  acids  found  by  Baup  (Ann.  Ch.  Phys.  [2]  xxxi.  108)  in  French  colophony,  Jcid4 
pinique  and  Acide  ahUti^jtie,  as  well  as  Lecanu  and  Bussv*s  erystaUised  aciifrotn 
turpentine  (J.  Pharm.  xiii.  62),  appear  also  to  belong  to  this  head. 

Fiormatum  and  Preparation^ — 1,  From  Abietic  Acid.  An  alcoholic  solution  of  abietic 
acid  is  preeipitated  by  dilute  sulphuric  acid,  and  the  hardened  crystalline  precipitate 
is  washed  with  alcohol,  and  afterwards  crystallised  from  that  liquid  (Maly). — Sylvic 
acid  is  obtained  also,  together  with  sylvinolic  acid,  by  passing  hydrochloric  a^d  gas 
into  a  solution  of  abietic  acid  in  alcohoL   (Haly.^ 

2.  From  White  Pitch,  Colophony,  j-e. — ^White  pitch  is  allowed  to  stand,  covered  with 
an  equal  quantity  of  alcohol,  till  it  is  completely  saturated  with  the  liquid,  and  until 
the  turpentine-like  deposit  formed  at  first  nas  become  crystalline.  It  is  then  collected 
on  a  doth,  triturated  with  a  little  alcohol,  washed  with  that  liquid  on  the  filter,  and 
afterwards  dissolved  in  a  small  <]|uantity  of  hot  absolute  alcohol  containing  sulphuric 
acid :  the  solution,  on  cooling,  solidifies  to  a  crystalline  mass.  Purification  is  eflfected  by 
pressing  the  crystals,  and  repeatedly  subjecting  a  hot  alcoholic  solution  to  firactional 
TOecipitation  with  hot  water,  whereby  the  less  pure  portions  are  thrown  down  first. 
The  alcoholic  solution  mixed  with  a  quantity  of  hot  water  barely  si^fllcient  to  produce 
turbidity,  yields  large  d^stals  on  cooling.    (Trommsdorf  f.) 

Laurent  boils  pine-repin  with  water  to  me  it  fh>m  turpentine ;  extracts  the  pinic 
acid  by  means  of  cold  alcohol,  and  dissolves  the  residue  in  boiling  alcohol.  On  cooling, 
the  solution  yields  crystals,  which  are  freed  from  adhering  oil  by  washing  with  cold 
alcohol,  and  recrystallisation  fh>m  boiling  aloohoL  Unverdorben,  and  likewise 
Tmminsdorff  and  Sievert,  employ  similar  methods.  The  product  thus  obtained  is 
abietic  acid.    (H  a  I  y.) 

Long  standing  of  the  alcoholic  solution  reduces  the  yield  of  the  crystals.    (Sievert.) 

Prryperliee.  -  Sylvic  acid  forms  colourless,  transparent,  tabular,  rhomboidal  prisms, 
with  four-sided  summits  (Unverdorben);  indistinctly  crj'stalline  masses, also  trian- 
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CQlarIaiiiime(Ro86;  Lanrent).  According  to  Si  evert)  theciystals&reooinbinatioDS 
derived  from  a  rhombic  prism  of  96^  and  84^,  having  the  acute  lateral  edges  mndi 
truncated,  and  terminated  bj  sphenoidal  faces,  developed  to  such  an  extent  as  com- 
pletely to  obliterate  two  faces  of  the  prism.  They  are  vitreous,  brittle,  and  triturable 
to  a  white  ^wder. 

Sylvic  acid  does  not  lose  weight  at  100^,  or  in  a  vacuum,  and  melts  without  loss  of 
weight  (Unverdorben)  at  162*5^,  but  becomes  quite  fluid  at  higher  temperatures 
(Trommsdorff).  In  a  warm  tube  the  crystallised  acid,  as  well  as  that  wnich  has 
been  previously  ftised,  melts  at  162^ ;  but  when  heated  in  a  retort,  it  cakes  together 
(partially  at  118^,  and  completely  at  150^),  and  melts  to  a  thin  dear  liquid,  which  turns 
thick  at  120*^,  viscid  at  110^ ;  and  solidifies  to  a  glassy  mass,  afterwards  melting  par- 
tially at  135^,  and  completely  at  155^  (Si evert).  Sylvic  acid  sublimes  partially  at 
170°,  in  a  thin  crust,  wluch,  when  dissolved  iu  alcohol,  yields  ciystals  of  the  unchanged 
acid ;' the  residue  turns  diurk-red  at  240^,  but  does  not  boil  even  at  290°  (Sievert). 
It  distils  without  much  decomposition,  yielding  a  trace  of  water,  and  a  colophony- 
like distillate,  an  alcoholic  solution  of  which  deposits  crystals  of  unchanged  sylvio 
acid,  whilst  the  residue  contains  a  trace  of  charcoal  (Laurent).  Inodorous  and 
tasteless;  reddens  litmus.  Kotates  a  ray  of  polarised  light  to  the  left,  more  power- 
fully than  pimaric  acid.     Specific  gravity  -•  1*1011  at  18°.     (Sievert.) 

Sylvic  acid  is  soluble  in  acetic  acid.  It  dissolves  very  slightlv  in  cold  alcohol 
of  65  per  cent.,  and  in  about  3  pts.  of  the  boiling  liquid,  from  which  it  crystallises 
on  cooling,  about  ^th  only  remaining  in  solution  ;  in  about  3  pts.  of  cold  and  1  pt.  of 
boiling  absolute  alcohol  or  ether,  and  is  th^^juwn  down  from  the  former  solution  by  an 
equal  quantity  of  water,  as  a  semitransparent  oil,  which  hardens  to  a  crystalline  solid 
on  addition  of  more  water,  or  on  exposure  to  the  air  (Unverdorben).  Sylvic  acid 
is  soluble  in  10  pts.  of  cold  and  in  fths  of  boiling  alcohol  of  92  per  cent. ;  more  freely, 
therefore,  than  pimaric  acid  (Sievert).  It  dissolves  in  acetic  ether ^  rock'-oU,  and  aU 
of  turpentine,  without  crystiulising  therefrom.    (Un  v  erdorben.) 

Decompositions. — 1.  Sylvic  acid  submitted  to  dry  distillation  (svpra)  yields  water 
and  empyreumatic  oil,  then  a  little  gas,  followed  first  by  a  thinner  and  afterwards  by 
a  thicker  oil,  containing  sylvic  and  pinic  acids  and  a  large  quantity  of  a  neutral  resin 
and  oils. — 2.  Nitric  acid  slowly  decomposes  sylvic  acid,  and  dissolves  it  only  on  pro- 
longed boiling ;  water  throws  down  from  the  solution  yellow  flocks,  soluble  in  ammonia, 
caustic  potash,  and  alcohol. — 3.  Oil  of  vitriol  rapidly  dissolves  sylvic  acid,  forming  a 
yellowisn-brown  solution,  from  which  water  precipitates  unchanged  sylvic  acid  and  a 
large  quantity  of  pinic  acid.    (Unverdorben.) 

Sylvates. — Sylvic  acid  combines  with  hoses,  with  elimination  of  water  (Unver- 
dorben; Laurent) — (contrary  to  Bose's  statement).  It  expels  the  acid  from 
carbonates,  and  when  melted  also  from  succinates  and  benzoates,  and  from  chloride 
of  calcium ;  but  salts  of  sylvic  acid  dissolved  in  water  are  decomposed  by  boric  and 
acetic,  and  by  stronger  acids,  with  precipitation  of  sylvic  add.  The  salts  are  ob- 
tained:— a.  By  dissolving  the  acid  in  tiie  aqueous  base. — iS.  By  precipitating  an 
acetate  dissolved  in  alcohol  by  means  of  alcoholic  sylvic  acid,  dissolviug  the  preci- 
pitate in  ether,  and  reprecipitating  by  alcohol,  which  retains  in  solution  the  excess 
of  sylvic  acid. — 7.  By  double  decomposition.  Some  of  the  sylvates  are  crystallis- 
»ble ;  a  few^of  them  are  soluble  in  water  and  alcohol,  and  all  of  them  in  ether.  (Unver- 
dorben.) " 

Sylvaie  of  Ammonium  is  a  viscid  mass,  more  soluble  in  alcohol  or  ether  than  in 
water ;  decomposed  by  heat — ^The  barium'Sait  is  precipitated  from  aqueous  solution  in 
crystalline  flocks,  soluble  in  3,000  pts.  of  water,  in  6  pts.  of  cold  and  a  smaller  quantity 
of  boiling  absolute  alcohol,  from  which  it  is  deposited  in  microscopic  crystalline  flocks 
on  cooling  (Unv erdorben). — ^The  normal  eaUnum-salt,  C**H"Ca"0*,  is  obtained  by 
precipitating  the  potassium-salt  with  chloride  of  calcium,  and  a  salt  containing  a 
smaller  proportion  of  calcium  is  formed  by  precipitating  alcoholic  sylvic  acid  with  am 
alcoholic  soli](tion  of  calcic  acetate.    (Sievert) 

The  eupric  salt,  C«H"Cu"0*,  is  obtained,  in  pale-blue  flocks,  on  mixing  the  alcoholic 
solutions  of  sylvic  acid  and  eupric  acetate.  By  dissolving  this  precipitate  in  aqueous 
ammonia,  and  leaving  the  solution  to  cool,  or  diluting  it  with  water,  the  same  salt  is 
thrown  down  as  a  dark-blue  mass,  triturable  to  a  pale-blue  powder  when  dry. 
(Sievert.) 

The  ferrous  snd  ferric  salts  dissolve  slightly  in  cold  alcohol,  easily  in  ether. 

Leadrsalt. — The  precipitate  thrown  down  by  alcoholic  sylvic  acid  from  alcoholic 
plumbic  acetate,  is  a  white,  amorphous,  easily  fusible  powder,  containing,  on  the  ave- 
rage, 26-94  per  cent  oxide  of  lead,  agreeing  nearly  with  the  formula  C*»H*»Pb"0*, 
which  requires  2617  PbO  (Rose).   Sylvic  acid  heated  to  168°  with  oxide  of  lead,  loses 
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8'02  per  eent  water;  calcnlatioii  fiEom  tlie  same  fiunralft  requreB  2*97  per  cent 
(SiererL) 

The  magtieanmraalt  diasolTes  in  all  proportioiiB  of  alcohol  of  65  per  cent.,  and  in 
absolnte  alcohol ;  from  the  latter  solution,  a  double  Tolmne  of  water  throws  down  a 
colourless  semifluid  salt,  which  dries  up  in  the  ur  to  a  transparent  resin,  and  dissolTes 
in  ether  and  in  mineral  naphtha. — ^The  man^ane$e'  and  mruhwUs  are  soluble  in  absolute 
alcohoL 

Sylvatea  ofPottunwm, — a.  The  fiormal  BdU^  C^H^KO*,  is  formed  bj  boiling  sflvie 
add  with  6  pts.  of  alcohol  and  with  carbonate  of  potassium,  and  is  deposited  &om 
the  filtrate  on  cooling  in  delicate  white  needles,  which  may  also  be  obtained  by  mixing 
the  salt  7  with  alcoholic  sylyic  acid  (Unv  erdorben ;  Sievert).  It  melts  to  a  resin 
when  heated ;  dissolves  very  slightly  in  water,  slowly  in  20  pts.  of  alcohol,  more 
freely  in  hot  alcohol;  abundantly  in  warm  ether  and  oil  of  turpentine,  and  to 
a  less  extent  in  olive-oil  (Unverdorben).— /3.  An  acid  salt,  0»H*^0*.3C*'H«?0*,  is 
produced  by  boiling  alcoholic  potash  neutralised  with  sylvic  acid,  and  solidifies,  on 
cooling,  to  a  crvstidline  mass,  which  may  be  purified  by  recrystallising  and  pressing. 
The  same  salt  is  precipitated  from  alcoholic  sylvic  acid  by  an  alcoholic  solution  of 
potassic  acetate.  It  forms  fine  silky  tufts  of  delicate  needles ;  decomposes  when  boiled 
with  water,  three-fourths  of  the  acid  being  precipitated,  whilst  the  normal  salt  remains 
in  solution  (Si evert). — y.  A  sparingly  soluble  basic  salt  appears  to  be  foimed  by 
dissolving  sylvic  add  precipitated  b^  water  in  caustic  potash,  and  adding  more  sylvic 
acid  (Rose).  Carbonate  of  potassium  added  to  an  ethereal  solution  of  sylvic  add 
throws  down  a  colourless  amorphous  salt.    (Unv erdorben.) 

The  sUver-saltf  C'*H^AgO^  cr]r8(allise8*fiK>m  alcohol  in  shining  granules  on  spon- 
taneous evaporation.  When  boiled  with  potash  and  oil  of  turpentine,  it  behaves  like 
pinate  of  silver.  Dissolves  in  15  pts.  of  cold,  and  in  a  smaller  quantity  of  boilins 
alcohol,  and  instantaneously  in  ether,  which  takes  it  up  from  water  when  suspended 
therein.     (Unverdorben.) 

The  sodium-salt  is  obtained  in  czystals,  by  boiling  alcoholic  sylvic  add  with  excess 
of  sodic  carbonate,  and  cooling  the  filtrate.    (Unverdorben.) 

OxTSTLvio  Acid  (?) — ^When  an  alcoholic  solution  of  sylvic  add  is  left  for  some  time 
exposed  to  the  air,  or  allowed  to  evaporate  slowly,  a  visdd  uncrystallisable  substance 
remains,  which  melts  over  the  water^bath,  losing  a  little  water,  and  forms,  on 
cooling,  a  white  brittle  mass  like  colophony.  This,  according  to  Hesse  (Ann.  Ch. 
Pbarm.  xxix.  141)  and  H.  Rose,  is  an  oxyaylvic  add;  Hesse  found  it  to  contain 
G>•H'*0^  Rose  however,  in  one  experiment^  found  that  the  residue  had  the  same 
composition  as  sylvic  add. 


BTKVXMMt  or  ST&VXnL    Chloride  of  potassinm,  oeenning  in  cubic  oystaLi 
about  the  fumaroleB  of  Vesuvius. 


U  C«H»^«.  (Malv,  Wien.  Akad.  Ber.  [2],  xKv.  121; 
Jaresb.  1861,  p.  389.) — ^An  add  produced,  together  with  sylvic  add,  by  saturating  an 
alcoholic  solution  of  abietic  acid  with  hydrochloric  acid  gas ;  the  sylvic  acid  then 
crystallises  out,  while  the  sylvinolic  add  remains  in  solution,  and  is  predpitated 
therefrom  by  water,  as  a  white  fiocculent  powder,  easilj  soluble  in  alcohol  and  in  ether. 
On  evaporating  either  of  these  solutions,  tne  acid  remams  as  an  amorphous  pitchy  mass, 
which  melts  with  decomposition  at  130°..  Sylvinolic  add  is  dibasic 
.  The  potassiuin-  and  sodium-salts  are  uncrystallisable,  soluble  in  water  and  in  alcohol. 
—The  calcium-salt,  C^H'^Ca"©*,  is  a  fiocculent  precipitate.— The  siher-salt, 
C**H**Ag'0^,  is  a  pulverulent  predpitate  nearly  insoluble  in  ammonia. 


See  Faaxvi^  (ii.  695),  and  NoTAnoir  (iT.  136). 

8'VMBK0XPX08Z8.  A  name  applied  by  Liebig  (Ann.  Ch.  Pharm.  xxx.  255)^ 
to  the  kind  of  chemical  metamorphosis  which  consists  in  the  union  of  several  simpler 
molecules  into  a  molecule  of  greater  complexity :  e,ff.,  the  conversion  of  2  at.  potassic 
cyanide  and  1  at.  ferrous  cyanide  into  1  at  potaadc  ferrocyanide,  of  3  at.  cyanic  add 
into  1  at.  Cjranuric  add,  &e, 

*A,Tmama  IVX.    See  Ink  (iii.  272). 


A  genus  of  plants,  belonging  to  the  order  Boraginaoem.  8,  as- 
perrimum  conUimBf  in  100  pts.  of  the  fresh  herb,  88  pts.  water,  6  pts.  matter  soluble  in 
water,  3*2  soluble  in  dilute  potash,  2*6  woody  fibre,  and  2*3  ash  free  from  carbonic  acid. 
The  ash  contains,  in  100  pts. :  81-8  K'O,  109  NaK),  20*5  CaO,  12  MgO,  0*4  A1«0», 
17-2  SiO»,  3-9  S0«,  11*4  P*0»  and  81  CL 

The  root  of  comfrey  (8,  officinals)  contains  a  large  quantity  of  vegetable  mucilage 
(C*H'*0^  according  to  Sch  m  i  d  t),  and  a  small  quantity  of  asparagine. 
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A  BUXMril  aiqpj^osed  to  be  a  fewooa  anencto,  found  at  Iio))ea«- 
atein  in  Yoigdand,  in  minute,  monoeUnie,  pziunatie  etyat^a  resembling  cobalt-bloom, 
deayable  parallel  to  the  large  lateral  face.  It  has  a  greenish-bine  colour  and  vitreous 
lustre,  pearly  on  the  cleavage-face ;  hardness  <-  25  nearly ;  speeiflc  gravity  —  2*957 ; 
snl^ansparent  to  snbtranalncent.  Heated  in  a  glass  tube,  it  tarns  brown,  and  loses 
25  per  cent,  water.  On  charcoal  it  emits  an  alliaoeous  odour,  turns  black  without 
melting,  and  is  afterwaids  magnetic.    (Breithaupt,  J.  pr.  Chem.  z.  501.) 

r.    See  SnnsTBnr  (p.  311). 

TJL9TAMWL    Syn.  with  EwTLfiXN  (iL  486). 

L    Laurentf  s  name  for  the  so-called  conjugated  compounds. 

mJiUVIA.  A  dear,  yellowish,  very  viscid,  alkaline  fluid,  found  in  the  joints  of 
animals,  where  it  serves  the  purpose  of  lubrication.  It  contains — ^water  94*85,  albumin 
and  extractives  3-51,  fat  0*8,  sJts  1*00.     (Frerichs.) 

ffHW"— ^ffT¥i  cnmCAX-  The  formation  of  compounds  by  the  union  of  their 
elements  or  proximate  constituents.  On  the  synthesis  of  organic  compounds,  see 
OnoAinc  Ghbmistbt (iv.  216) ;  also Berthelot( (^mis orffoniquefondieaur la syntMw, 
2  tomes,  Paris,  1860 ;  ami  Chem.  Soc  Qu.  J.  xvii.  87). 

8TMTOWXW  {<rwr4um).  MutoU-fibrin, — This  name  was  given  by  Lie  big  to  a 
substance  which  can  readily  be  prepared  from  muscular  or  contmctile  tissues  of  all 
kinds.  Muscls  freed  isom  blood,  finely  minced,  and  thoroughly  washed  in  the  cold 
until  the  wash-water  no  longer  gives  signs  of  the  presence  of  albumin,  is  treated 
with  tenfold  its  volume  of  diluted  (*1  ^  cent.)  hTdrochloric  add,  and  left  to  stand  for 
24  hours.  The  add  solution,  after  being  strained  and  filtered,  is  carefrdly  neutralised 
with  sodic  carbonate,  and  the  resulting  precipitate  filtered  off  and  washed.  The 
operation  should  be  carried  on  at  a  low  temperature,  and  pushed  forward  as  speedily 
as  possible,  in  order  to  avoid  decomposition. 

dvntonin  thus  prepared  appears  on  the  filter  as  a  white,  opaque,  gelatinous  mass, 
readily  separating  mto  flakes  and  pellides.    Composition:  C  54*06,  fi  7'28,  N  16*05, 

0  21*50,  S  1*11.  It  is  readily  soluble  in  very  dilute  hvdrochloric  add,  in  feebly 
alkaline  liquids  (such  as  a  solution  of  sodic  carbonate),  in  baryta-water,  and  in  lime- 
water.  It  is  quite  insoluble  in  solutions  of  sodic  dbloride,  &c.,  at  all  degrees  of 
coneentiation. 

The  hydrochlorie  acid  (*1  per  cent.)  solution  is  not  coagulated  by  heat,  but  the  addi- 
tion in  the  cold  of  chloride  of  sodium,  caldum,  or  ammonium,  or  of  sulphate  of 
sodium  or  magnesium,  produces  in  dilute  solutions  a  milky  turbidity,  in  concentrated 
solutions  a  gelatinous  predpitate,  which  on  being  boiled  separates  into  flakes.  The 
sodic  carbonate  (1  per  cent)  solution  is  not  coagulated  by  heat,  but  is  rendered  turbid 
in  the  cold  by  sodic  chloride,  or  by  a  mixture  of  magnesian  sulphate  and  chloride  of 
ammonium ;  the  turbidity  increases  when  the  mixture  is  boiled,  and  the  froth  formed 
contains  opaque  flakes.  The  lime-water  solution  is  not  coagulated  by  heat,  but  froths 
freely ;  and  the  froth  contains  flakes,  which  may  be  separated  on  standing.  Only  a 
fraction,  however,  of  the  syntonin  is  thus,  so  to  speak,  coagulated.  In  the  lime-water 
solution  the  chlorides  fA  sodium,  ammonium,  and  maffuesium  produce  in  the  cold  little 
or  no  turbidity,  on  boiling  a  more  or  less  copious  deposit ;  sulphate  of  magnesium 
produces  in  the  cold  a  slight  turbidity,  on  boiling  a  flaky  deposit ;  sulphate  of  sodium 
produces  not  even  a  turbidity,  either  in  the  cold  or  on  boiling.  A  lime-water  solution, 
which  has  been  boiled  and  allowed  to  stand,  still  exhibits  these  reactions  (Ktthne, 
PfntopUuma\  Erom  the  alkaline  solutions,  syntonin  may  be  thrown  down  bv  a 
stream  of  carbonic  anhydride.  Although  neither  the  alkaline  nor  the  add  solutauns 
are  coagulated  by  heat,  syntonin,  when  suspended  in  water  and  heated  for  a  few 
minutes  to  85^,  is  altered,  and  enters  into  an  imtoluble  form.  With  strong  acetic  add, 
svntonin  forms  a  turbid  gelatinous  mass.  A  solution  of  syntonin  in  dilute  hydro- 
d^oric  add  exhibits  a  specific  Invorotatoiy  power  of  72®  for  yellow  light. 

Although  syntonin  is  most  readily  obtained  from  muscle,  it  may  be  prepared  in 
many  other  ways.  If  fibrin  or  coagulated  albumin  be  treated  with  fuming  hydro- 
ehloric  add,  the  solution,  filtered  and  diluted  with  twice  its  bulk  of  water,  gives  a  copious 
deposit,  which,  when  separated  and  dissolved  in  water,  forms  a  8oluti<m  identical  in  its 
reactions  with  an  acid  solution  of  syntonin.  If  a  solution  of  potassic  albuminate  be 
predpitated  with  acetic  add,  the  washed  deposit  dissolves  in  hydrochloric  acid  of 

1  per  cent,  and  the  solution  is  undistinguishable  from  an  acid  solution  of  syntonin.  The 
uncoagulated  albumin  of  hen's  eggs,  treated  with  a  sufficient  quantity  of  '1  per  cent, 
hydrochloric  acid,  forms  a  solution  which,  after  24  hours*  standing,  becomes  uncoagu- 
lable  by  heat,  and  gives  all  the  reactions  of  syntonin.  In  fact,  all  the  forms  of  albumin 
treated  with  dilute  hydrochloric  acid,  give  rise,  in  a  greater  or  less  extent,  to  syntonin ; 
and  the  parapeptone  of  Meissner,  the  initial  stage  of  pfptonification,  cannot,  by  any 
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of  its  reaetaons,  be  distiiigiiiBlied  from  83nitoBiD.  Lastly,  the  alkaline  eolntiotiff  of 
gyntomn  aeem  in  no  way  to  diiFer  from  the  aolntaona  of  ordinary  potaane  albami- 
nate. 

Syntonin,  therefoie,  ia  no  special  mnsele-piodiiet^  though  it  ia  more  easily  and 
speedily  formed  out  of  myosin  than  ont  of  any  other  proteid  snbstanee.  H.  F. 

BTBXJLm  A  red  dye-8tii£^  occurring  in  commerce  as  a  dark-red,  tasteleaa,  and 
inodorous  powder,  which  imparts  a  red  colonr  to  water  and  alcohol,  and  bums  with 
the  odour  of  horn  when  heated.  According  to  V  izey  (J.  Phaim.  xzvL  167)»  it  con- 
sists of  the  incompletely  exhausted  residne  of  Ooocu$  lUcu,  therefow  for  the  most  part 
of  chitin,  mixed  with  coccus-red. 


rOA  WILCIAXZS.  Common  LUae. — The  leaves  of  this  plant  contain, 
according  to  Dumenil  (Trommad.  N.  J.  zi.  117)>  unciystallisable  eugar. — Ludwig 
(Arch.  Pharm.  [2]  xd.  289)  found  mannite  in  them,  also  in  the  young  branches. 
Bern  ays  and  Aromayer  {infra)  found  in  the  leaves,  branches,  and  bark,  a  gluoo- 
side  called  s^ft^n.— Meillet  (Ann.  Oh.  Pharm.  xL  319)  obtained  from  the  feayea 
and  green  seed-capsules,  a  ciystallisable  substance,  which  he  designates  as  Utacm ;  it 
resembles  syringin  in  all  its  properties,  excepting  in  having  a  bitter  taste,  and  being 
insoluble  in  water.  According  to  Mulder  (J.  pr.  Chem.  zxxii.  172),  the  waxy  snl^ 
stance  contained  in  the  leaves  has  the  composition  of  ordinary  wax.  The  odorifeiaas 
principle  of  the  flowers  may  be  obtained  (according  to  Favret,  J.  Chim.  m&L  xiv. 
212),  by  extraction  with  ether,  aa  a  viscid  oil,  composed  of  a  waxy  body  and  a  mobile 
oiL 


rOBVIV.  Ci*H"0*.H*0.— A  substance  obtained,  together  with  fermen- 
table sugar,  by  warming  syringin  with  dilute  sulphuric  or  hydrodilorie  add.  It  ia 
deposited  in  vicKnd  cohering  flocks,  and  forms,  after  washing  with  water,  a  light  rose- 
eoloured  amorphous  mass,  whidi  becomes  anhydrous  at  100  ,  melts  at  170^ — 180^,  ia 
insoluble  in  water  and  in  ether,  dissolves  with  cherry-red  colour  in  alcohol,  and 
separates  from  this  solution,  on  evaporation,  as  a  light  dnnamon-colouredpowder, 
composed  of  transparent  globules,  it  reacts  with  adds  like  syriqgin.  (Eroma- 
yer.) 


8T&ZVOZV.  C>'H**Oi*.H*0.  (Bernays,  J.  pr.  Chem.  xxv.  121.— Kromayer, 
Arch.  Pharm.  [2]  cviii.  7;  cix.  18,  216^  cxiii.  19;  Jahresb.  1862,  p.  484;  1863,  ^ 
592.) — ^This  compound,  discovered  by  B«mays  in  1841,  and  more  completely  investi- 
gated by  Kromayer,  occurs  in  the  luurk  of  the  lilacs  more  abundantly  in  March  than  in 
April,  not  in  the  leaves  or  in  the  hatf-ripe  fruity  and  only  in  traoea  in  the  leaf-buds. 
It  disappears  as  the  season  advances,  its  place  being  apparently  supplied  by  syxingo- 
picrin  (Kromayer).  Ligustrin  from  privet-bark  ^iii.  694)  is  (according  to  Kro- 
mayer) identic  with  syringin.  MeiUet's  lilacm  (wfra)  is  probably  also  the 
same  substance. 

To  prepare  ayringin,  the  bark  is  exhausted  with  boiling  water;  the  extract  predpi- 
tated  with  basic  acetate  of  lead ;  the  filtrate  treated  with  sulphydric  add ;  and  after  re- 
moval of  the  sulphide  of  lead,  evaporated  to  a  thin  svrup,  which  solidifles  in  the  course 
of  a  day  to  a  crystalline  pulp.  This  mass  is  purified  by  stirring  it  up  with  cold  water, 
then  pressing,  and  recrystamsing  it  from  boiling  water,  with  aid  of  animal  cfaarooaL 
The  syringin  dissolved  in  the  waah-waters  is  obtained  by  evaporating  the  liquid,  and 
agitating  the  residue  with  alcohol,  which  takes  np  the  syringin.  (Bernays; 
Kromayer.) 

Syringin  crystallises  from  alcohol  in  long,  colourless,  transparait  needles,  containing 
4'6jper  cent.  (1  at.)  water,  which  they  give  off  at  115^,  leavinff  anhydrous  syringin^ 
C'H^O**,  which  melts  at  212^  to  a  colouriess  liquid,  and  solidifies  on  cooling  to  an 
amorphous,  transparent,  hard,  friable,  tasteleas,  neutral  mass  (Kromayer).  liguo* 
trin  nom  privet  melts  at  185° — 190°.    (Kromayer.) 

Syrin^n  dissolves  sparingly  in  cold,  easily  in  hot  water ;  it  is  soluble  also  maleokoi^ 
but  not  m  ether ;  it  does  not  predpitate  metallic  salta. 

Jkcompowtions, — 1.  Syringin,  when  heated,  decomposes  below  ita  melting-point, 
giving  off  an  odour  of  caramel,  and  burning  away. — %.  The  aqueous  or  alcoholic  solution 
of  syringin  acquires  a  fine  dark-blue  colour  when  mixed  with  an  equal  volume  aioUof 
vitriol;  with  a  larger  ouantity  of  oil  of  vitriol,  the  colour  changes  to  a  beautiftil  violet, 
and  the  liquid  on  stanoing  deposits  blue,  and  on  addition  of  water,  cnrey-blne  flocks, 
which  dissolve  with  cherry-red  colour  in  alcohol  and  in  ammonia. — 3.  When  cautiously 
heated  with  fuming  hydrochloric  add,  it  dissolves  without  coloration,  but  on  boiling, 
the  solution  assumes  a  light  violet-red  colour,  and  deposits  blue  flocks. — 4.  An  aqueous 
solution  of  syringin  through  which  chlorine^gas  is  passed  acquires  a  red-brown  colour, 
but  after  awhile  becomes  quite  colourless.  At  the  same  time  an  acid  is  formed,  having 
a  bitter  irritating  taste,  and  assuming  a  dark-blue  colour  when  mixed  with  ferric 
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chloride. — 5.  Syringin  dissolves  quickly  in  stzoxig  nitric  acid,  forming  a  deep  blood- 
ied solution. 

6.  When  aqueous  syringin  is  heated  with  dilute  iydrochhrio  A»i,  the  solution 
becomes  miUnr,  and  deposits  adhering  lumps  of  syringenin,  whilst  fermentable  sugar 
xemuns  dissolved : 

100  pts.  crystallised  syringin  yielded  61*77  pta  air-dzy  syringenin  and,  on  the  average, 
41  pts.  sugar  (calc  62*67  pts.  hydrate  of  syringenin  and  41 '47  sugar:  Kromayer). 

Syringin  does  not  reduce  either  cuprate  of  potaatium  or  nitrate  of  silver,  and  is  not 
altered  by  alkalis,    (Kromayer.) 

BTBZVOOPICXnr.  This  substance  remains  in  the  alcoholic  mothers-liquor  from 
which  syrinffin  has  ciystallised,  and  may  be  extracted  therefrom  by  animal  charcoal. 
Sy  treating  Uie  charcoal  with  hot  alcohol  (after  washing  it  with  warm  water),  a  solik- 
tion  is  obtained,  which  yields  by  evaporation  (after  being  again  treated  with  charcoal) 
a  yellowish  bitter  substance,  which  is  soluble  in  water  and  in  alcohol,  but  not  in  ether; 
is  precipitated  by  tannic  acid,  but  not  by  basic  acetate  of  lead;  and  does  not  reduce  an 
alkaline  cuprio  solution  till  it  has  been  boiled  with  dilute  sulphuric  acid.  (Kro- 
mayer, loc.  cit,) 

BIliUF.  A  concentrated  solution  of  sugar.  In  the  sugar-manufacture,  the  term 
13  applied  especially  to  the  mother-liquor  remaining  after  the  cane-sugar  has  crystallised 
out.  In  pharmaceutical  language,  it  is  applied  to  solutions  of  sugar,  either  in  pure 
water,  in  the  decoction  or  infusion  of  any  medicinal  substance^  in  vinous  infusions 
or  in  pressed  and  fermented  fruit-juices. 

SlUkJBa&TZXa.  A  hydrated  borate  of  magnesium,  ooenzring  imbedded,  in 
rounded  grains  and  microscopic  needles,  in  the  fine-grained  limestone  of  the  metallife- 
rous deposits  of  Rezbanya  in  Hungary,  and  remaining  behind  when  the  limestone  is 
dissolved  in  dilute  acids.  Specific  gravity  of  the  needles  «■  2*7»  of  the  grains  =  3*0. 
It  gives  off  water  when  heated,  but  reabsorbs  it  after  cooling.  Before  the  blowpipe, 
it  splits  and  swells  up  on  the  edges  with  strong  incandescence,  then  melts  to  a  tumefied 
and  finally  horny  brownish-grey  mass ;  colours  the  flame  red  to  yellow-red.  In  phos- 
phorus-salt it  dissolves  slowly  to  a  clear  glass,  yellowish  while  hot,  colourless  after 
cooling ;  in  borax,  after  prolonged  effervescence,  to  a  clear  bead  having  a  faint  reddish- 
grey  colour,  but  remaining  colourless  aft^r  exposure  to  the  reducing  flame.  (K.  F. 
Peters,  Wien.  Akad.  Ber.  xliv.  [2]  143;  xlvii.  [2]  347;  Jahresb.  1862, p.  10290 

The  following  analyses  byA.  Stromeyer  (Jsihresb.  1863,  p.  836),  show  that  the 
composition  of  the  needles  is  5MgO.2B*O*.|H'0,  and  that  of  the  grains,  5Mg0.2B*0'. 
|H«0: 

B»0.  MgO.        Fe«0».      H«0.  O.       Qiurts.     2d  MnO. 

Needles    .     36*66        62*49        1*66        6*99        0*49        0*20        tnce  '  «     98*49 
Grains      .     34*60        49*44        8*20      12*37        0*20        «    .         .     .     »     99*81 

LO.    The  Hungarian  name  of  native  sodic  carbonate. 


. .      Hvdrated  silica,  occumng  in  stony  concretions  in  the  joints  of 

the  bamboo.  It  resembles  hydrophane,  and  when  thrown  upon  water  does  not  sink 
till  completely  saturated  therewith.  It  is  the  least  refractive  of  all  known  solids,  its 
index  of  refraction,  for  the  yellow  ray,  being  1*115.  Host  van  Tonningen  (Jahresb. 
1860,  p.  631)  found  in  tabasheeer  from  Java,  86*39  per  cent  silica  soluble  in  potash, 
0*42  ferric  oxide,  0*24  lime,  4'81  potash,  0'61  organic  matter,  and  7*03  water. 

TABSaGITB.  A  chloritic mineral  from  Taberg  in  Wermland,  Sweden;  closely 
resembling  clinochlore  in  external  aspect  and  in  reactions  ;  and  containing,  according 
to  S  van  berg  (Bers.  Jahresb.  xx.  236),  36*76  per  cent,  silica,  13*03  sdumina,  80*00 
magnesia,  6*34  ferrous  oxide,  1*64  manganous  oxide,  2*07  potash,  11*76  water,  and  0*67 
fluorine.  According  to  Descloizeaux  (Ann.ICin.  xi.  280),  it  is  optically  biaxial, 
like  clinochlore,  ana  differs  in  composition  from  that  mineral  only  in  consequence  of 
admixtures. 

TAMVlUkM  8PAB.    WbUastonite,      Native  olicate  of  calcium,  Ca*SiO'.    (See 

SlLICilTBS,  p.  262.) 
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Gwrnmi  TahtmaJM. — A  nm  inaiily— rf  fiv  ftiMigiliua  mmi. 
fer  fhuUtm,  Tb^f»  «>»  two  ^mnedtm  of  it :— 4l  West  IndnB  ta<iMihf ,  fioa  Ai- 
pkrwmioMmUmimfJtieq.  (F^Mura  oeUmdrmj  Lu)  aid  £  OMliMa,  Kliu^tncs  brtoigbig 
to  tiM  ofdcr  Burteraoutf  aad  ndi^nioiw  w  Mcneo^  the  Wcit  !■£«■»  aad  Soarli 
Amaie^  Th«  mna  exorUii  ffom  the  bark,  sad  hmtdatM  ob  cxposoro  totfae  sir.  it 
ItmM  reddish  or  brorvnish  lumps,  fasrni^  s  bitter  sronstie  tsstc^  iBperfeetlj  sohiUe 
in  slec^l  «yl  slludis,  perfeetty  iofaible  in  ether  snd  in  oils,  both  Ux  and  Tolstile. — 
0,  The  £s«t  IndfStt  TsriMj,  mm  CdcphfliMm  tnophrOwm,  Lu  (seeording  to  lindley 
from  C  Calaha,  hX  sa  Best  Indisa  tree  belonc^n^  to  the  oider  Ctmmaee^,  is  Terjnn. 
It  is  s  gmniish'jelW  or  orsnge-eolonred,  soft»  resmoas  mssi,  vfaich  ^ladimllj  harden^ 
hss  an  S(meable  laremler-Hke  odour,  snd  axomatie  snmevfaat  bitter  taste;  melts 
easiljr,  snd  dissolres  eorni^etely  in  aleolM^ 

9ACMTM9MJkMtrW9m  A  mtnefsl  djseorered  by^Weibje  (Pagg.  Am.  faczxriiL 
100),  at  Kniger6e  in  Honraj,  where  it  oeeiiis  imbedded  in  gianite  reins  in  the  gneiss. 
Aeconilin^  to  Berlin,  it  contains  34'58  per  cent,  silica, 38-96 ziieonia,  12-82  thanBa(?) 
3'72  feme  oxide,  1'86  almnina,  and  8'49  water.  It  forms  dimetric  oystals,  like  those 
of  eiivon,  being  eombinatiotts  of  the  prisms  ooP  snd  odPoo  with  two  octahedrons — one 
of  110^  (terminal  edge),  the  other  of  dO^.  ClcMmige  not  Tciy  distinct.  Fnctnre 
concboidal.  Hardness  «  6'52.  Specifie  grsTity  —  3*6.  Lostze  snbmecallic  to 
▼itreoM.  Colonr  dark  reddish-brown.  Streak  dirty-yellow.  Snbtxansliicait. 
Heated  in  a  tube,  it  gires  off  water  with  slight  flnorine  naetion.  Befote  the  blowpipe 
it  becomes  dirty-white,  but  does  not  melt.  In  bocax  it  dis0<^Tes  with  difllcnltj ; 
with  soda,  on  platinvm,  it  forms  a  dirty  yellowish-brown  sbg. 


I.  Ca"'M^aM2H«0  or  Ca''Cl»2Mg"Cl«12H»0.— This  mineral 
oecnrs  in  the  taline  deposits  of  otassfnrt,  in  roondish,  yellow,  transparent  to  translnoent 
Inmps,  which  are  imbedded  in  compact  anhydrite,  and  contain  small  crystals  of  the 
latter  enclosed  within  themselres.  It  cleaves  distinctly  in  two  directions.  Deliqnesees 
quickly  when  exposed  to  the  air. 

TAOnXTTB.  CkmeJundal  Augite. — ^A  silicate  occorring  in  basalt  on  the  Sasebnhl 
near  Daansfold  in  Hanover,  and  containing  (according  to  Schnedermann)  55*74 
per  cent.  niHca,  12'40  alumina,  13*06  ferroso-ferric  oxide,  7'28  lime,  5'92  magnesia, 
8*88  soda,  0*60  potash,  0'19  manganons  oxide,  and  2*78  water.  It  is  amorphous,  with 
oonchoYdal,  even  or  uneven  fracture ;  black  and  opaoue,  with  waxy  lustre  and  dark- 
grey  streak ;  brittle  and  somewhat  magnetic ;  hardness  —  6*5 ;  specific  gravity  » 
3'665— 2'568.  Before  the  blowpipe  it  melts  verf  easily,  and  with  intumescence,  to  a 
blintered,  brownish-peen,  magnetic  glass,  and  gives  with  borax  the  reaction  of  iron. 

Hyalomtlanet  a  mineral  occurring  in  the  porous  basalt  of  the  Vogelsgebirge  in 
HeMse,  is  usually  regjarded  as  identical  with  tachylyte,  but  according  to  Hansmann 
{Jiandh,  d.  Udmeral,  li.  546),  it  is  a  distinct  speciefl.  According  to  an  analysis  by  0.  G. 
Gm  •  1  i  n  (Fogg.  Ann.  zliz.  284),  it  contains : 

8lO».       TIO'.     AI«0«.        PeO.       CsO.     MgO.   N*«0.     K«0.:    MnO.  JSSnta? 

5099     1*41      17*84      10*26      8*25     8*87     518     8*86     0*40     0*50     -     101*29 

Nearly  allied  to  it  is  a  mineral  from  theWetteran,  h'kewise  analysedby  Gme- 
lin  (Leonhard's  N.  Jahrb.  f.  Mineral.,  1840,  p.  549),  which  has  a  specific  ^vity  of 
2*705,  does  not  gelatinise  with  acids,  and  is  not  decomposed  even  by  boiling  with  strong 
sulphuric  acid ;  also  a  scoriaoeous  augite,  described  by  1).L.  G.Karsten,  and  analysed 
bv  Klaproth  {BeitrHg$,  iv.  190),  from  a  limestone  deposit  at  Guiliane  in  Sicily. 
(Handw.  d.  Chem.,viii.  467.) 

T Jivmrt  or  Jtotmm. — A  resinous  substance,  supposed  to  constitate  the  active 
principle  of  kouiso-fiowers  (the  flowers  of  Brayera  antkdminiica).  It  is  extracted 
by  di^tinj^  the  flowers  with  strong  alcohol  containing  a  little  potash,  and  is  obtained 
by  rvaporation  as  a  resinous  mass,  or  as  a  white  powder  having  a  bitter  nauseous 
taste.  It  melts  at  about  100^,  is  nearly  insoluble  in  water,  soluble  in  1300  pts.  spirit 
of  45  per  cent  at  17*^*  and  in  19  pts.  alcohol  of  90  per  cent.;  it  dissolves  in  ether  in 
nearlv  all  proportions,  and  with  tolerable  facility  in  alkalis,  whence  it  is  precipitated 
by  acids.     (Pavesi,  Buchn.  N.  Bepert  viii.  325.— Bedall,  ibid,  546.) 

TA«iai«k  A  basic  eupric  phosphate,  6i*PK)*.Cu'HH)«,  from  Nischne-Tagilsk 
(iv.  661). 

TASVA-mr.  Th«  fhiit  of  PJ^ftef^kta  maeroearfo,  waked  as  "vegetable 
itwy.** 

TAijravS.  A  lead-glass  containing  feme  codde,  used  in  China  as  a  red  enamel 
colour  on  poreelain. 
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'  TAIOV  ^B^OOB.  A  wood  from  Paraguay,  resembling  goaiaeiim-irood  in  appear- 
ance and  flpenftc  gmTity.  It  has  a  greenish-brown  colonr  when  fresh;  becomes  covered, 
on  ezposare  to  the  air,  with  a  gpreenish-yellow  arystalline  powder ;  and  exhibits  nnder 
the  microscope  yellow  oblique  prisms,  together  with  shining,  colourless,  thin,  six-sided 
tables :  the  latter  are  not  altered  by  alkalis;  the  former,  which  consist  of  taig^ic  acid, 
are  reddened  thereby.  Strong  boiling  aloohol  extracts  from  it  18*7  per  cent,  of  a  mix- 
ture of  taignic  acid  with  resinous  and  waxy  substances.  The  wood,  after  drying  in 
hydroffen-gas,  yields,  when  boiled  with  water,  6*7  per  cent,  of  a  gum-resin  smelling  like 
benzom,  after  which  alcohol  again  extracts  from  it  2*6  per  cent,  of  resinous  substance. 

TAZOUSO  ACXB.  (Arnaudon,  Cimento,  Tii.  87;  Jahresb.  1858.  -p.  264.)— This 
acid,  which  occois  in  the  cold  alcoholic  extract  of  taigu  wood  {9upra\  is  freed  from 
admixed  resins  by  repeated  treatment  with  alcohol,  and  from  waxy  matters  by  ether : 
the  solution  is  then  evaporated,  and  the  residue  dried :  100  pts.  of  the  wood  yield  2  pts. 
of  the  acid. 

Taiguic  acid  crystallises  in  oblique  prisms  having  a  fine  yellow  colonr :  it  is  tastiftlesa 
and  inodorous ;  but  when  rubbed,  emits  an  unpleasant  odour,  and  becomes  electric  *.  it 
melts  at  1 35°,  and  sublimes  at  180*^.  It  is  but  yezy  slightly  soluble  in  water,  even  at  tha 
boiling  heat  (about  0*001) ;  but  when  heated  wifii  water  to  140^  in  a  sealed  tube,  it 
dissolves  in  larger  quantity,  and  cryst^lises  on  cooling.  Acetone,  ethers,  benzene, 
and  strong  alcohol  dissolve  it  freely.  It  contains  70*9  per  cent,  carbon,  6*9  hydrogen, 
and  23*2  oxygen,  agreeing  with  the  empirical  formula  G*H^O. 

Taiguic  acid  united  with  bases,  forming  ciystallisable  salts,  from  which  it  is  separated 
unalt^ed  by  the  stronger  acids.  "With  the  alkalis  it  forms  easily  soluble  salts  having 
a  deep  red  colour,  the  production  of  which  is  quite  independent  of  atino«{^erie  oo^gen ; 
hence  taiguic  add  forms  a  very  delicate  test  for  the  presence  of  alkalis.  The 
neutral  solutions  of  the  alkaline  taiguates  form,  with  neutral  acetate  of  lead, 
an  amorphous  scarlet  precipitate,  which,  in  contact  wiUi  water,  gradually  becomes  crys- 
talline and  reddish-yellow ;  it  is  slightly  soluble  in  water,  more  soluble  in  alcohol,  and 
is  obtained  in  pointed  crystals  by  evaporation  of  the  alcoholic  solution. — Nitrate  of 
silver  forms,  in  neutral  solutions  of  the  alkaline  taignatea,  a  cinnabaar-colonred  pre- 
cipitate, which  is  decomposed  by  exposure  to  light,  is  nearly  insoluble  in  water  and  in 
etner,  moderately  soluble  in  alcohol,  freely  in  ammonia. 

TAMJOtnULTM*    Syn.  with  Nxphbitb  (iv.  81). 

TAXC*  4M^''0.6SiO*.|H'0. — This  mineral  occurs  both  crystallised  and  massive ; 
the  massive  variety  is  called  steatite,*  and  was  formerly  regarded  as  a  distinct 
speeiee ;  but  it  has  the  same  oompusition  as  crystalline  tale. 

Talc  usually  forms  lamellar  crystals,  which  cleave  perfectly  in  one  direction,  but 
are  too  incompletely  developed  to  admit  of  an  exact  determination  of  their  crystalline 
system;  they  are,  however,  optically  biaxial,  and,  besides  the  principal  cleavage,  exhibit 
also  traces  ot  deavage  in  two  directions  obliquely  inclined  to  one  another.  The  crystals 
are  of  various  sises,  forming  plates,  laminae,  and  scales,  and  are  sometimes  elongated 
in  one  direction.  They  also  occur  aggregated,  in  erystallo-laminar,  radio-laminar,  or 
scaly  groups,  which  in  larger  masses  ofttti  exhibit  a  true  slaty  stmctore  (talcose  slate). 
Tlie  lamellse  are  very  flexible  but  not  elastic,  and  unctuous  to  the  touch.  Talc  is  very 
soft,  its  hardness  being,  in  fact,  adopted  as  the  unit  of  the  scale.  Specific  gravity  » 
2*6  to  2*8.  It  is  colourless,  white,  grey,  sreenidi-white  and  greenish-grey,  apple-green, 
leek-green,  and  yellowish-white  to  yeUowish-grey,  transparent  (in  thin  lamellse)  to 
merely  translucent  on  the  edges,  and  has  a  waxy  lustre,  nacreous  on  the  perfect 
deavage-feces.  When  heated  before  the  blowpipe,  it  glows  brightly,  usually  exfoliates 
and  bums  hard  (to  a  hardness  of  6),  bat  does  not  fase ;  with  phosphorus-salt  it  yields 
a  skeleton  of  silica,  and  when  moisteifed  with  cobalt-solution,  ana  ignited,  it  becomes 
pale-red.    It  is  insoluble  in  acids  both  before  and  after  ignition. 

Compact  steatite  {Speckstein  of  the  Germans),  which  occurs  massive,  imbedded  in 
kidney-shaped  and  nodular  lumps,  also  as  peeudomorphs  after  quarts  and  dolomite^  has 
an  uneven  to  splintery  fracture,  a  greasy  fed,  and  does  not  adhere  to  the  tonffue.  Its 
spedficgravity  and  hardness  aro,  for  the  most  part,  the  sameas  those  of  talc :  the  hardness, 
however,  is  sometimes  rather  greater  (»  1*5).  It  is  white,  grey,  yellow,  red,  green, 
dull,  opaque  to  translucent  on  the  edges.  When  heated  in  a  glass  tube,  it  gives  off  a 
little  water;  before  the  blowpipe  it  does  not  melt,  but  bums  to  a  degree  of  hardness 
■uiBdent  to  scratch  ^ lass ;  when  ignited  with  cobalt-solution,  it  beoomea  pale  red.  It 
is  decomposed  by  boiling  sulphuric  add,  differing  in  that  respect  from  eiyvtalline  talc. 

IMgtone.  or  Lcmis  oUaria,  is  a  coarse  dark-coloured  steatite,  more  or  lees  impure. 

Pure  talc,  4Mg*0.5SiO*.}H'0,  contains  62*14  per  cent,  silica,  32*92  magnesia,  and 
4*94  water.    The  numerooa  analyses  of  the  mineial  in  its  several  varieties  exhibit  but 


*  Soapttooc  (also  called  steatite)  li  a  mineral  of  different  compo«ltlon— tIi.,  ailicate  of  nugnetium 
and  alttmlnlum  (p*  SS4>. 
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slight  dflviadon  from  this  oomposition — tiz^  from  abcmt  62  to  64  per  eeni  nlica,  88  to 
33  magnetfU,  and  2*5  to  6  water,  with  from  0*5  to  7  per  cent,  ferrous  oxide  rephuaiw 
part  of  the  magnesia,  and  occasionally  small* quantities  of  alnmina,  lime,  &c.«  whic£ 
most  be  regarded  as  impurities.  Some  varieties  appear  to  be  anhydioos,  or  to  contain 
bat  very  little  water ;  bat  this  result  is  perhaps  dae  to  defective  analysis,  as  the  water 
is  expelled  only  at  a  reiy  strong  red  heat.  (For  the  individoal  amdyses,  see  Bam- 
melsberg's  Mineralehemief  p.  617.) 

^alc  is  a  very  widely  diffbsed  mineral,  some  of  its  varieties  (especially  common  talc, 
potstone,  and  steatite)  forming  extensive  beds  in  regions  of  OTStalline  rocks.  Apple, 
green  talc  oocnrs  in  Unst,  one  of  the  Shetland  Isles ;  slso  on  the  Greiner  Mountain  in 
Salzburg,  and  in  the  Valsis,  &c  Potstone  occurs  in  the  Valais  and  the  Orisons,  and  at 
Wald  in  Styria.  Extensive  beds  of  steatite  occur  in  various  parts  of  the  New  Krtgland 
States — ^also  in  New  Jersey,  Pennsylvania,  &c 

Green  talcose  minerals  occur  at  rahlun  in  Sweden,  and  at  Gastein  in  the  TyroL  A 
white,  large-laminated,  and  radio-lsminated  talc  from  Pressnits,  in  Bohemia,  contains 
About  68  per  cent  silica,  26  magnesia,  1-2  to  1*6  ferrous  oxide,  and  4*1  water. 
(Scheerer.) 

Slabs  of  steatite  are  extensively  employed  as  firestones  in  fumaoes  and  stoves.  It 
may  be  turned  in  a  lathe^  and  formed  into  tabes  by  boring.  When  ground,  it  is  used 
for  diminishing  friction.  It  is  also  employed  in  the  manufacture  of  some  kinds  of 
porcelain.  Venetian  talc  is  used  for  removing  oil-stains  from  woollen  doths,  &e. 
(Dana,  ii.  277.) 

TA&Ca  MM  JIU  JULTBB.    The  harder  varieties  of  steatite. 


TA&Cv  ^VBSnipfram  China ;  syn.  with  AoALMA^roLin  (i.  60). 

TJLXC-JIX1JII.  A  term  sometimes  applied  to  magnesio-aluminie  sulphate 
(p.  683). 

TAliCUkVATKnu  A  varietj  of  ^Mitite  containing  magnesia,  occurring  in  six* 
sided  crystals,  grouped  or  single,  u  the  ehlorite-slate  of  the  Schischimskan  Mountains, 
near  Slatoust  in  the  Ural.  According  to  Hermann  (J«  pr.  Chem.  xxxi.  101),  it  contains 
87'60  per  cent,  lime,  7*74  magnesia,  89*02  phosphoric  add,  2*10  sulphuric  add,  0*91 
chlorine,  2*23  fluorine  (and  loss),  1*00  oxide  of  iron,  and  9*50  insoluble  matter.  The 
soluble  portion  may  be  represented  approximately  by  the  formula  3Ca*P'0'JhIg'PK)*; 
but  it  is  probably  only  an  impure  apatite,  the  magnesia  being  derived  from  the  gangue. 

Syn.  with  Clikochlorb. 

Ma^TKgianlron'Ore.  Talkeimnerz.  Tesserimusmaffnestfer.'^ 
This  name  is  applied  WBreithaupt  (Handb,  d.  Mineraloffie,  iiL  778)  to  an  iron-ore 
from  the  State  oi  New  xork,  consisting  (according toPlattner)of  ferrous  oxide  with 
much  magnesia,  a  somewhat  considerable  quantity  of  titanic  acid,  and  a  small  quantity 
of  alumina,  but  no  chromium.  It  forms  cubo-octahedrons,  fissured  intem^ly,  but 
exhibiting  only  traces  of  cleavage  parallel  to  the  cubic  and  octahedral  fiices.  It  im 
opaque,  iron-black  with  blade  streak,  and  nearly  semimetallic  luotre.  Hardness  » 
6-0.  Spedfic  gravity  «■  4*0  to  4*6.  Very  slightly  magnetic.  Behaves  before  the 
blowpipe  like  titaniferons  iron-ore. 

TAX^IS-nuiWBTOVa.  TtUkeisentUin. — ^Breithaupt's  name  for  a  magnetic 
iron-ore  from  Sparta  in  New  Jersey,  having  the  ferrous  oxide  partly  replaced  by  mag- 
nesia. It  is  slightly  magnetic,  and  has  a  density  of  4*41  to  4*42.  Allied  to  this  is  the 
magnesifbrous  magnetic  iron-ore  occurring  in  imperfect  octahedrons  in  the  slates  of  the 
Moume  Mountains  in  Ireland,  and  containing,  according  to  Andrews  (J.  pr.  Chem. 

Itii.  876),  71*41  percent  Fe'O*,  21*59  FeK),  a^  6*45 MgO Also  Rammelsberg's 

magnoferrite  from  Vesurius  (iii.  784). 

TAIiG-OABnr.  Tlalkgranat,  TalkthongranaL  Hagnesian  garnet  from 
Arendal  in  Norway  (ii.  772). 

TA&CITa»  or  TA3UUTa»  A  mineral  from  Wicklowin  Ireland,  allied  to  nacrite 
(iv.  1). 

TAXiCOIB.  This  name  was  applied  by  Naumann  to  the  white  laminated  tale 
from  Pressnitz  in  Bohemia  {jsupra). 

TA&COSB  SIJkTB.  A  dark  slaty  rock,  having  a  somewhat  greasy  feel,  and 
eonsisting  largely  of  talc,  intimately  mixed  with  felspar  and  quarts. 

TAUUCOOWAX-OXIi.    Syn.  with  Casafa-oil  (i.  749). 

TAJb&nrOZTB.  An  oxychloride  of  copper,  allied  to  atacamite,  from  the  Botallack 
liifne  in  ComwalL  It  forms  greenish-blue,  thin,  somewhat  crystalline  crusts,  composed 
of  small  spherules.    Hardness  »  3.    Specific  gravity  —  3*5.    It  is  insoluble  in  water, 
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e&silj  Bola^le  in  dilute  aeidi  and  in  ammonia,  and  tuna  green,  with  loss  of  water,  at  100^. 
It  ooDtaiDs  66*24  per  cent,  cnprie  oxide,  ll'SS  chlorine,  and  24*16  water  («>  10173), 
beeidea  tracea  of  carbonic  acio,  arsenic,  alnmina,  and  aodic  chloride:  whence  the  for- 
moU,  Ca''Cl*.40n''HK)*.4H*O  (Chare  h,  Ghem.  See  Qu.  J.  zriii.  77).  For  atacamite, 
Ghuzch  calculates  the  formula  Ca''Cl*.80a1B['0'JBD'O.    (Compare  i.  429.) 

Another  cupzic  ozychlonde  from  the  same  mine,  called  bot^laekUe,  oocorring  in 
thin  pale  monutain-green  cmata,  of  specific  gniTity  3'6,  was  found  to  contain  66*25 

Ser  cent  Cu'O,  14*76  CI,  and  22*49  H'^O  (-   103*22),  whence  the  formula  Cu'Cl*. 
Ca*HH)*.3HK).    A  blue  cnprie  oxychloride,  also  from  the  same  mine,  appeared,  ftom 
a  preliminaiy  analysis,  to  consist  of  Ca''Cl*.6Ca':Q*0^6H*0.    (Church,  ibid,  212.) 


IT.  This  name  is  applied  to  the  harder  and  less  fiisible  fiits,  occurring 
chiefly,  though  not  ezdusiFely,  in  tne  animal  kingdom,  the  most  common  being  beef 
and  mutton  tallow.  The  most  solid  of  the  vegetable  fats  are  cacao-fat,  from  Theo- 
broma  Cacao;  Chinese  tallow,  from  the  berries  of  StUlingia  sthiftra ;  myrica-tallow,  from 
the  berries  of  Myrioa  oerffera  (which,  however,  is  rather  a  wax) ;  yirola-tallow,  from  the 
shelled  almonds  of  Mjpristica  ukiftfra ;  and  piney-tallow,  from  the  fruit  of  Valeria 
indiea,  Co«>anut-&t  is  also  frequently  called  a  tallow,  though  it  has  rather  the  con- 
sistence of  butter.  (See  the  names  of  the  several  plants  in  this  Dictionary;  also 
Gmslin's  Handbook,  xvi.  885—400.) 

Animal  tallow  consists  chiefly  of  stearin,  palmitin,  and  oleiu,  the  stearin  pre- 
dominating, but  varying  with  the  species  of  the  animal  («.^.,  mutton  and  deer  taUow 
are  mostly  harder  and  less  fusible  tnan  beef-tallow),  and  with  the  age,  mode  of  feed- 
ing, &c  Ilie  tallow  is  separated  from  the  cellular  tissue  in  which  it  is  enclosed  (the 
entire  mass  constituting  suet)  by  melting.  This  opcratioa  is  performed  at  the  lowest 
possible  temperature,  and  is  much  facilitated  by  the  addition  of  dilute  sulphuric  acid 
{1  pt  oil  of  vitriol  and  20  pts.  water  to  100  pts.  tallow).  The  melted  tallow  is  white, 
if  pure ;  a  less  pure  tallow,  which  has  a  yellowish  colour,  may  be  bleached  by  exposure 
to  fifl^t  and  air ;  more  rarely,  the  bleaching  is  effected  by  the  use  of  chemical  reagents — e^,, 
by  heating  100  pts.  of  the  tallow  with  1  pt.  sulphuric  acid  and  ^  pt  red  chromate  of 
potash,  or  200  pts.  tallow  with  1  pt  nitric  acid  and  1  pt  oil  of  vitrioL 

Tallow,  espeoaUj  that  of  the  ox  and  aheep,  is  largely  uaed  for  the  manu&cture  of 
soap  and  candlea ;  m  smaller  quantity  also  in  pharmacy. 


TA&m  OO&Bf  an  alloy  used  for  the  manufacture  of  trinkets,  contains,  accord- 
ing to  Sauerwein  (DingL  L  dxx.  164),  86*4  per  cent  copper,  12*2  zinc,  1*1  tin, 
and  0-3  iron. 

r  TAf-&Oir.  The  Chinese  name  for  a  glass  flux,  consisting  chiefly  of  silicate  of  lead 
with  a  little  copper, used  as  an  enamel  coioxa  on  porcelain.  (Ebelmen  and  Salv^tat, 
Ann.  Ch.  Phys.  [3]  xxxv.  844.) 


The  name  given  by  Domeyko  (Jahresb.  1863,  p.  816)  to  a  black 
or  brown-black  cry8tallii.e  mineral  from  amine  in  the  desert  of  Atacama,  contain- 
ing 44*5  per  cent  CuO,  2*4  CaO,  0*8  MgO,  16*2  A1H)»,  1 1*3  Fe*0»,  20*8  SiO«,  0-7  CI,  and 
2-6  loss  bv  ignition  (« 99-2).  According  to  Ulex  (t^.  1866,  p.  888),  it  isa  flne- 
grained  mixture  of  atacamite,  malachite^  red  haematite,  and  calcspar,  intersected  by 
crystiJs  of  tourmalin. 


TAIBASnrBB.  Frueitts  Tamarindarunt, — ^The  pulpy  mass  contained  in  the  pods 
of  Tamarindus  indiea,  a  leguminous  tree  growing  in  the  East  and  West  Indies,  in 
Egypt,  and  in  Arabia.  It  has  a  fliint  vinous  odour  and  agreeably  acid  taste.  Vau- 
quelin  (Ann.  Chim.  v.  92)  found  in  East  Indian  tamarinda,  sugar,  gum,  pectic  acid, 
malic,  citric  and  tartaric  acids,  acid  tartrate  of  potassium,  and  cellulose.  Scheele 
did  not  flnd  citric  acid.  According  to  Gorup-Besanes  (Bnchn.  Eepert.  Ixviii. 260), 
tamarinds  likewise  contain  acetic  and  formic  acids. 


TABKABITX.  ChalcopkyUiU.  Copper-mica  (in  part). — A  basic  cupric  arsenate, 
occurring  in  rhombohedral  crystals,  also  foliated,  massive,  and  in  druses.  Principal 
axis  of  rhombohedron  »  2*6536.  Angle  R  :  R  (terminal)  •  69"=^  48';  oR  :  R-  108<' 
4'.  Observed  combination,  oR  .  R,  also  with  +  2R,  —  ^R,  and  ooR.  Cleavage  highly 
perfect  parallel  to  oR,  which  plane  is  sometimes  triangularly  striated.  Haraness  «- 
2.  Specific  gravity  »  2*4  to  2*66.  Lustra  pearly  on  the  base,  vitreous  or  snbadamantine 
on  the  other  faces.  Colour  emerald-  or  srass-green  toverditer-green.  Streak  somewhat 
paler.  Practure  scarcely  observable.  Sectile.  When  heated  it  decrepitates  and  exfo- 
liates.   Before  the  blowpipe  it  yields  a  sooriaceous  mass  enclosiag  a  button  of  copper. 

AnalyHe.—a,  by  Cheneviz  (Phil.  Trans.  1801).— 6.  Specificgravity- 2*436 (Her- 
mann, J.  pr.  Chem.  xxxiii.  294).— c,  d'.  Specific  gravity  a  2*669  (Dam our,  Ann.  Ch. 


Phys.  [31xiii.404): 
Vol.  V. 


U  U 


B*0. 

21 

s 

100 

3119 

M 

100 

23-94 

tm 

99-30 

22-68 

a 

99-84 

658  TAMASIX^TANOHINIA. 

AiM>».  P<0».  CnO.  FeO.  AfiO^. 

4I«    21  •     •  58  •     .  .     • 

b.  17-61  .     .  44-46  2*92  8'98 

c,  19-36  1*29  62-92  .     .  1-80 
i{.  21-27  1*66  62-30  .     .  213 

These  widely  different  reenlta  cannot  be  Tednoed  to  a  KOfjie  fbunnla: 

a  may  be  approadmately  represented  by  8CaOJbi'0*.13H'0  »  Cu*AsK)'.5CiiH*0'.8aq. 
c  and  i  „  „  8CiiO.Ab«0*.15H*0  -  Cu»Afl»O".6CuH*O«.10aq. 

6  ,»  M  8CuO.As«0».23H«0  -  Cu»A8«0».6CnH»OM8aq. 

The  principal  Cornish  localities  of  this  mineral  are  the  copper  mines  of  Tiogtang, 
Hnd  Gh>rlana,  and  Hnel  Unity,  near  Bedrath.  It  occurs  also  erystallised  in  iron-ore 
at  Sayda  in  Saxony,  in  minute  ciystals  at  Herrengrond  in  Hungaiy,  and  at  Moldawa  in 
the  Bannat.    It  is  sometimes  found  altered  to  chrjrsocolla. 

TAMASCK.  From  the  flowers  of  the  French  tamarisk  (  Tamarix  gaUiea\  a  czys- 
taUine  iridescent  snbstanoe  may  be  obtained,  by  exhaustion  with  aloohol  and  eTi^mra* 
tion  (Lan  de  r  er).  The  leayes  contain  a  huge  quantity  of  potassic  sulphate.  T.  laxa 
grows  <^efly  on  the  Kirghis  Steppe:  100  pts.  of  the  young  air-dried  plant  yield  33*7 
per  cent,  ash,  containing  12*6  per  cent,  soaic  carbonate,  62*0  sodic  chlorid^  1*6  sodic 
sulphate,  and  3*0  potassic  sulphate,  together  with  38*8  pts.  insoluble  salts.    (G-obel.) 

Tamarix  mannifera  yields,  m  consequence  of  the  puncture  of  an  insect  {Ooeetit  mannp- 
fertu),  a  saccharine  substance,  the  so-called  Manna  of  Sinai,  which  is  a  yellow  syrup 
containing  66  |)er  cent,  cane-sugar,  26  inverted  sugar,  20  dextrin,  &c.  (Berthe  lo^ 
Gompt  rend.  hii.  688.) 

TAMTAMSy  or  (r(m^-^ofiy«.— Chinese  musical  instruments  haying  the  form  of  a 
kettle-drum,  and  sounded  by  beating  them  with  a  stick  covered  with  leather.  According 
toKlaproth,  thev  are  formed  of  an  alloy  of  78  pts.  copper  to  22  pts.  tin.  According 
toGenth(Mitth.d.  G^werbevereins,  f.  Hannover,  1869,  p.  106),  they  oansist  of  80  per 
cent,  copper  and  20  per  cent.  tin.  According  to  Julie n  (Comptrend.  xxiv.  1069),  the 
Chinese  alloy  the  copper  for  these  instruments,  and  for  cymbals,  &c,  with  |  {^  of 
tin. 

TAVAOSTXC  AOSB.  An  add  said  by  Peschier  (J.  Chim.  m^  iv.  68),  to 
exist  in  the  flowers  of  the  common  tansy  (Ihtuuetum  minors).  It  is  a^^stalliBe^ 
soluble  in  water,  forms  crystaUisable  salts  with  potash  and  soda,  and  precipitaites  the 
solutions  of  calcium,  barium,  zinc,  lead,  silver,  copper,  and  mercury. 

TAVAOBVtV.  A  bitter  substance  obtained  from  the  leaves  and  flowers  of 
tansy.  It  is  prepared  in  the  same  manner  as  absinthin  from  wormwood  (i.  2),  and 
forms  a  yellowish-white,  granular,  inodorous  mass,  easily  soluble  in  ether,  sparingly  in 
alcohol,  still  less  in  water,  ^e  solution  has  a  bitter  and  rather  sharp  taste,  and  is 
precipitated  by  plumbic,  ferric,  and  mercurous  salts^  not  by  tannic  add.  (Fromberg, 
Cbig.  Magaz.  viii.  36. — ^Leroy,  J.  Chim.  mMt.  xxi.  367.) 

TAJTACJITII M  ▼UXiOAJfcB.  Tansy, — The  leaves  of  this  plant  contain  vola- 
tile oil,  a  bitter  extractive  matter  csdled  tanacetin  {supra^,  tannm,  sugar,  malic  acid, 
and  other  substances.  The  flowers  contain  the  same  constituents,  but  are  richer  in 
volatile  oil,  and  (according  to  Peschier)  they  also  contain  tanacetic  acid.  The 
seeds  contain  volatile  oil,  fat  oil,  and  a  bitter  substance. 

The  volatile  oil  of  tansy,  obtained  by  distilling  the  leaves  or  flowers  with 
water,  has  a  specific  gravity  of  0*92  to  0*98,  dissolves  easily  in  alc^ol  of  specific 
gravity  0-86,  thickens  on  exposure  to  the  air,  dissolves  in  iodine,  but  is  not  sensibly 
acted  upon  by  it.  When  disitilled  with  ohromate  of  potasdum  and  sulphuric  add,  it 
yields  a  volatile  crystalline  body,  having  the  composition  of  ordinary  camphor 
(Persoz,  Compt.  rend.  viii.  433;  Vohl,  Phorm.  OuitralbL  1863,  p.  318).  It  is 
decomposed  and  dissolved  by  nitric  and  by  sulphuric  add. 

TIIWIIfff»IIMPO«  A  plastic  earth,  occurring  in  Java,  and  used  by  the  natives  as 
food,  after  bdng  dried  over  a  charooal-fire.    (Mohnike^  J.  CSiim.  mA,  iv.  68.) 

TAVORnrZA  BCABACIASCASIMHBIS.  A  shrub  indigenous  in  Mada> 
gascar,  the  kernels  of  which  contain,  besides  fat  oil  and  the  ordinary  plant-consti- 
tuents, a  crystaUisable  substance  called  tanghin-camphor  or  tangninin.  To 
prepare  this  substance,  the  almonds  are  freed  from  oU  by  pressure,  then  exhausted 
with  ether,  and  the  ethereal  solution  is  left  to  evaporate.  Tanghinin  then  remains 
behind,  and  may  be  obtained,  by  solution  in  alcohol  and  spontaneous  evaporation,  in 
colourless,  transparent,  shining  scales,  which  effloresce  on  exposure  to  the  air.  It  has 
a  sharp  bitter  taste,  and  afterwards  px>Dduces  a  i^peling  of  constriction  in  the  throat.  1% 
melts  to  a  resin  when  gently  heated,  but  is  not  volatile.    It  dissolves  in  acetic  add, 
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without  entering  into  eombination,  and  ie  oolouied  ycAlow  by  other  acids  and  hj 
alJuJifl.  The  aLsoholie  aolution  lonns  white  preoipitateB  with  lead-,  meieaiy-,  and 
flilyez^aalts.    Tanghinin  ia  Tsry  poiaoaona,  qnidklj  pzodndng  &tal  efiecta. 


TAMWtWAMTtL  A  Tariet^ofnephrite  from  Tangiwai  in  Kew  Zealand.  (Jahresb. 
1864,  p.  861.) 

TAjnUTB.  A  mineral  from  Norway  resembling  chiastolite :  specific  gravity  m 
2*936.    (Breithaupt^  Schw.  J.  1829,  p.  246.) 

VAMMAMWrmo  AOni.  Cr«fi«0^>  (?).  (Luck,  Pharm.  Centr.  1861,  p.  667.) 
—An  add  contained,  together  with  pteritannie  acid,  in  the  root  of  the  male  fern 
(Aipidiwn  FiUx  mas).  The  method  of  eztmeting  these  acids  and  sepandng  them 
with  ether  has  been  already  described  (iv.  746).  The  impure  tanna^idio  acid  left 
undissolyed  by  the  ether  is  purified  by  solution  in  alcohol,  and  eraporation  in  a  retort 
filled  with  hyarogen. 

Tannaspuuc  acid  forma  a  black-brown,  shining,  amorphous  mass,  tritorable  to  a  red- 
brown  powder.  It  is  insoluble  in  water,  ether,  oil  of  tuz|)entine,  and  fixed  oils,  eaidly 
soluble  in  stzong  alcohol,  soluble  also  in  warm  acetic  acid.  The  aloohoUc  solution 
evaporated  by  heat^  in  contact  with  the  air,  leaves  a  residue  no  longer  soluble  in  alcohoL 
StroDg  sulphuric  acid  dissolves  if,  forming  a  dark-green  liquid,  which  soon  becomes 
brown-red  on  the  8ur£aoe.  Nitric  add  dissolves  and  decomposes  it.  With  chlorine  it 
forms  substitution-products. 

Tannaspidic  acid  dissolves  easily  in  potash  or  ammonia,  formiog  a  dark-brown 
solution,  wludi  quicklv  absorbs  oxygen,  especially  when  warmed,  acquiring  a  brown- 
red  colour:  adds  added  to  the  latter  solution  throw  down  a  black  powder.  The 
alcoholic  solution  of  tannaspidic  acid  is  predpitated  by  chloride  of  barium,  chloride  of 
calcium,  acetate  of  copper,  nitrate  of  silver,  and  chloride  of  platinum, — also,  after 
addition  of  ammonia,  by  zinc-,  mercury-,  and  tin-salts.  Feme  chloride  colours  the 
alcoholic  solution  green,  and  on  addition  of  ammonia  a  green  predpitate  is  formed. 
The  solution  of  tannaspidic  acid  predidtates  an  aloohoUc  solution  of  isinglass,  but  not 
a  solution  of  tartar-emetic 

By  treating  the  alcoholic  solution  of  the  add  with  neutral  acetate  of  lead,  a  precipi- 
tate is  formed,  which  dries  up  to  a  black  shining  mass,  containing  on  the  average  43-4 
per  cent.  cari)on,  3*6  hydiogen,  22*3  o^gen,  and  30*60  plumbic  oxide,  agreeing 
vpproximately  with  the  formula  C^H^^b^O",  which  requires  43*2  per  cent.  C,  8*6  H, 
22-2  0,  and  31  0  PbO. 

Cklorotannaapidie  J^nds. — ^When  dry  chlorine-gas  is  passed  over  dry  tannaspidic 
acid,  a  substitution-product  is  formed,  containing  2  at.  chlorine,  and  yielding  on  tritu- 
ration a  cinnamou-hiown  powder,  having  a  fruity  odour  and  sour  astringent  taste, 
soluble  with  brown  colour  in  alcohol  and  aqueous  alkalis,  but  insoluble  in  water, 
ether,  oil  of  turpentine,  and  fixed  oils.  Tannaspidic  acid  suspended  in  water  is  con- 
verted by  chloriue  or  by  hypo^orous  acid  into  a  product  containing  3  at.  chlorine ; 
and  the  air-dried  add,  treated  with  moist  chlorine-gas,  yields  a  product  containing  4 
at.  chlorine. 

Ethyl-tannaipidie  And.—Th.e  alcoholic  solution  of  tannaspidic  add  turns  red  when 
boiled  with  hydrochloric  add,  and  water  added  to  the  solution  throws  down  a  red  sub- 
stance. 


TAVMracoXTBPnno  JLOm.  Cm^O^* ?  (Kawalier,  Wien.  Akad.  Ber. 
10.)— An  acid  resembling  the  tannic  adds,  occurring,  about  Easter-time,  in  the 
bark  of  Scotch  fir-trees  from  20  to  25  years  old.  To  prepare  it,  the  bark  is  ex- 
hausted with  alcohol ;  the  extract  left  on  evaporation  is  treated  with  water ;  the  clear 
aqueous  solution  is  repeatedly  precipitated  with  neutral  lead-acetate,  a  lead-salt 
mixed  with  redn  then  remaining  in  solution  ;  the  dear  solutions  are  precipitated  with 
bade  lead-acetate ;  the  washed  predpitate  is  suspended  in  water,  and  decomposed  by 
sulphydric  acid ;  and  the  liquid  is  concentrated  in  a  stream  of  carbonic  anhydride. 
Tanneeortepinic  add  is  then  depodted  in  crusts,  which  yield  by  trituration  a  reddish- 
brown  powder  having  an  astringent  taste.  It  is  soluble  in  water,  and  the  solution, 
warmed  with  sulphuric  or  hydrochloric  add,  yields  a  red  precipitate  having  nearly  the 
same  oompodtion  as  the  add,  together  with  a  very  small  quantity  of  sugar.  The  aqueous 
solution  of  the  add  mixed  with  ferrie  chloride,  acquires  a  greenish  colour,  changing  to 
red-brown  on  standing,  and  afterwards  dapodte  a  blackish-green  precipitate. 

TAmmZTS.  A  sulphide  of  copper  and  bismuth,  Cu%.Bi^',  occurring  at 
Tannenbaum,  in  the  £rzgebiige  (ii.  77);  also,  according  to  Domeyko  (Ann.  Min. 
[6],  y.  463),  in  the  mines  of  Ceno  Blanco,  near  Ck>piapo,  in  long  tin«white  needles, 
mtersecting  copper-pyrites.  Analyds  gave  22'4  per  cent,  sulphur,  62*7  Insmuth,  20*6 
copper,  and  4*1  iron  («  99*8). 

TAirvzo  AOZB.    TAMMTMm    These  teims  are  appUed  to  certain  substances 

ITU2 


660  TANNIC  ACm. 

oocaxring  in  the  bark  and  other  parte  of  plants,  and  diattnguiahed  hj  the  faQonrmg 
chaiactera.  They  are  moatlj  amorphona,  have  a  alight  acid  zeaetion,  and  a  loqgh 
hat  not  aomr  taate;  eolonr  ferric  salts  black-bine  or  green ;  precipitate  ftlKnmm  and 
gelatin  from  their  solutions ;  and  nnite  with  animal  membraoe  into  a  mass  which 
resists  patiefiiction,  namely  leather,  the  skin  then  becoming  tanned.  All  these 
snbstances  were  formerly  supposed  to  be  identical  with  gallotanpic  acid  (ii.  762), 
or  to  differ  from  it  only  in  oonseqnenoe  of  the  admixture  of  foreign  matters ;  but  more 
exact  iuTestigHtion  has  shown  that  most  of  them  differ  in  some  essential  properties 
from  gallotannic  acid,  which  indeed  exists  only  in  Tnrkish  and  Chinese  gall-nuts,  and 
in  ordinary  oak-apples.  Of  the  other  Tarieties  of  tannin,  the  most  distinctly  charac- 
terised are  caffeiannie  acid  (i.  709),  eaUehuianTue  or  cachoutannic  acid  (i.  817), 
nufrintannic  add  or  tannin  of  fustic  (iii.  1049),  querdtannio  acid  or  tannin  of  oak-bark 
(t.  6),  and  owinoiaMnic  or  cinehona'tannic  acid  (v.  80). 

The  tanmns  may  be  divided  into  two  |;roups--thoee  which  give  black  or  blue,  and 
those  which giye  oUre-green  precipitates  with  feziic salts;  and  Stenhouse  haa  ahown  that 
most  of  the  tannins  which  give  bluish-black  precipitates  with  ferric  salts  are  fflnoo- 
sides,  being  zesolTed  by  boiling  with  dilute  adds  into  glucose  and  another  subrtanoe, 
a  property  first  pointed  out  by  Strecker  in  the  case  of  gallotannic  acid,  whidi  yields 
glucose  and  gallic  acid: 

C^H^O"  +  4HK)     -    C^»«0»  +  8C»H«0»; 

whereaa,  among  those  which  give  green  precipitates  with  ferric  salts,  only  one  (namely, 
the  tannin  of  willow-bark)  am>ean  to  be  a  gluooside. 

Gallotannic  acid  submitted  to  dry  distillation  yields  pyiogallic  and  metagallie 
acids,  together  with  carbonic  anhydride  (ii.  706) : 

OWH«0"  -     3C^«0«  +   Omn^  +  SCC; 
Gallounnic  Fyrogattie       lletaaaUie 

add.  acid.  ackL 

whereas  all  those  tannins  which  turn  ferric  salts  green,  yield,  by  dry  distillation,  oxy- 
phenic  add  or  pyrocatechin,  C^*0',  which  differs  from  pyrogallic  add  by  containing 
1  at.  oxygen  less  (iy.  316). 

All  tannins  are  remarkable  for  the  aridify  with  which  thej  absorb  oxygen,  espedally 
in  presence  of  alkalis,  bdng  thereby  oonverted  into  bodies  of  yarious  colour — ^red, 
brown,  black,  and  even  green :  e^.,  eallotannic  add  into  tannoxylic  or  tannomelanic 
add ;  caffetannic  add  into  viridic  add  ;  quinotannic  add  into  dnchona-red,  &c. 

Tannins  occur  espedally  in  perennial  plants,  but  are  likewise  found  in  annuals  and 
biennials.  They  occur  in  the  perennial  roots  of  herbaceous  plants,  in  the  bark  of 
most  tree-stems,  and  in  the  young  branches  of  shrubs  and  other  woody  plants.  Tliey 
are  also  found  in  the  husks  of  fruits  and  seeds,  and  in  unripe  frnits,  less  frequently  in 
theleayes,  and  least  of  all  in  the  petals.  According  to  Wahlenberg,  they  are 
neyBr  found  in  the  interior  of  the  seed,  or  in  poisonous  plants,  or  in  such  as  contain 
caoutchouc  or  milky  puioe. 

Iron-blueing  tannins  are  found  in  gall-nuts  and  oak-apples ;  in  the  leaves,  bark,  &e. 
of  the  oak,  poplar,  birch,  hazel-nut,  and  other  trees ;  the  leaves  of  Arbutus  Uw-vrn, 
Arbutus  Unedo,  and  Lytkrum  SaUcaria ;  the  stalks  of  Sibes  rtibrwm ;  the  bark  of 
Comus  mascida,  and  many  other  plants  and  vegetable  organs.  Iron-greening  tan- 
jiins  occur  in  catechu,  cincnona-barxs,  pines,  and  fir ;  in  the  root  of  Oramsrui  trUndra, 
Bkeum  rhaponOcum,  PotentiUa  tormentiUa ;  in  the  bark  of  SaUxtriandra  and  S^undu- 
lata,  of  Alnm  glutinota,  Finus  Larix,  RMtopkora  Mangle  (the  common  black  man- 
grove), and  of  many  other  plants. 

B.  Wagner  (BulL  Soc.  Chim.  1866,  ii.  461)  divides  tannins  into  pathological 
tannins,  Ibund  only  in  diseased  vegetable  tissues,  such  as  gall-nuts  and  oak-apples ; 
and  phyaiological  tannins,  which  occur  in  bari:  and  other  parts  of  plants  in  their 
ordinazy  state.  Both  kinds  of  tannins  predpitate  gelatin  from  its  solution,  but  only 
the  physiological  tannins  are  capable  of  forming  with  it  a  true  leather  not  liable  to 
putrefy. 

All  varieties  of  tannin  are  prodpitated  by  oiganic  alkaloids.  According  to  W  ag  n  e r, 
1  gramme  of  querdtannic  acid  requires  for  predpitation  0*8716  grm.  of  dnchonine ; 
and  assuming  that  the  tannins  of  sumach  and  other  astringent  substances  form,  with 
a  solution  of  sulphate  of  dnchonine,  piedpitates  having  the  same  compodUon,  he 
obtains  the  following  results  respecting  the  stzength  ol  various  substances  used  in 
tanning:— 

Bark  of  young  oaks  contains  .        »        10*80  per  cent  tannin* 

Ordinazy  oak-baik 6*26  „ 

Pine-bark  .        .  ....    7*33  „ 

Beedi-baris         ......         200  „ 


TANNIGENAMIC  ACID-TANTALITE.  661 


Sunaeh  (fiwt  qvality)  ooBtains 


16'60  per  c«ntb  UamaiL 


18-00  „ 

86-76  „ 

19-00  „ 

14-60  „ 

6-60  H 

4-26 


(fleeond  quality) 
Valonia  (fint  anality) 

„      ((Kcond  quality) 
Bablah        .... 
Onpe-seeds  freed  from  <h1  . 
Hope  (haxreet  of  1866) 

Schulseff  (BulL  Soc  Chim.  1866,  ii.  466)  has  obaerved  that  the  preeipitatioii  of 
tftnnin  by  gelatin  is  greatly  facilitated  by  the  addition  of  sal-ammoniae,  and  he 
has  applied  the  reaction  to  facilitate  the  Tolumetric  estimation  of  tannin.  For  this 
purpose  he  saturates  a  Bradnated  solution  of  tannin  with  sal-ammoniac,  and  detect 
mines  the  number  of  cubic  centimetres  of  a  solution  of  gelatin  required  to  precipitate 
a  ^ren  quantity  of  the  former.  He  then  exhausts  the  substance  to  be  analysed  with 
boiling  water,  and  adds  to  the  extract  the  titrated  solution  of  gelatin.  The  deposi- 
tion of  the  precipitate  may  be  still  ftirther  facilitated  by  introducing  into  the  tcsmI  a 
small  quantity  of  pounded  glass  or  sharp  sand. 

TA»irXOHW  aMlO  AOIB.    Syn.  with  GAXXAinc  Acm  (ii.  769). 

TAnnrOBVXO  ACZB.    Syn.  with  Catbchim  (i.  816). 

TAnOMSXwAJriC  ACXB.  C^H^O*.— This  acid,  discovered  by  Buchner 
(Ann.  Ch.  Pharm.  liii.  378),  who  however  assigned  to  it  the  formula  O*IP0^,  is 
produced  by  adding  ^allotannic  acid  to  boiling  potash-ley  of  spedflc  gravity  l-27f  as 
long  as  effervescence  is  thereby  produced.  The  hquid  is  ki^pt  in  a  state  of  ebullition, 
tUl  a  sample  mixed  with  acetic  acid  remains  clear  on  cooling,  then  sapersaturated 
with  acetic  add,  and  evaporated  to  dryness  ovmr  the  water-bath ;  and  the  residue  is 
treated  with  strong  alcohol,  which  dissolves  acetAte  and  gaUate  of  potassium.  The 
residue  is  dissolved  in  water,  and  the  solution  is  mixed  with  acetic  amd  and  acetate  of 
lead,  which  throws  down  tannomelanate  of  lead,  in  the  form  of  a  black-brown  powder 
containing  (according  to  Gerhardt)  8C>*H*PV'0«.2Pb''H*0'.  Tannomelamc  acid 
may  be  supposed  to  l^  formed  either  from  gallic  or  from  tannoxylic  acid  (v^ra) : 

C»H«0»   +  0     -     ai3.*G*   ^  C0«  +  HH). 
Gallic  acid.  Tannome- 

laolc  acid. 

C'H«0«  -    C«H*0«  +  C0«  +  H«0. 

TannoxjUc  Tannome- 

add.  lanle  add. 

TAnono  ACm.  C**H^>'?(Rochleder  andKawalier,  Wien.  Akad. 
Ber.  xxix.  22.) — ^A  kind  of  tannin  oocnrring  in  the  needles  of  the  Scotch  fir,  nthersd 
about  Easter.  The  alcoholic  extract  of  the  needles,  evaporated  after  adcution  of 
water,  yielded  a  watery  liquid  together  with  resin.  The  liquid  was  mixed  with  neutzal 
acetate  of  lead ;  the  clear  filtrate  oompletelv  precipitated  with  that  salt ;  the  washed 
.precipitate  drenched  with  dilute  acetic  add;  and  the  filtrate  predpitat^  with  basic 
acetate  of  lead.  The  resulting  precipitate,  suspended  in  water  and  decomposed  by 
sulphvdric  add,  yielded  a  solution  of  tannopic  acid,  which  was  precipitated  therefrom 
b^  sulphuric  add.  This  add,  in  warm  solution,  oxidises  readily  in  contact  with  the 
air;  iniether  it  is  thereby  converted  into  oxypinitannio  add  (iv.  819),  and  whether 
the  same  oonvernon  takes  place  in  the  living  plant,  has  not  been  determined.  The 
add  IS  decomposed  by  sulphuric  or  hydrcMhloric  add,  yielding  a  red  easily  daoom* 
posible  product. 


TAmOJBTXiXO  ACTZB.  Bi^tannie  Acid. — ^An  add  produced  by  the  oxidatioA 
of  gallic  add  under  the  influence  of  alkalis.  It  was  discovered  by  Biichner 
(Ann.  Ch.  Pharm.  liii.  869),  who  assigned  to  it  the  formula  C^iPO"  or  G»H**0><,  or, 
in  the  free  state,  perhaps  (?*J9*0"  or  C'*H>'0*'.  According  to  Gerhard t^  itn compo- 
sition and  formation  are  better  represented  by  the  formula  C'H'O'.  To  prepare  it,  a 
moderately  strong  solution  of  potash  is  saturated  in  the  cold  with  tannic  acid;  and  the 
solution,  which  soon  turns  red,  is  left  to  stand  for  some  days  till  it  becomes  dark-red 
and  nearly  opaque.  It  is  then  predpitated  with  acetate  of  lead,  the  resulting  brick- 
red  predpitate  is  treated  with  not  acetic  add  to  dissolve  undeoomposed  tannate  of 
lead,  and  the  tannoxylate  of  lead  (8C*H*Pb'0^3Pb'VO*,  according  to  Gerhardt), 
which  remains  as  a  red  predpitate,  is  decomposed  bv  heating  with  alcohol  and  sulphuno 
acid.  A  dark-red  solution  of  tannoxylic  add  is  thereby  obtained,  which  on  evapora- 
tion leaves  the  add  as  a  brown-red  amorphous  substance.  It  may  be  supposed  to  be 
formed  from  gallic  add  by  simple  addition  of  oxygen:  C'H'O*  +  O  «  CH*0'. 
(Gerhardt.) 

TAVST.  See  TiRAcanuM  Vuloab*  (p.  658). 

TAJfTAAITB.    Native  ferrous  tantalate.    See  Taxtaiaibs  (p.  666). 
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1803,  Bd.i.— Berselins^Pogg.  AnD.  IT.  6.— Wohler,  ibid,  zhrin.  91.— H.  Bose, 
ibid.  bdii.  317;  Ixiz.  116;  Izz.  157;  Izdt.  M,  286;  xe.  466;  sdz.  66;  Jahivb. 

1866,  p.  366;  1867,  p.  176. — ^Hermsnn,  J.  pr.  Chem.  Ixr.  81 ;  Ixz.  19S;  JahreBh. 

1867,  p.  176;  1868,  p.  149;  BnlL  Soc.  Ghim.  1866,  iL  22.— Blomstrand,  Jahzesb. 
1866,  p.  196 ;  BnlL  Soc  Chim.  1866,  ii.  27.— Mari^nae,  ibid.  pp.  Ill,  118.) 

This  mttal  waa  diacoTcawd  in  1802,  bj  Ekeberg,  m  two  Swadirii  iiiiiieial%  tantalite 
and  jttrotantalita.  A  retj  omilar  metal,  colnmbium,  had  be«n  diaeorered  in  the 
prpeodingyear  bj  Hatchett  (OrelTB  Annalen.  1802,  i.  197, 267»  362),inoolmBlHt6firani 
HaMachnMits ;  and  Wollasion,  in  1807  (Gilb.  Ann.  xsxrii.  98),  on  eomparing  ihe 
eompoonda  of  these  metals,  oondLoded  that  thej  were  identical,  an  opinioD  whidi  waa 
for  many  yean  reoeived  as  oorrect;  bnt  their  sepaiate  identitj  has  been  completely 
established  by  the  reseaiches  of  H.  Bose  (eommeneed  in  1846),  who  nye  to  the 
metal  obtained  firom  the  American  and  BaTsrian  oolnmbites  the  name  Niobium  (iy. 
48),  by  whichitis  nownniyenally  known.  More  recently,  Marignac  has  shown  that 
nearly  all  tantalites  and  oolnmbites  contain  both  tantalum  and  niobium  or  oolumbium ; 
some  tAnfAl^».Aa  from  Kimito  in  Finland  being,  howeyer,  free  from  niobium,  and  some 
of  the  G-reenland  columbites  containing  only  the  latter  metal  unmixed  with  tantalum. 
In  all  these  minerals,  tantalum  ezbts  as  a  tantalate  of  iron  and  manganese ;  jrttrotan- 
talite  is  essentially  a  tantalate  of  yttrium,  containing  also  uranium,  calcium,  wm,  and 
other  metals.    Tuitalum  is  also  contuned  in  some  yarieCies  of  wolfram. 

Metallic  tantalum  is  obtained  by  heating  the  fluotantalate  of  potassium  or 
sodium  with  metallic  sodium  in  a  well-coyered  iron  crucible,  and  washing  out  the 
soluble  salts  with  water.  The  reduced  metal  thus  obtained  is  not  quite  pure,  being 
more  or  less  contaminated  with  add  tantalate  of  sodium,  the  quantity  of  which  may^ 
howeyer,  be  diminished  by  ooyering  the  mixture  in  the  crucible  with  diloride  of  po- 
tassium. 

Tantalum  is  a  black  powder,  which  (aooordinff  to  H.  Bose)  is  a  good  conductor  of 
electricity,  and,  after  ip^ition  in  a  stream  of  hydrogen,  has  a  spedflc  grayity  of  10*78. 
When  heated  in  the  air,  it  bums  with  a  bright  light,  and  is  conyertod,  though  with 
difficulty,  into  tantalic  oxide.  It  is  not  attacked  by  sulphuric,  hydrochloric,  nitric,  or 
eyen  nitromuriatic  acid.  It  dissolyes  slowly  in  warm  aqueous  hydrofluoric  acid,  with 
e?olution  of  hydrogen,  and  reiy  rapidly  in  a  mixture  of  hydrofluorie  and  nitric 
acids. 

Tantalum  in  its  principal  compounds  is  pentatomie,  the  formula  of  tantalic  chloride 
being  TaOl*,  that  of  tantalic  fluoride  TaF*,  and  timt  of  tantalic  oxide  (which,  in  com- 
bination with  bases,  forms  the  tantalates)  TaO*.  There  is  also  a  tantalous  oxide  haying 
the  composition  TaC,  and  a  corresponding  sulphide,  TaS*. 


, >■  OF,  probably  TaBr*. — ^Prepared,  like  the  chloride, 

by  passing  bromine-yapour  through  a  tube  fillea  with  a  mixture  of  tantalic  oxide  and 
porous  charooaL  It  is  usually  coloured  yeUow  by  excess  of  bromine,  from  irtiieh  it 
cannot  easily  be  freed. 


TAVTA&VM,  OB&OBIBB  OV«  or  TAMTJkJOC  CML/OmXBM^  TaGl^— 
Tantalum  is  not  attacked  by  chlorine  at  ordinary  temperatnies,  but,  whsa  gently 
heated  in  a  stream  of  the  gas,  it  is  conyerte^  irith  incandescence,  into  tantahe 
chloride,  which  distils  oS. 

The  diloride  is  prepared  by  passing  chlorine-cas  oyer  a  heated  mixtmre  of  tantalic 
oxide  and  charcoal .  Tantalic  oxide  is  mixed  wiSi  starch  or  sugar,  and  the  mixture  com- 
nletely  charred  by  indtion  in  a  coyered  crucible.  It  is  then  introduced  in  small  pieces 
mto  a  glass  tnbe^  which  is  strongly  heated  by  a  charcoal-fire,  while  a  stream  of  dA  car- 
bonic anhydride  is  passed  through  it.  As  soon  as  ^  l^e  moisture  is  expelled  the 
tube  is  left  to  cool,  the  flow  of  carbonic  anhydride  being  still  kept  up ;  the  carbonic 
anhydride  apparatus  is  then  replaced  by  a  chlorine  apparatus,  and  the  tube  aeain 
heated,  after  tne  carbonic  anhydnde  and  atmospheric  air  haye  been  completely  expuled 
by  the  chlorine.  Chloride  of  tantalum  is  then  obtained  in  the  form  of  a  subbmate 
hayinff  a  pure  yellow  colour.  If,  howeyer,  the  tantalic  oxide  contains  tungstic  oxide, 
the  colour  of  the  sublimate  is  red ;  and  if  stannic  or  titanic  oxide  is  present,  yellow 
drops  of  liquid  chloride  are  also  produced.  (H.  Bose  and  B.  Weber,  Ann.  Ch.  Pharm. 
Ixxxyiii  846.) 

Tantalic  chloride  begins  to  yolatilise  at  144^  and  melts  to  a  yellow  liquid  at  221*^. 
Its  yapour-density,  at  temperatures  between  360°  uid  440°,  is  equal  to  12*42 
(Deyille  and  Troost,  Bnll.  Soc.  Chim.  1866,  ii.  120);  agreeing  yery  nearly  with  the 

density  calculated  from  the  formula  TaCl',  namely  12*46  (-     182  -f  6  .  36-6   ^ 
00693). 
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TUiUlic  chloride  iB  deeompoaed  by  water,  yielding  b^^drochloric  and  taatalic  adds, 
but  the  deoompositioii  18  not  complete  even  at  the  boiline  heat;  water  oontaining  a 
amall  quantity  of  ammonia  decomposes  it»  eyen  at  ordinary  temperatures. — PolMk 
decom|)oee8  it)  but  not  completely ;  carb<mat$  qf  potassium  does  not  affect  it»  even  at 
Uie  boiling  heat — Hydroehlorio  aotd  dissolves  tantalie  chloride  at  ordinary  tempera- 
tores,  forming  a  turbid  liquid,  which  gelatinises  after  a  while ;  the  jelly  yidds  to  cold 
water  only  traces  of  tantaUc  acid.  Boiling  hydrochloric  add  dissolves  tantalie  chloride 
incompletely,  and  the  liquid  does  not  gelatinise.— Strong  stdphurio  acid  dissolves  the 
chloride,  at  orcUnary  or  dightly  elevateid  temperatures,  with  evolution  of  hydrochloric 
add,  forming  an  opaline  liquid,  whioh  becomes  very  turbid  at  the  boiling  heat,  and 
solidifies  to  an  opaline  jelly  on  cooling. — Ammoniargaa  converts  tantalie  <£loridei  at  a 
red  heat,  into  nitride  of  tantalum.    (H.  B  o  s  e.) 

TAVTA&via,  DBncTxoar  Am  sstzmatzow  or.    i.  Slowfipe 

Bsactions. — Tantalie  oxide,  fused  with  horax,  either  in  the  outer  or  in  the  inner 
flame,  forms  a  transparent  glass,  whidi  however,  if  the  quantity  of  tantalum  is  some- 
what large,  may  be  rendered  opaque  by  interrupted  blowing  or  flaming,  but  recovers 
its  tran8paren(*y  by  long  exposure  to  the  continued  blast.  A  very  large  quantity  of 
tantalie  oxide  renders  the  glass  opaque. — ^With  microcosmio  salt  it  forms,  in  either 
flame,  a  dear  colourless  glass,  which  does  not  turn  red  on  addition  of  a  ferrous  salt, 
— ^With  sodic  carbonate  it  produces  effervescence,  but  does  not  fuse  into  a  bead  or 
undergo  reduction. 

2.  Reactions  in  Solution. — The  tantalates  of  the  alkali-metals  are  soluble  in 
water  (p.  666). — Hydrochloric  acid,  added  in  excess  to  the  solutions,  flrst  precipitates 
tantalie  add,  and  then  redissolves  it,  forming  a  slightly  opalescent  liquid. — Sulphuric 
acid  also  predpitates  the  tantalie  add,  but  does  not  redissolve  it  when  added  in  excess. 
— Carbonic  acid  gas^  passed  through  the  solution  of  an  alkaline  tantalate,  predpitates 
the  whole  of  the  tantalie  acid  in  the  form  of  an  acid  salt.—  Chloride  or  sulphate  of  am- 
moniiwm  also  predpitates  the  tantalie  acid  from  these  solutions,  in  the  form  of  hydrate 
mixed  with  small  quantities  of  ammonia  and  the  fixed  alkali.  The  presence  of  carbo- 
nate of  potassium  or  sodium  prevents  the  formation  of  this  precipitate  at  ordinary 
temperatures ;  but  it  then  appears  after  boiling  for  some  time.  Sulphide  of  ammonium 
produces  no  piecipitate. — Chloride  of  barium  or  calcium  fonns  a  predpitate  of  tantalate 
of  barium  or  ^cium,  insoluble  in  water  and  in  ammoniacal  salts. — Nitrate  of  silver 
forms,  in  the  solution  of  a  neutral  alkaline  tantalate,  a  white  predpitate,  which  is 
turned  brown  by  a  small  quantity  of  ammonia,  and  dissolves  in  a  larger  quantity.  A 
solution  of  basic  mercurous  nitrate  forms  a  yellowish-white  precipitate,  which  turns 
black  when  beated. — Ferrocyanide  of  potassium^  added  to  a  very  slightly  addulated 
solution  of  an  alkaline  tantcdate,  forms  a  yellow  precipitate  ;/emq^ant(f0  ofpotassmm 
a  white  predpitate. — Infusion  of  galls,  added  to  a  solution  of  an  alkaline  tantalate 
acidulated  with  sulphuric  or  hvdrochloric  add,  forms  a  light-yellow  precipitate,  solu- 
ble in  alkalis. — Zdnc,  immeised  in  the  solution  of  an  alkaUne  tantalate  addulated  with 
hydrochloric  acid,  does  not  produce  anv  blue  colour;  neither  is  that  colour  produced,  or 
but  very  faintly,  on  addition  of  sulphuric  add.  But  if  diloride  of  tantalum  be  dis- 
solved in  strong  sulphuric  add,  and  then  water  and  metallic  zinc  added,  a  fine  blue 
colour  is  produced,  which  does  not  change  to  brown,  but  soon  disappears.  The  blue 
colour  is  also  produced  on  placing  zinc  in  a  solution  of  tantalie  chlori^  in  hydrochlorie 
add  to  which  a  small  quantity  of  water  has  been  added ;  too  much  water,  however, 
prevents  its  formation. 

These  characters  are  sufficient  to  distinguish  tantalum  from  all  other  metals.  From 
niobium,  which  it  most  resembles,  it  is  distinguished  by  the  behaviour  of  tantalie 
oxide  before  the  blowpipe,  especially  with  microcosmic  salt;  (2),  by  the  reactions  of 
the  soluble  tantalates  with  hydrochloric  add,  sal-ammoniac,  ferrocyanide  and  ferricya- 
anide  of  potassium,  and  infusion  of  galls.* — From  titanium  it  is  distinguished  by 
the  behaviour  of  the  oxides  before  the  blowpipe;  by  the  perfect  insolubility  of  tantalie 
oxide  in  strong  sulphuric  acid  after  ignition ;  and  by  the  fact  that  when  tantalie  oxide 
is  fused  with  add  sulphate  of  potassium,  and  the  mass  treated  with  cold  water,  the  tan- 
talie oxide  remains  imdissolved  in  combination  with  sulphuric  acid,  whereas  titanic 
oxide  similarly  treated  yields  a  fused  mass,  which  dissolves  completely  in  a  considera- 
ble quantity  of  cold  water,  provided  the  fusion  has  been  suffidently  prolonged. — From 
silica,  tantalie  oxide  is  distinguished  by  its  behaviour  before  the  blowpipe,  silica 
being  insoluble  in  microcosmic  salt,  and  fusing  to  a  transparent  bead  when  heated  on 
chaicoal  with  a  small  quantity  of  sodic  carbonate.  The  behaviour  of  tantalie  oxide  with 
zinc,  with  tincture  of  galls,  and  with  hydr(£uoric  add,  also  distinguishes  it  from  silica. 

*  See  Tol.  It.  pp.  50, 51.— The  ntobouf  oxide  and  aiobltet  there  neDtloned  are  tbeeompoandt  now 
eaUed  nioMe  oxldc'.aod  ntobatet,  Marignae  baring  tbown  thafctherar  ia  ooJj  one  ozlde  of  inobtum,  and 
that  RoM't  niobic  acid  was  a  mntare  of  niobk  and  tantaUc  acids  (ir.  795;. 
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8.  E  siimation  and  Separation. — ^Tsntalnm  is  estimated  in  tbefomi  of  tAntalie 
adde,  Ta*0*,  oontaioiiig  81*98  per  cent,  of  the  metaL  Tantalic  oxide  or  anhydride 
maj  be  separated  firom  the  bases  with  which  it  ooeors  in  nature — ^namely,  lime, 
magnesia,  yttria,  sirconia,  and  the  oxides  of  iron,  manganese,  and  nra- 
n  i  n  m — by  fusion  with  hydrate  or,  better,  with  aeid  sulphate  qfpotaSrium,  in  the  manner 
to  be  presently  described  (p.  666).  Home  tantalates  may  be  decomposed  by  ndphmrio 
aeidf  the  tantalic  acid  being  separated  in  the  insoluble  state,  and  all  the  bases  passing 
Into  solution.  Tan  talate  of  si rconium  may  be  decomposed  in  this  manner.  On 
treating  that  compound  with  strong  sulphuric  add,  and  di^estinff  the  cooled  zuass  for 
some  time  with  a  laige  quantity  of  water,  sulphate  of  siroomum  mssolTes,  sod  tantalic 
oxide  remains  in  combinadon  with  sulphuric  acid,  from  which  it  may  be  purified  by 
repeated  boiling  with  water. 

From  the  alkalis,  tantalic  acid  may  be  completely  separated  by  sulphuric  acid, 
provided  the  compound  is  soluble  in  water.  In  the  contrary  ease,  it  must  first  be 
Aised  with  carbonate  or  hydrate  of  potassium.  If,  howeyer,  the  quantity  of  alkali  is 
to  be  likewise  estimated,  the  compound  must  be  rendered  soluble  by  fusion  with  sul- 
phate of  ammonium.    (H.  B o  s  e.) 

From  titanium,  with  which  it  sometimes  occurs  in  nature,  tantalum  may  be  sepa- 
rated by  fusing  the  mineral  with  add  sulphate  of  potassium,  and  treating  the  fused 
mass  with  a  large  quantity  of  water.  Titanic  add  then  dissolves,  espeually  if  the 
water  is  slightly  addulated  with  hydrochloric  add,  while  tantalic  sulphate  remains 
undissolved.  The  titanic  aeid  is  predpitated  from  the  solution  by  boiling :  the  sepa- 
ration is,  however,  not  veiy  complete.  In  some  eases  the  decomposition  may  be 
effected  by  sulphuric  add. 

The  separation  of  tantalum  from  niobium  is  effected  by  means  of  addjlu^ride  of 
potaeeium,  whereby  the  former  metal  is  converted  into  fluotantalate  of  potassium, 
2KF.TaF*,  requiring  151  to  157  pts.  of  water  addulated  with  hvdrofluoric  acid  to 
dissolve  it  at  ordinuy  temperatures,  and  the  latter  into  fluoxvniobate  of  potassium, 
2E:F.NbOF'.H'0,  soluble  in  12-4  to  13  pts.  of  cold  water.  The  mineral  (a  tantalite 
or  columbite)  having  been  decomposed  by  fusion  with  three  times  its  weight  of  acid 
potassic  sulphate,  uie  collective  weight  of  the  niobic  and  tantalic  oxides  thereby 
separated  is  ascertained;  they  are  then  again  fused  with  acid  sulphate  of  potassium ; 
the  sulphate  is  dissolved  out  by  water;  the  residue  is  trsated  witn  hydrofluoric  acid ; 
and  a  boiling  solution  of  hydn^tassic  fluoride  is  gradually  added.  The  li<iuid  thus 
obtained  yields,  after  a  certain  degree  of  concentration,  a  deposit  of  potassic  fluotan- 
talate, whidi  must  be  washed  with  water  on  a  weighed  filter,  till  the  wash-waters  no 
longer  yidd  au  orange-coloured  predpitate  with  infosion  of  galls. 

4.  Atomic  Weight  of  Tantalum. — The  older  experiments  on  the  constitution  of 
the  tantalum-compounds  did  not  yield  correct  results,  because  the  tantalum  used  was 
impure,  containing  niobium.  Beneelius  r^arded  tantalic  oxide  as  TaK)* ;  H.  Rose 
regarded  it  as  TaO*,  the  chloride  as  TaCl^  £c.  But  from  the  observations  of  Marignac 
on  the  isomorphism  of  the  fluotantalates  and  fluoniobates,  and  from  the  vapour-density 
of  the  chloride  (p.  662),  it  appears  that  tantalum  is  pentatomic,  forming  the  compounds 
TaCl»,  TaF»,  Ta*0»,  &c 

Marignac  has  determined  the  atomic  weight  of  tantalum  chiefly  from  the  composi- 
tion of  the  fluotantalates  of  potassium  and  ammonium,  which  are  anhydrous  and  do  not 
undergo  any  alteration  at  100^.  The  potassium-salt  was  treated  with  pure  concentrated 
sulphuric  add ;  the  excess  of  that  add  gradually  driven  off,  the  temperature  being 
finally  raised  to  400^ ;  and  the  remdue  was  boiled  with  water,  which  dissolved  the 
acid  sulphate  of  potassium,  and  left  tantalic  sulphate  in  small  granular  ciTstals,  which, 
when  calcined  at  a  strong  heat,  yielded  pure  tantalic  oxide.  The  acid  sulphate  of 
potasdum  was  reduced,  by  evaporation  and  caldnation,  to  neutral  sulphate,  which  was 
weighed.  Four  dosely  accordant  analyses  yielded,  as  a  mean  result,  66*6  pts.  tantalic 
oxideto  45 '4  pts.  neutral  sulphate  of  potassium,  according  to  which  the  atomic  weight 
of  tantalic  oxide,  Ta*0*,  ->  444-6,  and  that  of  tantalum  i-   182*8. 

By  calculating  merdy  from  the  weight  of  the  neutral  sulphate  of  potassium  com- 
pared with  the  original  weight  of  the  fluotantalate,  2EF.TaF*,  the  atomic  weight  of 
that  salt  is  found  to  be  392*8,  whence  Ta  ■■  181*8,  a  number  very  near  the  preceiding. 

Fluotantalate  of  ammonium,  bv  conversion  into  tantalic  oxide,  loses  86*75  per  cent, 
of  its  wei^tk  a  loss  corresponding  to  the  replacement  of  2NH*  +  7F  —  169  by 
{0  <"  40,  leaving  a  difference  of  129 ;  and  the  proportion,  36*75  :  100  »  129  :  r, 
gives  X  =s  351  for  the  atomic  weight  of  fluotantalate  of  ammonium,  whence  Ta  -■  182. 
This  is  the  number  adopted  by  Muisnac  for  the  atomic  weight  of  tantalum  ;*  it  agrees 
perfectly  with  the  vapour-density  of  the  chloride  (p.  662). 

•  H.  Roi«  (Ana.  Cb.  Plmnn.  c.  IK)  foand ta  Impara  chlofidc  of  tanUtain 48>S5  percent tanUhim 
and  SO-TS  chloilne,  whkb,  for  the  fonnala  TaCP,  gtTM  Ta  a  I7S. 
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I  OF.  TaF^. — ^Ignited  tantalic  ozidd  does  not 
dissolve  in  aqueons  hydrofluorie  acid,  bnt  the  hydrate  dissolTes,  fonning  a  clear  scJn- 
tion,  which,  when  eyaporated,  partly  gives  off  the  tantalum  as  fluoride,  but  likewise 
leaves  a  residue  of  ozynuorida    (H.  Rose.) 

Fluotantalates,  2MF.TaF*  »  MTa'P.—The  solution  of  tantalic  fluoride  mixed 
with  alkaline  fluorides  forms  soluble  and  cratallisable  double  saltS;  partially  stndied 
by  Berzelius  and  H.  Sose,  more  completely  by  liarignac  There  do  not  appear  to  be 
any  flnoxytantalates  corresponding  to  the  fluoxyniobates  (iv.  786),  unless  the  insoluble 
oom^unds  which  tend  to  form  wnen  the  fluotantalates  are  dissolved  in  water,  can  be 
considered  as  such ;  but  these  compounds  do  not  crystallise,  and  do  not  appear  to 
possess  a  constant  composition.    (Mar  i  gn ac) 

FluotantalaU  of  JmnunmiM^  (l^H<)*TaF',  is  anhydrous,  veiy  soluble  in  water,  and 
crystallises  in  thm  plates  with  bevelled  edges. 

The  potasdium-^t,  E'TaP,  eiystallises  in  monodinic  prisms  isomorphous  with  the 
fiuoniobate.  It  is  more  soluble  in  hot  than  in  cold  water.  By  prolonged  boiling  with 
water,  it  changes  into  an  insoluble  salt,  the  composition  of  which  is  nearly  that  repre- 
sented by  the  jformula  TaK>*.2K*TaF'.  The  formation  of  this  insolnble  compound 
affords  the  means  of  detecting  the  smallest  quantity  of  fluotantalate  in  a  solution  ol 
flttoxyniobate  of  potassium.    (M ar ign a c) 

The  8odiuin'8alt,  Na^aF^.HH),  forms  monodinic  prisms,  which  give  off  their  water 
of  crystallisation  at  100^. 

The  cupric  soft,  Cu'Ta«F.4HK)  -  ChiT'.Ta*I».4H»0,  prepared  by  adding  cupric 
oxide  to  a  solution  of  tantalic  oxide  in  hydrofluoric  add,  forms  beautiful  blue,  trans- 
parent, rhomboi'dal  prisms  with  four^sided  summits.  It  is  deliquescent^  and  very 
soluble  in  water. 

The  Hnc^aU,  Zn'Ta»P.7H«0  -  ZnP.TaF*.7H*0,  prepared  like  the  copper-salt,  is 
too  deliquescent  to  admit  of  complete  purification,  so  that  its  formula  must  be  regarded 
as  only  approximate.     (Marignac.) 

TAVTAJbVXy  SXTKZna  OV«  Obtained  by  the  action  of  ammonia-gas  on 
chloride  of  tantalum,  at  a  heat  gradually  raised  to  redness;  or  less  pure  by  heating 
tantalic  oxide  in  ammonia-gas.  It  is  a  black  microcrystalline  powder,  which  acquires 
metallic  lustre  by  burnishing,  and  conducts  dectridty ;  when  fused  with  hydrate  of 
potassium,  it  gives  off  ammonia-gas.  It  is  not  attacked  by  nitric  acid,  or  by  a  mixture 
of  that  acid  with  hydrochloric  or  hydrofluoric  add.  (H.  Boss,  Ann.  Ch.  Pharm. 
c.  146). 

TAWTJk&ITBif  OXZDBS  OF.  Tantalum  forms  two  oxides,  a  dioxide  and  a 
pentoxide,  the  latter  uniting  with  bases,  and  forming  the  tantalates. 

Bloztdo  of  Tantalwin,  or  Tantalmui  OscldOv  TaO'. — This  oxide  is  produced 
by  exposing  tantalic  oxide  in  a  brasqued  crucible  to  the  strongest  beat  of  a  blast-fur- 
nace, a  thin  film  on  the  outside  being  at  the  same  time  reduced  to  the  state  of  metal. 
It  is  a  dark-grey  mass,  which  scratches  glass,  and  acquires  metallic  lustre  by  burnish- 
ing (Berselius).  When  heated  to  redness,  in  contact  with  the  air,  it  takes  up  4  per 
cent  of  oxygen,  and  is  converted  into  tantalic  oxide.  B^  calculation,  TaO*  ^requires 
3*74  per  cent^  of  o:^gen  to  convert  it  into  Ta*0*.    (Mar  ign  ac.) 

Fentoxlde  of  TaataliuD,  TMitalio  Ozlde  or  Anbydiide*  Ta*0*.  In  the 
hydrated  state,  Tantalic  MLcMl — ^Tbis  oxide  is  formed  when  tantalum  bums  in  the  air, 
also  by  the  action  of  water  on  tantalic  chloride,  and  may  be  separated  as  a  hydrate 
from  the  tantalates  bv  the  action  of  acids.  It  is  usually  prepared  from  tantaiite, 
which  is  a  tantalate  of  iron  and  manganese,  containing  small  quantities  of  stannic  and 
tnngstic  adds,  and  a  varyiuff  (sometimes  considerable)  quantity  of  niobic  acid,  by 
fusing  the  pulverised  and  levigated  mineral  with  twice  its  weight  of  potassie 
hydrate ;  or,  better,  with  excess  of  add  potassie  sulphite  (6  or  8  pts.  accoraing  to 
Berzelius,  3  pts.  according  to  Marignac),  in  a  platinum  cmdble. 

The  mass,  when  cold,  is  pulverised  and  repeatedly  boiled  with  firesh  quantitaes  of 
water,  till  no  more  sulphate  of  potassium,  iron,  or  man^nese  is  dissolved  out  of  it ; 
and  the  residue,  consisting  of  tantalic  add  mixed  with  ferric  oxide,  stannic  add, 
tungstic  add,  and  niobic  acid,  is  then  digested  with  sulphide  of  ammonium  containing 
excess  of  sulphur,  which  removes  the  tin  and  tungsten  as  sulphides,  and  converts  the 
iron  into  insoluble  sulphide.  The  liquid  is  filtered,  and  the  tantalic  add  is  washed 
with  water  containing  sulphide  of  ammonium,  then  boiled  with  strong  hydrochloric 
acid  to  remove  the  iron,  and  washed  with  boiUng  water.  It  may  still,  however,  con- 
tain silicic  and  niobic  acids.  To  remove  the  former,  it  is  dissolved  in  aqueous  hydro- 
fluoric acid,  the  filtered  solution  mixed  with  sulphuric  add  and  evaporated  to  dry- 
ness, and  the  residue  ignited  as  long  as  its  weight  continues  to  diminiw  (Berzelius*; 
H.  Boss).    To  remove  the  niobium,  the  tantalic  add  is  rediss^vei  in  aqueous 
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faydroAiiorie  rndd^  and  tnsted  vith  add  fluoride  of  pofamnum  in  tbe  manner  abmidj 
dcfleribed  (p.  664).  The  ^vn  flnotantalate  of  potaflnam  thus  obtained  is  decompoeed 
bj  heating  with  aalpfaiurie  wad ;  the  sulphate  of  potaasiam  diasolred  oat  hj  boiling 
with  water ;  and  the  remaining  tantalie  sal]^iate  strongly  ignited  to  expel  the  sol- 
^nuie  acid  (Harignac).  ny  this  process,  Marignac  has  pnpered  eonsiderable 
quantities  of  tai^die  oxide  from  colnmbites  containing  that  oompoond  together  with 
niobic  oxide.      ' 

Anhjdrons  tantalie  oodde,  obtained  bj  igniting  the  hydrate  or  sulphate,  is  a  white 
powder,  which  remains  white  when  heated,  or  aoquiros  but  a  Vfsrj  fiunt  tinge  of  yellow. 
Its  spedfie  gravity  raries  from  7'022  to  8264,  increasing  with  the  temperaUire  to 
which  it  has  been  exposed  (H.  Rose);  aoootding  to  Marignac,  the  speetfie  gtayity 
■B  7*60  to  7*64.  Nordenskiold  and  Chydenius  (Pogg.  Aul  ex.  642;  Jahreeb. 
1860,  p.  146),  by  fusing  it  with  microcosmic  salt,  and  treating  the  frised  mass  with 
hydrodd<Hne  add,  obtained,  together  with  the  amorphous  oxide,  a  small  quantity  of 
heavy  needle-shaped  crystals,  which  were  rhombic  combinations  with  the  dominant 
&oes,  ooP,  f  00,  and  the  angles  a>P  :  ooP  i-  100^42';  Pa>  :  l*oo  over  the  prindpal 
axis  B  90^  20'.  Tantalie  oxide  ndther  melts  nor  volatilises  when  heated,  and  is 
destitute  of  taste  and  smdL  It  is  reduced  to  the  metallic  state  in  the  circuit  of  a 
very  powerful  voltaic  battery ;  partially  also  bv  very  strong  ignition  in  contact  with 
ekiroal.  When  heated  in  amnumiargoB,  it  yields  nitride  of  t^wtalnm ;  and  by  ignition 
in  eyancgen-gas,  it  is  partially  converted  into  nitride  and  <ryanide  of  tantalum  (H. 
Bos ei    Ignited  in  vapour  oi carbonic  dittdpkide,  it  yields  disulphide  of  t*«tAlnfn : 

TaK)»  +  6CS«     -     2TaS»  +  5C0  -i.  S*. 

Tantalie  oxide  is  insoluble  in  all  adds,  and  can  only  be  rendered  soluble  by  fudon 
with  hydrate  or  carbonate  of  potasdum. 

Hydrated  tantalie  oxide,  or  Tantalie  acid,  obtained  by  precipitating  an  aqueous 
solution  of  potassic  tantalate  with  hydrochloric  add,  or  b^  decomposing  tantalie 
chloride  with  water  containing  a  litUe  ammonia,  is  a  snow-white  bulky  powder,  which 
reddens  litmus-powder  while  moist,  and  dissolves  in  hydrochloric  aod  hydrofluoric 
adds.  When  strongly  heated,  it  gives  off  its  water  and  becomes  incandescent.  The 
hydrate,  obtained  l^  fusing  tantalite  with  add  sulphate  of  potassium  as  above  des- 
cribed, is  of  a  denser  and  more  crystalline  character,  insoluble  in  all  adds  except 
hydrofluoric  and  strong  sulphuric  adds,  and  is  precipitated  from  the  sulphuric  solution 
by  water.    When  heated  it  becomes  anhydrous  but  does  not  emit  lig^t. 

Tantalates,    o/j^o[-''^**^  ^^  4M«0.8Ta*0*»  (according to Marign ac).— 

The  first  of  these  formulse  indudes  the  nadve  tantalates ;  the  second,  certain  easily  crys- 
tallisable  tantalates  of  the  alkali-metals. 

The  tantalates  of  the  alluili-metals  are  soluble  in  water,  and  are  obtained  by  frising 
tantalie  oxide  with  caustic  alkalis.  Tantalie  oxide  frised  with  hydraie  ofpotamuim  in 
a  silver  crudble,  forms  a  transparent  mass  of  potasdc  tantalate,  whidi,  after  cooling, 
dissolves  completelv  in  water.  With  hydratB  of  sodium,  it  fuses  into  an  opaque  turbid 
mass,  and  ultimately  depodts  a  sediment^  which  is  not  taken  up  by  fodon  with  any 
excess  of  the  alkali  Water  poured  upon  the  fused  mass  when  cold,  dissolves  out  the 
excess  of  soda,  but  not  a  trace  of  tanlalic  add ;  and  the  reddue,  when  treated  with 
fredi  water,  dissolves  and  forms  an  opalescent  solution  of  add  sodio  tantalate,  which 
■alt  is  completely  insoluble  in  a  strong  solution  of  caustic  soda,  and  is  therefore  pred- 
pitated  on  mixing  the  liquid  with  the  solution  of  soda  previously  obtained  by  treating 
the  fused  mass  with  water.  When  tantalie  oxide  is  fused  with  potaano  or  sodio 
carbonate,  the  fused  mass  is  not  completelv  soluble  in  water.  . 

The  tantalates  of  the  eartA-metaU  and  heavy  metals  are  insoluble  in  water,  and  are 
Ibrmed  by  predpitation  (p.  663). 

Ferrous  Tantalate,  FeO.Ta'O*. — This  salt  occurs  native  as  tantalite  and 
tapi elite,  rarely  however  quite  pure,  the  iron  being  generally  more  or  less  re]plaoed 
bv  manganese,  and  the  tantalum  by  niobium,  tin,  and  nrconium.  Columbite  or 
mobito  is  a  mineral  of  analogous  constitution,  containing  both  tantalum  and  niobium, 
the  latter  however  predominating :  some  of  the  Greezdand  columbites  contain  only 
niobium,  without  tantalum. 

Tantalite  is  found  at  several  localities  in  Unland,  at  Broddbo  and  Pinbo  near 
Fahlun  in  Sweden,  and  at  Chantdoub  near  Limoges  in  IVance.    It  occurs  in  tzime- 


,  ,  _  _,, ,        __    __.     by 

thefsoe  e»f  oo  are  of  frequent  ocenrrence    (A.  E.  Nordenskj old,  Pogg.  Ann.  gl 

•  AceerdJng  Co  H.  Rom,  the  fonnala  of  tlie  normftl  laotalates  it  M'O.STaO*.  which,  with  the 
pentakomte  value  of  tantalum,  bMomat  bWO.iTm^ffi.  Several  acid  tantalatet  are  described  bj  Bof  • 
and  1^  H  e  r  m  a  n  D,  for  which  see  Suiufw.  d,  Ckem.  vUl.  d07. 
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625 ;  Jahresb.  1857,  p.  682).  The  mineral  likewise  occurs  massiye,  and  imbedded,  in 
angular  fragments  of  irregolar  shape.  Hardnev  «  6*0  to  6*5.  Specific  grarity  a 
about  7*0  to  8*0.  Opaque,  with  imperfect  metallic  lustre  and  iron-black  colour,  black- 
brown  to  cinnamon-brown  when  puTerised.    Fracture  mostly  uneyen. 

Nordenslgold  distinguishes  as  ixiolite,  a  stanniferous  and  manganiferoos  yarietj 
of  tantalite,  occurring,  together  with  the  preceding  (which  he  designates  as  skogbo- 
lite,  or  simply  as  tantalite),  at  Skogbofe  in  Finland.    It  likewise  forms  trimetrio 

Srisms,  but  having  the  axes  a  :  b  :  o  »  0*5508  :  1*2460 :  1.  and  exhibiting  the 
ominant  combination  oP .  ooP  oo .  ooP  oo,  with  P,  ooP,  P  oo,  8P  oo,  and  ^P  oo  subor- 
dinate. Hardness  »  6*0  to  6*5.  Specific  gravity  *  7*0  to  7*1.  Lustre  fiiintly 
metallic.  Colour  black-grey  to  steel-grey,  brown  in  powder.  Fracture  flat,  conchoidsl, 
sometimes  nearly  uneven. 

The  more  stanniferous  varieties  of  tantaHte  are  designated  by  Hausmann 
{Lehrb.  d.  Mineral,  p.  960)asCassiterotantalite,  the  less  stanniferous  as  Sidero- 
tantalite;  the  former  are  also  sometimes  designated,  according  to  their  localities, 
as  Finbo  and  Broddbo  tantalite%  the  latter  as  Kimito  and  Tammela 
tantalites. 

Tapiolite,  occurring  at  Snkkula  in  Tammela»  Finland,  has  the  composition  of 
tantabte,  but  crystallises  in  dimetric  forms,  bavins  the  same  angles  and  ratio  of  axes 
as  rutile ;  ferrous  tantalate  is  therefore  dimorphous  (or  trimorphons,  if  ixiolite  is 
really  a  distinct  crystallographic  species).  (Nordenskjold,  Pogg.  Ann.  cnrii.  604 ; 
Jahresb.  1864,  p.  855.) 

AU  tantalites  (including  tapiolite)  areinf^Ueand  unalterable  before  the  blowpipe. 
They  dissolve  easily  in  borax  and  microcosmie  salt,  giving  the  reactions  of  iron  and 
manganese.  The  more  stanniferous  varieties,  heated  on  charcoal  with  sodio  carbonate, 
yield  numerous  spangles  of  tin.    Tantalites  are  not  attacked  by  acids. 

The  following  analyses  of  tantalite  are  from  Hammelsbeig's  Mineralchemie,  pp.  390, 
391  ;  those  of  tapiolite  arebyArppe  (Jahresb.  1862,  p.  753)  and  A.  Nordenskjold 
(Pogg.  Ann.  cxxii.  604;  Jahiesb.  1864,  p.  856): — 
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13-42 

Manganic  oxide    , 

I          •     • 

715 

6-60 

7-98 

Manganoos  oxide 

« 

1-63 

lime 

1          •     • 

119 
100-59 

1-60 
100-03 

2-40 

100-62 

101-79 

7)iipiolUe,fr<m  i 

SukkulCf  Finland, 

Arppe. 

Arppe.        A. 

82-71 

NordensKJold. 

Tantalic  oxide 

• 

•                 • 

83  66 

8306 

Stannic  oxide 

• 

•                 • 

•       • 

0-83 

107 

Fezions  oxide 

• 

•                 • 

15-44 

15-99 

15-78 

99-10 

99*53 

99-91 

■ignac  found  in  a  Swedish  tantalitc 

i: 

Tk«o»          NbSQs 

SnOt 

FeO 

MnO 

65-60          10-88 

810 

8-95 

6-61     -     ] 

10014. 

He  has  also  determined  the  quantity  of  tantalic  oxide  in  yarions  oolumbites,  and  con- 
cludes that  if  a  perfect  separation  of  the  tantalic  and  niobic  oxides  could  be  effected, 
the  specific  grayity  of  this  mineral  would  be  found  to  increase  proportionallT  to  the 
percentage  of  tantalic  oxide  present.    The  following  are  the  numbers  obtained: — 


Columbite  from  Gbeenhmd    .      •        . 

Acworth  (New  Hampshire) 
La  Vihite  (near  Limoges) 
Bodenmais  (Bavaria)  . 
Haddam  (Connecticut) 
Bodenmaia 
Haddam    . 
Bodenmaia 
Haddam     . 


N 
** 

n 

H 


Tantalite 


ft 
I* 
»t 
»f 

n 
t> 
*f 
>» 


Sp.gr. 

Ta«0»  p.c. 

5-36 

3-3 

5-65 

12-8 

5-70 

13-8 

5-74 

13-4 

5-85 

10-0 

5*92 

271 

6-05 

80-4 

6-06 

35-4 

6-13 

31-5 

7*03 

65-6 

Tantalite  and  columbite  may  be  represented  by  the  general  formula  (FeO; 
MnOXTa*0*;  NbK)*).  Pure  tantalite,  as  that  of  Kimito,  contains  from  83  to 
85*8  per  cent,  tantalic  oxide,  and  pure  columbite  or  niobite,  fix>m  Greenland,  contains 
76  to  78  per  cent,  niobic  oxide ;  the  other  Tarietiee  yield  intermediate  numbers. 
(Marignac.) 

TantalatB  of  Yttrium^  or  YitrotantalUe,  is  found  native  at  Ttterby,  in  Sweden, 
in  red  felspar,  and  at  Broddbo  and  finbo  near  Fahlun, '  imbedded  in  quarts  and 
albite.  It  exhibits  the  following  varieties : — a.  The  black  tariety  exhibits  indistinct 
traces  of  crystallisation,  in  four-  or  six-sided  irregular  prisms  and  plates.  Hardness 
a  5*5.  Specific  gravity  —  5*395  (Berzelius),  5*67  (Rose),  and  6-40  after  heating. 
Lostre  submetallic  Streak  grey.  Opaque. — 3.  The  yellow  variety  is  non-ciystalline, 
and  occurs  in  laminae  in  the  fissures  of  &lspar.  Harojiess  —  5.  Specific  gravity  « 
5-882  (Ekeberg);  5-810  (Fotyka).  Lustre  resinous  on  the  surfiEuse,  vitreous  on 
the  firacture.  Colour  yellowish-brown  to  greenish.  Streak  white.  Opaque. — y.  The 
brown  variety  occurs  with  the  yellow  in  tlun  plates,  or  rarely  in  ^ins,  presenting  no 
trace  of  ezystaUisation.  Hardness  «  4-5  to  5.  Lustre  vitreous  mdinin^  to  resinous. 
Colour  black,  with  a  very  lisht  shade  of  brown ;  slightly  yellow  in  thin  plates  by 
transmitted  light.    Streak  ^te. 

The  several  varieties  of  yttrotantalite  give  off,  when  heated,  &om  3*9  to  5*54  per 
cent,  water,  are  invisible  alone  before  the  blowpipe,  but  decrepitate^  and  assume  a 
lighter  colour.  The  black  variety  froths  and  fuses  with  carbonate  of  sodium.  They 
dissolve  in  borax,  but  are  not  acted  upon  by  acids. 

The  following  analyses  are  taken  from  Kammelsbeig's  Mtneralehemie,  pp.  399, 
400: — a.  Black:  lost  by  isnition  5*74  per  cent  water  (Berzelius).^^.  Brown- 
black  :  those  specimens  which  retained  their  colour  on  ignition  lost  2*72  per  cent, 
water;  those  which  became  yellowish,  lost  6*06  per  cent  (Berselius).— «.  Yellow: 


TANTALUM:  SULPHIDE— TAR.  669 

loit  by  i^ition  4*85  per eent  miter  (B ersel  i  u  B).-*-<{^7Black :  speeiflo  graTitj  —  5*67 ! 
lost  by  Ignition  3'9  to  4*6  to  6*64  per  cent.,  timing  yellowisb-brown,  and  acquired 
a  specific  grayity  of  6*4  (Per eta). — e.  Specific  ^pntyity  6*468  (0 handler). — 
/.  Yellow,  taming  yellowish-brown  before  the  blowpipe ;  partially  decomposible  by 
solphoric  acid.    Spedfie  grayity  «  6*810  (Potyka) : 


/  ■■    ■*        -\ 


Tantalic  oxide  67*00        61*81        69*60        60*12  66*80  67'27  66*60 

Tungstic  oxide  8*26          2*69          1*26          104  0*67  1*86  0*49 

Stannic  oadde 0*10  0*10 

Yttria  20*26        38*62        29*90        29*78  20*22  18*64  26*62 

CeroQS  oxide  ..          ..          ••          ..  ..  .•  1*86 

Uianic  oxide  0*60          111          3*23          6*62 

Uranons  oxide 3*76  6*10  7*00 

Lime  6*26          3*26          3*29          0*60  7*18  4*78  3*60 

Kagneeia              1*33  0*76  019 

Ferric  oxide  3*60          0*66          2*72          1*16 

FerrooB  oxide 6*96  4*82  0*77 

Cnprie  oxide 0*40  0-69  0*43 

Water                  _. ^       _. ,__        . ^       _, ._  4*86  600  4^1 

96*76        97*86        99*89        99*21       100*07      100*00        99-66 

The  later  analyses  (d,  e,  f)  may  be  represented,  approximately,  by  the  formula 
2YO.TaO»  (Ta  -  137)  or  6Y0.TaH)»  (Ta  -  182).  As,  however,  the  mineral  con- 
tains tnngsten  in  Tarying  proportion,  the  brown  Tarieties  apparently  containing  more 
than  the  yellow,  the  composition  cannot  be  regarded  as  definitely  established,  es- 
pecially as  the  formula  just  given  takes  no  account  of  the  water. 

TJJrTAJbVaBv  8V&VBZBB  OFf  TaS*  ?,  is  obtained  by  igniting  tantalic  oxide 
in  vapour  of  carbonic  disulphide  (p.  666),  or  by  exposing  tantalic  chloride  to  the 
action  of  sulphydric  acid  gas :  the  product  is  not  perfectly  definite  in  either  case.  The 
first  process  yields  a  product  containing  28*6  per  cent.,  the  second  24*08  per  cent, 
sulphur:  the  formula  above  given  requires  26*01  per  cent.  Sulphide  of  tantalum  is  a 
black  substance,  which  acquires  a  brass-yellow  colour  by  trituration  in  an  asate  mortar. 
Heated  in  an  atmosphere  of  chlorine-gas,  it  is  converted  into  tantalic  tmloride  and 
chloride  of  sulphur.    (H.  Bose.) 

TAVAWHOAOAWCIA.  Iron  Coru^omerate, — ^A  peculiar  conglomerate  occurring 
near  Villa  Rica,  Itabira,  Congonhas  da  Campo,  Marianna,  and  other  placep  in  the  pro- 
vince of  Mines  Geraes,  Brazil,  superposed  on  ferruginous  mica-slate,  clay-slate,  itaco- 
lumite,  and  talooee  slate,  and  consisting  for  the  most  part  of  angular  fragments  of  iron- 
glance,  ferruginous  mica-slate,  ma^etie  iron-ore,  and  brown  haematite,  bound  together 
by  an  argillaceous  cement,  consisting  of  yellow,  brown,  or  red  ochre.  The  proportion 
of  cement  varies,  and  the  mass  contains,  besides  the  minerals  above  mentioned,  frag- 
ments of  itacolnmite,  day-slate^  quarzite,  and  other  rocks.  The  conglomerate  often 
contains  imbedded  laminn  of  gold.    (Handw.  d,  Ckem,  viiL  612.) 

TAVXOCA.  A  kind  of  starch  obtained  from  the  roots  of  Janijfha  Manihot  (p^ 
408). 

TAVXOUTB.  The  quadratic  variety  of  ferrous  tantalate  found  at  Sukkula  in 
Finland  (p.  667). 

VAlk  Theer,  &oi«2rofi.—-A  brown-black,  viscid,  oily  liquid,  produced,  together  with 
gaseous  and  watery  products,  in  the  dry  distillation  of  organic  bodies  and  bituminous 
minerals  (ii.  339).  It  has  generally  an  unpleasant,  and  sometimes  a  highly  fetid 
odour ;  and  is  a  mixture  of  various  substances,  acid,  neutral,  and  alkaline^  varyins  in 
composition  according  to  the  nature  of  the  original  body  and  the  temperature  applied 
in  t^  distillation.  dFar  obtained  from  vegetable  substances  has  an  acid  reaction,  but 
coal-tar  and  the  tar  of  animal  substances  are  alkaline. 

The  principal  groups  of  compounds  contained  in  tars  are  liquid  and  solid 
hydrocarbons,  alcohols, ethers,  acids,  and  bases,  together  with  resins,  and 
empy  reumatic  products  of  indeterminate  composition.  On  subjecting  the  tar  to 
repeated  distfllation,  the  more  volatile  and  liquid  hydrocarbons,  together  with  the 
alcohols  and  ethers,  pass  over  first*,  while  the  less  volatile  oils  consist  chiefly  of  acid 
and  bamc  compounds,  and  the  last  portions  which  distil  over  contain  the  solid  hydro- 
carbons. The  residue  left  after  about  half  the  tar  has  ditrtilled  orer  —  called  pitch,  and 
likewise  asphalt,  when  obtained  from  coal-tar — also  contains  solid  hydrocarbons,  toge- 
ther with  resinous  compounds. 

Bv  fractional  distillation,  the  more  volatile  constituents  of  the  tar  are  separated  into 
portions  of  constant  boiling-point,  or  boiling  at  temperatures  comprised  within  narrow 
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limits.  Tb»  oily  portioiui  are  treated  with  dilate  acida,  or  (aa  Hofmann  reoommexida) 
with  hydrochloric  acid  gas,  to  remoye  thebasioconstitaenta.  The  sevenl  alkali* 
are  then  sepanted  one  fnia  the  other  by  fractional  distillation,  or  by  firactional  oreci* 
pitation  of  their  platinnm-salts  (see  Pioolikb,  ir.  637).  The  oils  freed  from  these  bases 
aie  heated  with  strong  sulphnrie  add,  which  decomposes  a  number  of  indeterminate 
ampyremnatie  prodncts,  whereby  the  subsequent  separation  of  the  remaining  con- 
stituents is  much  facilitated. — The  acid  products  contained  in  the  seyeral  distillates 
are  removed  by  means  of  alkalis.  Strong  potash-ley  forms,  with  creosote  and  phenol, 
ciystallised  compounds,  by  means  of  which  these  bodies  can  be  separated  from  the 
rest  (iv.  389).  Potash^ley  and  milk  of  lime  are  also  frequently  used  to  free  the  neutral 
oils  from  resinous  bodies-^i^The  separation  of  the  neutral  oily  hydrocarbons  one 
from  the  otiier  is  effeeted  partly  by  fractional  distillation,  partly  by  other  methods. 
Mansfield,  by  subjecting  the  portion  of  light  coal-tar  oil  boihng  between  80^  and  90®, 
to  a  cold  of  —  10°,  separated  benzene  in  the  crystalline  form  from  the  other  hydro- 
carbons contained  in  it  (L  542).  The  olefines  G'H^  may  often  be  oonreniently  sepa^ 
rated  from  other  hydrocarbons  by  combining  them  with  bromine  (iii.  187) ;  and  by 
treating  the  bromine-oompoxmds  with  sodium,  the  olefines  may  be  set  free,  and  sepa- 
rated one  from  another  by  fractional  distillation.  The  hydrocarbons  of  the  benaene- 
series,  COB^-*,  may  be  separated  from  mixtures  of  hydrocarbons  by  conyertiBg  them 
into  nitro-compounds. 

The  chief  liquid  constitaents  of  wood-tar  are  methylic  acetate,  acetone,  hydrocarbona 
— ^namely  toluene,  xylene,  and  cumene — ^methol(a  mixture  of  yolatile  oils  boiling  be- 
tween 100°  and  265°),  eupione,  creosote,  and  a  number  of  indefinite  oxidised  compounds, 
including  picamar  and  capnomor.  Amongst  the  solid  portions  are  resinous  matters 
more  or  less  resembling  colophony;  also  paraffin,  naphthalene  (CH'),  anthracene 
(C"H"),  chiysene  (C"H»«)^  retene  (C'^H'^X  pyioxanthin,  pittacal,  and  cedriret. 

The  more  yolatile  portion  of  coal-tar,  called  light-oU  or  coal-naphtha^  consists 
mainly  of  benzene  and  its  homologueSi  together  with  a  nrmber  of  bases,  OH^— *N, 
commencing  with  pyridine,  C*H*N ;  the  naphtha  from  cannel  and  Boghead  ooal^  is 
chiAfly  composed  of  alcoholic  hydrides,  homologous  with  marsh-gas,  together  with 
olefines  and  homolognes  of  benzene.  The  less  yolatile  oil,  or  dead'oil  of  coal-tar,  con- 
tains phenol  and  cresol ;  also  aniline,  picoline,  chinoline,  and  other  yolatile  bases,  and  a 
number  of  solid  hydrocarbons,  induoing  naphthalene,  anthracene,  chiysene,  &c. — ^Tbe 
tars  obtained  from  peat  and  lignite  are  intermediate  in  composition  between  wood-tar 
and  coal-tar.  Shale-tar  contains  the-  same  hydrocarbons  as  Boghead  naphtha ;  also 
phenol,  and  a  large  quantity  of  the  bases,  C"H^*~^N,  homologous  with  pyridine^  (See 
NA.FHTKA,  iy.  2.) 

The  preparation  of  tar  from  coal,  peat,  lignite,  and  bituminous  shale,  has  acquired 
great  importance  of  late  years,  for  obtaining  paraffin  and  paraffin-oils  for  illumination 
and  lubrication  (iy.  342).  Coal-tar  has  a&  acquired  great  value  as  the  source  of 
aniline-colours,  and  of  phenol,  picric  acid,  &c.  fieayy  coal-oil  or  dead-oil  is  remar- 
kable for  its  antiseptic  q^ualities,  and  is  commonly  used,  without  further  purification, 
for  the  preseryation  of  timber  for  railway  sleepers,  &c  It  is  also  consumed  as  a  fuel 
in  common  lamps,  but  is  chiefly  used  for  burning  into  lampblack. 

Wood-tar  likewise  possesses  poweifrd  antiseptic  properties,  due  to  the  creosote  which 
it  contains:  hence  it  is  also  much  used  for  the  preseryation  of  wood,  especially 
in  shipbuilding.  In  Russia  and  Sweden  it  is  prepared,  by  a  mde  kind  of  distilla- 
tion, from  the  resinous  wood  of  the  pine.  A  conioal  cayity  is  formed  in  the 
side  of  a  hillock,  the  apex  of  the  cone  being  below,  and  terminating  in  an  aperture 
which  opens  into  a  trough  leading  to  a  reseryoir  for  the  tar.  The  kiln  is  filled  with 
wood  and  partially  coyered  over  with  turf;  the  pile  is  lighted  at  the  top,  and  the 
combustion  is  regulated  by  coyering  it  more  or  less  completely  with  turf.  The  wood 
is  thus  charred  from  above  downward,  and  the  tar  flows  out  at  the  bottom,  charged  with 
a  considerable  quantity  of  resin,  and  mixed  with  acetic  acid  and  oil  of  turpentine.  On 
heating,  an  impure  essence  of  turpentine  is  distilled,  leaving  a  black  resinous  substance, 
which  constitutes  ordinary  pitch.  The  tar  thus  prepared  is  known  in  commerce  as 
Stockholm  tar. 

The  process  just  described  is  evidentiy  a  very  wasteful  one,  especially  entailing  the 
loss  of  the  greater  part  of  the  more  yolatile  products  of  the  distillation-— acetic  acid, 
wood-spirit,  &C.  Accordingly,  wood-tar  is  now  more  generally  prepared,  like  the  other 
kinds  of  tar,  by  distillation  in  cylinders.   (For  details,  see  Handw,  d.  Chem,,  viii.  660.) 

r.    See  the  next  article. 


LOmK  OWmjMMAltM,  LeofUodon  Taraxoeum.  Danddion, — The 
herb  and  root  of  this  plant  are  used,  either  singly  or  together,  for  the  preparation  of 
Extract  of  JkmdeHot^,  The  herb  contains  the  usual  plant-constituents — albumin,  gum, 
sugar,  mucilage,  &c.    The  root  contains  a  milky  juice,  whidi,  on  exposure  to  the  air. 


TABNOWITZITB-TAKTAB. 


en 


eoagulates,  depouts  eaoiitcliouc,  and  aoquiies  a  violot-bioini  ooloor.  John  ftnind  in  it 
n  bitter  eztnustive  matter,  together  with  sugar,  gum,  traces  of  resin,  ftee  T^getable  acid, 
and  the  ordinary  salts.  The  substance  here  called  gum  is  doubtless  partly  inulin 
(iii.  277)»  the  presence  of  which  in  the  aqueous  extract  of  dandelion  has  been  demon- 
BtratedbyFrickinger  (Bnchn.  Bepert.  xxiii.  46),  Widemann  (tMii.  xliii.  281), 
Oyerbeek  (Arch.  Pharm.  xdii.  240),  and  others.  T.  and  H.  Smith  (Pharm.  J. 
Trans,  riii.  480),  by  treating  the  extract  of  the  root  prepared  with  cold  water  and  eva- 
porated to  a  syrup,  with  ilDohol,  obtained  a  precipitate  of  albumin,  pectin,  &c ;  and 
the  liquid  filterod  therefrom  deposited,  on  evaporation,  oystals  of  mannite.  They  are, 
however,  of  opinion  that  the  mannite  does  not  pre-exist  in  the  root,  but  is  produced 
from  cane-sugar,  or  from  inulin,  bv  fermentation,  under  the  inihience  of  the  albumin* 
Perhaps  ifcs  formation  is  oonneoted  with  that  of  lacHc  acid,  the  caloium-salt  of  which 
constitutes  the.  deposit  often  formed  iuMdlaao  taraxaci,  especiaUv  after  long  standing. 

The  bitter  substance  of  the  root,  the  so-called  tarazacin,  and  the  resin,  have  been 
examined  by  Pol  ex  (Arch.  Pharm.  xiz.  60).  The  mliky  juiee  of  the  root  is  received 
in  water  and  heated  to  the  boiling-point,  and  the  liquid  is  Altered  from  the  coaguhim 
of  resin  and  albumin  which  forms  on  cooling.  The  filtrate^  after  concentration  and 
further  evaporation  in  free  air,  at  a  moderate  heat,  deposits  taraxacin  in  warty  crystals, 
which  mav  be  purified  by  reciystaJfisation  from  water  or  akohoL  They  taste  pleasantly 
bitter,  andsomewhat  sharp ;  meLteasily,  giving  off  inflammable,  non-ammoniaoal  vapours; 
and  dissolve  readily  in  ether,  alcohol,  and  boiliiijg  water.  Taraxacin  also  dissolves 
without  alteration  m  ooncentrated  acids,  and  is  indifferent  to  most  other  reagents. 
(Pol  ex.) 

If  the  ooagolum  above  mentiMied  be  exhausted  with  boiling  alcohol,  and  the  filtrate 
left  to  evaporate,  resin  of  taraxacum  is  deposited,  in  white  cauliflower-Uke  crusts. 
It  meUs  easily,  takes  fire  with  difficulty,  is  dissolved  by  ether,  not  by  caustic  alkalis,  is 
but  sli^tly  attacked  bv  nitric  acid,  but  is  dissolved  with  yellow  colour  by  warm 
snlphuno  add.  The  shazp-tasting  alcoholic  solution  is  not  precipitated  by  basic 
acetate  of  lead  (Pol ex).  See  also  Kro mayor  (Arch.  Pharm.  ev.  6),  who  designates 
the  dried  milky  juice  of  dandelion  as  leontodium. 


TAXVOHTITZITB.  Breithaupt*s  name  for  the  plumbiferons  arragonite  of  Tar- 
nowits  in  Upper  Silesia,  sometimes  containing  as  much  as  4  per  cent,  of  plumbic  carbo- 
nate. It  forms  prismatic  or  pointed  crystals,  and  cylindrical  eggregetes  of  white  or 
^eenish  colour.  It  has  a  specific  gravity  of  2*8  to  3*01,  and  if  moistened  with  sulphu- 
ric acid,  after  ignition,  turns  first  red  and  then  black.  According  to  Websky  (Zeitschr. 
d.  deutsch.  geolpg.  Qesellsch.  ix.  737)»  the  crystals  have  the  same  form  as  those  ol 
arragonite. 


VTAMm  A  generic  name  for  salts  of  tartaric  add,  but  applied  especially  to  the 
add  tartrate  of  potassium,  which  in  the  crude  state,  as  deposited  from  fermenting 
grape-inice,  is  called  crude  tartar  or  argol,  and  when  purified  by  solution  and  ve- 
erystallisation,  cream  of  tartar. 

Crude  tartar  or  argol  is  of  a  pale,  pinkish,  or  dark-red  colour,  according  as  it  is 
deposited  from  white  or  firom  red  wines.  It  forms  a  hard  crystalline  crust,  varving 
in  thickness  with  the  character  of  the  grape,  the  degree  of  ripeness  which  it  has  been 
allowed  to  attain,  and  the  peculiarities  of  the  processes  adopted  in  different  vineyards. 
Besides  add  tartrate  of  potassium,  which  is  its  essential  constituent,  it  usually  containa 
tartrate  of  caldum  and  various  impurities.  Scheurer-Kestner  found  in  a  sample  from 
Tuscany,  73*67  per  cent,  tartaric  add,  22*13  potash,  0*62  glucose,  0-88  cellulose,  0*32 
silica,  0*26  oxide  of  iron,  1*39  magneda,and  0*73  colouring-matter.  The  same  chemist 
gives  the  following  statement  of  the  results  of  numerous  analyses  of  tartars  fh>m 
various  localities : — 


Locmlity. 

Quality 

Acid  Tartrate  of  Potassium 
per  cent. 

Tartrate  of  Calclom 
per  ceot. 

Alsace 

Switzerland  .... 
Burgundy     .        •        «        . 
Tuscany       ■        •        •        . 
Hungary       .        •        •        . 
%)ain   .        .        •        •        . 

White 

ft 
Red 

White 

it 
Red 

77*60    84-95     85-10 

73-50    85-90 

8210 

84*50    85*20    8850 

67-30 

24-20 

4-6       7*8     9-9 

7-7     18*3 
46*25 

9*20 
45-20 

The  best  tartars  come  from  Italy  and  the  South  of  France. 

Tartar  is  used  for  the  manufacture  of  tartaric  acid,  and  of  carbonate  of  potassium  (iv. 
718).  For  the  first  mentioned  purpose,  the  presence  of  a  large  amount  of  mucilaginous 
ov  other  oiganic  matter  is  yeiy  objectionable.    To  remove  this  impurity,  a  cons^rablo 
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propoition  o£  the  aigol  sent  to  this  country  is  previously  submitted  to  a  simple  process 
of  porificatton,  which  consists  in  redissolving  it  in  hot  water,  and  adding  a  small  quan- 
tity of  clay  in  fine  powder.  The  day  becomes  mixed  with  the  flooculent  matter,  and 
canies  it  down  to  the  bottom  of  the  vesseL  The  clear  solution  is  concentrated  and  a 
crop  of  crystals  obtained,  which  is  then  called  tartar.  The  repetition  of  the  process 
^elds  a  proportionally  purer  article,  and  tartars  are  met  with  in  this  country,  contain- 
ing from  85  to  98  or  09  per  cent  acid  tartrate  of  potassium. 

On  the  other  hand,  tartars  are  very  often  firaadulently  adulterated  with  sulphate  and 
chloride  of  potassium,  sulphate  and  chloride  of  calcium,  and  other  cheap  materials, 
00  that  it  is  of  importance  to  the  manufiicturer  of  tartaric  add  to  possess  a  ready  method 
of  ascertaining  the  quantity  of  tartaric  acid  contained  in  them.  Now,  the  direct 
estimation  of  tartaric  add  is  difficult,  as  none  of  its  salts  are  insoluble  in  water ;  hence 
it  has  been  usual  to  estimate  the  proportion  of  it  in  tartars  by  determining  the 
quantities  of  potash  and  lime  present,  and  redLoning  both  bases  as  tartrates.  Such 
a  method,  however,  would  dearly  lead,  in  the  case  of  adulterated  tartars,  to  an 
over-estimation  of  the  amount  of  tartaric  add  present  Hence  it  is  necessary  to 
determine  not  only  the  amount  of  bases,  but  likewise  that  of  the  sulphuric,  car- 
bonic, or  other  acids  present^  besides  the  tartaric;  to  calculate  the  quantities  of 
base  required  to  saturate  these  adds ;  and  redcon  only  the  remainder  as  tartrates. 
An  exact  and  ready  method  of  ascertaining  the  oommerdal  value  of  tartars  is  stall  a 
desideratum. 

Tartrate  of  caldum  can  scarcely  be  regarded  as  an  impurity  in  tartar  intended  for 
the  manufiicture  of  tartaric  add,  inasmu^  as  the  first  step  in  the  preparation  of  that 
acid  is  to  convert  the  tartrate  of  potassium  into  tartrate  of  calcium.  Nevertheless,  the 
presence  of  a  condderable  quantity  of  caldc  tartrate  in  the  tartar  is  objectionable, 
because  it  quickly  undergoes  decomposition  under  the  influence  of  damp,  and  is  eon- 
verted  into  carbonate.  For  this  reason  dry  storing^places  are  of  great  importance  for 
preserving  tartars  and  aigols,  especially  those  containing  much  tartrate  of  calcium. 
(See  Biehardson  and  Watts's  Chemical  Tseknoioffy,  i  [5],  182,  168.) 

;    Fotasdo-antimonious  tartrate. 

C*H«0«  -  (^'^rio^orCC^H'O^'lo*.— This  for- 
mula represents  the  composition  of  five  different  tetratomic  and  dibasic  adds,  some  of 
which  agree  with  one  another  in  nearly  all  their  chemical  charactera,  though  they  are 
all  distinguished  bv  marked  difi&rences  of  physical  properties,  especially  in  their  crys- 
talline forms  and  their  rdations  to  polarised  light  TkeM  five  modifications  of  tar- 
taric acid  are : 

1.  Dextrotartaric  or  ordinarv  Tartaric  acid,  which  forms  anhydrous,  hemi- 
hedral,  rhombic  crystals,  and  turns  the  plane  of  polarisation  of  a  luminous  ray  to  the 
right. 

2.  Lnvotartaric  or  Antitartaricacid,  whidi  also  forms  anhydrous,  hemihe- 
dral,  rhombic  crystals,  but  turns  the  plane  of  polarisation  to  the  left. 

8.  Paratartarie  or  Bacemic  acid,  which  forms  hydrated,  holohedral,  tridinie 
crystals,  is  optically  inactive,  and  may  be  separated  into  dextrotartaric  and  laerotartaric 
acids  (p.  35). 

4.  Inactive  Tartaric  or  Mesotartaric  acid,  which  is  also  without  action  on 
polarised  light,  but  is  not,  like  the  preceding,  resolvable  into  dextrotartaric  and  Uevo- 
tartaric  adds. 

5.  Metatartaric  acid,  a  modification  produced  by  the  action  of  heat  upon  ordi- 
nary tartaric  add,  is  deliquescent  and  uncrystallisable ;  its  salts  differ  ftom  those  of 
ordinary  tartaric  add  by  their  crystalline  form  and  greater  solubility. 

Dextrotartaric  and  bevotartaric  acids  resemble  one  another  exactly  in  specific  gravity, 
solubility,  and  all  their  physical  properties,  excepting  crystalline  form,  action  on  polarised 
light,  and  pyroelectrical  relations.  Their  crystals  are  bounded  by  the  same  number 
of  faces,  inclined  to  one  another  at  exactly  the  same  angles ;  but  they  epihibit  certain 
hemihedral  faces,  which,  when  the  crystals  are  similarly  placed,  are  situated  to  the 
light  in  the  one  crystal,  and  to  the  left  in  the  other ;  so  that  the  two  crystals,  though 
similar,  are  not  superpodble,  but  are  related  to  one  another  {ike  an  objsct  and  its  re- 
flected image.  Solutions  of  th^  two  adds  of  the  same  strength  deflect  the  plane  of  pola- 
risation by  exactly  equal  amounts — ^the  one  to  the  right,  the  other  to  the  left:  [a]  s 
*  9*6  (see  Light,  iii.  675).  Both  adds  exhibit  pyroelectricity,  but  in  opposite  direc- 
tions, a  crystal  of  either  acid,  when  heated  and  left  to  cool,  exhibiting  podtive  electri"" 
dty  on  the  dde  on  which  the  hemihedral  fiices  are  situated. 
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The  same  relations  of  crystalline  form,  optical  rotatory  power,  and  pyzo-eleetrictty, 
are  exhibited  by  the  corresponding  metallic  salts  of  dextrotartaric  and  1»to- 
tartaric  acids. 

When  solutions  of  eqnal  weights  of  deztro-  and  Isevo-tartaric  adds  are  mixed,  the 
mixture  yields  by  evaporation  holohedral  crystals  of  racemio  add.  Mixtures  of  equal 
weights  of  the  corresponding  metallic  salts  also  yield  racemates,  except  in  the  case  of 
the  ammonio-Bodic  salts  (iii.  675). 

Dextro-  and  Isevo-tartaric  acids  Anther  resemble  one  another  exactly  in  their  chemi- 
cal relations  to  all  substances  which  have  no  action  on  polarised  light;  but  when  they 
come  in  contact  with  other  optically  active  substances,  this  chemical  identity  no  longer 
exists.  In  some  casee,  one  of  the  acids  easily  forms  compounds  which  cannot  be  pro- 
duced with  the  other ;  in  other  cases,  the  two  acids  yield  compounds  identical  in  compo- 
sition, but  differing  considerably  in  their  properties.  Thus,  dextrotartaric  add  combines 
readily  with  asparagine,  forming  a  crystalline  compound ;  but  Isvotartaric  add  forms 
with  it  only  an  uncrystallisable  syrup.  The  acid  ammonium-salt  of  dextrotartaric  acid 
forms  a  crystallisable  double  salt  with  the  add  ammonium-salt  of  optically  active 
malic  acid ;  add  Isevotartrate  of  ammonium,  on  the  contrary,  does  not  form  a  corre- 
sponding compound.  Dextrotartrate  of  dnehonine  contains  2  at.  water  of  crystallisa- 
tion, dissolves  easily  in  absolute  alcohol,  gives  off  its  water  and  begins  to  become 
coloured  at  100^  ;  the  kevotartrate  of  dnehonine  contains  only  }  at  water,  but  bears 
a  heat  of  140^  without  alteration.  The  dextro-  and  Isevo-tartrates  of  quinine,  bmdne, 
and  strychnine  e:diibit  similar  differences  (i.  683,  977 ;  ▼.  24,  442). 

The  different  reactions  of  the  two  oppodte  tartaric  acids  with  optically  active  sub- 
stances afford  the  means  of  resolving  racemic  acid  into  its  component  adds.  When 
dnchonicine  is  dissolved  in  racemic  add,  the  solution,  at  a  certain  degree  of  ooncen* 
tration,  deposits  at  first  crystals  of  Isevotartrate  of  cinchonicine ;  from  a  solution  of 
quinicine  in  racemic  add,  on  the  other  hand,  dextrotartrate  of  quinicine  crystallises  out 
first. 

Racemic  acid  may  also  be  decomposed  by  fermentation.  When  a  few  spores  of 
Pvnieillium  glaucum  are  introduced  into  a  solution  of  racemic  acid  containing  traces 
of  an  alkaline  phosphate,  fermentation  is  set  up,  the  dextrotartaric  add  is  decom- 
posed,  and  if  the  fermentation  be  interrupted  after  a  certain  time,  the  liquid  contains 
nothing  but  Isevotartoric  acid. 

When  dextrotartrate  of  dnehonine  is  heated  for  some  time  to  170^,  part  of  the  dex- 
trotartaric acid  is  converted  into  IsBvotartaric  add,  and  the  two  combine,  forming 
racemic  acid.  Laevotartaric  add  may  be  converted  into  racemic  add  in  the  same 
manner.  Bacemic  add  is  also  produced  by  the  action  of  heat  on  ethylic  tartrate  (p. 
36).  (Pasteur,  Ann.  Ch.  Phann.  bcdi.  164  ;  Ixxxiv.  167  ;  Ixxxviii.  211 ;  Jahresb, 
1847-48,  pp.  31,  206;  1849,  pp.  127,  307 ;  1852,  p.  175;  1853,  p.  423  ;  1858,  p.  248 ; 
1860,  p.  250.) 

Saztrotartarlo  Acid«  C'H'O*.  Ordinary  Tartaric  Acid.  Dextroracmnic  Acid, 
Tartersdttre.  Tartrylsaure,  Weinsdure.  Weinsteinsdure.  Sal  essentiaie  tartari,  Acide 
tartarique. — This  acid  was  first  obtained  in  the  free  state  by  Scheele  in  1770,  but  its 
existence  in  tartar  had  been  previously  suspected  by  Duhamel,  Marggraf,  and 
Bouelle.  It  is  very  widelv  difihsed  in  the  vegetable  kingdom,  occurring  as  frequently 
as  citric  and  malic  acid.  Its  existence  in  grape^'uice,  as  add  tartrate  of  potassium, 
lias  long  been  known ;  the  older  chemists  in(leed,  Van  Helmont  and  otners,  were 
aware  that  the  tartar  depodted  from  wines  existed  ready-formed  in  the  juice  of  the 
grape.  It  is  also  found  in  the  free  state,  or  as  a  potassium-  or  caldum-salt,  in  tama- 
rinds, unripe  mountain-ash  berries,  madder-root,  potatoes,  Jerusalem  artichokes, 
sorrel,  girkms,  mulberries,  pine-apples,  black  pepper,  the  leaves  of  Chelidonium  mqfuSf 
the  bulbs  of  ScUla  maritima,  &c. 

Dextrotartaric  add  is  artifidally  produced : — a.  Mostly  together  with  racemic  acid, 
by  the  oxidation  of  saccharic  acid,  ana  of  dextroglucose,  cane-sugar,  milk-sugar,  starch, 
gum,  and  sorbin,  with  nitric  add  (p.  35). — 3.  By  boiling  add  bromomalate  of  caldum 
(iii.  795)  with  lime-water.  Adds  having  the  com{K)sition  of  tartaric  are  also  said  to 
be  produced. — y.  From  dtric  acid,  when  lemon-juice  is  kept  for  a  year  in  bottles 
(Schindler,  Ann.  Ch.  Pharm.  xxxi.  280). — 8.  From  a  solution  of  pyroxylin  in  potash 
(Eerckhoff  and  Renter,  J.  pr.  Chem.  xlvi.  284);  but  it  is  not  stated  whether 
these  adds  are  identical  in  phydcal  properties  with  dextrotartaric  acid.  The  acid 
C'H'O*,  obtained  by  boiling  tne  silver-salt  of  dibromosuccinic  acid  with  water,  or  its 
calcium-salt  with  lime-water,  is  optically  inactive.  (Kekul^,  p.  459,) 

Preparation, — Tartaric  add  is  always  prepared  from  add  tartrate  of  potassium — on 
the  small  scale  from  the  puiified  salt  (cream  of  tartar),  on  the  large  scale  from  par- 
tially purified  tartars  or  crude  argots.  A  boiling  solution  of  the  acid  tartrate  is  first 
treated  with  pounded  chalk  or  whiting,  to  convert  it  into  insoluble  sulphate  of  calcium 
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and  soluble  neatral  tartrate  <^  potaarinm : 

2C«H*KO«  +  Ca'CO"     -     C«H*K*0«  +  C«H*Ca-0«  +  H«0  +   C0«. 

The  mixture  is  throvn  on  a  filter ;  and  the  filtered  solution  of  neutral  potassie  tar- 
trate is  mixed  with  solution  of  calcic  chloride,  or  with  precipitated  calde  sulphate, 
obtained  from  a  preTious  operation,  whereby  the  whole  of  the  tartaric  acid  is  precipi- 
tated as  tartrate  of  calcium.  The  two  lime-precipitates  are  then  boiled  with  a  quan- 
tity of  dilute  sulphuric  add  suffident  to  convert  the  whole  of  the  caldum  into 
sulphate ;  and  the  filtered  solution  of  tartaric  add  is  evaporated  to  a  syrap  at  a  gentle 
heat,  then  left  to  itself  in  a  warm  place,  where  it  deposits  an  additional  quantity  of 
calcic  snlphate,  and  finally  transferred  to  the  crystallising  vessels.  The  presence 
of  an  excess  of  sulphuric  add  greatly  favours  the  crystallisation  of  the  tartaric  add, 
but  it  acts  injuriously  dnring  the  subsequent  evaporation  of  the  mother-liquors,  as 
it  becomes  more  and  more  concentrated,  and  ultimately  decomposes  a  considerable 
quantity  of  the  tartaric  acid  still  remaining  in  solution.  (For  details  of  the  manu- 
&cturing  process,  see  Bichardson  and  Watts's  Chemical  Teehnology,  voL  i  pt.  v. 
p.  138.) 

&aBw«fwrtaurto  Aoid,  C*K'0*.  Aniitartarie  Acid.  Lcnoracemic  Jeid.-^'The  for- 
mation of  this  add  by  the  decomposition  of  racemic  add  has  already  been  mentioned. 
When  equal  weights  of  raoemic  add  are  saturated,  the  one  with  soda,  the  oUier  with 
ammonia,  and  mixed,  the  mixture  deposits,  on  cooling  or  spontaneous  evaporatioD, 
large  beautiful  crystals  of  a  double  salt,  all  of  which  are  hemihedral,  one  half  of  them 
having  the  hemihedral  forces  oppositely  situated  to  those  of  the  o^er  half;  and  on 
carefully  separating  these  two  kinds  of  crystals  (the  solutions  of  whidi  exhibit  equal 
and  opposite  actions  on  polarised  light),  purifying  them  by  recrystallisation,  predpita- 
ting  tne  solutions  by  nitrate  of  lead,  and  decomposing  the  lead-salts  with  sulphuric  or 
sulphydric  add,  solutions  are  obtained  which  on  evaporation  yield  crystals — the  one  of 
dextrotartaric  add,  agreeing  exactly  in  character  with  those  obtained  from  tartar,  as 
above  described ;  the  other  of  Isevotartarie  acid,  agreeing  with  dextrotartaric  add  in  all 
respects,  excepting  in  the  opposite  hemihedry  of  its  crystals,  and  the  opposition  of  it<i 
optical  and  pyro-eleetric  properties.  Bespecting  the  preparation  of  hevotartaric  ad  I 
by  the  fermentation  of  raoemic  acid ,  and  by  the  action  of  heat  on  tJie  raoemates  of 
cinchonicine  and  quinidne,  see  p.  673. 

Properties. — Tartaric  add  crystallises  in  monoclinie  prisms,  having  the  axes  a:  b:  c 
«  0-7845  :  1  :  0-8054.  Angle  5  :  0  -  79^  43';  ooP  :  ooP  (orthod.)  -  102'' 52' ; 
[Poo]  :  [Poo]  (clinod.)  -  89<»  26*;  -Poo  :  e  -  46®  0';  +P00  :  c  -  67*»  30'. 
Ordinary  combination  ooP  .  ooPoo  .  —Poo  .  +P00  (the  last  often  wanting)  . 
[Poo  ].  The  faces  [Poo  ]  are  often  developed  only  at  one  extremity  of  the  orthodia- 
gonal,  and  on  one  or  the  other  side  of  the  erystals,  according  as  the  add  is  dextio-  or 
uero-rotatory.    These  fifices  are  often  greatly  predominant. 

The  crystals  are  colourless  and  transparent,  and  do  not  contain  any  water  of  crystal- 
lisation; their  specific  gravity  is  1*75  (Bichter);  1-789  (Buignet,  Jahresb.  1861, 
p.  15).  They  are  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether ;  the  aqueous 
solution  becomes  covered,  after  a  while,  with  a  fungous  growth.  The  quantities  of  the 
crystallised  add  contained  in  aqueous  solutions  of  different  densities  are  as  follows 
(Schif^  Jahresb.  1859,  p.  41) : 

Weif ht  of  cryitalllsed  acid  Specific  gntTftr  of 

in  100  pU.  of  lolatkm.  lolotion  at  1b5. 

83  11654 

22  1-1062 

14*66  1-0690 

11  1*0511 

7*88  1*0887 

8-67  10167 

On  mixing  the  oonoentzated  solutions  of  dextro-  and  Isevo-tartarie  add,  oystals  of  ra- 
cemic add  are  abundantly  deposited,  with  evolution  of  heat  quite  perceptible  to  the  hand. 

Respecting  the  molecular  rotatory  power  and  the  pyro-electriaty  of  the  two  opposite 
tartaric  adds,  see  p.  672.  Their  pyro-electricity  is  very  strong,  the  heat  of  the  hand 
developing  it  sufficiently  to  affect  a  sensitive  electroscope. 

The  solution  of  tartaric  acid  forms  white  precipitates  with  the  aqueous  solutions  of 
caustic 5ar^,  etronHa^  lime,  taidaeetateof  lead,  but  it  does  not  precipitate  the  chloride 
of  barium,  strontium,  or  caldum.  Tartaric  add  is  distinguishea  from  racemic  add  by 
the  greater  solubility  of  its  caldum-salt  (p.  36). 

Tartaric  add  added  in  excess  to  the  solution  of  a  potaseium-ealt  forms  a  white  crys- 
talline predpitate  of  add  potassie  tartrate,  provided  the  solution  is  not  too  dilute : 
the  addition  of  alcohol  renders  the  reaction  much  more  delicate :  the  formation  of  the 
predpitate  is  also  accelerated  by  stirrings  and  by  rubbing  the  sides  of  the  vessel  with 
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a  glaBB  rod.  The  precipitate  is  soluUe  in  free  alkalis,  which  eonvwt  it  into  neutral 
tartrate;  hence,  fbr  detecting  small  qnantities  of  tartario  acid  in  a  solution,  firee  potash 
should  not  be  used,  but  rather  chloride  or  nitrate  of  potassium,  an  excess  of  which 
does  not  dissolye  the  acid  tartrate.  Tartaric  acid  may  be  detected  in  presence  of  a 
considerable  quantity  of  citric  acid  by  mixing  the  solution  with  acetate  of  potassium, 
and  an  equal  volume  of  strong  alcohol.  On  we  other  hand,  a  small  quantity  of  citric 
acid  may  be  detected  in  the  midst  of  a  large  quantity  of  tartaric  add,  by  removing  the 
latter  as  above,  evaporating  the  alcoholic  mtrate,  and  treating  the  residue  with  chloride 
of  calcium  at  the  boiling  heat  (i.  995).  (Spiller,  Chem.  Soo.  Qu.  J.  z.  110 ;  see  also 
Schnitser,  Jahresb.  1862,  p.  626.) 

DeeompasiHoM. — 1.  Tartaric  acid  melts  between  170°  and  180^,  and  is  gradually 
converted,  without  loss  of  water,  into  the  isomeric  compound,  metatartaric  acid 
(p.  688).  By  prolonged  heating,  water  is  eliminated,  and  tartralic  or  di tartaric 
acid,  C»H>«0"  -  2C*HH)«  -  H«0,  is  produced  ;  then  tartrelic  acid,  C<H*0»  - 
C^HH)*  —  HK) ;  and  ultimately  insoluble  tartaric  anhydride,  isomeric  with 
the  last.  If  the  heat  be  increased,  decomposition  takes  place,  resulting  in  the  forma- 
tion of  p^tartarie  and  pyroracemic  acios  (iv.  769-771),  together  with  acetic  acid, 
formic  acid,  aldehyde,  farhaol,  ethylene,  carbonic  anhydride,  &e. 

2.  Taztarie  add  heated  with  fused  hydrate  ofpotassimm  is  resolved  into  acetic  and 
oxalic  adds: 

8.  By  the  oxidation  of  tartaric  add  {e^.  by  the  action  of  chromates,  permanga- 
nates, peroxide  of  manganese,  peroxide  of  lead,  minium,  &c.),  carbonic  anhydride  and 
formic  acid  are  generally  produced.  The  solution  of  the  add  warmed  with  salts  of 
silver,  gold,  and  platinum,  reduces  the  metals.  By  slow  oxidation,  espedally  by  the 
spontaneous  decomposition  of  nitrotartaric  acid,  an  oxidation-product  less  removed 
^m  tartaric  add  is  formed — ^namely,  tartronie  acid: 

C*HW  +  0«     -    C»H*0»  +  HK>  +  CO*. 
Tartaric  Tartronie 

acid.  add. 

4.  By  the  action  of  hydriodie  acid  or  iodide  of  phosphorus,  tartaric  add  is  reduced 
to  malic  or  to  succinic  acid: 

C*H«0«  +  2HI     -     H«0  +    !•  +  C*H«0». 
Tarteric  Malic 

add.  acid. 

C*H*0«    +    4HI  -  ffl*0  +  2P  +  C*H«0*. 

Tartaric  Succinic 

acid.  acid. 

5.  WUhpentaehloride  of  phosphorus,  tsxtaiic  add  yields  chloromaleic  chlo- 
ride, C^HCIO'.CI*.  (Perkin  and  Duppa;  see  Mausxc  Acid,  iii.  788.) 

6.  Pulverised  tartaric  acid,  digested  for  several  hours  with  chloride  of  acetyl,  is  con- 
verted into  diaceto tartaric  anhydride,  CHX)'  (Perkin,  Chem.  Soc.  Qu.  J.  xx. 
160): 

C*HK)«  +  2C*H»0C1     =     2HC1  +  H«0  +  C^H*(C«H»0)«0». 

7.  Tartaric  add  heated  to  150°  in  a  sealed  tube,  with  an  equivalent  quantity  of 
heneoic  ac«, yields  benzotartaric  acid,  C"H»»0'  «  C*H*(C'H*0)0«  «  C*H«0«  + 
C»H«0*  -  H«0.  (Dessaignes,  J.  Pharm.  [3]  xxxii.  47.) 

8.  Tartaric  add  is  decomposed  by  strong  sulphurio  acid  and  by  nitric  add.  With 
very  strong  nitric  acid  it  forms  nitrotartaric  acid. — Chiorine  and  bromine  act  but 
slightly  upon  the  aqueous  solution. 

9.  ^Q  fermentation  of  cmde  tartrate  of  calcium  yields  butyracetic  add.  (Nollner, 
i.  688.) 

10.  Tartaric  acid  heated  with  o^AoJ^,  monatomic  or  polyatomic,  forms  ethers,  with 
elimination  of  water ;  in  like  manner  with  cane-sugar,  glucose^  dulcite,  querdte,  and 
other  saccharoidal  substances.  (See  Tabtasic  Ethers.) 

Tartratea. — ^Tartaric  add,  as  already  observed,  is  tetiatomic,  and  for  the  most 

H«      ) 
part  dibasic,  2  of  the  hydzpgen-atoms  in  the  molecule,  (C^H'C)''  I-  O^,  being  easily 

H«      j 
replaceable  b^  metals,  and  the  other  two  bv  alcoholic  or  add  radicles.    With  mona- 
tomic metals,  it  forms  add,  neutral,  and  double  salts,  like  the  following : 


H«    1 

H«     ) 

H»     ) 

C*HK)« 

0* 

C*H«0«   0^ 

C«BPO«    0« 

H.K 

K«    . 

Na.K 

AddpotaMic 

Neutral  potaaalc 

Sodio-potaMic 

tartrate. 

tartrate. 

tartrate. 
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With  diatomic  metftla,  it  fonns  neutral  salts,  C^H^M^O*,  and  double  salts  conaisting  of 
a  double  molecule  of  Uie  acid,  in  which  2  at.  hydrogen  are  replaced  by  a  diatomic 
metal  and  2  at  more  by  an  alkali-metal ;  $.g, : 

C*H«0«>0*  (C*H*0«)nO» 

Ba"  3  Ba"K»i 

Neotnl  baric  Baric  poUiclc 

urtracc.  tartrate. 

With  triatomio  metals,  tartaric  acid  forms  a  peculiar  dass  of  salts— best  known 
in  the  case  of  antimony — ^the  constitution  of  which  may  be  illustrated  by  the  following 
formula: 

^°'^'^}o  ^""S^lo  (C'H;or|g. 

Acid  antlmoDlous  Potauio-antimoDioot  Neutral  antimonloiu 

tartrate.  tartrate.  tartrate. 

These  formulm  are  a  topical  expression  of  the  idea  that  one  of  the  throe  atomicities 
of  the  antimony  takes  the  place  of  1  at.  of  the  typical  hydrogen  of  the  tartaric  acid, 
binding  instead  of  it  one  atomicity  of  the  typical  oxygen  (Kekuli).  The  same  salts 
may,  howeyer,  be  formulated  similarly  to  the  ordinary  tartrates,  by  supposing  1  at.  of 
the  basic  hydrogen  to  be  replaced  by  the  monatomic  radicle  antimonyl  obO ;  thus : 

H»        )  H'        )  H«        ^ 

(C*HK)7' H)«  (C*H«07'>0*  (C*HK)7' 10* 

ILSbO)  K.SbO    J  (SbO)«    ( 

Add  antlmonioua  PotaMlo-aDtimonioiii  Neutral  antimonlous 

tartrate.  tartrate.  tartrate. 

When  these  salts  are  heated  to  160° — 200°,  they  giye  off  water,  and  form  com- 
pounds which  may  be  regarded  either  as  tartrates  in  which  the  triatomic  antimony 
replaces  three-fourths  of  the  typic  hydrogen  of  the  acid : 

H.Sb^"  J"  K.Sb-j"' 

or  as  antimonylic  deriyatiyes  of  the  first  anhydride  of  tartaric  add : 

H.SbOp  K.SbO   {"  (SbO)«    p- 

Tartaric  acid  forms  similar  compounds  with  arsenic  and  with  boron.  (Kekul^'s 
Lekrbuch,  ii.  201.) 

The  first  of  the  formulsB  aboye  giyen  for  the  antimony-salts  dried  at  160° — 200° 
represents  tartaric  acid  as  tetrabasic ;  and  this  yiew  is  fiirther  in  accordance  with  the 
known  existence  of  a  tetrapliuibic  tartrate  (p.  682) ;  but  in  most  of  its  relations^ 
tartaric  acid,  as  already  observed,  is  only  dibasic. 

The  neutral  tartrates  of  the  alJtalumetals  are  yeiy  soluble  in  water;  the  acid 
tartrates  of  potassium  and  ammonium  are  sparingly  soluble ;  all  tartrates  are  insoluble 
in  alcohol.  Hence,  tartaric  acid  dissolved  in  alcohol  does  not  decompose  carbonates. 
The  neutral  tartrates  of  the  earth-fnetals  and  heavy  metals  are,  for  the  most  part, 
insoluble  or  sparingly  soluble  in  water,  but  dissolve  in  aqueous  tartaric  add,  also  in 
hydrochloric  and  in  nitric  acid;  also,  with  exception  of  the  silver-  and  mercury- 
salts,  in  excess  of  potash  or  soda.  Ammonia  likewise  dissolves  all  tartrates,  except- 
ing tartrate  of  mercury. 

Tartaric  add  added  to  the  solutions  of  most  metallic  salts  preyents  their  predpita- 
tion  by  alkalis.  According  to  Aubel  and  Ramdohr  (Ann.  Gh.  Pharm.  dii.  33  ; 
Jahresb.  x.  572),  metallic  oxides  may  be  divided,  according  to  their  behaviour  with 
caustic  potash  or  soda  in  presence  of  tartaric  acid,  into  the  three  following  groups : — 
a.  Oxides  soluble  in  the  alkali  in  presence  of  tartaric  add,  and  not  precipitated  on 
boiling :  alumina,  bismuth-oxide,  chromic  oxide,  cobaltous  oxide,  cupric  oxide,  ferric 
oxide,  glucina,  lead-oxide,  nickel-oxide,  platinic  oxide,  zinc-oxide. — /9.  Oxides  pre- 
dpitated  on  boiling firom  the  alkaline  solution,  if  moderately  dilute:  auric  oxide 
(reduced  on  boiling),  cadmium-oxide,  mangnnous  oxide,  uranic  oxide. — 7.  Insoluble : 
mercuric  oxide,  mlver-oxide  (reduced  on  boiling),  stannous  oxide.  (See  further  H. 
Grothe,  J.  pr.  Ghem.  xcii.  176 ;  Jahresb.  1864,  p.  686.) 

Most  of  tne  soluble  tartrates  crystallise  easily,  and  some  (especially  the  double 
salts)  form  large  well-defined  crystals.  The  oystals  are  invariably  bemihedral,  and 
their  solutions  turn  the  plane  of  a  polarised  ray  to  the  right  or  to  the  left,  according 
to  the  position  of  the  bemihedral  faces.  The  dextro-  and  Isevo-tartmtes  are  likewise 
opposite  in  their  pyro-electric  properties.  In  all  their  other  characters  they  resemble 
one  another  exactly,  and  the  solution  of  a  dextrotartrate  mixed  with  that  of  an  equal 
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ireight  of  the  con*esponding  Isevotartrate  forms  a  mixtare  which  yields  holohedral 
and  opticallj  inactive  cryst^s  of  the  corresponding  racemate,  exoeptiug  in  the  case  of 
the  Bodio-ammonic  salts,  which  erystalliBe  out  separatelj,  as  deztro-  and  Isevo-tar* 
trates  (p.  674). 

Tartrates  cfJcined  in  contact  with  the  air  give  off  the  odour  of  bnmt  sugar.  Their 
dilute  aqueous  solutions  become  covered  after  a  while  with  fangi. 

The  composition  of  the  tartrates  has  been  established  chiefly  by  the  analyses  of 
Berselius  (Pogg.  Ann.  xix.  305,  zzxvi.  4;  Ann.  Ch.  Phvs.  [2]^lzvii.  303),  Bulk 
(Schw.  J.  bdv.  180, 193),  Wert  her  (J.  pr.  Chem.  xzxii.  383),  and  Dumas  and  Piria 
(Ann.  Ch.  Phys.  [3]  v.  353):  see  also  GTndifCa  Handbook,  z.  273-326.  The 
crystalline  forms  of  a  great  number  of  tartrates  have  been  determined  by  De  la  Pro  - 
vostaye  (Ann.  Ch.  Phys.  [3],  iii.  129)  and  Pasteur,  and  their  optical  properties  by 
Biot  and  Pasteur  (see  references,  p.  673). 

a.  Tartrates  containing  only  Monatomic  Metals, 

Tastbates  of  Akkokiux. — The  neutral  salt,  C*H*(NH')*0',  is  obtained  by 
evaporating  a  solution  of  the  acid,  neutralised  with  ammonia  or  carbonate  of  ammo- 
nium, in  prismatic  crystals,  which  are  veiy  soluble  in  water,  and  e£9oresce,  with  loss 
of  ammonia,  on  exposure  to  the  air.  The  crystals  are  monoclinic,  having  the  axes 
a  :  h  \  e  ^  0-868  :  1  :  1-244.  Angle  5  :  c  «  SS*'  9' ;  [P<»  :  Poo  ]  (dinod.)  • 
69°  50* ;  +  Poo  :  c  -  39°  31'.  Ordinary  combination,  oP  .  ooPoo  .  +  Pgo  .  [Poo  ]  j 
also  with  -h  P  and  —  P  subordinate.  Cleavage  perfect  parallel  to  oP.  The  fieMses 
[Poo  ]  are  present  in  only  half  the  number  required  by  the  law  of  symmetry :  the 

crystals  are  therefore  hemihedral.  Botatory  power  [a],  <-  ^29^.  Specific  gravity 
of  the  crystals  «  1  -666.    (S ch  i  £^  Jahresb.  1 859,  p.  1 6.) 

The  acid  salt,  or  bitartraie  of  ammonia,  C^H*(NH*)0*,  is  precipitated,  on  adding 
tartaric  acid  to  the  solution  of  the  neutral  salt,  as  a  crystalline  powder,  exhibiting 
under  the  microscope  beautiftd  shining  laminse,  forming  oblique-angled  parallelograms 
or  hexagonal  plates,  elongated  and  often  hemitropic.  It  is  slightly  soluble  in  cold, 
very  soluble  in  boiling  water.  The  crystals  are  trimetric,  and  isomorphous  with  the 
acid  potassium-salt.  Axes  a\h:o  «  0*6933  :  1  :  0*7086.  Angle  P  :  P  (brack)  = 
127°  18';  P  :  P  (macr.)  -  100°  20';  P  :  P  (basal}  =  102°  24^;  ooP  :  ooP  (macr.) 
-  69°  28';  ?ao  :  foo  (basal)  -  70®  38';  2Poo  :  2foo  (basal)  -  109°  36'; 
3J^ao  :  3Fao  -.  129^  36'.  The  crystals  exhibit  the  same  faces  as  those  of  the  acid 
potassium-salt  (p.  678),  and  cleave  most  easily  parallel  to  oP.  They  are  hemihedral, 
the  P-faces  being  alwaj^s  unequally  developed ;  four  of  them,  two  at  each  end,  being 

very  small  or  non-existent»  whilat  the  other  four,  which  are  much  larger,  are  so 

p 
situated  as  to  form,  by  sufficient  prolongation,  the  irregular  tetrahedron  —  (De   la 

Provostaye).  According  to  Hahn  (Jahresb.  1859,  p.  286),  the  crystals  exhibit 
the  combination  ooP  .  ooPf  .  ooP2  .  oot^oo  .  P  .  Poo ;  axes  a\h'.e  ->  0*72988  :  1  : 
0-83425;  angle  ooP  :  ooP  (macr.)  «  72°  15';  Poo  :  Poo  (over  c)  -  100<>  20'. 
The  specific  gravity  of  the  crystals  is  1*680.  (Schiff.) 

Acid  dextrotartrate  of  ammonium  combines  with  optically  active  acid  malate  of 
ammonium,  forming  the  salt  C^H»(NH*)0«.C*H*(NH*)0»,  which  crystallises  in  thick 
acuminated  prisms  (Pasteur).  The  acid  lievotartrate  does  not  form  a  similar 
compound. 

Tabtbatbs  of  Cjbsiuk. — The  fteu^o/^af/ra^^  is  very  deliquescent  (Bun sen). — 
The  acid  salt,  C*H*CsO',  crystallises  in  rhombic  prisms,  isomorphous  with  the  rubidium- 
salt.  Axes  aih:c  «  0*694  :  1  :  0*661.  Angle  P  :  P  (brach.)  -  128°  50';  P  :  P 
(macr.)  «  103°;  P:  P  (basal)  =  98°  80'.    Observed  combination,  ooPoo   .  ocpoo 

•  ooP  (the  latter  very  subordinate  and  imperfect),  together  with  the  sphenoids  +  ^ 

P  4P3 

.  ',  and  —  ^-jr-.    The  crystals  are  dextro-  or  laevo-rotatoiy,  according  as  one  or  the 

other  of  the  sphenoidal  &ceB  —  is  absent  or  subordinate  (they  rarely  occur  together) ; 

the  &cee  *--^  occur  only  in  Isevo-rotatory  crystals.      Cleavage  perfect  parallel  to 

ooPoD  and  ooPoo ,  both  of  which  &ces  are  striated  parallel  to  the  principal  axis.  The 
striation  and  cleavage  distinguish  the  crystals  from  those  of  acid  potassic  tartrate, 
to  which  they  bear  a  general  resemblance  (J. P.  Cooke,  Sill.  Am.  J.  [2],  xxxvii.  70). 
They  disolve  in  10-3  pts.  water  at  25°,  and  in  1*02  pt.  boiling  water.  (Allen,  ibid. 
xxxiv.  367.) 

TartbatbsofLithiu  m. — The  neutral  salt  is  white,  deliquescent,  and  uncrystal- 
lisable.— The  acid  salt,  2C*H*LiO*.3H*0,  forms  small  crystals,  very  soluble  in  water. 
(Dulk.) 
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TLRTUkTM,  MascvBOVfl. — ^ThiB  iait  is  obtained,  by  pMcipiUtion,  ai  a  whita 
eiTBtallme  powder,  or  in  the  form  of  shining  needles  or  scales.  It  is  insoluble  in  water, 
but  Tcry  sotnble  in  nitrio  add.    Boiling  water  decompoaes  and  turns  it  grey. 

Tabtbatbs  of  Potassium. — Tlie  nsutral  salt,  C^H^KH)*,  prcmared  by  satu- 
rating the  acid  salt  with  carbonate  of  potassium,  crystallises  with  dimeultjr  in  short 
monc^nic  prisms,  the  fM»s  of  which  hsTe  generally  Tery  little  lustre.  Axes  a:b:c 
-  0*4021 : 1 :  11085.  Angle  5  :  <t  -  75<>  1  2* ;  ooP  :  ooP  (orthod.)  -  1340  50'; 
+Pao:  0  im  62?  6';  — P<x>  :  e  a  87^  25'.  The  most  frequently  oocnzzing  fi^es  are : 
ooP,  oP,  ooPoo ,  [  ooPoo  ],  +  Poo ,  —Poo ;  move  rarely  +  jfj?  occurs.  Cleavage  parallel 
to  -fPoo  and  — Foo. 

One  part  of  neatral  potassic  tartrate  diasoWes  in  0*75  pt  water  at  2^,  in  0^  pt  at 
U^,  in  0*68  pt.  at  23<»,  and  in  0*47  pt.  at  64^  (Osann).  It  is  Tary  di^tly  soluble 
in  boiling  alcohol.  Host  acids  added  to  the  solution  of  this  salt  precipitate  the  add 
tartrate ;  Inomine  fonns  the  same  predpitate  without  attackinff  the  tartaric  add. 

The  aeid  §aU,  bUartraU  of  potaak,  or  cream  of  tartar^  CH'KO*,  is  contained  in 
gCB^juioo^  and,  being  mudi  less  soluble  in  alcoholic  li<^uids  than  in  water,  is  depodted, 
during  the  vinous  fermentation  of  the  juice,  in  erystaUine  crusts,  called  crude  tartar 
or  ar goL  The  same  depodt  is  formeid  in  many  kinds  of  wine  when  kept  in  casks  or 
bottles,  and  constitutes  tne  well-known  crust  of  port-wine.  The  salt  likewise  eocists 
in  many  other  vegetable  juices.  Crude  tartar,  when  purified  by  reoystallisation, 
yields  cream  of  tartar.  The  pure  salt  is  also  formed  whenever  tartaric  add  is  added 
m  excess  to  the  solution  of  a  ]^tasdum-salt. 

The  crystals  of  add  potassic  tartrate  belong  to  the  trtmetrie  system,  and  are  iso- 
morphous  with  the  acid  ammonium-salt.    Axes  a  :  5  :  e  »  0*7115  :  1  :  0*7372. 


Angle  P  :  P  (brach.)  -  125«  46^;  P  :  P^macr.)  -  100°  20';  P :  P  (basal) 
1030  28';   ooP  :  ooP  (macr.\^-  7(P  52';  Poo   :  Poo  (basal)  «  72®  4rf;  2t« 
2Poo    -  111^42^;  8^00  :  8P00    -  181<' 20'.    Ordinary  combination  P .  ooP,  with 


ooPoo  and  the  above-mentioned  brachydiagonal  domes.  One  half  of  the  crystals  is 
generaUy  sphenoidically  enlarged  in  comparison  with  the  other  half.  Cleavage  most 
distinct  parallel  to  oP.  Specific  gravity  of  the  crystals  »  1*973  (Schiff);  1*956 
(Buignet). 

Add  tartrate  of  potasdnm  is  but  slightly  soluble  in  water,  requiring  for  eolation 
about  240  pts.  of  water  at  10^,  and  15  pts.  of  boiling  water.  It  is  insoluble  in  strong 
alcohol,  but  dissolves  easily  in  concentrated  mineral  adds  and  in  alkalis,  which  con- 
vert it  into  the  neutral  tartrate. 

The  following  determinations  of  the  solubility  of  add  potasdc  tartrate  in  water,  at 
various  temperatures,  have  been  made  by  AUuard  (Compt.  rend.  lix.  500;  Jahiesb. 
1864,  p.  94)  and  by  Chancel  (Compt  rend.  Ix.  408;  Jahresb.  1865,  p.  830),  in 
pure  water  and  in  water  containing  10*5  per  cent,  alcohol.  Alluard's  determinations 
were  made  under  a  barometrical  pressure  of  718  mm. : — 

MMUtif  of  Onam  of  Tartar,  C<H*KO«. 


TcBipMvtQrs. 

QoantitiM  of  Salt  dlMoWed  in  100  pU.  by  weight  of 

water. 

Qaaatitlei  of  Salt  diiaolvad 

In  100  pt«.  bj  weight  of 

wirter  ooDtalnlns  10*6 

par  cant.  alooboL 

Chancel. 

Allnard. 

Chancel. 

0«C. 

5 
10 
15 
20 
25 
30 
35 
40 
50 
60 
70 
80 
90 
100 

0*82 

0-40 

0*57 

0-90 

1*81 
1*81 
2*40 
8*20 
4*50 
5*70 
6*90 

0-24 

0*80 

0*87 

0*45 

0*55 

0-67 

0*805 

0*96 

118 

014 

0175 

0*21 

0*25 

0*805 

0*37 

0*46 

6-57 

0*70 

A  saturated  aqueous  solution  boils  at  99*6^  (Alluard).  The  solubility  of  the 
salt  in  water  or  in  dilute  alcohol  is  not  diminished  by  the  presence  of  e^ncose. 
(ChanceL) 
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The  aqueoHs  solution  nddena  litmiu-paper,  and  disBolTea  a  oonsidArable  number  of 
metalHc  oxides,  fomiing  double  taztxates. 

Cream  of  tartar,  when  calcined,  emits  a  pnngent  odour  like  that  of  burnt  bread,  and 
leaves  a  residue  of  potassic  carbonate,  mixed  with  eharooal,  the  Sal  fixwn  tartan  of 
the  older  chemists ;  calcined  with  ssltpetre,  it  yields,  according  to  the  proportions, 
the  black  or  wMUfiux  need  in  metallurgical  and  assaying  operations. 

Cream  of  tartar  is  one  of  the  mordants  most  frequently  employed  in  the  dyeing  of 
wooL  Mixed  with  pounded  ehalk  and  alum,  it  forms  an  excellent  powder  for  cleaning 
silver. 

Jmmonio^tauk  tartrate,  CH*(NH*)EO*,  obtained  by  saturating  cream  of  tartar 
with  ammoma  or  its  carbonate,  forms  monodinic  crystals  isomorphous  with  neutral 
potassic  tartrate.  They  alter  quicUy  in  the  air,  giving  off  ammonia»  and  are  veiy 
soluble  in  water. 

Liihio-potauie  tartrate,  CHfLiKO^HK),  is  very  soluble  in  water,  and,  aoooiding  to 
Z  ep  h  ar  ov  i  ch  (Wien.  Akad.  Ber.  xli  620),  erystalJises  in  laise  rhombic  prisms,  having 
the  axes  a:  b:e  ^  0*5477  :  1  :  0*4430;  angle  ooP  :  ooP  (brach.)  »  122<>  34'; 
P  :  ooP  oi  132<'  41'.  They  exhibit  the  combination  ooP  .  odI^  .  ooI>2  .  ooiPoo .  P  . 
oP,  hemihedral  £rom  predominance  or  exclusive  development  of  four  of  the  P-fkoes. 
Cleavage  imperfect  parallel  to  oP. 

Tabtbatss  of  Bubidxum. — ^The  neutral  salt  has  not  been  described. — ^The 

acid  salt,  C'H'BbO',  is  isomorphous  with  the  add  cnsium-salt,  exhibiting  the  same 

4P3 
faces  with  the  exception  of ^,  also  the  same  striation  and  deavsge.  Axes  a:b:o 

»  0*726 :  1  :  0*696.  AngleP  :  P  (brach.) -126C> 48';  P:P(macr.)  «  108<>  40' ;  P  :  P 
(basal)  «>  00^  84'  (J.  P.  Cooke).  The  crystals  are  permanent  in  the  air,  at  oidinaiy 
tempemtures,  and  at  100^  they  dissolve  m  8*45  pts.  water  at  25^,  and  in  8*5  pts.  of 
boiling  water.  The  great  diflkrance  of  solubility  between  this  and  the  csesium-salt 
affords  a  means  of  separating  the  two  metals  by  fractional  crystallisation  of  their  add 
tartrates.   (Allen.) 

Tabtbatb  or  Siltbb,  CH^Ag*0*. — ^This  salt  is  obtained,  as  an  amorphous 
curdy  predpitate,  on  mixing  a  cold  dilute  solution  of  silver-nitrate  with  a  dilute  Solu- 
tion of  Bocnelle-sflJt  slightly  addulated  with  nitric  add :  if  the  solutions  are  mixed  at 
the  boiling  heat,  the  mixture  turns  brown,  and  deposits  brown  lamina  of  metallic  sil- 
ver. If  a  hot  moderatdy  strong  solution  of  Bochelle-salt  be  added  to  a  dilute  solu- 
tion of  silver>nitrate,  and  the  liquid  heated  to  80^,  till  the  predpitate  begins  to 
be  permanent  (a  certain  quantity  of  the  silver-nitrate  remaining  undecomposed),  the 
filtered  solution,  on  cooling,  yields  tartrate  of  silrer,  in  white  scales  having  a  metallic 
lustre. 

Tartrate  of  silver  is  nearly  insoluble  in  water.  It  blackens  on  exposure  to  light,  and, 
when  heated,  gives  off  carbonic  an^dride  and  pyrotartaric  add,  leaving  a  spongy 
shining  residue  of  metallic  silver,  llie  dry  salt  is  quickly  decomposed  by  chlorine, 
yielding  chloride  of  silver  and  empyreumatic  products.  When  chlorine  is  passed  into 
water  in  which  tartrate  of  silver  is  suspended,  carbonic  anhydride  is  given  off,  and 
chloride  of  silver  is  obtained,  together  with  unaltered  tartaric  add. 

A  solution  of  tartrate  of  silver  in  ammonia  deposits  metallic  silver  at  the  boiling 
heat,  while  the  liquid  retains  in  solation  a  peculiar  ammoniacal  salt,  which  is  less  so- 
luble in  water  than  tartrate  of  ammonium,  and  crystallises  on  coolins. — Caustic  jto^osA 
and  soda  decompose  tartrate  of  silver  at  ordinary  temperatures,  oxide  of  silver  being 
separated,  and  tne  liquid  apparently  retaining  potassio-argentic  or  sodio-ai^entie  tar- 
trate. (Liebig  and  Bedtenbacher,  Ann.  Ch.  Pharm.  xxxviii.  132.-^£rdmann, 
J.  pr.  Chem.  xxv.  604.) 

Tabtbatbs  or  Sod ivx.— The  fifu^ro/so/^,  C^H^a*0*.2H>0,  crystallises  in  tri- 
metric  prisms  having  the  axes  a:b  :  c^*  0*7696  :  1  :  0*3366.  Angle  ooP  :  ooP  (brach.) 
«  104*  60';  ooP :  Poo  -  lOS®  31' ;  Poo  :  Poo  (basal)  «  1320  44':  a>P  :  ooPoo  » 
142*>  26' ;  ooP  :  ooPoo  -  127®  36'.  Ordinary  combination  ooP  .  oopoo .  obPao  .  Poo 
(De  laProvostaye).  The  crystals  have  a  specific  gravity  of  1*704  (Buignet). 
They  are  limpid,  permanent  in  the  air,  soluble  in  6  pts.  of  cold  water,  rery  soluble  in 
hot  water,  insoluble  in  absolute  alcohoL  When  heated,  they  melt  in  their  water  of 
crystallisation.  3j  rapid  crystallisation  the  salt  is  obtained  in  tufts  of  needles. 

The  acid  salt,  C^H*NaO'.H*0,  is  formed  on  mixing  a  hot  solution  of  the  neutral  salt 

with  ^  pt.  tartaric  acid,  and  separates  in  crystals  on  cooling.    It  dissolves  in  9  pts.  of 

cold  and  1*8  pt.  boiling  water,  but  is  insoluble  in  alcohoL   It  is  difficult  to  obtain  this 

salt  in  large  crystals,  but,  by  leaving  a  drop  of  the  hot  solution  to  evaporate  under  the 

microscope,  small  beauti^ly  defined  crystals  soon  make  their  appearance,  having  the 

p 
form  of  right  rhombic  prisms  odP,  bevelled  at  each  end  by  the  hemihedral  feuceB  •^. 
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Amnumio-sodic  tartraU,  C«H«Na(NH«)0*.4H'0,  ib  obtained  by  saturatiDg  acid  tir- 
trate  of  ammoDimn  with  carbonate  of  sodium,  and  concentrating  the  solution  ;  alao  by 
Tniying  the  varm  solutions  of  equivalent  quantities  of  the  sodium-  and  ammonium-salts 
of  racemic  acid,  and  cooling  the  solution,  or  leaving  it  to  evaporate,  deztro-  and  Isevo- 
tartrate  of  sodium  and  ammonium  being  then  deposited  m  equal  qnantitiee.  The 
crystals,  which  are  often  of  considerable  size,  are  trimetric,  and  isomorphous  with 
those  of  the  potassio-sodic  salt.  Axes  a.b'.e  »  0-8233  :  1  :  0*4200.  Angle  ooP  :  ooP 
(inacr.)  «  78®  Stf  ;  ooP2  :  oo^imacr.)  -  44®  44';  foo :  Poo  (basal)  «  64®  4';  fa>: 
Poo  (basal)  *»  45°  84'  ;  2^ao :  2Pao  (basal)  «  80^  4'.      Ordinary  combination    ooP  . 

ooftj  (often  predominant)  .  oopoo .  oof  oo  .  too .  2f  oo ,  Poo . oP. i— •  the  hemihedral 

faces  being  situated  on  one  side  or  the  other  of  the  crystals,  according  as  the  salt  is 
dextro-  or  leyo-rotatory.  Botatoiy  power  [a]j  «  126°.  Specific  gtsTity  of  the 
eiystalB  «  1*587.  (Schiff.) 

LUkio-'Sodie  tartrate^  C*H<LiNaO*.2BL'0,  resembles  the  lithio-potassic  salt 

PatassiO'Sodto  tartrate,  RoehelU  or  Sdgnette  salt,  C«H*KNaO«.4H*0.— This  splendid 
■alt  is  prepared  by  adding,  in  small  portions  and  successively,  4  pts.  cream  of  tartar, 
and  about  3  pts.  of  crystallised  sodic  carbonate,  to  1 2  pts.  of  boiling  wafer.  When  the 
whole  has  been  added,  the  liquid  must  be  tested,  to  enstire  that  it  is  slightly  alkaline, 
and  then  concentrated  by  evaporation.  On  cooling,  it  deposits  fine  large  crystals  of 
the  double  salt,  and  the  mother-liquors  yield  an  additional  quantity ;  aS«r  a  certain 
time,  however,  they  deposit  nothing  but  needles  of  sodic  tartrate ;  but  by  redissolving 
these,  and  adding  cream  of  tartar,  an  additional  quantity  of  Bochelle-salt  may  be 
obtained.  The  crystals,  which  are  often  very  large,  are  rhombic  prisms,  isomorphous 
with  the  preceding  salt.  Axes  a  :  h  i  c  =  0*8317  :  1  :  0*4296.  Angle  ooP :  ooP 
(macr.)  -  79°  80';  oo^:  ool»2  (maw.)  »  45°  10';  Poo  :  Poo  (basal)  =  64°  38'; 
Poo :  pGO  (basal)  »  46<'  30';  2Pao  :  2Pgo  (basal)  -  81°  20'.  The  crystals  exhibit,  for 
the  moat  part,  the  same  faces  as  the  ammonio-sndic  salt ;  Poo ,  however,  is  usually  but 
slightly  developed.    Spedftc  gravity  «  1*767  (Schiff);  1*790  (Buignet). 

The  crystals  melt  in  their  water  of  crystallisation  between  70°  and  80°,  forming  a 
transparent  liquid,  which  begins  to  boil  at  120°,  the  ebullition  continuing  till  the  tem- 
perature rises  to  215°,  by  which  time  all  the  water  (amounting  to  25*1  per  cent.)  is  driven 
off.  The  residue  is  a  viscid  mass,  which  remains  transparent  when  cold,  and  absorbs  mois- 
ture firom  the  air(Fre8enius,  Ann.  Ch.  Pharm.  liii.  234). — The  dry  salt  dissolves  in 
2*62  pts.  water  at  5°  (Presenius).  The  crystals  dissolve  in  3*3  pts.  water  at  3^,  in 
2*4  pts.  at  11°,  and  in  1*5  pt.  at  26°  (Osann) ;  in 2  pts.  at  5*6°,  in  1*2  pts.  at  12*5°,  in 
.0*42  pt  at  25°,  and  in  0*3  pt.  at  37'5°  (Brandes).  The  solution  saturated  at  8°  has 
a  density  of  1*254. 

JRuMiO'Sodie  tartrate,  C«H^RbNaO*.4H*0.— The  solution  of  this  salt,  when  left  to 
evaporate  spontaneously,  solidifies  to  a  transparent  jelly ;  but,  by  slow  cooling  of  a  hot 
solution,  crystals  are  obtained  isomorphous  with  KocheUe-salt,  and  exhibiting  the  same 
faces,  with  addition  of  2p2  and  2pQ0  .  (Piccard,  Jahresb.  1864,  p.  125.) 

Tabtbatks  of  Thallium. — The  neutrcU  m/^,  C*H*T1'0*,  is  slightly  soluble  in 
water  and  in  alcohol.  The  crystals,  which  usually  occur  as  twins,  appear  to  be  trimetric, 
but  di£ferent  in  form  from  the  neutral  ammonium-  and  potassium-salts.  De  la  Pro- 
vostaye  {Dves,  as  approximate  measurements  of  the  angles,  ooP  :  ooP  (macr.)  «  60^ ; 
'  ooP  :  ooP,  «  120°;  .  oopoo  ;  Poo  =  131°;  ooP  :  Poo  -  110°.  The  crystals  ar« 
anhydrous  alterable  in  the  air,  become  carbonised  at  170°,  and  at  higher  temperatures 
leave  yellow  oxide  of  thallium,  with  a  small  quantity  of  reduc^  metal. 

The  acid  salt,  CH^IO",  is  precipitated,  on  adding  tartaric  add  to  a  solution  of  the 
neutral  salt,  in  small  fiat  prisms,  which  are  difficult  to  measure.  De  la  Pmvostaye 
gives,  as  approximate  angular  values,  ooPoo:  ooP  «-  123°;  Poo:  Poo  «  108°  to  110°; 
ooPoo :  Poo  -■  125°  to  126° ;  these  angles  are  nearly  the  same  as  in  the  acid  tartrates 
of  ammonium  and  potassium.  This  salt  is  less  soluble  than  the  neutral  tartrate  of 
thallium.  (Kuhlmann,  Jahresb.  1862,  p.  188.) 

/3.  Tartrates  containing  Diatomic  Metals, 

Tabtbatb  ov  Babium,  C*E*Ba"0*,  is  precipitated,  on  mixing  tartrate  of  potas- 
sium with  chloride  of  barium,  or  tartaric  acid  with  barjrta-water,  in  whit«  fiocks,  which 
become  crystalline  when  left  at  rest ;  it  is  insoluble  in  excess  of  tartaric  acid. 

Pbtassio-barie  tartrate,  C*H^'Ba"K«0«.2H«0,  or  C*H*Ba''0''.C*H«KK)".2H«0,  is 
obtained,  as  a  sparingly  soluble  pulverulent  precipitate,  on  evaporating  a  solution  of 
cream  of  tartar  with  barTta-water.--/SiM;«c>-6ar»0  taHraU,  C"H«Ba"Na«0".2H*0,  is  pre- 
cipitated on  mixing  a  solution  of  Bochelle-salt  with  chloride  of  barium ;  if,  however, 
the  solutions  are  dilute,  it  separates,  after  some  time  only,  in  the  form  of  needles ;  it 
is  slightly  soluble  in  water,  more  soluble  in  solution  of  HochoUe-salt 
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Tabtaatb  of  Cadmium  forms  woolly  needles,  nearly  insoluble  in  water. 
Tabtbatbs  of  Calcium. — The  neutral  salty  C*H*Ca"0*.4H'0,  exists  in  several 

Slants,  especially  in  grapes,  and  is  sometimes  found  in  small  crystals  in  the  tartar 
epotdted  firom  the  juice.  It  is  precipitated,  as  a  white  ciystalline  powder,  on  mixing 
tartrate  of  potassium  with  a  solution  of  calcic  chloride ;  if  the  liquors  are  dilute,  the 
precipitate  does  not  appear  for  some  minutes.  Tartaric  acid  forms,  with  lime-water, 
copious  white  flocks,  which  gradually  become  ciystalline ;  the  precipitate  redissolyes  in 
excess  of  tartaric  acid ;  and  the  solution,  when  left  at  rest,  deposits  crystals  of  neutral 
calcic  tartrate.  The  hard  shining  ciystals  of  this  salt  are  right  rhomboidal  prisms, 
ooP,  having  the  basal  summits  modified  by  the  octahedral  face  P.  Angle  ooP  : 
ooP  «  97°  Sy;  P  :  P  -  122«'  16'.  (Pasteur.) 

Tartrate  of  calcium  is  very  slightly  soluble  in  cold,  rather  more  soluble  in  boiling 
water.  According  to  F.  Mohr  (Jahresb.  1865,  p.  393),  it  requires  for  solution  6,265 
pts.  of  water  at  15^,  and  352  pts.  of  boiling  water.  Mineral  acids,  acetic  acid,  and 
cream  of  tartar  dissolye  it  easily.  The  solutions,  unless  very  concentrated,  are  not 
immediately  precipitated  by  ammonia,  but  the  mixture,  after  some  time,  deposits 
crystals  of  neutral  calcic  tartrate.  The  flocculent  precipitate  formed  in  a  solution  of 
calcic  chloride  by  neutral  potassic  tartrate,  dissolves  in  sal-ammoniac,  and  the  liquid 
gradually  deposits  crystals  of  calcic  tartrate. 

Crude  tartar  containing  tartrate  of  calcium,  when  kept  in  a  moist  warm  place,  often 
passes  into  a  state  of  fermentation,  induced  by  vegetaole  organisms  present  in  it,  the 
tartaric  acid  being  converted  into  butyraoetic  acid.  This  change  is  especially  liable  to 
take  place  during  the  prenaiation  of  tartaric  acid  in  warm  weather,  after  the  crude 
tartar  has  been  mixed  wiui  lime. 

Acid  tartrate  of  Calcium,  C»H»*Ca'0",  or  C*HH)u''0«.C^H«0«,  appears  to  exist  in  the 
juice  of  Rhus  Typhinum^  and  is  produced  (according  to  Dulk)  on  adding  tartaric  acid 
to  lime-water  tul  the  precipitate  redissolves :  the  solution,  if  left  to  itself,  deposits 
crystals  of  neutral  calcic  tartrate,  but  if  evaporated  immediately,  it  yields  rhomboidal 
octahedrons  of  the  add  tartrate,  having  the  angles  of  the  terminal  edges  •■  82®  b<f  and 
163®.  The  crystals  are  transparent,  redden  litmus,  are  slightly  soluble  in  cold  water, 
more  soluble  in  boiling  water. 

Potassio-calcic  tartrate  appears  to  be  obtained,  in  the  crystalline  state,  by  spon- 
taneous evaporation  of  a  mixture  of  cream  of  tartar  and  lime-water.  Neutral  tartrate 
of  calcium  dissolves  at  a  gentle  heat  in  caustic  potash,  and  the  saturated  solution  deposits 
part  of  the  neutral  salt  on  addition  of  water.  When  boiled,  it  is  converted  into  a 
thick  pasty  mass,  but  becomes  clear  again  on  cooling.  Tartrate  of  calcium  dissolves 
when  boiled  with  solution  of  neutral  potassic  tartrate,  and  the  liquid,  evaporated  to  a 
syrupy  consistence,  solidifies  on  cooling  to  a  mass  of  needles. 

Soduinealcic  tartrate  is  precipitated  in  flocks,  on  mixing  a  solution  of  Bochelle-salt 
with  chloride  of  calcium ;  if  the  solutions  are  dilute,  it  is  gradually  deposited  in  small 
needles.  It  is  slightly  soluble  in  water,  more  soluble  in  excess  of  Kochelle-salt,  still 
more  in  chloride  of  calcium. 

Caustic  soda  reacts  with  tjtrtrate  of  calcium  like  caustic  potash. 

Tabtbatb  of  Cobalt  is  a  red  crystallisable  salt. — Potassio-cobaitous  tartrate 
forms  large  rhomboidal  prisms. 

Tabtbatbs  of  Coppbb. — Cupric  tartrate,  C*H*Cu"0*.3H*0,  is  a  light-green 
crystalline  powder,  precipitated  on  mixing  the  neutral  potassium-salt  with  cupric  sul- 
phate or  mtzate.  It  dissolves  in  1,715  pts.  of  cold  water,  and  in  310  pts.  of  boiling 
water ;  also  in  nitric  acid,  but  is  insoluble  in  tartaric  acid. 

Potateio-cupric  tartrate  is  obtained  in  blue  crystals  by  boiling  cupric  oxide  or 
carbonate  with  cream  of  tartar.  Cupric  tartrate  dissolves  in  caustic  potash,  form- 
ing a  blue  liquid.  Cupric  salts  mixed  with  tartaric  acid  are  not  precipitated  by 
alkalis. 

A  solution  of  cupric  sulphate  mixed  with  potash,  and  a  sufficient  quantity  of  tartaric 
acid  to  prevent  precipitation,  is  reduced  by  boiling  with  many  organic  substances, 
especially  glucose,  ana  is  used  for  the  estimation  of  the  latter  (ii.  860). 

when  a  solution  of  potassio-cupric  tartrate  is  exposed  to  the  action  of  chlorine,  or 
mixed  with  an  alkaline  hypochlorite,  not  in  excess,  a  yellow  precipitate  is  formed,  con- 
Biflting  of  a  compound  of  2  at.  cu]^ious  formate  (CHCuO')  with  1  at.  sodic  carbonate 
(CNa'O*) ;  afterwards  cuprous  oxide  is  separated.  (E.  Mil  Ion,  Compt.  rend.  Iv.  513 ; 
Jahresb.  1862,  p.  216.) 

A  basic  eodio-cupric  tartrate,  C«H»NaH:u''0".2Cu0.7H*0  (?),  is  obtained  bv  dissolving 
cupric  tartrate  in  a  boiling  solution  of  sodic  carbonate ;  the  blue  liquid,  when  concen- 
trated, deposits  the  double  salt  in  mammellated  groups  of  small  tabular  crystals,  very 
soluble  in  water.  If  the  boiling  be  too  much  prolonged,  a  precipitate  of  cuprous  oxide 
is  formed. 
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Ammfomaeal  Omprio  Tbrfrote*.— The  tOrammoniated  9aU,  4NH*.C*HH7a'0*,  or  tartraie 
of  ammoeu^ammonmint  OH*[N'E[XNH*)'0a'T0*,  renuuns,  on  eTaponOing  a  solution 
of  cnpric  tartrate  in  amTnonia,  as  an  nnciyBtailisable,  hard,  yitreons  mass,  permanent 
in  the  air.  Its  aqneoos  solution  is  also  yery  permanent,  does  not  act  upon  cellulose, 
and  is  not  reduced  by  heating  with  glucose.  At  150^  it  gives  off  all  its  «.mmAniy^ ; 
between  100^  and  110^  only  hal^  leaving  tartrate  of  euprammonium,  2NH'.OHH)n''0* 
-  C'HXN'H'CuyO*. 

Cupric  tartrate  dissolyes  easily  also  'in  aqueous  ethylamtne,  forming  a  dark-blue 
liquid,  which,  on  OYapoiation,  leaves  a  blue,  vitreoaa,  deliquescent  salt,  approximating 

in  composition  to  the  formula  C«H<[^mctH»JCu'']d«.  (Schiff,  Jahresb.  1862, 

p.  204.) 

Tabtkatb,  Fbbaous. — ^White  or  pale-greon  crystalline  powder,  precipitated  on 
mixing  a  solution  of  ferrous  sulphate  with  tartaric  aad  or  neutral  potassic  tartrate,  or 
on  dissolving  metallic  iron  in  tartaric  add.  It  dissolves  easily  in  caustic  «l^*H« 
forming  a  solution  which  oxidises  quickly  on  exposure  to  the  air. 

Tautbatss  of  Lba.d. — ^The  moncplumbie  or  dibarie  salt,  C*H*Pb''0',  is  a  white 
crystalline  precipitate,  obtained  hj  mixing  nitrate  or  acetate  of  lead  with  tartaric 
acid.  It  is  very  soluble  in  nitric  acid  and  in  excess  of  tartaric  add ;  also  in  tartrate 
of  ammonium,  the  concentrated  solutian  solidifying  to  a  gelatinous  mass.  When 
treated  with  chloride  of  acetyl,  it  yields  chloride  of  lead  and  a  thick  yellowish  syrup, 
which  decomposes  at  130°,  with  evolution  of  carbonic  oxide  and  carbonic  anhyoride. 
(Schiitzenberger,  Jahresb.  1861,  p.  439.) 

A  dipluTnbie  or  ietrabasic  salt,  C^H'Pb'O*,  is  obtained  hj  boiling  an  ammoniacal 
solution  of  the  monoplumbic  salt.  (Erdmann,  Ann.  Gh.  Pharm.  xxi.  19. — ^Heintz, 
Zeitschr.  Ch.  Pharm.  1861,  p.  17.) 

Tabtbatbs  of  Magnbsiuii.— Then^ttfra/so^,  C^^Mg''0'.4H*0,  is  obtained 
in  crystalline  crusts,  by  evaporating  a  solution  of  magnesium-carbonate  in  tartaric  add. 
It  dissolves  in  122  pts.  of  water  at  16°.— The  acid  salt,  C«H>»Mg''0"  (crystallised),  is 
formed  in  the  preparation  of  the  neutral  salt  wh^n  an  escess  of  tartaric  add  is  used. 
It  forms  crystalline  crusts,  soluble  in  52  pts.  water  at  16°. 

Potassio-Tnagnesic  tartrate,  C*H'Mg*£lK>*.4HK),  is  obtained,  in  crystals,  by  boiling 
cream  of  tartar  with  water  and  carbonate  of  magnesium. — ^An  amnumUh-magiiiesie  soli 
of  corresponding  composition  is  obtained  in  a  similar  manner. — The  soduh-maoTusic 
salty  OH"Mg''Na'0*.6H*0,  is  deposited,  on  evaporating*a  mixture  of  Bochelle-salt  and 
carbonate  of  magnesium,  in  monoclinic  prisms  having  the  angles  ooP  :  ooP  =  129®; 
oP  :  ooPoo  a  103®.  Ammonia  throws  down  from  the  solution  of  either  of  these  salts 
a  basic  tartrate  of  ma^esium,  C«H<]dg'*0*Jk[^'0.2H'0,  the  formation  of  which 
interferes  considerably  with  the  use  of  tartaric  acid  in  Otto's  method  of  separating 
phosphoric  add  from  certain  bases :  hence  dtric  add  is  preferable  for  this  purpose. 
(See  Phosfhobio  Acid,  iv.  547.) 

Tabtbatb  of  MAif  oanbsb. — ^A  solution  of  neutnd  potassic  tartrate,  mixed  with 
manganous  chloride^  first  deposits  add  tartrate  of  potassium,  and  then  colourless 
crystals  of  manganous  tartrate,  which  are  decomposed  by  boiling  water  into  a  soluble 
add  salt  and  an  insoluble  basic  salt.  By  dissolving  manganous  carbonate  in  cream  of 
tartar,  a  very  soluble  salt  is  obtained,  difficult  to  crystallise. 

Tabtbatb,  Hbboubic. — ^White  predpitate,  insoluble  in  water,  very  soluble  in 
weak  nitric  add. 

Anvmomo-mercu/rio  tartrate,  obtained  by  boiling  add  tartrate  of  ammonium  with 
mercuric  oxide,  forms  small  prisms  soluble  in  water. — Tartrate  of  mercuramnvonium 
is  obtained,  by  digesting  mercuric  tartrate  with  ammonia,  as  a  white  powder 
insoluble  in  water.  It  appears  also  to  be  formed  when  mercuric  oxide  is  heated 
with  neutral  tartrate  of  ammonium:  the  oxide  then  dissolves,  with  evdntion  of 
ammonia ;  and  if  an  excess  of  it  be  used,  a  white  compound  separates  ;  the  filtered 
liquid,  when  concentrated,  depodts  needles,  and,  on  addition  of  water,  a  white  predpi- 
tate, containing  0^"(N«H*flg»)''0».6HK>.  (Harff,  Brandes'  Arch.  v.  259.— Burck- 
hardt,  ibid.  [2]  xi.  257.) 

Potassio-Tnercwria  tartrate  is  obtained,  in  small  slightly  soluble  prisms,  by  digesting 
mercuric  oxide  with  cream  of  tartar. — ^When  cream  of  tartar  is  boiled  with  chloride 
of  mercurammoninm  (white  predpitate),  a  large  quantity  of  carbonic  anhydride  is 
evolved;  the  filtered  liquid  depodts,  on  evaporation,  sparingly  soluble  salts  containing 
mercury ;  and  the  mother-liquors  3rield  neeoles,  apparently  consisting  of  the  compound 
4C^H»KO«.Hg''CP.6H«0. 

Tabtbatb  of  Nickbl. — ^Precipitated  as  a  green  crystalline  powder,  nearly 
insoluble  in  water,  on  saturating  a  boiling  solution  of  tartaric  add  with  hydrate  or 
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carbonate  of  nickel.  It  diasolTeB  easily  in  a  hot  eolation  of  canatic  potash  or  soda,  or 
in  sodic  carbonate,  the  solution  solidifying  to  a  pasty  mass  on  ooohng.  Nickel-salts 
mixed  with  tartaric  add  are  not  precipitated  by  alkalis. 

Tartrate  of  Nickel  and  Fotamwm,  C*H*Ni'X*Oi*  (at  110^),  is  produced  by  heating 
carbonate  of  nickel  with  flnely-pulverised  cream  of  tartar  and  water.  The  resulting 
green  solution  is  decomposed  by  boiling,  but»  when  evaporated  oyer  oil  of  yitriol,  it 
yields  an  apple-green  czystalline  powder,  which  effloresces  in  the  air,  and  dissolyes  com- 
pletely in  water. 

TA.BTBATB  ov  Palladiuk.— Light-yellow  precipitate,  formed  on  mixing  nitrate 
of  palladium  with  an  alkaUne  tartrate. 

Tabtbatss  OF  Stbontiux.— The  neutral  9alt,  C*B*Br''0*AWO,  is  deposited, 
on  mixing  a  cold  solution  of  potassie  tartrate  with  nitrate  of  strontium,  in  monodinic 
prisms,  having  the  angle  oP  :  a»P  «  92<>S5';  ooP :  odP  «  125^20'(De  la  Pro- 
•Tostay  e).  It  dissolves  in  147  pts.  of  water  at  16^,  and  is  moderately  soluble  in  solu- 
tion of  sal-ammoniac — According  to  Marignac  (Ann.  Min.  [5],  xv.  280;  Jahresb. 
1869,  p.  286),  a  solution  of  strontium-carbonate  in  excess  of  hot  aqueous  tartaric  add 
deposits  the  neutral  salt  on  cooling  in  trihydrated  crystals,  C*H'£br''0'.3H'0,  having 
the  form  of  monoclinic  prisms,  ooPoo  .  [ooPoo]  .  oP  .  4 Poo  .  —Poo,  in  which 
ooP  occurs  wiUi  only  two  faces,  situated  to  the  right  when  the  crystal  is  placed  with 
the  dinodiagonal  directed  towards  the  observer,  ^d  the  obtuse  angle  of  the  inclined 
axis  to  the  front  and  above ;  also  a  fiice  of  +P  and  a  face  of  — P  to  the  left.  Angle 
ooPco  :  ooP  -  140^1';  oP :  odPoo  -  102«';  ooPoo  :  +Pqo  -  128<>48';  ooPoo 
:  -Poo  =  187^82';  oP  :  +P  -  128«  4';  oP :  -P  -  188®  20'.  The  crystals 
do  not  give  off  any  water  at  100°. 

Tartrate  of  Strontium  and  Ammonium,  C*H*ar'(NH«)<0M2H*0,  separates  from  tho 
mother-liquor  of  the  neutral  strontium-aalt,  on  neutralisation  with  ammonia,  in  thin 
rectangular  laminm,  which  are  trimetric  combinations,  oof  oo  .  ooP  .  oo]^2  .  Poo ,  with 
four  P-fiices  occurring  hemihedrally.  Angle  ooj^oo  :  ooP  ai  124°  58';  oofoo  :  f^ao 
«  124*»20';   ooP  :  P  -  140°.    (Marignac,  foe. ciO- 

Tartrate  of  Strontium  and  Potassium,  C*H"Sr'^'0>*.2H*0,  is  obtained  like  the  cor- 
responding barium-salt  (p.  680).— The  sodium-salt,  C*H*Sr'^a*0>'  (after  drying),  is 
obtained,  as  a  gummy  very  soluble  mass,  by  saturating  strontia-water  with  acid  tar- 
trate of  sodium,  and  evaporating. 

Tabtbatb  of  Tik.  Stamnous  Tabtbatb,  C*H*9n''0*. — ^Prepared  by  pouring  a 
boiling  solution  of  tartaric  add  into  a  concentrated  solution  of  stannous  acetate.  It 
forms  white  microscopic  cxystals,  consisting  of  prisms  with  rectangular  base,  soluble  in 
cold  water,  more  soluble  and  without  decomposition  in  boiling  water,  still  more  in 
water  addulated  with  tartaric  add,  the  solution  not  being  precipitated  by  ammonia. 
When  strongly  heated,  it  leaves  areddue  of  stannic  oxide. 

By  treating  the  add  tartrates  of  ammonium  and  potasdum  with  stannous  oxide, 
salts  are  formed  which  crystaUise  well,  and  appear  to  be  perfectly  stable  in  presence  of 
water. 

Tabtbatb,  TJ  bang  us. — ^Tartaric  add  throws  down  from  uranous  chloride  a 
greyish-green  predpitate,  consisting  of  a  basic  salt,  2C*H*U''0*.  irH*0*,  which  is  very 
soluble  in  hydrochloric  acid,  and  is  not  precipitated  by  ammonia. 

Tabtbatbs  of  Yttbxum.— The  neutral  salt,  G<H*Y''0*.4HH),  is  formed,  on 
adding  neutral  tartrate  of  potassium  to  acetate  of  yttrium,  as  a  bulky  predpitate  solu- 
ble in  excess  of  the  potassium* salt.  Its  solution  in  an  equivalent  quantity  of  tartaric 
add  deposits  after  a  while  a  crystalline  predpitate,  insoluble  in  water,  consisting  of 
the  acid  salt,  C^H^Y^O".  (Popp,  Jahresb.  1864,  p.  206.) 

Tabtbatb  of  Zinc. — Hot  concentrated  solutions  of  sine-sulphate  and  neutral 
potasdc  tartrate,  yield  a  yellowish-white  crystalline  predpitate,  very  slightly  soluble 
m  water,  easily  soluble  in  iCaustic  potash  or  soda.  Cream  of  tartar  digested  with 
excess  of  sine  or  its  oxide,  fbrms  a  solution  which  depodts  a  wlute  powder,  and  dries  up 
to  a  gummy  mass. 

y.  Tartrates  eontaininff  Triatomic  Metals  and  MetaUdids, 

Tabtbatb  of  Aluxiniuh. — This  salt  occurs  in  Lyeofodwm  elavaium.  Its 
solution,  when  evaporated,  leaves  a  gummy  non-deliquescent  mass. 

The  solution  of  neutral  potasdc  tartrate  dissolves  a  large  quantity  of  alumina 
without  becoming  alkaline ;  the  liquid,  on  addition  of  alcohol,  deposits  oily  drops,  the 
aqueous  solution  of  which  dries  up  by  evaporation  to  a  gummy  mass,  containing  both 
potash  and  alumina.  Add  tartrate  of  potasdum  likewise  dissolves  alumina,  forming 
an  amorphous  mass,  which  is  not  precipitated  by  alkalis. 

Tabtbatbs  of  Antixomt.  (Kespecting  the  several  views  of  the  constitutioa 
of  these  salts,  see  p.  676).— Neutral  antitnonious  tartrate,  C*HXSbO)'0'.H*0,  is  the 
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white  gmni]ar  precipitate  formed  on  adding  alcohol  to  a  solution  of  antimonioos 
oxide  in  aqneona  tartaric  acid.  It  is  insoluble  in  water,  gives 'off  its  water  of  crystal- 
lisation at  100^,  and  an  additional  atom  of  water  at  190^,  leaving  the  salt 
C^H^SbOyO*,  analogous  in  composition  to  the  first  anhydride  of  tartaric  acid. — Acid 
antimoniotu  tartrate,  C«H»(SbO)0«,  or  C*H*(SbO)»0«.C*H«0«  (?),  appears  to  be  formed 
on  adding  alcohol  to  the  concentrated  solution  of  the  hyperacid  salt.  At  160^  it  gives 
off  1  at.  water,  leaving  the  salt  C*H«(SbO)0».— The  hyperacid  salt,  C*H*(SbO)«0«. 
3C*H*0*.5H'0,  is  deposited,  after  some  time,  from  a  syrupy  solution  of  antimonioos 
oxide  in  excess  of  tartaric  acidi  in  large  crystals  derived  from  a  right  rectangular 
prism.  It  is  very  soluble  in  water,  deliquesces  in  moist  air,  and  gives  dS  23-1  per  cent, 
water  at  160°.  (PAligot,  Ann.  Ch.  Phys.  [3]  xx.  289.) 

Ammonio-antimonious  tartrate,  C*H*(NH*)(SbO)0«.JHK),  is  produced  by 
boiling  antimonious  oxide  with  solution  of  acid  tartrate  of  ammonium.  The  filtered 
fiolution,  evaporated  to  a  stiff  jelly,  gradually  yields  rather  large  octahedral  crystals 
belonging  to  the  trimetric  system,  in  which  the  axes  a:b:c  »  0*8923  :  1  :  1-0801. 
Angle  P  :  P  (brach.)  =  110°  68';  P  :  P  (macr.)  =  101°  8' ;  P  :  P  (basal)  =. 
116^  42'.  Ordinary  combination,  P  .  oP  .  2P  .  ooP,  the  P-fiftces  being  predomi- 
nant, and  four  of  them,  so  situated  as  to  form  by  extension  a  rhombic  sphenoid,  being 
more  developed  than  the  other  four.  Cleavage  parallel  to  oP.  The  crystals  are 
isomorphous  with  tiiose  of  ordinary  tartar-emetic,  and  more  soluble  than  the  latter. 
Thej  effloresce  on  exposure  to  the  air,  and  give  off  ammonia  when  heated  a  little 
above  100°. 

When  the  octahedral  crystals  just  described  have  been  removed  from  the  mother- 
liquor,  this  liquid  yields,  in  a  short  time,  fine  prismatic  crystalB,  much  more  efflorescent 
than  the  octahedral  crystals,  and  containing  |  at*  water  ^15*3  per  cent.),  which  they 
give  off  at  100^.  These  crystals  are  rhombic  prisms,  having  the  angle  ooP  :  ooP  «> 
127^,  and  hemihedral  from  having  two  only  of  the  edges  of  each  base  replaced  by  the 

octahedral  faces  -,  forming  an  angle  of  85^  30',  and  situated  alternately'  on  the  two 

bases.  (Pasteur.) 

Potaaeio-antimonioua  tartrate,  C*E^ShO)0*.iBK).  Tartar-emetie,  Tar- 
tarus  emeiiew.  Tartarus  stibiaius.  Breekumnstein.  Smessfflangtoeinstein. — ^This 
salt  was  known  to  the  older  chemists.  It  is  generally  said  to  have  been  discovered 
bv  Mynsicht  (about  1631),  but  it  had  been  previously  mentioned  by  Basil  Valentine, 
about  the  end  of  the  fifteenth  century.  It  is  prepared  by  boiling  3  pts.  antimonious 
oxide  for  about  half  an  hour  with  4  pts.  cream  of  tartar,  renewing  the  water  as  it 
evaporates,  and  filtering  the  solution  while  still  hot.  Instead  of  antimonious  oxide 
the  oxychloride  (algaroui-powder)  or  oxysulphide  (glass  of  antimony)  may  be  used. 

Potassio-antimonious  tartrate  forms  octahedral  crystals  isomorphous  with  the  corre- 
sponding ammonium-salt,  and  exhibiting  the  same  faces  and  direction  of  cleavage. 
Axes  a  :  6  :  c  «  0-9666  :  1  :  1-064.  Angle  P  :  P  (brach.)  =  108°  16' ;  P  :  P  (macr.) 
-  104*»  22*;  P  :  P  (basal)  =  116^  Optical  rotatory  power  [a]J  «  +  166«>  2'. 
Specific  gravity  of  the  crystals  «  2*607  (Sch  iff);  2688  (Bui  gnet). 

Tartar-emetic  gives  off  part  of  its  water  of  ciystallisation  on  exposure  to  the  air,  the 
crystals  then  becoming  opaque,  and  the  whole  at  100^.  When  heated  to  200^  it  gives 
off  another  atom  of  water,  and  leaves  the  salt  G*H'K(>SbO)0*,  analogous  in  constitu- 
tion to  the  first  anhydride  of  tartaric  acid. 

Tartar-emetic  dissolves  in  14*6  pts.  of  cold  and  1-9  pt.  of  boiling  water.  The 
solution  yields  a  crystalline  precipitate  with  alcohol,  reddens  litmus,  and  has  a  nauseous 
metallic  taste.  It  is  used  in  medicine ;  from  6  to  10  centigrammes  are  sufficient  to 
excite  vomiting ;  in  large  doses  it  is  poisonous.  It  is  also  used  externally  as  an  in- 
gredient of  pommades  and  plasters  for  the  treatment  of  skin-diseases,  chronic  catarrh, 

&C. 

Sidphurie,  hydrochloric,  and  nitrte  acids  form,  with  solution  of  tartar- emetic,  white 
precipitates  consisting  of  basic  antimony-salts,  soluble  in  excess  of  those  acids,  and  in 
tartaric  add. — Ammonia  forms,  in  the  concentrated  aqueous  solution,  a  white  precipi- 
tate of  antimonious  oxide  insoluble  in  excess  of  ammonia. — Potash  forms  a  simihur 
precipitate,  soluble  in  excess. — Mercuric  chloride  forms  a  precipitate  of  calomel. — 
Sulphydric  ajcid  throws  down  orange-red  antimonious  sulphide;  infusion  of  gaUs 
throws  down  white  flocks,  and  produces  a  cloud  even  in  dilute  solutions. 

Tartar-emetic  is  reduced  at  a  white  heat^  yielding  an  aUoy  of  antimony  and  potas- 
sium, mixed  with  charcoal,  which  decomposes  water  with  evolution  of  hydrogen,  and, 
when  brought  in  contact  with  a  few  drops  of  water,  sometimes  produces  violent  ex- 
plosions. 

An  acid  potassio-antimonious  tartrate,  C*H*K(SbO)0«.C*H«0«.|H'0,  is  usually 
contained  in  the  mother-liquors  of  ordinary  tartar-emetic,  and  is  likewise  produced 
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by  miziiig.9  pts.  of  the  latter  with  4  pts.  of  tartario  add,  and  eyaporatiiig  at  a  eentle 
heat  The  solution  first  deposits  crystals  of  common  taitar-emetic,  then  (when  it  has 
attained  a  syrupy  consistence)  confused  crystals  of  the  acid  salt,  having  the  form  of 
oblique  rhomlxndal  prisms,  which  effloresce  on  exposure  to  the  air,  and  giye  ofif  9*22 
per  cent,  water  at  100°.  Alcohol,  added  to  the  solution  of  this  salt,  throws  down 
tartar-emetic,  leaying  tartaric  acid  in  solution.  (Knapp,  Ann.  Ch.  Phazm.  xzzii. 
76.) 

A  compound  of  tartar-emetic  and  cream  of  tartar,  C^H*K(SbO)0<.3C<H*EO*,  is 
obtained  by  boiling  equal  weights  of  the  two  salts  with  water.  On  adding  carbonate 
of  potassium  to  the  solution  as  long  as  effervescence  takes  place,  and  evaporating, 
mammellated  groups  of  needles  are  obtained,  resembling  wavdlite  in  appearance,  and 
probably  consisting  of  a  compound  of  tartar-emetic  with  neutral  tartrate  of  potassium. 
They  are  veiy  soluble  in  water,  and  tartaric  add  added  to  the  solution  throws  down 
scales  of  the  preceding  salt.  (Enapp.) 

Potassio-antimonie  tartrate,  probably  CH*£(SbO^)0'.  xH*0,  is  prepared, 
like  taitar-emetic,  with  antimonic  oxide  and  cream  of  tartar.  The  solution,  which 
is  not  precipitated  by  hydrochloric  acid,  dries  up  on  evaporation  to  a  gpimmy  mass. 
(Geiger  and  £eimann,  Mag.  Fharm.  xvii.  18. — ^Mitscherlich,  Fogg.  Ann.  Ixziii. 
396.) 

Bubidio-antimonioua  tartrate,  C*H«Rb(SbO)0*iH<0.— Prepared  like  tartar- 
emetic.  The  solution,  filtered  at  the  boiling  heat,  first  deposits  crystalline  crusts  con- 
taining but  little  antimony  (probably  impure  acid  tartrate  of  rubidium),  and,  when 
furtiier  concentrated  and  left  to  itself,  crystals  of  the  double  salt,  isomorphous  with 
tartar-emetic  (Grand eau,  Ann.  Ch.  Phys.  [3]  Ixvii.  155.) 

Sodio-antimonious  tartrate,  C^H^Na(SbO)0'.}H'0,  is  prepared  in  the  same 

manner  as  the  potassium-salt     The  ciystals,  which  absorb  moisture  from  the  air,  are 

trimetric,  having  the  axes  a  :  b:c  ^  0-9217  :  1  :  1'08.    Angle  ooP  :  ooP  »   85°  20'; 

ooP  :  oof  00   «   137°  20'.     Ordinary  combination  ooP  .  oo  Poo  .  ooPoo  .  oP  .  Poo  . 

JPoo. 

Double  Salts,  analogous  to  Tartar-emetic,  obtainedby  Precipitation. 
— The  solution  of  tartar-emetic  forms,  with  salts  of  barium,  calcium,  strontium,  cad- 
mium, lead,  and  silver,  precipitates  consisting  of  tartar-emetic  in  which  the  potassium 
is  replaced  by  the  other  metal. — The  argentic  salt  has  the  composition  C*H'Ag(SbO)0*. 
—The  other  salU  are  represented  by  the  general  formula  C»H"'M''(SbO)*0»».— The 
barium-ealt  is  precipitated  in  white  scales,  containing  2  at.  water,  which  they  give  off 
at  150°.— The  cadmium-salt,  C"H"Cd''(SbO)*0'*  (at  100°X  gives  off  2  at.  water  at 
200°,  leaving  the  salt  C»H^Cd"(SbO)«0"(Schif^  Jahreeb.  1857,  p.  221).— A  com- 
pound of  calcio-antiTnonioue  tartrate  with  calcic  nitrate,  4C«BPCa''(Sb0)«0'«.Ca''N»0«. 
6H*0,  crystallises  from  a  solution  of  tartar-emetic  mixed  with  excess  of  calcic  nitrate, 

in  trimetric  combinations  oP  .  oof  oo  .  ooP  .  f  oo  .  ^j^oo  .  f  oo  .  _  (sphenoidally  he- 

mihedral),  which,  when  oP  and  oefoo  axe  predominant,  and  ooP  and  Poo  equally 
developed,  present  the  appearance  of  quadratic  forms  with  the  faces  ooP  and  P  predo« 
minating.  Angle  ooP  :  ooP  (brach.)  «  124°  6';  Poo  :  Poo  (basal)  -  124°  40'; 
oP  :  Poo  »  134°  39'.  The  compound,  when  recrystallised,  is  partially  decomposed, 
with  separation  of  pulverulent  caldo-antimonious  tartrate  (Marignac,  Ann.  Min.  [5] 
XV.  280;  Jahresb.  1859.  p.  tiSiy—Strontio-aniimanious  tartrate,  C*E.'Sr\SbOyO^*,  first 
prepared  by  Kessl'er,  is  obtained  by  dissolving  pulverised  tartar-emetic  in  a  cold 
solution  of  excess  of  strontium-nitrate ;  and  separates,  on  warming  the  liquid,  inhexa^ 
gonal  combinations  of  ooP  with  P,  2P  or  oP.  Angle  P  :  P  (terminal)  -  138°  26'; 
2P  :  2P  (terminal)  =  126°  48';  ooP  :  P  -  135°  12';  ooP  :  2P  -  153°  36' 
(Marignac,^.  cit.).  By  digesting  1  pt  of  strontium-nitrate  with  2  pts.  water  and 
an  excess  of  strontio-antimonious  tartrate  at  30° — 35°,  and  leaving  the  filtrate  to 
evaporate,  large  very  soluble  crystals  are  obtained,  consisting  of  the  compound 
C«H»Sr"(SbO)'0".Sr"N«OMI*0,  the  solution  of  which  deposits  strontio-antimonious 
tartrate  on  boiling.  (Kessler,  Pogg.  Ann.  Ixxv.  410.) 

DoubleSalts  of  Antimonious  Tartrate  containing  Organic  Bases. — 
These  salts  are  prepared  by  bdling  the  add  tartrates  of  the  seveiral  bases  with  anti- 
monious oxide,  or  the  bases  themselves  with  tartar-emetic. — The  berberine-salt, 
C«H«(C»H»»NO*XSbO)0«,  crystallises  like  wavellite,  is  very  slightly  soluble  in  cold 
water,  and  may  be  reerystallised  without  decomposition  from  alcohol  (Stenhouse, 
Jahresb.  1863,  p.  452).— Th«  brvcine'salt,  C*H*(0«»H«'N*0)(Sb0)0«,  forms  short  very 
brittle  crystals  (Stenhouse,  iffid.  p.  447). — The  dnchonidine'ealt  crystallises  in 
prisms  easily  soluble  in  water  and  in  alcohol  (Hesse,  t^^.  1865,  p.  445). — The  mor' 
pkine-ealt  forms  nodular  groups  of  crystals,  sparingly  soluble  in  cold  water,  and 
decomposed  by  prolonged  boiling  with  water  (Decharme,  ibid.  1853,  p.  445). — The 
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MtryGhmn$'daU  forma  brittle  needles  or  lamiiue,  very  slightlj soluble  in  water.  (Sten- 
house.) 

Tabtbatbs  of  Absekic. — ^ArsenioQs  and  arsenic  oxide  dissolve  in  acid  tar- 
trates of  alkali-metal,  forming  double  salts  analogous  to  tartar-emetic.  (Mit- 
scherlich,  Lehrbuch. — Pelouze,  Ann.  Ch.  Pliys.  [SfVi.  63. — Marignac,  loe,  cU.) 

Ammanto-arsenious  toHraie,  C<H^NH*)(AsO)0*.iHH),  is  prepared  bj  boibne 
arsenious  oxide  for  a  long  time  with  add  tartrate  of  ammonium,  the  filtered  liquid 
first  depositing  crusts  of  the  latter  salt  with  a  little  arsenious  oxide,  and  afterwards, 
when  stronglj  concentrated,  large  efDorescent  crystals  of  the  double  salt,  which  are 
trimetric  combinations  having  the  axes  a:h:o  »  0*8760  :  1  :  0*6941.  Angle  P  :  P 
(brach.)  «  122o  64';  P :  P  (macr.)  -  113<>62';  P:  P  (basal)  =  93«>;  ooP :  ooP 
(macr.)  «  82^26';  2&ao  :  2l'ao  (basal)  »  lOS""  28'.  Obsenred  combinaUon  ooP . 
00^00  .  P  .  2^00  .  oP  (Marignac). — ^The  oorresponding |>o^a«<»tt»i-  and  todittmsaUs 
are  obtained  in  like  manner,  but  do  not  crystallise  so  well.  Marignac  obtained  the 
potassium-salt  in  rhombic  prisms  of  92^  50'  with  dihedral  summits  of  85°  10',  resting 
on  the  acute  prismatic  edges. 

Potasmo-arteme  tartrata,  G«H*K( A80*)0<.{HK),  is  obtained  by  adding  1  pt.  of 
cream  of  tartar  to  a  eolation  of  rather  more  than  I  pt.  arsenic  oxide  (As'O*)  in  5  or  6 
pts.  of  water,  and  raising  the  liquid  to  the  boiling  heat — or,  better,  mixing  it  with 
alcohol,  the  double  salt  then  separating  as  a  ciystalline  powder.  It  is  veiy  soluble  in 
water,  which  however  quickly  decomposes  it,  liberating  acid  tartrate  of  potassium.  It 
parts  with  its  water  of  czystallisation  at  100°,  but  does  not  give  off  anv  more  water  at 
higher  temperatures  without  undergoing  complete  decomposition.  (Pelouze.) 

A  compound  of  stronHo-arsenious  tartrate  with  nitrtUe  of  ammonium, 
2C"H»Sr"(AsO)H)".(NH<)NO».12H*0,  separates  froma  mixjure  of  the  component  salts 
in  large  trimetric  crystals,  teP  .  qoP2  .  ool^ao  .  opf  oo  .  Poo  .  ^^oo .  Angle  a>P : 
ooP  (brach.)  «  118°  58*;  Poo  :  Poo  (brach.)  -  113°.  The  form  of  the  crystala 
resembles  that  of  a  dimetric  or  quadratic  combination,  in  which  od^oo  would  form  the 
end-face ;  but  the  crystals  are  not  optically  imiaxiaL     (Marignac.) 

Tabtbatbs  op  Bismuth,  C"H"Bi«0»«.6H«0  -  Bi«0«.3C«H«0».6H«0.— When 
a  hot  concentrated  solution  of  4  pts.  tartaric  acid  is  added  to  a  hot,  moderately  strong 
solution  of  5  pts.  bismuth-oxide  in  nitric  acid,  the  mixture  first  remains  limpid,  bat, 
when  left  at  rest,  deposits  a  considerable  quantily  of  bismuth-tartrate  in  small  ciystals, 
forming  a  hard  white  crust  at  the  bottom  of  the  liquid ;  they  must  be  washed  with 
aqueous  tartaric  add,  as  pure  water  decomposes  them.  (R.  Schneider,  Pogg.  Ann. 
Ixxxviii.  55.) 

Tartrate  of  BUmiuth  and  Potaseium  is  produced  by  boiling  a  solution  of  cream  of 
tartar  with  excess  of  bismuth-oxide,  and  is  deposited,  on  concentrating  the  liquid,  as  a 
perfectly  white  powder,  containing  (at  100°)  C^H'E(BiO)0*,  analogous  therefore  to 
tartar-emetic  dried  at  200°.  (Schwarzenberg,  Ann.  Ch.  Phaim.  m.  244.) 

Tabtbatbs  of  Bobon.  (Meyrac,  J.  Pharm.  iii.  8. — Soubeiran,  ibid.  iii. 
399;  zi.  660;  zxxv.  241. — Soubeiran  and  Capitaine,  ibid.  xzv.  741. — Duflos, 
Schw.  J.  Ixiv.  338.— Vogel,  J.  Pharm.  iu.  1.— Robiquet,  ibid.  [3]  xxi.  197.— 
Wackenroder,  Arch.  Pharm.  [2]  Iviii.  4. — ^Wittstein,  Repert.  Pharm.  [8]  vi.  1, 
177.— On  the  optical  eharaettrs  of  these  salts:  Biot,  Ann.  Ch.  Phys.  [3]  xi.  82.)— Tar- 
taric add  forms,  with  boron  and  the  alkali-metals,  sisdts  analogous  to  tartar- emetic,  the 
group  BO  taking  the  place  of  hydrogen,  or  a  metal,  just  like  uie  group  SbO. 

Tartaric  and  boric  adds,  triturated  together,  form  a  mixture  which  appears  to  be  a 
definite  compound,  inasmuch  as  it  deliquesces  in  moist  aix^-«  property  not  exhibited 
either  by  tartaric  or  by  boric  acid  alone.  Boric  acid  also  dissolves  in  water  contain- 
ing tartaric  add  more  easily  than  in  pure  water,  the  boric  add  being;  however,  depo- 
sited on  evaporation. 

Boropotassic  tartrate,C*IL*K(BO)0*  (at  100°)— also  called  Borotartraieofpotaeeium, 
or  Soltible  Cream  of  Tartar — ^is  obtained  by  evaporating  to  dryness,  1  pt.  boric  anhy- 
dride, 2  pte.  cream  of  tartar,  and  24  pts.  of  water,  and  treating  the  mass  with  alcohol, 
which  takes  up  the  excess  of  boric  acid.  It  is  a  white  amorphous  mass,  very  soluble 
in  water,  but  msoluble  in  aleohoL  Mineral  acids  added  to  its  solution,  do  not  throw 
down  either  boric  add  or  cream  of  tartar.  At  180°  it  gives  off  1  at.  water,  leaving  the 
salt  C*H'K(BO)0*,  and  behaves  in  other  respects  like  tartar-emetic.  Soluble  cream 
of  tartar  is  used  in  medidne  as  a  purgative,  and  externally  as  a  lotion  for  ulcers. 

By  boiling,  for  some  hours,  1  pt.  boric  add  and  12  pte.  cream  of  tertar  with  a  laige 
quantity  of  water,  removing  the  deposit  of  cream  of  tartar  which  settles  down  on 
cooling,  then  evaporating  to  dryness,  taking  up  the  residue  with  a  little  cold  water, 
removing  the  new  deposit  of  cream  of  tartar  (if  any),  repeating  these  operations  till 
cold  water  no  longer  separates  the  latter  salt,  and  finally  treating  the  product  with 
boiling  alcohol,  a  salt  is  obtained,  containing  11*4  per  cent,  of  boric  anhjdride  (BK)'), 
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and  apparently  consisting  of  a  compound  of  potasBio-borie  tartrate  with  czmib  of 
tartar,  C*H^K(!B0)0«.C*H»K0«. 

Sodio-boric  tartrate  appears  to  be  obtained  in  the  same  manner  as  the  potassium- 
salt  Add  tartrate  of  sodium  forms  a  gummy  deliquescent  salt  with  borax,  also  with 
borate  of  ammonium ;  1  pt.  borax  and  3  pts.  eream  of  tartar,  dissolved  together,  yield 
on  eraporation  a  gummy  deliquescent  salt,  called  tartarised  borax,  containing  (accord- 
ing to  DufloB  and  Yog  el)  8-6  per  cent,  borax,  and  agreeing  with  the  formula 
2C*H*K(BO)0«.0*H*Na(BO)0«.6H«0. 

Caleio-borie  tartrate  is  formed,  in  combination  with  tartrate  of  calcium,  by  precipitat- 
ing a  solution  of  cream  of  tartar  neutralised  with  ammonia,  with  chloride  of  calcium. 

Tabtbatbs  ov  Chbomiuv. — ^The  solution  of  chromic  hydrate  in  tartaric  add 
dries  up  to  a  violet  mass,  probably  consisting  of  neutral  chromic  tartrate. 

PotauUhckromic  tartrate,  or  Chromotartrate  ofpotatnim,  OH^K(CrO)0' .  JH*0,  is 
formed  on  adding  pulverised  tartaric  acid  to  a  hot  aqueous  solution  of  potassic  dichro- 
mate,  as  long  as  carbonic  add  continues  to  be  evolved;  it  is  predpitated  by  alcohol 
from  its  daik-green  aqueous  solution.  The  same  solution,  mixed  with  a  strong  solution 
of  neutral  potassic  tartrate,  deposits  dark-green  czystalline  grains,  containing  1  at. 
potash  (K'O)  to  3  at.  chromic  oxide.  Potassio-chromie  tartrate  forms,  with  acetate 
of  lead,  a  bluish-green  predpitate,  which,  when,  decomposed  by  sulphuretted  hjdrogen, 
yields  a  tartrate  of  chromium,  probably  consisting  of  chromo tartaric  acid, 
C^H*(GrO)0*.  (Berlin,  Bers,  ZsAr&ueAw— Malag  uti,  Compt.  rend.  xvi.  467.— 
LoBwel,  ibid,  xvi.862.) 

Tabtbatbs  of  Iboit  (/errieimy, — ^Tartarie  add  dissolves  recently  precipitated 
ferric  hydrate,  and  the  solution,  evaporated  below  60^,  yields  an  amorpnous  mass, 
apparently  consisting  of  ferric  tartrate.    The  solution,  which  is  not  predpitated  by 

'* 
alkalis,  probably  contains  originally  normal  ferric  tartrate,  C**H*7e'0**,  which  is  re- 
solved, on  evaporation,  into  a  basic  and  an  add  salt,  the  latter  being  partly  converted, 
by  the  prolonged  action  of  warmth  and  light,  into  ferrous  tartrate,  which  remains  in 
solution  mixed  with  free  tartaric  add ;  this  add  is,  however,  partially  oxidised  at  the 
same  time.  (Ludwig,  Jahresb.  1861,  p.  434.) 

Anmonw-ferrie  tartraU,  C^H«(NH*)(FeO)0«  4-  4  to  6H*0,  is  obtained  by  dissolving 
recently  predpitated  ferric  hydrate  in  add  tartrate  of  ammonium,  and  evaporating,  in 
garnet-coloured  scales,  soluble  in  rather  mora  than  1  pt.  of  water.  The  solution  is 
precipitated  by  alcohoL 

Fotamo-ferric  ter^ro^,  C*H*K(FeO)0*  (at  lOO^*).— This  salt,  which  constitutes  the 
essential  part  of  the  Tartarus  chalvhcatue  or  Mare  eolttbtiia,  and  the  Globuli  martiaks 
of  the  pharmacopoBias,  is  prepared  by  digesting  cream  of  tartar  with  water  and  recently 
precipitated  feme  hydrate,  or  with  iron  filings  in  a  vessel  expoaed  to  the  air ;  in  dther 
case,  however,  the  product  is  frequently  contaminated  with  ferrous  salt.  Pure  potas- 
sio-ferric  tartrate  forms  shining  scales  of  a  brown  or  nearly  black  colour,  exhibiting  a 
fine  red  tint  by  transmitted  light.  The  salt  decomposes  at  150*^,  giving  off  water  and 
carbonic  acid.  Adds  precipitate  from  its  solution  a  basic  ferric  sidt,  soluble  in  excess 
of  the  acid.  (GmelMs  Handbook,  x.  316.) 

Bubidio-ferric  tartrate  is  formed  by  boiling;  ferric  oxide  with  acid  tartrate  of 
rubidium,  and  separates  on  evaporation  in  nght  rhombic  prisms  with  hemihedral 
faces.  (Grandeau,  Jahresb.  1863,  p.  184.) 

Tabtbatbs  of  Ubantl,  or  Ubanio  Tabtbatbs.  Neutral  Uranic  Salt, 
Cm\VOyO»  +  HH)  and  4H>0.— The  yellow  solution  of  uranic  oxide  in  tartaric  acid 
yields,  by  concentration,  crystals  containing  1  at  water,  and  by  spontaneous  evapora- 
tion in  a  vacuum,  crystals  containing  4  at.  water.  The  last  give  off  3  at.  water  at 
150^ :  the  salt  does  not  experience  any  further  loss  by  drying  at  200^  (P^ligot,  Ann. 
Ch.  Phys.  [3]  xii«  463). — Uranic  salts  are  predpitated  by  alkalis,  even  when  mixed 
with  tartaric  add.  (H.  Rose.) 

AntwumiO'Urame  tartrate,  C^H«(SbOXUO)0*.4H*0,  is  obtained,  in  yellow  silky 
needles,  on  mixing  the  aqueous  solutions  of  tartar-emetic  and  uranic  nitrate,  and  redis- 
solving  the  gelatinous  predpitate  in  boiling  water.  This  salt,  when  dried  at  100°, 
exhibits  the  composition  OH'(SbOXUO)0*,  analogous  to  that  of  the  first  anhydride 
of  tartaric  add.  (Piligot.) 

Acids  isombbic  with  Tabtjjuc  Acm. 

Baoemle  or  Par«tartsHe  Aeld  has  been  already  described  (p.  34). 

Xnftotlwe  Tartarlo  Aeld,  or  aBesotartario  Aeld.— This  is  a  modification  of 
tartaric  add,  inactive  to  polarised  light,  but  differing  from  racemic  add  in  not  being 
separable  into  dextro-  and  hevo-tartaric  adds.  It  is  obtained,  as  above  mentioned 
(p.  672),  by  heating  racemate  or  tartrate  of  dnchonine  to  170^  for  several  hours.    On 
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dissolying  the  product  in  water,  adding  chloride  of  calcium,  filtering  immediately  from 
the  racemate  of  calcium  which  separatee  out»  and  leaving  the  filtrate  to  itself,  the  cal- 
cium-salt of  inactive  tartaric  acid  separates  out  The  add  ciystallises  weU,  and  most 
of  its  salts  are  quite  equal  in  beauty  to  the  corresponding  tartrates  and  racematee. 
(Pasteur,  Ann.  Gh.  Pharm.  Ixxxviii.  212.) 

The  inactive  tartaric  acid  prepared  from  dibromosuccinic  acid  is  probably  the 
same  modification. 

Mesotartaric  acid,  obtained  byDessaignes  (Compt.  rend.  Iv.  769 ;  Jahresb. 
1862,  p.  306),  together  with  deztrotartaric,  racemie,  and  aposorbic  adds,  by  oxidising 
sorbin  with  nitric  acid,  also  by  boiling  tartaric  or  racemie  acid  for  a  long  time  (at  least 
400   hours)  with  hydrochloric  acid,  appears  also,  from  comparative  experiments  of* 
Paeteur  (Bull.  Soc.  Chim.  1862,  p.  107),  to  be  identical  with  inactive  tartaric  acid. 

a.  It  is  separated  from  the  oxidation-products  of  sorbin  by  first  removing  the  tar- 
taric and  racemie  add  as  add  ammonium-salts,  precipitating  the  acid  filtrate  with 
chloride  of  calcium,  and  decomposing  the  caldum-salb  with  sulphuric  add. — 0.  In 
preparing  it  from  tartaric  acid,  the  greater  part  of  the  unaltered  tartaric  add,  and 
a  certain  quantity  of  racemie  acid,  likewise  formed  in  the  reaction,  must  first  be 
removed  by  crystallisation,  the  hydrochloric  acid  expelled  by  evaporation  over  the 
water-bath,  and  the  remaining  liquid  half  neutralised  with  ammonia,  whereby  nearly 
all  the  tartaric  acid  is  precipitated  as  acid  ammonium-salt  The  filtrate,  when  concen- 
trated, yields  large  well-defined  crystals  of  add  mesotartrate  of  ammonium. — y.  In 
preparing  it  from  racemie  acid,  the  unaltered  racemie  add  is  removed  by  cxystallisation, 
the  hydrochloric  add  expelled  by  evaporation,  the  remaining  liquid  half  neutralised 
with  ammonia,  and  then  precipitated  with  acetate  of  calcium. 

Mesotartaric  acid  is  very  soluble  in  water  QO  pts.  dissolving  in  8  pts.  of  water  at 
15^).  It  usually  crystallises  in  rectangular  plates  containing  1  at.  water  of  crystalli- 
sation :  C*H*OMI*0.  These  crrstals  effloresce  in  a  vacuum,  and  give  oflT  their  water 
of  crystallisation  at  100^.  If  the  residue  be  then  dissolved  in  water,  and  the  solution 
evaporated  to  the  crystalline  point,  large  anhydrous  crystals  are  obtained,  resembling 
those  of  ordinary  tartaric  acid.  The  solution  of  these  crystals,  however,  if  left  to  itself 
gradually  yields  the  hydratcd  acid. 

Mesotartaric  add  melts  at  140^;  at  200^  it  is  partly  decomposed,  giving  off  pyro- 
tartaric  add;  the  remaining  portion  is  partly  converted  into  racenuc  acid.  It  is  also 
transformed  into  racemie  acid  by  prolonged  boiling  with  hydrochloric  acid.  (Des- 
saignes.  Bull.  Soc.  Chim.  1865,  i.  34;  Jahresb.  1865,  p.  393.) 

The  mesotartrates  for  the  most  part  resemble  the  tartrates,  but  the  add  am- 
monium- and  potassium-salts  are  moderately  soluble  in  water,  and  the  acid  does  not 
precipitate  a  solution  of  gypsum. — ^The  cducmm-aaU^  C*H*Ca''0*.4H*0,  dissolves  in 
nydrochloric  add,  and  is  precipitated  from  the  solution  bv  ammonia ;  it  also  reacts 
with  potash  in  the  same  way  as  tartrate  of  calcium. — The  Um-Mlt  contains  C^H^Pb"0'. 
H«0 ;  the  sUver-talt,  0*H*Ag*0».H«0. 

Metatartaiio  Aeid.  This  isomer  of  tartaric  acid,  discovered  in  1831  bv  Bra- 
connot  (Ann.  Ch.  Phys.  [2]  Ixviii.  299),  and  further  examined  by  Erdmann 
(Ann.  Ch.  Pharm.  xxi.  9),  and  by  Laurent  and  Gerhardt  {ibid.  Ixx.  848),  is 
produced  by  quickly  heatmg  tartaric  add  to  170^ — 180^,  and  keeping  it  at  that 
temperature  till  completely  fused.  The  product  is  a  transparent  gummy  mass,  which 
gradually  becomes  opaque  and  crystalline.  If  the  heat  be  continued  longer,  ditartaric 
add  is  also  produced. 

Metatartaric  acid  is  deliquescent.  While  still  hot  and  liquid,  it  turns  the  plane  of 
polarisation  strongly  to  the  right ;  but  as  it  cools  and  solidifies,  the  dextrorotatory 
power  becomes  weaker,  and  at  3'5^  perceptible  Isevorotation  is  produced. 

The  metatartrates  have  the  same  composition  as  the  tartrates,  but  are  for  the 
most  part  disting^hed  from  them  by  their  crystalline  forms,  and  by  greater  solubility. 
By  boiling  their  aqueous  solutions,  they  are  gradually  converted  into  tartrates. 

The  cu^  ammonium-saltf  OH*(NH*)0',  separates  from  very  concentrated  solutions 
in  groups  of  microscopic  needles,  usually  exhibiting  the  form  of  spindles,  somewhat 
thickened  in  the  middle.  It  is  more  soluble  than  the  acid  tartrate,  and  is  further 
distinguished  therefrom  by  not  giving  any  precipitate  with  chloride  of  caldum.  Its 
solution,  saturated  with  ammonia,  is  predpitated  by  chloride  of  calcium  only  when 
highly  concentrated  ;  and  the  crystalline  metatartrate  of  calcium  thus  obtained, 
C*H*Ca*0*.4H*0,  is  distinguished  from  the  tartrate  by  the  form  of  its  crystals, 
which  appear,  under  the  microscope,  as  irregular  lenticular  grains,  ur  small  prisms 
unsymmetrical  at  the  two  ends,  whereas  the  tartrate  forms  small  often  elongated  octa- 
hedrons. Metatartrate  of  calcium  gives  off  half  its  water  of  crystallisation  at  160°, 
and  the  rest  at  230°.  When  once  deposited  in  the  crystalline  state,  it  dissolves  but 
very  slowly  in  boiling  water,  being  at  the  same  time  converted  into  tartrate ;  but  it 
dissolves  easily  in  cold  water,  especially  if  slightly  acidulated  with  nitric  or  hydro- 
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chloric  acid.    The  liquid  neatralised  wiUi  ammonia  again,  after  a  while,  deposits 
metatartrate  of  calcium,  with  its  characteristic  ciystalline  form;  but  if  the  metatar- 
trate  dried  at  220^  be  dissolved  in  hydrochloric  add,  the  solution,  neutralised  with 
ammonia,  yields  octahedral  crystals  of  calcic  tartrate.  (Laurent  and  Gerhard t.) 

Acid  metatartrate  of  potaesium,  C^H*EO*,  resembles  the  acid  tartrate  in  appearance 
and  in  its  reactions.  On  neutralising  metatartaric  acid  with  potash,  and  adding 
alcohol,  a  limpid  oil  is  precipitated,  which  crystallises  slowly,  in  the  form  of  neutral 
potassic  tartrate,  and  the  solution  of  which  yields  with  calcium-salts  octahedral  crystals 
of  calcic  tartrate. 

Olyootartario  Aoldf  C^H*0*.  (A.  Schoyen,  Ann.  Ch.  Pharm.  cxxxii.  168.) — 
(jtlyozal,  C'H'O',  unites  with  2  at.  hydrocyanic  acid,  forming  a  black  amorphous  sub- 
stance, which,  when  heated  with  alkalis,  gives  off  ammonia,  afid  is  converted  into 
glycotartaric  acid.  This  acid  is  deliquescent,  alterable  at  100^,  and,  when  more 
strongly  heated,  gives  off  the  same  odour  as  tartaric  acid. 

The  glyootartrates  of  the  alkali-^netalst  even  the  acid  potassium-salt,  are  easily 
soluble,  and  their  solutions  are  |krecipitated  by  chloride  of  barium,  chloride  of  calcium, 
acetate  of  lead,  and  nitrate  of  silver^ — ^The  barium-^alt  contains  G^H*Ba"0'.H'''0 ;  the 
lead-ealt,  C*HTb''0-.HH). 

Jcids  derived  from  Tartaric  Acid  by  eubstitiUum  of  Acid  Radicles  for  the  Alcoholic 

Hydrogen, 

(C»H»0)M 
Biaotftotartaric  Aold«  C*Hi<>0>  »  (C'H'O')*' 1 0\  and  Blaoetotartario  An- 

H«     ) 

lUFdriaa,  C«H»0'  «  (C^BTO?)*"!^'    (Ballik,  Wien.  Akad.  Ber.  xxix.  26.— Pilz. 

ibid.  xliv.  p]  7 ;  Jahresb.  1861,  p.  368.— Perkin,  Chem.  Soc.  Qu.  J.  xx.  149).— The 
anhydride  is  produced  by  heating  pulverised  tartaric  acid  with  chloride  of  acetyl : 

C<H«0«  +  2C«H»0C1     -     C"H«0'  +   2HC1  +  H«0. 

It  is  a  tough  crystalline  solid,  melting  at  126° — 127°  0.  When  distilled,  it  undergoes 
a  considerable  amount  of  decomposition,  especially  if  the  distillation  be  carried  on 
slowly.  It  boils  above  250^  but  no  fixed  point  can  be  obtained,  acetic  anhydride 
coming  over  during  the  distillation,  as  well  as  other  products,  some  of  which  affect 
the  eyes  like  acrolein ;  a  residue  of  carbon  is  left  in  the  retort.  If  heated  gently,  it 
sublimes  in  beautiful  but  small  prisms.  It  is  slightly  soluble  in  benzene,  and  ciys- 
tallises  firom  this  solvent  in  slender  white  needles.  It  also  crystallises  from  acetic 
anhydride.  (Perkin.) 

Diacetotartaric  acid,  C"H'»0»  «  C«H»0'.H«0,  is  formed  by  the  direct  combi- 
nation of  the  anhydride  with  water.  The  aqueous  solution,  evaporated  in  a  vacuum, 
leaves  the  acid  as  a  transparent,  gummy,  .deliquescent  substance,  having  a  very 
acid  taste.  When  strongly  heated,  it  decomposes,  without  previous  formation  of 
the  anhydride.  Heated  with  caustic  potash  or  soda,  it  is  resolved  into  tartaric  and 
acetic  acids : 

C«H'*0«  +   2H=0     =     C«H«0*  +   2C«H*0». 

Diacetotartaric  acid  is  dibasic,  forming  arid  and  neutral  salts ;  they  are  all  very 
soluble,  and  somewhat  difficult  to  obtain  pure ;  they  are  prepared  by  dissolving  the 
several  carbonates  in  the  aqueous  acid. 

The  neutral  potassium'  and  sodivm^salts  are  very  deliquescent. — The  acid  potassium' 
salt,  G*H*KO*,  is  a  crystalline  powder,  very  soluble,  but  not  deliquescent ;  it  has  an 
acid  taste,  and  reddens  litmus  powerfully. — The  barium-salt,  C'H'Ba''0",  cnrstallises 
from  a  syrupy  solution,  in  slenoAr  deliquescent  needles,  sometimes  half  an  inch  long.-^ 
The  ealcium-salt,  C*H"Ca"0',  dries  up,  on  evaporation,  to  an  opaque,  friable,  deliques- 
cent mass. — The  euprie  salt,  C5*H"0a  'Cf,  forms  blue  crystals. — The  mercurous  salt  is  a 
gelatinous  precipitate,  soluble  in  acetic  acid. — The  silver-salt,  C'H'Ag'O',  is  a  white 
crystalline  mass,  veiy  slowly  acted  upon  by  light.  (Perkin.) 

Paratartaric  (racemic)  aeid,  heated  with  chloride  of  acetyl,  yields  diacetopara- 
ta rtaric  anhydride,  as  a  beautiful  crystalline  body,  isomeric  with  diacetotartaric 
anhydride,  which  it  resembles  in  melting-point  and  other  properties.  In  contact  with 
water,  it  yields  diacetoparatartaric  acid,  which  is  resolved  by  heating  with 
alkalJJB  into  acetic  and  paratartaric  acids.  (Perkin.) 

H.C'H»0) 
BeBsotartaHeAold,C*>H»0'  -  (C*HK)'y40^  (Dessaignes,  J.  Pharm.  [SI- 
IP    ) 
Vol.  V.  y  Y 


ftli fwy iltlif Mwr>  (K«k«U lahMb. Itn, p. MIL) 

llMrM.lsnii.aM;  Isssls.  »•.)— IhMMlM  iBRMdWadfi^gl  Ft.«rp«H«iMd 
tftfft«k  Mi4  to  4i  pt«.  of  fiiy  Mn^  nlrie  acid ;  tfas  aUi^  vilh  Mira^  aa  equl 
fOhMMof  iCfOBf  adplnfieacid;  ^iii Ming Um pialy  mmi bctw^qi  poroi  tOm;  di*- 
acMflf  il  is  ft  mril  quatitf  ol  hkcvKM  vitM;  eoolii^g  to  0^,  Mid  pffMng  tba 
tokUMTMspftDir. 


mtfOtoitftM  add  diMnhw  ia  alMolnto  aleohol,  and  itnaanm,  on  nontaiMoiH 
afftpentioD,  io  diatinct  priaMi.  U  ia  ofidoBj mtdwe,  Uke  taitarie  acid  (Chantard). 
li  ia  rarr  ttoatatrla,  ita  aonaooa  aolvtion,  aran  at  a  few  degvaea  aboro  €P,  eonttimally 
giviiif  ov  aitrftc  oodda  and  carbonic  anliydnde.  Bj  apontanaoua  evapoaation,  it  yielda 
tftrtronia acid  (p.  698),  ftiid,  when  heated  to  40<'--60^,  ozaUe  rndL—Bj ndpkide  of 
^mmomium  it  i§  raeooTaitad  into  tartaiie  add, 

Tha  flifiotoitmUa  hava  not  baan   much  ezamiacd.— Tha   aeid  mmmonium  mff, 

jlYl«{  C<H'(Va^*0«,  forma  amall,  rwy  aolabla  OTatal&^Tha  neuind  ammtmmmrmU 

vialda,  with  nitrato  of  iilvcr,  an  aaailj  aolnble  ailyer-aalt,  containing 
AgK5*H«(N0«)Hy. 

VABVABSO  AMIBaft*    fiaa  Tabtsamtc  Acm  and  TABmiinsn. 

VABVABIO  AMMIBBIBBS*  Since  tartaric  add  oontaina  fonr  atoma  of 
raplMwablit  hydrogen,  it  a hould  be  capable  of  yielding  two  anhydridea,  by  the  Ion  of 
H*0  awl  2HH)  rMpeetirely :  Uroa^ 

(0«II^|0,.  CH^JO..  (C'HWr.O'. 

TarUrlo  mm.  Flnt  anhydride.  Tru«  anhydride. 

But  aa  tha  four  typic  hydrogan-atoma  of  tartaric  add  are  not  all  of  the  aama  diaracter 
(two  being  alcoholic  and  two  baaic),  it  ia  ftirther  poeaible  that  the  ilrat  anhTdride  may 
i«ahlblt  three  iaomeric  nodifleationa,  according  aa  tha  alcoholic  or  bade  hydxogen-atoma 
of  the  add  ua  aliminated  in  ita  forMation :  thna— 

«^=rg:q^.       (ofoTJo..       (cSort^- 

DIbaile  leld.  Monobatie  Keutral  an- 

add.  hydride. 

Vurthef^  two  or  mott  molecttlea  of  tartaric  add  may  nnite  together  in  giving  vp 

water,  thereby  prodndng  oomponnda  aaalognoa  to  the  polyethylenic  alcohola  (ii.  670), 

the  polyglvcerina  (ii.  894),  and  the  polylactic  aeida  (iiL  461).    The  dapleet,  and 

thaialbra  toe  moat  nrobabie  of  th^aa  oomponnda,  wonld  be  ditartnrie  acid,  irtiieh, 

\f$  Anther  diminatlon  of  water,  might  yiAd  correeponding  anhydridM :  thna-- 
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(C*H«0«)»' 

(c«H«o«y' 


DiUrtarlo  add.  DItwtark  tDhydiUf . 

All  these  oomponnds  mkht  possibly  be  nrodnoed  by  the  action  of  heat  npon  tartaric 
add.  6nl7  a  few  of  them  haye,  howeyer,  been  aetnally  obtained ;  and,  moreoyer,  the 
statements  of  different  chemists,  who  haye  inyestigated  the  decompositions  of  tartarie 
acid  by  heat,  do  not  qoite  agree.  (See  especially  Braconnot,  Ann.  Oh.  Pharm.  ii. 
315.— Primj,  ibid,  nz.  197;  zziz.  U2;  Izxyiii.  297.-'£rdmann,  ihid,  zzi.  0.-. 
Laurent  and  Gerhardt,  ibid,  Ixz.  848.)  But,  as  already  observed  (p.  676),  it 
appears  most  probable  that  the  first  effsct  of  heat  on  tartaric  acid  is  to  convert  it  into 
the  isomeric  oomponnd,  metatartario  acid;  and  that  afterwards,  by  suocessiye  elimi« 
nation  of  water,  tnere  axe  formed — first,  ditartaric  acid,  then  a  soluble  modification 
of  the  first  anhydride,  C*E*0*t  called  by  Fr&my  tartrelic  acid;  and,  finally,  the 
nentral  insoluble  modification  of  the  same  anhydride.  The  true  anhydride  of  tartarie 
acid,  OHH>'.0*,  is  not  known.  (Keknl^  Lekrbruch,  ii.  199.) 

UttMtule  Aeld«G*H>«0"  -  2C«H*0«-HK).->Thi8acid  (e^eSi  TartraHe aeidhj 
Frimy,  Isotartarie  acid  by  Lanrent  and  Qerhardt)  is  produced  by  melting  tartaric  add, 
and  keeping  it  at  a  temperature  of  170^,  till  it  no  longer  gives  a  toedpitate  of  Mtlda 
tartreUte  with  lime,  or  with  ealde  acetate  (Fr6my) ;  also  by  adding  tartarie  anhy- 
dride to  melting  tartarie  add  (Schifl^  Zeitschr.  Ch.  Pharm.  1862,  p.  876).  It  is 
very  soluble  in  water,  and  not  crystallisable.  Its  salts,  G^ICK)"  and  CH'M'O", 
even  the  caldmn-ialt,  are  also  very  soluble  in  water,  and  are  predpitated  by  alcohol  in 
the  form  of  syrup  or  of  bulky  flocks.  By  boiling  with  water,  they  are  converted,  first 
into  add  metatartrates,  and  then  into  tartrates. 

Gerhardt  ^^IMU,  ii.  16,  61)  regards  tartralio  add  as  isomeric  with  tartarie  and 
metatartaric  aads,  on  the  ground  that  tartaric  add  may  be  converted  into  it  without 
loss  of  weight,  even  in  piesence  of  water.  According  to  this  view,  the  oompodtion  of 
the  tartralates,  which  are  neutral,  is  the  same  as  that  of  the  add  tartrates  and  meta- 
tartrates; but  analysis  shows  that  tiie  oompodtion  of  these  salts  agrees  more  nearly 
with  the  formula  of  the  ditartiates  above  given. 

TartMlto  Aeid.  C*H'0*  e  C«H*0<  -  H'O.  SolubU  Tartaric  A/ihfdridc,— 
Obtained  by  quickly  heating  small  tjuantities  of  tartaric  add  till  the  Aised  mass  swells 
up.  It  is  a  yellowish,  tumefied,  deliquescent  mass,  which  dissolves  in  water,  Ibrming 
an  add  solution. 

Ohloride  or  acetate  of  caldom  added  to  this  solution,  throws  down  tartrtiaU  of 
ealctum,  O'H'Oa'O'*,  as  a  flyrupy  mass,  which  is  insoluble  in  water,  and  becomes  ervs- 
taUine  by  contact  with  alcohol. — ^The  barium-'  and  tironHmm'CaltBy  which  are  dmilar 
in  composition,  and  prepared  in  like  manner,  are  also  sjpipy  masses,  insoluble  in 
water.  Tartrelic  acid,  heated  with  lead-ozide  to  160^,  yields  a  lead-wit  containing 
O^H^b'O*. — ^In  contact  with  alkalis^  it  forms  tartralates  or  ditartrates.  By  boiling 
with  water,  it  is  converted,  first  into  metatartaric,  then  into  tartaric  add. 

iMMlnble  Tartarte  ABliydrld«»  0^H*0*,  is  formed  by  heating  tartaric  add 
for  some  time  to  160^,  eThausting  the  pioduet  with  cold  water,  and  drying  it  in  a 
vacuum.  It  is  a  white  powder,  insoluble  in  water,  aloohdl,  and  ether ;  and  is  converted 
by  water,  dowly  in  the  oold,  quickly  on  boiling,  into  tartaric  add.  (Primy.) 


TAMTAMMO  MKH  Bmi.  Tartaric  add,  like  other  dibasic  acids,  forms,  with 
monatomic  adds,  both  add  and  neutral  ethers,  the  former  of  which  are  monobasic 
adds;  e^,: 


H» 

O*.  (0*H«0' 

Btbjlteitarie  Neutral  •Chytle 

add.  tartrate. 


(0«H«0«)^ 
H.O«H» 


PO'V'  \  0*. 
[•)•      ) 


•  The  two  alcoholic  hydioffen-atoms  in  these  ethers  are  also  replaoeable  by  add- 
radides,  forming  compoundslike  the  foUowing : 


H.O«H»0  )  CmK>,CBHy ) 

0*.  (0*H«0")»' 1 0«.  (0*H«0«y^    lo«. 

(0«hV  J  (C*H»)»      J 


(C'BPOT^ 

H.OW 

BthyllMDSo^  Ae0t€«artarle 

tartaric  add.  Hher.  tartaric  ctber. 

Closely  related  to  these  etheii  are  also  certain  dibasic  adds,  derived  from  tartarie 

tt2 
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Acid  by  the  snbstitutaon  of  acid-radicles  for  one  or  both  of  its  aloobolio  hydrogen- 
atoms  (p.  689) ;  e.g, : 

H.C'H>0  \ 

0*. 


(C»H«0)M  (N0«)»  ) 

H«     )  H«     ) 


Beosotartaric  DiacetoUitaric  Dinitrotartarlc 

acid.  add.  acid. 

The  constitution  of  these  compounds  shows  that  tartaric  acid  may  be  regarded  as  a 
diatomic  alcohol,  as  well  as  a  dibasic  add. 

'  The  acid  tartaric  ethers  are  formed  by  the  direet  action  of  tartaric  acid  on  the 
alcohols ;  the  neutral  ethers  by  passing  hydrochloric  acid  gas  into  a  solution  of  the 
acid  in  Uie  respective  alcohols.  The  derivatives  of  these  ethers  containing  acid 
hulides,  are  formed  by  treating  them  with  alcoholic  chlorides. 

A  few  ethers  are  also  known,  produced  by  the  action  of  tartaric  acid  on  polyatomic 
alcohols. 

Neutral  Tartaric  Ethers,  oontaining  Monatomic  Alcohol-radiclee. 

BtliyUe  Tartrate,  or  Tsrtaario  atbar,  C*H^«0«  »  OH«(0'H»)K)*.  (Demon- 
desir,  Ann.  Ch.  Pharm.  bcxx  301.) — This  ether  is  a  liquid  which  acts  on  polarised 
light.  It  bears  a  somewhat  high  temperature  without  decomposition,  but,  when  heated 
to  a  certain  pointy  gives  off  considerable  quantities  of  pyrotartaric  add.  It  mixes  in 
all  proportions  with  ioatert  alcohol,  and  common  fther. — ^With  ammonia  it  yields 
tartramic  acid  or  tartramide,  according  to  the  time  for  which  the  action  is  continued. 

Tartaric  ether  is  decomposed  by  sodium,  with  evolution  of  hydrogen ;  the  action  is 
slow,  on  account  of  the  visciditv  of  the  ether,  but  may  be  made  to  go  on  very  rapidly, 
by  mixing  it  with  five  or  six  times  its  volume  of  anhydrous  benzene.  On  separating 
the  excess  of  sodium,  and  evaporating,  a  pale  yellowish-brown,  nncrystalline,  but  friable 

H.Na  ] 
residue,  is  obtained,  probably  condsting  of  sodiotartaric  ether — C^HH)*  -O. 

By  the  continued  action  of  the  sodium,  a  gelatinous  product  is  also  formed,  probably 

Na«    ) 
disodiotartaric  ether,  C*H«0»  >0K    (Perkin.) 

(C«H»)«)  . 

Aoetotartarlo  ather,  C'H'W  =  C*H>(C«H«0)(C«H»)»0«.  (Perkin,  Chem. 
Soc  J.  XX.  146.) — ^Produced  by  the  action  of  acetylic  chloride  on  an  equivalent  quan- 
tity of  tartaric  ether ;  the  action  takes  place  at  ordinary  temperatures,  laree  quantities 
of  hydrochloric  acid  being  evolved,  and  the  mixture  becoming  hot.  The  oily  product  is 
purified  by  agitating  it  with  water,  dissolving  in  ether,  agitating  the  ethereal  solution 
with  dry  carbonate  of  sodium,  filtering,  and  evaporating  to  dryness  over  the  water- 
bath. 

Acetotartaric  ether  is  an  oily  liquid^  having  about  the  consistence  of  olive-oil, 
heavier  than  water,  and  slightly  soluble  therein,  bub  quite  insoluble  in  saline 
solutions.  It  is  perfectly  neutral  to  test-paper,  and  has  a  mther  bitter  taste.  When 
somewhat  strongly  heated  in  a  retort,  it  decomposes,  giving  off  acetic  acid ;  at  about 
287°,  an  oil  passes  over,  and  finally  a  carbonaceous  residue  is  left.  It  is  deoomposfd 
by  aqueous  ammonia,  the  solution,  when  evaporated,  yielding  a  ydlowish  sympy 
product,  having  a  bitter  and  slightly  burning  taste.  Heated  with  chloride  of  benzoyl, 
it  gives  off  hydrochloric  acid,  and  forms  a  thick  colourless  oil,  probably  benz- 
acetotartaric  ether. 

Acetotartaric  ether  is  rapidly  decomposed  by  sodium,  especially  when  diluted  with 
benzene,  hydrogen-gas  being  evolved,  and  a  transparent  gummy  substance  foAned, 
probably  consisting  of  sodacetotartaric  ether,  C*H*Na(C*H*OXC«H*)K)«. 

Biaoetotartarle  Btber,  C»«H»K)»  «  C*H«(C»H»0)«(0»H*)«0«.  (Perkin, 
Chem.  Soc.  J.  xx.  147.)— Produced  by  treating  1  at  tartaric  ether  with  2  at  chloride 
of  acetyl,  and,  after  the  reaction  has  abated,  neating  the  product  for  a  short  time  to 
100°  in  a  sealed  tube.  Wh«n  purified  like  the  prerading,  it  solidifies  to  a  beautiful 
ciTstalline  mass,  which  may  be  separated  from  a  small  quantity  of  oily  acetotartaiic 
ether  by  strong  pressure  between  bibulous  paper,  and  then  crystallised  from  water. 

Diacetotartaric  ether  dissolves  in  all  proportions  in  alcohol  and  common  ether,  and 
is  precipitated  from  its  alcoholic  solution  by  water.  When  it  is  boiled  with  water,  a 
considerable  quantity  dissolves,  and  the  solution,  on  cooling,  deposits  It  in  splendid 
prismatic  crystals  more  than  1|  inch  long.  It  is  slightly  soluble  in  cold  water,  but 
on  the  addition  of  a  strong  solution  of  chloride  of  sodium,  the  liquid  becomes  doudy, 
and  the  diacetotartaric  ether  crystallises  out  on  standing. 

Diacetotartaric  ether  melts  to  a  coloorless  oil  at  67°  and  does  not  resolidify  on 
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cooling ;  but  as  floon  as  a  small  particle  of  the  solid  piodnct  is  thiown  into  it.,  it  begins  to 
crystafiise  in  tufVs  of  needles,  and  in  a  few  moments  becomes  perfectly  solid.  Daring 
erystallisation,  it  evolves  heat  sufficient  to  become  quite  hot  to  the  hand.  When 
strongly  heated,  it  distils  with  only  slight  decomposition.  It  boils  between  294^  and 
298°. 

Diaoetotartaric  ether  is  not  quickly  decomposed  by  aqueous  potash^  or  by  c(^d  alcoho- 
lic ammonia.  It  is  scarcely  acted  upon  by  sodium^  either  in  the  fused  state,  or  when 
dissolved  in  benzene. 

Paratartaric  (racemic)  ether  treated  with  chloride  of  acetyl  yields  acetopara- 
tartaric  and  diacetoparatartaric  ether,  isomeric  with  the  tartaric  ethers  just 
described.  Monacetoparatartaric  ether  is  a  colourless  oil.  Diacetoparatartaric  ether 
is  a  solid  body,  melting  at  50*6^,  boiling  at  about  298^,  and  distilling  with  slight 
decomposition.  It  dissolves  in  alcohol  or  ether  in  all  proportions.  It  is  deposited 
from  Its  boiling  aqueous  solution,  on  cooling,  in  small  tufts  of  needles,  and,  after 
long  standing,  sometimes  forms  short  but  very  brilliant  prisms  on  the  sides  of  the  vesseL 

Bensotaitwio  atlier,  G»H<H)'  -  OH*(C^»0)(0>H»)*O.  (Perk in,  Ghem. 
Soc.  J.  zz.  189.) — ^Produced  by  heating  chloride  of  benzoyl  with  a  slight  excess  of 
tartaric  ether  to  100^  for  two  or  three  hours.  When  purified,  like  the  preceding 
compound,  by  agitation  with  carbonate  of  sodium,  solution  in  ether,  &o.,  it  forms  % 
viscid  transparent  oil,  which,  on  standing  (especially  under  water)  for  two  or  three 
weeks,  is  almost  wholly  converted  into  a  ma8s  of  colourless  prismatic  ciystals,  which 
may  be  freed  from  oil  by  pressure. 

Benzotartaric  ether,  when  pure,  is  a  white  inodorous  solid,  heavier  than  water,  and 
easily  pulverised.  It  melts  at  64^,  and  cools  to  a  viscid  oil,  which  does  not  solidify 
nntil  it  has  stood  for  some  considerable  time ;  but  the  introduction  of  a  minute  piece 
of  the  solid  product  immediately  causes  it  to  commence  crystallising ;  and  this  takes 
place  with  a  very  considerable  elevation  of  temperature.  It  czystallises  in  transparent 
prisms.  If  stronglv  heated,  it  distils  with  decomposition.  It  is  soluble  in  all 
proportions  in  alcohol  and  ether;  slightly  soluble  in  boiling  water,  the  solution 
pecoming  milky  and  depositing  oily  drops  on  cooling;  afterwards  beautiful  but 
small  prismatic  crystals  separate.  Its  aqueous  solution  has  a  slightly  bitter  taste. 
Its  solutions  do  not  change  the  colour  of  litmus-paper. — ^Aqueous  potash  appears  to 
be  without  action  upon  it.  With  aodium  it  liberates  hydrogen,  and  appears  to  form  a 
sodium-compound.  When  heated  in  a  sealed  tube  to  100°  with  alcoholic  ammonia,  it 
slowly  decomposes,  and  is  apparently  converted  into  benzoic  add,  tartramide^  benzo* 
tartramide,  and  alcohol. 

Alcoholic  potash  quickly  decomposes  benzotartaric  ether,  yielding,  if  in  excess* 
tartaric  and  benzoic  acids ;  but  if  duute  solutions  are  used,  and  the  quantity  of  potash 
present  is  not  sufficient  to  produce  complete  decomposition,  benzotartaric  and  ethylr 
benzotartaric  adds  are  produced  (p.  696).  The  formation  of  these  producte  iB 
represented  by  the  following  equations: 

^I|C*H«(C'H»0)0«   +    H«0  =   C«H«0  +  ^.|c*H»(C»H»0)0«. 

Benxotanaric  elber.  Aleobol.  BthylbeDsoUrtaric 

acid. 

^IJOHXCHH))©*  ♦  2HH)  -  20»H«0  +  §|o«H\C*H»0)0«. 

Beniotartarlc 
add. 

^t|OH^CrH»0)0«  +  8HK)  -  2C«H«0  +  2|c*H*0«  +  CHH)*. 

Tartarle  Benxcic 

acid.  acid. 

Benzotartaric  ether  is  not  converted  into  dibenzotartarie  ether  by  heating  with 
chloride  of  benzoyl ;  neither  does  this  compound  appear  to  be  produced  by  heating 
tartaric  ether  with  2  at.  chloride  of  benzoyl. 

Paratartaric  ether  heated  with  chloride  of  benzoyl,  yields  benzoparatartario 
ether,  isomeric  with  benzotartaric  ether,  but  melting  at  a  much  lower  tamperatur^, 
viz.  67°,  and  not  ciystallidng  so  readily. 

Aoetobenaotaurtwrle  Bfbar,  C*'H»0«  -  G«H*(G*HH>)(C*H»OYC<H«)*0«. 
(Perkin,  Ghem.  Soc.  J.  xx.  145.) — ^Prepared  by  heating  benzotartaric  etner  with  a 
slight  excess  of  chloride  of  acetyl  to  140^ — 160°,  in  a  sealed  tube  for  three  or  four 
hours.  It  is  a  very  thick  colourless  oil,  heavier  than  water,  showing  no  tendency  to 
solidify,  neutral  to  test-paper,  veir  soluble  in  alcohol  and  ether. — Heated  with 
alcoholic  potash,  it  is  completely  resolved  into  alcohol,  and  acetic,  benzoic,  and  tartaric 
adds  * 

C"H~0»  +   4H*0  -  2C?H«0  +  C«H*0"  +  CH^O*  +  C«HH)». 
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■ttodiiatertuto  BUmt,  0»H«K)*«  -  C>H\G«H«0*)''(G'H*)«0»  (Perkin, 
Ohem.  Soo.  J.  zx.  143.)— lliifl  body,  formed  Iry  the  subotitation  of  1  at  miccinyl 
for  2  at  hTdiogen  in  a  double  molecole  of  tartaric  ether,  is  prepared  by  heating  2  at. 
tartaric  ether  with  1  at  chloride  of  enodnyl  in  a  teat-tabe  to  100^,  as  long  as  hydro- 
chloric acid  continues  to  go  o£f : 

The  product,  purified  like  the  preceding,  is  an  extremely  thick  oil,  generally  of  a  pale- 
yellow  colour.  It  dissolyes  fireely  in  alcohol  and  ether,  forming  nenteal  solutions.  It  is 
decomposed  by  alcoholic  potash,  and  cannot  be  distilled  without  decomposition. 

Xethylto  Ttetrate,  C«H>«0*  -  C*R\CR*)H>*,  M^Uariane  Ether^^Tn- 
pared  like  ethyltartarie  c^er,  which  it  resemUes.    (Demondesir.) 

0.  Aoid  Tartaric  Ethers  containing  'Bionatomio  Aleohol-radules, 

These  an  monobasic  adds,  produced  by  the  dixaot  action  of  alcohols  on  tartaric 
add. 

Amjttftrtarte  Aeld,  C*H>«0*  »  C«H«rO*H")0*.  Tarirati^  Aeid,-^Thin 
add,  discovered  by  Ba lard   (Ann.  Ch.  Phys.  [3]  zii.  809),  and  more  folly  investi- 

Sted  by  Breu  nlin  (Ann.  Ch.  Pharm.  xd.  314),  is  prepared  by  digesting  160  pts. 
ely-pulverised  tartaric  acid,  for  several  days  (at  about  ISO^X  ^^  ^  F^  rectified 
amy&c  alcohoL  A  syrupy  liquid  is  then  formed,  which,  by  slow  cooling,  solidiflea  to 
warty  masses  of  unctuous  crystals,  haying  an  intensely  bitter  taste.  They  melt  at  a 
gentle  heat,  and  dissolve  in  a  smaU  quantity  of  water,  but  a  larger  quantity  of  water 
separates  the  amyltaartaric  add  in  oily  drops.  (Br e  u  n  1  i  n. ) 

The  amyltartrates,  G«H«M(C»H")0*  and  C*H^''(C»H")K>>*,  are  for  the  most 
part  soluble  in  water.  Most  <^  iban  remain  unaltered  when  their  aqueous  solutions 
are  boiled,  but  they  decompose  when  dried  at  100®. 

Amjfliariraie  of  Barium,  prepared  by  saturation,  separates  from  its  concentrated 
solution,  in  colourless,  nacreous,  oprstaUine  laminse,  containing  CH'Ba''(G*H")K)*. 
2H!*0,  which  become  dull  when  dried  at  a  gentle  heat,  and  are  decomposed  at  100^. 
Th^  dissolve  in  alcohol,  and,  on  adding  water  to  the  solution,  the  anhydrous  salt, 
0«fi'Ba''(0*H"^K)",  is  pndpitated  in  white  amorphous  flakes.-The  oakhm^caU, 
CHHTa^^O^H^MK)'*,  likewise  obtained  by  neutralisation,  remains,  on  evaporating  its 
solution  over  ou  of  vitriol,  as  a  friable  saline  mass,  which  dissolves  very  readily  in 
water,  and  is  not  decomposed  at  100^. — The  lead-salt,  obtained  by  predpitating  the 
potasdum-salt  with  acetate  of  lead,  appears  to  be  a  bade  salt — ^The  potassium^^t, 
obtained  by  decomposing  the  barium-ssdt  with  carix>nate  of  potasdum,  separates,  on 
evaporation  and  cooling,  as  a  white  crystalline  mass,  containing  0^H^K(C*H'')O'J3K). 
It  is  sparingly  soluble  m  cold,  easily  in  boiling  water,  and  gives  oif  its  water  of  eiys- 
tallisation  at  100^.— The  sodium-salt,  C*Hn7a(0>H")0*,  prepared  in  like  manner, 
separates,  bv  evaporation  over  oil  of  vitriol,  in  soft,  nodular,  uihydrous  cnrstals.  —The 
silver-salt,  C^H^Ag(OH")0',  separates  on  cooling  from  a  hot  concentrated  solution  of 
the  potasdumHsalt  mixed  witii  mtzate  of  silver,  in  tufts  of  needles  having  an  adaman- 
tine lustre.  (Breunlin.) 

atHjttarawto  Aeld*  O^'H)'  -  C«H*(0*H*)0*.--2ln^ft<A^  or  Turtrovinie 
Acid,  (Marian,  Trommsd.  J.  xiii.  2,  48.^Trommsdorff,  ibid,  xxir.  1, 11.— 
Gnirin-Varry,  Ann.  Ch.  Phys.  [2]  bdi.  67.)— When  abaolate  alcohol  is  iMiled  for 
some  time  with  tartaric  add,  and  the  liquid,  after  dilation  widi  water,  satoxated  with 
carbonate  of  barium,  insolnble  tartrate  of  barium  is  formed,  together  with  a  solution 
of  the  ethyltartrate,  which  is  depodted  in  crystals  on  concentrating  the  liquid.  This 
salt,  decomposed  with  an  equivalent  quantity  of  sulphuric  acid,  yields  ethyltartarie  add. 

This  add  eiystallises  in  elongated  prisms,  wiu  obUqne  bases ;  it  is  edlouriess,  in- 
od<Hous,  tastes  both  sweet  and  sour,  and  quickly  absorbs  moisture  from  the  air.  It  is 
very  soluble  in  alcohol  and  in  ether.  Its  aqueous  solution  is  completdy  decomposed, 
by  prolonged  boiling,  into  alcohol  and  tartanc  acid.  It  dissolves  dnc  and  iron,  with 
evolution  of  hydrogen* 

Ethyltartarie  add  is  decomposed,  by  diy  distillation,  into  alcohol,  water,  acetic 
ether,  acette  add,  etiiylene-gas,  pyrotartaric  add,  and  otiier  products. — Nitrio  acid 
oonverts  it  into  acetic,  carbonic,  and  oxalic  adds. 

The  solution  of  ethyltartarie  add  gives  no  jpredpitate  with  potash  or  soda,  in 
whatever  proportion  the  alkali  may  be  added. — ^When  added  by  drops  to  baryta^water, 
it  forms  a  ptedpitate,  which  disappears,  with  the  exception  of  a  slight  turbidity,  as 
the  liquid  approaches  neutrality,  but  reappears  on  adding  an  excess  of  the  add. 
These  characters  distinguish  ethyltartarie  add  from  tartaric  add. — With  /MiM-«MUsr, 
it  forms  a  psedpitate  soluble  in  excess  of  the  add. 


TARTARIC  ETHERS.  695 

The  eiliyUartrfttea,  C«H<1C(C*H»)0*  and  0*fl>]r(C>H*)H>»  uniaUy  ezTitallis* 
well;  tliej  are  unctiioiis  fo  the  toveh,  and  irithoat  odour.  Almost  all  of  them  are 
rery  soluble  in  water,  lees  soluble  in  aloohoL  On  boiling  their  solutions,  they  are 
rosoked  into  aleohol  and  tartrates. 

The  ammomum-mUt  is  obtained,  in  silky  fibres,  hj  spontaneous  eTsporation  of  a  solu- 
tion of  the  acid  saturated  with  carbonate  of  ammonium. — The  potaamwm'mUi, 
G^H^K(C'H*)0*.  forms  colourless  rhombic  prisms,  usually  exhibiting  the  combination 
ool^.  OBJ^oo  .Pod.  P.  AjLMaibie  «  0*2870  :  1  :  0.4174.  Angle  a>p2  :  qo{»2 
(biach.)  »  120^8;  00^2:  ooj^oo  -  101^  6';  $oo  :  Poo  »  134<>  41'.  Cleayage 
easy  ^larallel  to  obP  od.  Its  aqueous  solution,  when  boiled,  deposits  acid  tartrate  of 
potassium.— The  Modrnm^^aii  iSarms  lamini^  sometimes  rhomboulal,  sometimes  rect- 
angular.       

The  banum-ndi,  0'H<%''(C>H*)K)>*.2H*0,  prepared  as  already  described  (p.  694), 
forms  beautiful  fim-shaped  groups  of  crystals,  apparently  belonging  to  the  trimetrio 
system. 

The  eaJ/emrn-MoU,  C'H*0a''(CPH*)K)i*.6H*0,  prepared  Uke  the  bsrium-salt,  forms 
rectangular  pzisms  OTlamini^which  melt  in  Uieir  water  of  erystallisataon  at  100^. 

The  ewprio  9aU,  0'H"0u''(0^*)>0i*.6HH),  obtained  by  dissolying  cupric  oxide  in  the 
aqueous  acid,  fbirms  blue,  sflky,  eflknesoent  needles. 

The  lead-^t  separates,  on  adding  ethyltartarie  acid  to  acetate  of  lead,  in  small 
nacreous  prisms,  insoluble  inexcess  of  the  add. 

The  ntver-^tt  C*H*Ag(C*H*JO*,  obtained  by  preemitation,  otystallises  in  prisms, 
sometimes  tumefied  in  the  middle.  It  is  sli^Uy  soluble  in  cold  water,  and  may  be 
heated  to  100^  without  decomposition. 

The  ghuhmU  forms  groups  of  rectangular  prisms,  unctuous  to  the  touch. 

amylbeaaotwtttrio  A«ld,  G»H^«0'  -  C«H«(CrH*0)(G*H>)0<.  (Perkin, 
Ghem.  Soc.  J.  zx.  142.) — ^Produced,  together  with  benzotartanc  ada  and  other  pro- 
ducts, by  treating  a  dilute  alcoholic  solution  of  benaotartarie  ether  with  a  quantity  of 
dilnte  alcoholic  potash,  not  sufficient  to  resolye  it  completely  into  benxoic  and  tartaric 
acids  (p.  693).  On  gently  heating  the  resulting  liquid  to  expel  the  excess  of  alcohol, 
adding  water  to  separate  oily  products,  passing  Uie  solution  through  a  wet  filter,  acidu- 
lating with  hydrodiloric  add,  which  separates  an  oil  consisting  Si  benaoic  and  ethyl- 
benzoic  adds,  together  with  a  little  neutral  oil,  smelling  like  benaoio  ether,  and  pladng 
the  dear  filtrate  in  a  Tscuum  over  oil  of  vitriol,  ethvlbensoio  add  separates,  after  a 
few  days,  in  beautiful  tufts  of  hard  needles,  whica  may  be  completely  purified  by 
washing  with  water.    The  mother-liquor  contains  benaotartarie  acid  (p.  690). 

Ethylbeniotaztarie  add  is  sparingly  soluble  in  water,  but  extremely  soluble  in 
alcohol  and  ether,  and  is  depodted  firam  its  alcoholic  or  ethereal  solution,  on  erapora* 
tion,  in  fsn-shaped  sroups  of  crystals.  Its  aqueous  solution  reddens  litmus-paper.  It 
is  easily  decomposed  by  potash,  and  its  salts  appear  to  be  rather  unstable. 

KaChjttartaite  Aeld«  C*HH>«  -  C«HXCH*)0'.  TartrometkyHe  Acid.  (Du- 
mas and  Pilif  otk  Ann.  Ch.  Phys.  [21  Ixi.  200.~Gu6rin-yarrjr,  ibid,  bdi.  77.— 
Dumas  and  Piria,  ibid.  [3]  t.  878.>— Tartaric  add  dissolves  m  methylic  more 
eamly  than  in  ethylic  alcohol,  and  converts  it  with  greater  fadlitv  into  the  acid  ether. 
To  prepare  this  compound,  tartaric  add  is  dissolved  in  an  equal  weight  of  methylic 
alccmdl  at  the  boiling  heat;  the  solution  is  evaporated  to  a  syrup  at  a  temperature 
bdow  100^;  the  qnrnp  left  to  evaporate  freely,  and  the  vesnlting  crystals  dried  in  a 
vacuum. 

Metl^ltartaric  add  cnrstallises  in  colourless  rectangular  prisms,  heavier  than 
water,  nisible,  inodorous,  but  having  an  add  taste.  It  is  scucdy  altered  by  the 
mdsture  of  the  air,  dissolves  very  eadly  in  cold  water,  and  in  all  pro^xirtions  of  boil- 
ingwater;  is  easily  soluble  also  in  alcohol  and  woodrspirit,  but  insoluble  in  ether. 

The  aqueous  solution  of  methyltartarie  add,  when  boiled,  takes  up  1  at.  water, 
reproduonff  tartaric  add  and  methylic  aloohoL  The  crystals,  when  heated,  give  off 
water,  methylic  alcohol,  and  methylic  acetate,  together  with  other  products. 

The  aqueous  add  dissolves  gincwA  trofi,  with  evolution  of  hydrogen.  WttJi  baryta^ 
water  and  UfM-waUr  it  forms  predpitates,  soluble  in  a  sljght  excess  of  the  add.  It 
does  not  precipitate  sulphate  of  potassium,  but  forms  a  pulverulent  predpitate  with 
acetate  of  lead. 

The  methvltartrates  are  ccmverted,  Wboiling  their  aqoeons  solutions,  into 
methylic  alcohol — ^The  potastiumriaU,  O^H'&O',  crystallises  in  right  rectangular 
prisms,  which  (according  to  Dumas  and  Piria)  are  anhydrous,  but  (according  to 
GuArin-Varrv)  ^ve  off  4*2  ^  cent,  water  in  a  vacuum  over  oil  of  vitriol.  It  is 
much  more  soluble  in  hot  than  in  cold  water. — The  sodiumrealt  is  sparingly  soluble  in 
water,  and  separates,  as  a  granular  pracipitate,  on  pouring  methyltartarie  add  into 
caustic  soda.— The  barium-salt,  C*«H*^Btt''0**.H*0  (?),  is  obtained  by  saturating  a 
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•olntkm  of  the  add  in  methylic  alec^l  vith  eartxnate  of  barium,  aiid  crjstiUiaea,  hj 
spontaneous  eraporatkni,  in  white  rectangolar  nrianui,  much  mate  soloble  in  hot  than  in 
cold  water.  It  deoompoees  at  abont  160^,  yielding  a  sympy  alliaoeons  liquid,  eontain* 
ing  water,  methjlic  alcohol,  methylic  acetate,  and  a  dystallisahle  snbatance,  which 
may  be  obtained  horn  it  by  erapomtion. — ^The  Uad-^aU  wad  the  mlntr-mU  am  o1 
by  precipitation. 


Jeids  isomeric  witk  MethiflUtrtane  Add. 

CrnuTABTAxic  Acid,  OHH)*.  (Carina,  Ann.  Ch.  Pharm.  caadx.  169;  Jahreab. 
1864,  p.  893.)— An  add  prodoced  by  boiling  a  neutral  sait  of  chloiodtzamalic  add 
with  water : 

0»H»K«ao»  +  H*0     »    KCl  +  OH'KO*. 

Chlorocitraaaa-  Citrauitrate. 

late. 

To  prepare  it,  a  solution  of  chlorocitramalateof  barinm*  is  rspeatedly  evaporated  to  dry- 
ness, with  excess  of  baiyta.  On  carefully  decomposing  the  resulting  baiium-Bidt  with 
dilute  sulphuric  acid,  evaporating  the  filtrate,  and  decolorising  with  animal  charcoal, 
dtratartaric  acid  is  obtained,  as  a  transparent,  amoiphous,  deliquescent  mass,  which 
melts  abore  100^,  and  becomes  carbonised,  with  evolution  of  add  vapours. 

Citratartaric  add  is  dibasic.  liBpotasnumf  and  amnumium'SaUs  have  the  composi- 
tion C*H'M*0' :  the  former  ciystallises  in  needles.  The  free  add  is  predpitated  by 
acetate  of  lead ;  the  solutions  of  the  neutral  alkali-metal  salts  form,  with  Irad-  an& 
nlver-salts,  predpitates  which  are  soluble  both  in  the  free  acid  and  in  excess  of  the 
alkaline  salt ;  no  predpitate  with  chloride  of  barium,  calcium,  copper,  or  sine.  Citra- 
tartaric add  reduces  an  ammoniacal  silver-solution  at  the  boiling  heat^  and  prevents 
the  precipitation  of  ferric  oxide  by  alkalis. 

Oitratartraie  of  barium  contains  C*H«Ba''0*;  the  neutral  lead-salt,  C^H^Pb^O*; 
the  baste  lead-salt,  C»H«Pb''0«.Pb''0. 

Dibasic  adds  having  the  same  composition,  and  perhaps  identical  with  the  pre- 
ceding, are  produced : — a.  By  the  reduction  of  oxalic  ether  with  sodium-amalgam,  the 
pas^  amalgam  being  covered  with  alcohol  of  80  per  cent.,  and  the  oxalic  ether 
gradually  added.t  O^iis  add,  Lowig's  glycomalie  acid,  is  uncrystallisable,  but  its 
add  banum-salt  may  be  obtained  in  crystals.  (Lowig,  Jahresb.  1862,  p.  311.) 

fi.  By  the  action  of  silver^xide  on  dibromopyrotartaric  acid  (iv.  774) : 

C'H'Br'O*  +  Ag»0  +  H«0  -  2AgBr  +  C»H*0«. 

The  acid  thus  produced  (homotartaric  acid)  is  very  soluble  in  water,  and  the 
sympy  solution  yields  crystals  after  lonff  standing.  Its  salts  are  almost  all  soluble  in 
water.— The  neutral  barium-salt,  C^H'Ba'O*  (at  150°),  is  insoluble  in  akohoL 
(KekuU,  Ann.  Ch.  Pharm.  Suppl.  i.  346;  Lekrbuch,  ii.  213.) 

7.  Tartaric  Ethers  containing  Tolyatomie  Alcohol-radicles, 

These  ethers  are  formed  by  heating  tartaric  acid,  in  various  proportions,  with 
glycerin,  mannite,  dulcite,  pinite,  glucose,  &c.  Their  composition  and  properties 
have  already  been  described.  See  Ethbbs  (ii.  621, 622) ;  Glucosotabtaric  Acn> 
(ii.  872) ;  GLTCBBoraiKTAiac  Acdds  (ii  893). 

TASTAXnf .    Native  sulphate  of  potassium,  also  called  Arkanite  and  Glaserite. 

TAMTAMJJBm  A  general  pharmaceutical  name  for  salts  of  tartaric  add : — Thr- 
tirus  anitumiatvs  is  ammonio-potassic  tartrate. — T,  boraxatus,  or  tartarised  borax,  is 
the  gumny  salt  obtained  by  evaporating  a  mixture  of  1  pt.  borax  and  3  pts.  cream  of 
tartar  (p.  687). — T.  chalybeaius  is  potassio-ferric  tartrate. — T.  eTueticus:  potassio- 
antimonions  tartrate. — 21  (ftrratus  or  ferruginosus),  T.  kalico-ferricus,  and  71  martialis 
or  martiatuSf  are  various  preparations  containing  ferric  tartrate. — T.  reaeneratus: 
acetate  of  potassium. — T.  solubUis :  neutral  tartrate  of  potassium. — T.  sdvhilis  om- 

mofiiacalis :  ammonio-potassic  tartrate. — T.  stibiatus:  tartar-emetic T.  tartarisatus: 

neutral  turtrate  of  potassium. — 71  vUriolatus:  sulphate  of  potassium. — 7!  vUriolatus 
acidus  :  acid  sulphate  of  potassium. 

TAMTWmiao  ACIB.    Syn.  with  Bitabtabio  Acid  (p.  691). 

TAXTBABQITSAn.    Ethylic  tartramate. 


*  Thii  mU  U  prepared  by  treating  a  cold  solution  of  citraconate  of  barium  with  hyDOchloroas  acid, 
oroducad  by  pasting  chlorine  into  water  containing  mercorous  oxMe  in  sutpensfdn.  (Jahresb.  1663,  p. 

t  The  reduction  of  ethylic  oxalate  by  sodJum-amalgani,  under  differeDt  conditions,  yields  racem<:^ 
carbonic  or  dcsoxalic  acid,  OH^O*  (p.  40). 
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■■».      (Lftu- 


to  AOZB.    C^H'NO*  -  C*H»(NH«)0*  =  (C«H«0«)»' 

H.H« 

rent,  Oompt.  Ghim.  1845,  p.  168. — ^K.  G-rote,  Ann.  Gfa.  Pharm.  cxzx.  262.) — The 
ammonium-salt  of  this  acid  is  produced : — 1«  By  passine  ammonia^gas  otaf  tartaric 
anhydride  moistened  with  aloonol.  Two  layers  of  liquid  are  then  formed,  the  upper 
consisting  of  alcohol,  and  the  lower  of  tartramate  of  ammonium  (Laurent). — 
2.  Together  with  tartaric  acid,  by  heating  tartaric  ether  with  strong  aqueous  ammonia 
to  100^.  The  resulting  solution  first  deposits  efflorescent  CEystab  of  tartrate  of 
ammonium,  then  hard  crusts  of  the  tartramate.  The  longer  the  action  is  continued^ 
the  greater  is  the  quantity  of  tartrate  piroduced,  and  in  about  a  week  the  whole  of  the 
tartramate  is  converted  into  tartrate.    (G-rote.^ 

Tartiumate  of  calcium  is  precipitated  on  mixing  the  solution  of  the  ammonium-salt 
with  chloride  of  calcium,  and  adding  alcohol.  It  is  yery  soluble  in  water,  insoluble  in 
alcohol,  and  forms  large  tetrahednd  crystals,  containing  G*H>K)a'^H)*<'.6HK).  Its 
solution,  ;mzed  with  acetate  of  lead  and  ammonia)  yields  a  precipitate,  consisting  of  a 

basic  lead-eah,  C«H»Fb"N»P'»— Theiorittfiwal^,  0«H"Ba''N*0»».8H»0,  forms  crystaUine 
crusts,  which  give  ofif  half  their  water  at  100.^ — ^The/r«e  aeid,  eeparated&om  the  oal- 
cium-salt  by  ralphuric  acid,  is  syrupy.    (Grote.) 

Ethylio  Tartramate^  Tartramic  Ether^  or  Tariramethaney  is  obtained 
by  the  action  of  alcoholic  ammonia  on  tartaric  ether.  When  cautiously  treated  with 
alkalis,  it  yields  tartramic  acid.  Ammonia  converts  it  into  tartramide.  (Demon- 
desir,  Gompt.  rend,  xxziii.  229.) 

Phbwtltaetramic,  or  Tabtrahilic  Acid,  G"H»N0»  «  G*H*(G^*)NO^, 
(Arppe,  Ann.  Ch.  Pharm.  xciii.  862;  Jahresb.  1866,  p.  477.) — This  compound  is 
obtained  by  boiling  tartranil  with  aqueous  ammonia.  On  evaporating  the  excess  of 
ammonia  at  a  gentle  heat,  adding  an  excess  of  baryta-water,  decomposing  the  washed 
precipitate  with  sulphuric  acid,  and  filtering,  the  tartranilic  acid  separates  in  light 
red  warty  masses  and  shining  lamins^  which  may  be  rendered  colourless  by  treatment 
with  animal  charcoaL 

Tartranilic  acid  is  very  soluble  in  water  and  in  alcohol^  less  soluble  in  ether ;  it  melts  at 
1 80°,  and  deconiposes  with  loss  of  water. — ^Its  ammonium-salt  remains,  on  evaporation, 
as  a  very  efflorescent,  easily  soluble,  crystalline  mass.  The  aqueous  acid  is  not  precipi- 
tated by  lime-VMter,  even  on  addition  of  ammonia;  but  on  addition  of  potash,  a  cloudiness 
is  produced,  and  a  precipitate  on  boUing ;  neither  is  the  aqueous  acid  precipitated  by 
chloride  of  barium  or  caiciumt  even  on  addition  of  ammonia ;  with  baryta-water  it 
forms  a  copious  precipitate,  and  with/cmc  chloride,  a  yellow  precipitate. 

Tartranilate  of  Barium,  G^H*Ba"N*0'',  is  moderately  soluble  in  boiling  water,  and 
crystallises  in  shining  spangles. — The  silver-salt,  G'*H^*AgNO',  is  a  white  somewhat 
soluble  powder. 

C*H»N«0*  -  G*HXNH«)»0*  «  (C*H»07'[^    (Bemon- 

desir,  loc.  cit. — Pasteur,  Gompt.  rend.  xxxv.  176. — Grote,  loc.  cit.) — Produced  by 
passing  dry  ammonia-gas  into  an  alcoholic  solution  of  tartaric  ether.  It  usually  crys^ 
tallises  from  pure  water  in  hblohedral  crystals ;  but  if  a  few  drops  of  ammonia  are 
added  to  the  hot  solution,  the  crystals  deposited  on  cooling  exhibit  hemihedral  faces, 
often  very  fully  developed.  Its  solution  exhibits  dextro-  or  laevo-rotation,  according 
to  the  kind  of  tartaric  acid  from  which  it  has  been  prepared.  Both  varieties  unite 
with  ordinary  active  malamide,  forming  compounds  which  have  the  same  composition, 
but  diifer  in  crystalline  form  and  in  solubility,  the  compound  containing  Isevotartra- 
mide  being  much  more  soluble  than  the  other.      (Pasteur.) 

A  hot  solution  of  mercuric  oxide  in  tartramide  deposits  crystalline  crusts  of  mer- 

curo tartramide,  G^^EP'flJg^'O'*  (?),  insoluble  in  water,  soluble  in  hydrochloric 
acid,  not  attacked  by  iodide  of  ethyL    (Grote.) 

Oxide  of  silver  is  easily  reduced  by  tartramide.    (Grote.) 

DiPHBNTLTABTBAMiDB,  or  Tabtbanilidb,  G>«H»«N*0*  «  G<H^G«H*)2N«0*. 
(Arppe,  Ann.  Oh.  Pharm.  xciii.  862.) — ^Produced,  together  with  tartranil  (phenyltar- 
trimide),  by  the  action  of  heat  on  tartrate  of  aniline.  This  salt,  heated  to  130° — 140°, 
gives  off  aniline  (the  neutral  salt  being  partly  converted  into  the  acid  salt) ;  and  at 
160°,  the  mass  fuses,  and  then  no  longer  gives  the  reaction  of  aniline  with  chloride  of 
lime: 

G^H«(G«H*N)*0«  -  2H«0     »     C»•H'•N«0^ 
Neutral  tartrate  of  Tartranilide. 

aniline. 
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AcUtortntoor 


BoQiBg  mtm  dianhm  out  tliA  tertunil ;  tiie  brawn  rondna  dianlTcs  ia  boilmg 
alcohol ;  and  tho  lohitiaii,  on  oooliiig,  deposita  oyitels  of  taitnudlide. 

Tartnailide  qy^illinwi  in  edLoDrieas,  naeraoiu,  slflnder,  intaiiaoed  nondltn,  insolnblo 
in  wator,  slightly  ■cM>le  in  ethor,  modMntdy  Mlnblo  in  aleohoL  It  may  bo  hosted 
to  260°  without  deoompoottion,  mcltB  and  deeompoaea  at  a  hi^^iar  tampcBafcore,  but  faj 
caieftil  hentiiig  to  aomowhat  bolow  ita  melting-point^  it  maj  be  anUinied  in  ahining 
laminae.  It  ia  not  altered  bf  boiling  with  alnlina  aolntiona.  It  ia  diaaolTed  with 
difBcnl^^  by  hot  hydrochlane  acid,  with  partial  dannmxwiaitaon  hj  nitrie  aeid,  aaaily 
by  snlphnric  add. 


A€n>*    Syn.  with  AxrvTAXXAMte  Aged  (p.  694). 
TJkMTWUkMt^    Syn.  with  PHBnx.TAB!raiMiDn  (i^fra), 
TJkMTWtMMTMOO  JkiCXBm    Syn  with  PHBntxffABffBAMio  AcsD  (p.  097). 
TMMTMMMMMaKBMm    Syn.  with  ^amnurkvnkuivm  (p.  697). 
VAXTAATBB.    See  Tabtauo  AoD  (p.  676). 
TJUITKB&IO  ACXIB.    Soluble  tartazie  anbfdride  (p.  691). 
TASnunnCY&IO  ACTH.    8|jn.  with  EzsTLTaBEABio  Aca>  (p.  694). 

TABTBamia.    C<H*N0«  -  (C«HK)*y>^  -  CH^NHOO'Caodamnoninm- 

laztzmte)  —  2H*0w— Thia eomponnd  haa  not  been  obtuned ;  bat  phenyl tartrimide  or 
tartranil,  C^HPVO*  »  C<H\C^*)NO«,  ia  piodnoed,  aa  above  deacribed,  t(^^er 
with  taitzanilide,  by  the  dehydration  of  tartrate  of  aniline.  It  may  be  purified  by 
reoyatalliaation  and  treatment  with  animal  charcoal,  and  separates,  on  cooling  from 
hot  Bolntiona,  aa  a  white  granular  powder,  or  in  nacreona  laminiB.  It  diaaolyea  easily 
in  water  and  in  alcohol,  i^parinffly  in  ether.  It  may  be  heated  to  somewhat  aboye 
20(F  without  deeompoaition  (ue  giannlar  yariety  becoming  crystalline,  and  partly 
yoIatiHsing  aa  a  woolly  aabUmateX  but  melts,  and  deeompoaea  at  230®.  It  ia  taatelesa, 
bnt  reddena  Utmna-paper  distinetiy.    (Arppe,  loe.  eit.) 

TABTBOO&TOBBIO  ACOCDu    Syn.  with  OiTcnoTAnTABic  AoD  (ii.  893). 

tTBOMSmXIO  AOXPa    Qjn.  with  Hbtstltabtabic  Agd)  (p.  696). 

OK  0*HH)*.  (Beaaaignes,  Compt.  rend,  zzziy.  731; 
zxzyiii.  44.) — ^A  dibaaie  add,  produced  by  the  Rxmtaneons  decomposition  of  nitrotar- 
taric  add  (p.  690) ;  also,  accowling  to  Bae  yer  (Jahresb.  1864,  p.  64 1\  by  the  action 
of  sodium-amalgam  on  meaoxalic  acid,  Cfi*0*  (iii.  932).  It  crystaUisea  in  rather 
large  prisma,  which  melt  at  160^,  and  deoompoee  with  formation  of  ^yooUide 
(il  919)  : 

craw     -    0«H«0«  +  CO*  +  HK). 

The  tartronatea  of  the  alkali-metala  are  soluble  in  water:  the  aeid  ammonium-taU 
cryatalliaea  in  prisma :  the  tUtfer-aaU  contains  0"H^Ag*O*. — ^The  aqueous  add  forms 
predpitatea  with  azgentie,  plumbic^  and  mazeuzons  aaks,  and  with  the  acetatea  of 
barium,  caldum,  and  copper. 

TJkMTMOWno  AOm.    Syn.  with  BrHTLtABTABic  Acm  (p.  694). 
VAmntTb    OHH)*.— The  radida  of  tartaric  acid. 
TAMTKWJOa  ACIOa    Syn.  with  Tabtabio  Acm. 

TASMAVITB.  A  fossil  reain  occurring,  in  amall  scalea  or  plates,  between  the 
layera  of  a  rock  containing  alumina  and  ferric  oxide,  occurring  on  the  Mersey  Biyer  in 
Tasmania.  The  resin,  which  ibnus  ftom  30  to  40  per  cent  of  the  entire  deposit,  is 
translacent  and  reddish-biown,  has  a  specific  grayity  of  1'18,  hardness  «■  8,  and  a 
conchoidal  fracture.  It  is  not  dissolyed  by  alkalia,  alcohol,  ether,  carbonic  diacdphide^ 
benzene,  or  other  hydrocarbona.  It  is  slowl^ozidised  by  nitric  add,  with  formation  of 
sulphuric  add ;  oil  of  yitriol  chars  it,  and  ehminatee  sulphydric  add.  By  dry  distilla- 
tion, it  yielda  oily  and  aolid  producta,  amelling  like  C^adian  pfitroleum.  It  bums 
readily  in  the  air,  with  a  smoky  flame  and  ofieuaiye  odour.  It  giyes  by  analysis  (after 
deduction  of  8  to  12  per  cent,  aah,  oondating  of  dlica,  alumina,  and  a  little  ferric 
oonde),  79*34  per  cent,  carbon,  10*41  hydrogen,  6*82  aulphnr,  and  4*94  oxygen,  agredng 
nearly  with  the  fimnula  C^H^'O^.    (Church,  PhU.  Mag.  [4]  xxriii.  466.) 


A  da^-idate  oocurring  in  the  Taunus  range  in  Western 
Ghnnany.     It  haa  a  grey  to  yiolet  colour,  and  ailky  iridescent  lustre,  and  con- 
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fMiia  serieita  or  danumrite  (pk  286).  A  rinukr  Ibmuitioii  oeeiui  at  QoUnitc  is 
HoxigaiT. 

TAVBZVa*  CH^SO*. — ^A  neatnl  eEystallisable  sabstance  obtained  from  bUe, 
and  resulting  from  the  trangfoimation  of  tauoeholie  add  under  the  influence  of  aeida 
or  of  ^)lf^H^ : 

CMH«»NSO'  -I-  H*0     -    CH'NSO*  +  OmH«0». 

TauroehoUe  Taurtoe.  CboHe 

acid.  add. 

It  was  discoTered  in  1826  by  L.  Gm  elin  (Tiedemann  u.  Gmelin,  Die  Verdauunff,  i.  43, 
60),  who  obtained  it  from  ox-bile ;  it  may  aim  be  prepared  from  the  bile  of  most  other 
anuniU — ^from  all  kindeof  bile,  indeed,  wUch  contain  taurocholic  acid  (Strecker,  Ann. 
Ch.  Pharm.  Izt.  132 ;  Ixvii.  34 ;  xci.  101). — It  is  never  found  in  the  free  state  in  healthy 
bile,  or  indeed  in  any  other  of  the  healthy  secretions,  at  least  in  the  higher  animals; 
bnt  it  often  oceors  in  diseased  bile  taken  from  the  dead  body,  especially  when  the  bile 
has  an  acid  reaction.  It  is  fonnd  also  in  certain  mollnscs  (Valenciennes  and 
Fr^my,  Compt.  rend.  zlL  785) ;  in  the  mnsdes  of  the  oyster,  which  dose  the  shell ;  in 
the  blood  of  Uie  shark ;  in  the  lirer,  mleen,  and  kidneys  of  the  ray  (Stadeler  and 
Frerichs) ;  in  the  pnlmonaiy  tisstw  of  oxen,  and  sometimes  in  the  kidneys  (Cloetta, 
Ann.  Ch.  Pharm.  xcix.  289).  It  has  been  especially  stodied  h^'  Demar^ay 
(Ann.  Ch.  Phum.  xxrii.  286),  by  Dnmas  and  Pelonae  (iM.  xxvii.  292),  and  by 
Bed  tenbacher  {ibid.  lyii.  170X  who  first  showed  that  it  contains  snlphnr. 
According  to  the  formnla' above  giTon,  which  was  established  by  Bedtenbacher, 

tanrine  is  isomeric  with  acid  snlphite  of  yinyl-ammonivm,  ^'^A^  ^  ^|  SO*,  and  is  re- 
lated to  isethionic  acid  in  the  same  manner  as  ahumie  to  laotie  acid : 

0«H»(NH*)O«    -  JBPO     -    C^'NO*. 
Lactate  of  Alanhie. 

ammonium. 

C«H»(NH*)SO*  -  H*0    •    CH^NSO*. 

bethtonate  of  l^iirlne. 

ammoolam. 

In  accordance  with  this  last  relation,  Strecker  has  shown  that  it  may  be  prodmeed  from 
isethionate  of  ammonium  by  elimination  of  water,  and  an  improred  method  of  preparing 
it  from  isethionic  acid  has  recently  been  given  by  Kolbe.  (Ann.  Ch.  Phann.  cxxii. 
83.) 

Preparation. — 1.  From  ^t20.- Ox-bile  fwhi^  is  the  kind  most  easily  obtained  in 
quantity)  is  mixed  with  hydrochloric  ado,  and  the  liqnid  filtered  from  the  resulting 
precipitate  is  evaporated  down  at  the  boiling  heat,  till  it  has  separated  into  a  riscovs 
resinous  deposit  and  a  dear  watery  liquid.  The  latter  is  poured  olf,  the  renn 
rinsed  with  water,  and  the  united  liquids  ooocentrated.  On  cooling,  they  deposit  a 
large  quantity  of  common  salt,  together  with  oystals  of  taurine,  which  mwt  be  pidied 
out  and  purified  by  reczystallisation. 

Taurine  is  also  easily  prepared  from  putrid  bile.  The  bile,  mixed  with  a  considera- 
ble quantity  of  water,  is  exposed  for  about  three  weeks  to  a  summer  temperature,  till  it 
acquires  a  distinct  add  reaction.  It  is  then  predpitated  with  acetic  add ;  the  filtered 
liquid  is  evaporated ;  the  residue  treated  with  strong  alcohol ;  and  the  taurine,  which 
remains  undissolved,  is  crystallised  from  boiling  water  (Gorup  -Besanes,  Ann.  Ch. 
Pharm.  lix.  180).  As  taurine  may  be  decompoMd  by  prolonged  contact  with  ferments, 
it  is  important  not  to  allow  the  putrefrction  to  go  on  too  long. 

2.  "From  JkeMomo  Acid^ — a.  Isethionate  of  ammonium  is  heated  for  some  tima  to 
210^,  till  it  becomes  solid ;  the  residue  is  dissolved  in  water;  and  the  solution  mixed 
with  a  small  quantity  <^  alcohol,  which  throws  down  a  brownish  substance ;  then  with  a 
larger  quantity,  which  precipitates  taurine  (Strecker).  The  product  thus  obtained 
is  generally  small,  the  greater  part  of  the  taurine  suffering  frirther  decompodtion. 

^.  Dry  pulverised  isethionate  of  potassium  is  mixed  in  a  retort  with  2^  times  its  weight 
of  ^londboric  i>entachloride.  The  mixture  immediatdy  becomes  warm,  and  gives  off 
hydrochloric  add  and  phosphoric  oi^chloride,  after  which,  on  applying  heat^  chlor- 
etiiylsulphuric  chloride,  CH^OK!!*,  distils  over,  together  with  more  os^chloride.  These 
two  substances  are  separated  'bf  fractional  distiuiation,  and  the  chlorethylsulphuric 
diloride,  which  passes  over  at  about  200^,  is  decomposed  by  prolonged  heating  with 
water  in  sealed  tubes,  into  hydrochloric  and  chlorethylsulphuric  adds.  The  resulting 
solution  is  neutnlised  with  ammonia,  and  the  salt  left  on  evaporating  it  over  the 
watez^hath,  is  heated  for  some  time  to  100°  in  closed  vessels  with  excess  of  strong 
aqueous  ammonia,  whereby  taurine  is  produced,  together  with  sal-ammoniac.  The 
free  ammonia  is  then  evaporated  off;  the  liquid  heatol  with  hydrate  of  lead  as  long  as 
ammonia  continues,  toeecape ;  and  the  filtnte,  freed  from  lead  by  sulphuretted  bydrogeni 
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is  concentrated  hj  eraporation :  it  then,  on  cooling,  yieldB  erystaLi  of  pnM  tavmie 
(K  0 1  b  e).    The  seriee  of  reactaons  is  represented  by  the  following  equations  :— 

cm*so*  +  2Pa»   -   c«H*so«a*  +  2Poci«  +  2HCl 

UethioDic  Chlorethjl. 

acid.  ■ulpburic 

chloride. 

(?H*SO«a*  +   H*0     -  HCl  +  C«H»C1S0». 

ChloretbTl-  Cblorethjl. 

sulphuriiB  •ulphuiio 

chloride.  acid. 

C«H»aSO«  +  NH»     -  Ha  +   C'H'NSO*. 
ChlorethfU  Taoriae. 

■alphunc 
acid. 

ProperHes. — Taurine  forms  laige,  transparent,  monoclinie  crystals,  haying  a 
vitreous  lustre,  and  usually  ezhibitiiig  the  combination  ooP  .  ooPoo  •  +P  .  —  P, 
like/^,  301  (ii.  155),  also  with  oP  and  other  faces.  Axes  a:b:e  ^  1*4648  : 1 : 
0-06648.  Angle  b:e  -  86°  22';  ooP  :'<»P  (orthod.)  -  68°  32';  oP  :  <»P  - 
87°;  +P:  +P(dyinod.)  -  137«>30';  -P :  -P  (dinod.)  -  1390  44'.  The  ciys- 
tals  grate  between  the  teeth,  and  hare  a  pungent  taste ;  they  are  neutral  to  Tege> 
table  colours,  and  permanent  at  100^,  but  melt  and  carbonise  at  a  higher  temperature. 
Sy  dry  distillation,  they  yield  a  brown  empyreumatic  oil,  together  with  a  yellow 
slightly  acid  liquid,  which  contains  an  ammoniacal  sak^  and  reddens  fezric  chloride 
(acetate  of  ammonium  ?). 

Taurine  is  more  soluble  in  hot  than  in  cold  water ;  1  pt.  dissolyes  in  15*5  pts. 
water  at  12°.  It. is  nearly  insoluble  in  absolute  alcohoL — Strong  wlpkuric  and  nitrie 
acids  dissolve  it ;  but  it  is  not  decomposed  by  nitric  or  by  nitromuriatic  acid,  even  at 
the  boiling  heat,  or  by  diy  chlorine. — NUrCfu  acid  converts  it  into  isethionic  acid, 
with  evolution  of  nitrogen  (Oibbs,  Sill.  Am.  J.  [2J,  xxv.  30).  Its  aqueous  solution 
is  not  precipitated  by  salts  of  copper,  mercury,  or  silver. — Melted  with  caustic  potash, 
it  yields  a  residue,  which,  when  treated  with  dilute  sulphuric  acid,  gives  off  sulphydric 
and  sulphurous  acids,  and  yields  a  deposit  of  sulphur.  If  evaporated  slowly  with 
caustic  potash,  it  gives  up  all  its  ammonia  at  a  certain  stage,  without  blackening ; 
and  the  cooled  residue,  if  then  treated  with  sulphuric  acid,  gives  off  sulphurous  acid, 
without  sulphydric  acid  or  deposition  of  sulphur,  and  yields  by  distillation  a  mixture 
of  acetic  and  sulphurous  acids. 

TAUSZ8CXTS.  A  variety  of  ferrous  sulphate,  found  on  the  Windgalle,  in  the 
Canton  Uri,  Switzerland ;  it  has  the  composition  of  ordinaiy  green  vitriol,  but  forms 
orthorhombic  ciystals,  like  those  of  magnesium-sulphate. 

TAllXOCBMVOCVOXdKO  ACID*  A  sulphuretted  add  contained  in  goosa- 
bile.  It  has  not  been  obtained  quite  pure,  but^  according  toHeintz  and  Wislicenus 
(Pogg.  Ann.  cviii.  547),  it  consists  of  CPH^NSO',  differing  therefore  in  composition 
from  taurocholic  acid,  and,  when  boiled  with  baiyta-water,  yields  chenochohc  add* 
C^H^^O*,  homologous  with  hyoeholic  acid,  CPS1K>*.  Ghenocholic  acid  is  insoluble 
in  water,  soluble  in  alcohol  and  ether,  and  separates  from  solution  mostly  as  an 
amorphous  mass,  rarely  in  indistinct  crystals.  Its  solution  has  an  acid  reaction,  and 
gives,  with  sugar  and  sulphuric  acid,  the  blood-red  coloration  characteristic  of  the 
biliary  acids.' — ^Its  barium-salt^  C^H^Ba"0*,  is  insoluble  in  water  and  in  ether,  but 
soluble  in  absolute  alcohol. — The  potassium-salt  dissolves  easily  in  water  and  in  alcohol, 
but  not  in  dilute  potash-ley. 

TA.1ISOCSO&ZC  ACX3>.  C^H^NSO^  Choleie  Acid.  Sulphockoldo  Acid. 
(Strecker,  Ann.  Ch.  Pharm.  Ixvii.  SO;  Ixx.  169. — ^Lieberkiihn  and  Heints, 
Lehrbueh  der  Zooehemie,  p.  867. — Hoppe,  Arch.  Path.  Anat  xv.  126. — CloStta  and 
Vulpian,  N.  Jahrb.  Pharm.  vii.  106.— J.  Parke,  Bull.  Soc  Chim.  1866,  iL  242.)— 
An  add  occurring  as  a  sodium-salt  in  the  bile  of  most  animals.  In  the  bile  of  serpents 
{Boa^  Python),  and  in  that  of  the  dog,  it  occurs  ftee  from  glycocholic  add ;  in  that  of 
fishes  {PieuronecteSy  Gudus,  Esox,  Ptrca\  and  of  the  sheep,  wolf,  goat^  and  domestae 
fowl,  mixed  with  only  a  small  quantity,  and  in  that  of  the  ox,  with  a  laige  quantitgr 
of  glycocholic  acid. 

Taurocholic  acid  may  be  prepared  from  dog's  bile,  by  evaporating  the  decolorised 
alcoholic  extract  of  the  bile ;  digesting  the  residue  with  a  small  quantity  of  absolute 
alcohol,  and  adding  ether,  which  precipitates  the  alkaline  taurocholate  in  the  crystalline 
state ;  mixing  the  aqueous  solution  of  this  salt  with  acetate  of  lead  and  a  little  am- 
monia ;  exhausting  the  washed  predpitate  with  boiling  alcohol ;  and  saturating  the 
hot  filtered  liquid  with  sulphydric  add  gas.  On  evaporating  the  filtered  liquid  to  a 
small  bulk,  and  predpitating  with  excess  of  ether,  the  syrupy  precipitate  solidifies, 
after  some  time,  into  a  mass  of  fine  silky  needles  of  pnr^  taurocholic  acid,  which  in 
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ocmtact  with  the  air  qniekly  changM  to  an  amorpfaoiis  traAflparent  mass  (Parke)v 
Taoiocholic  acid  may  be  prepared  £rom  bile  containing  also  glycocholic  acid,  by 
first  precipitating  the  latter  with  basic  acetate  of  lead,  and  throwing  down  the 
tanrocholic  add  from  the  filtrate  by  adding  more  basic  acetate  of  lead  and  ammonia. 
(Heints.) 

Taurocholic  acid  is  easily  soluble  in  water  and  in  alcohol,  less  soluble  in  ether ;  it 
has  a  sweetish  taste,  with  somewhat  bitter  aftertaste.  It  acts  upon  polarised  light,  it4 
specific  rotatory  power  being  +  24-9®  for  red,  and  +  25:3**  for  yellow  light  (Hoppe- 
Seyler).  In  the  dry  state,  it  may  be  heated  considerably  above  100°  without  decom- 
position (Parke);  but  when  boiled  with  toater,  or  with  alkalis,  it  is  resolved  into 
taurine  and  cholic  acid : 

C"H"NSO'  +   H«0  =  C»H»NSO»  +  C*'H"0». 

By  boilinff  with  acids,  it  is  resolved  into  taurine  and  dyslysin,  C^H^O*,  together  with 
<»ther  products : 

C^^NSO^  =  CTO'NSO"  +  C^BUO*  +  H*0. 

Taurocholates. — ^Taurocholic  acid  is  monobasic.  The  taurocholates  of  the 
alkali-metals  are  easily  soluble  in  water  and  in  alcohol,  but  insoluble  in  ether,  whici^ 
precipitates  them  from  their  alcoholic  solutions  as  pasty  masses  changing  into  ciystals 
on  standing.  The  aqueous  solutions  of  the  alkaune  taurocholates  froth  like  soapr 
water,  and  deposit  the  dissolved  salt  on  addition  of  caustic  potash.  They  give  no 
precipitate  with  acetic  acid,  dilute  mineral  acids,  or  neutral  acetate  of  lead. — Basic 
acetate  of  lead  thro^^s  down  white  flocks,  soluble  in  boiling  water,  and  in  excess  of 
the  lead-solution ;  on  adding  a  few  drops  of  ammonia,  a  more  abundant  precipitate  \8 
formed. — Ferric  chloride  prepuces  a  precipitate  easily  soluble  in  excess.  No  turbidity 
is  produced  by  nitrate  of  silver'  or  by  mercuric  chloride^ — Mercurous  nitrate  and 
stannous  ehlortde  throw  down  white  flocks.  The  solutions  give  no  precipitate  with 
acetate  of  barium,  strontium,  calcium,  magnesium,  or  copper. 

Taurocholaie  of  Barium  is  obtained,  by  dissolving  taurocholic  acid  in  baryta- water, 
evaporating,  dissolving  in  alcohol,  and  precipitating  with  ether,  as  a  resinolis  mass^ 
which  quickly  solidifies  in  the  crystalline  form. 

Taurocholate  of  Lead, — ^The  precipitate  formed  by  basic  acetate  of  lead  in  the 
solution  of  an  alkaline  taurocholate  contains  62  at.  carbon  to  2^  at.  lead. 

Taurocholate  of  Potassium,  C**H**KNSO',  is  contained  in  fish-bile,  together  with 
glycocholate  of  sodium.  To  obtain  it  pure,  the  bile  is  first  precipitated  by  neutral 
acetate  of  lead ;  then  the  filtrate  by  basic  acetate  of  lead  and  ammonia ;  the  pre- 
cipitate is  decomposed  by  carbonate  of  potassiimi ;  and  the  solution  is  mixed  with 
fttrong  potash-ley,  which  precipitates  the  taurocholate  of  potassium.  For  further  pu- 
rification, it  is  dissolved  in  absolute  alcohol ;  carbonic  acid  gas  is  passed  into  the 
solution ;  the  liquid  is  filtered  from  the  carbonate  of  potassium  which  separates ;  and 
the  taurocholate  is  precipitated  by  ether.  It  then  separates  in  colourless  needles, 
grouped  like  crystals  of  wavellite. 

Taurocholaie  of  Sodium,  C**H*^NaNSO^  is  one  of  the  chief  constituents  of  ox-bile. 
It  resembless  the  potassium-salt. 

TAVST&ZC  JkCZB.  C'H'O*.  (Stadeler,  Ann.  Ch.  Pharm.  Ixxvii.  17.)— A 
compound  obtained,  together  with  phenol,  from  cows',  horses',  and  human  urine.  It 
appears  to  be  isomeric  with  anisol,  benzylic  alcohol,  and  cresol — perhaps  identical 
with  the  latter ;  but  its  composition  is  not  precisely  known,  as  it  has  never  beei^ 
completely  separated  fron  phenoL 

To  extract  it,  cows'  urine  is  boiled  with  lime,  and  the  decanted  liquid  is  evaporated 
to  an  eighth  of  its  bulk ;  supersaturated  when  cold  with  hydrochloric  acid ;  left  to 
stand  for  twenty-four  hours ;  and  then  distilled,  after  separation  of  the  hippuric  acid 
deposited  from  it.  The  distillate,  which  contains  thick  greenish  oily  drops  having  a 
disagreeable  odour,  is  mixed  with  a  weighed  quantity .  of  potassium-hydrate  and 
rectified  (whereupon  it  gives  off,  together  with  ammonia,  a  neutral  nitrogenous  oil 
heavier  than  water,  and  having  the  odour  of  rosemary) ;  the  residue  is  mixed  with  a 
quantity  of  sulphuric  acid  sufficient  to  neutralise  fths  of  the  potash,  and  distilled,  as 
long  as  the  distillate  is  precipitated  bv  basic  acetate  of  lead ;  this  distillate,  which 
smells  of  phenol,  is  repeatedly  rectified  over  common  salt,  till  only  a  small  quantity 
of  watery  liquid  remams  mixed  with  it,  then  repeatedly  agitated  with  carbonate  of 
sodium  (to  removd  damolic  and  damaluric  acids,  li.  301),  and  exhausted  with  ether; 
the  ethereal  solution  is  evaporated;  the  residue  distilled,  first  with  strong  potash-ley 
to  volatilise  neutral  oil,  and  then  with  acid  carbonate  of  potassium ;  and  this  last  oily 
distillate  is  dried  over  chloride  of  calcium  and  rectifiecC  oil  containing  water  then 
passing  over  at  180%  pure  oil  between  185^  and  195%  and  brownish  oil  at  200<^. 

The  liquid  which  passes  over  between  185^  and  195°,  is  a  mixture  of  taur^'lic  and 
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phenie  aeids.  It  is  a  oolonrlen  oil,  which  Binelis  like  castorwun,  nouiiit  liquid  at 
18^,  and  makes  a  white  spot  upon  the  skin.  With  an  equal  volmne  of  Btrong 
enlphnrie  acid,  it  eolidtflee  to  a  dendritie  mass,  the  mother-liqaor  of  which  *«f»nf"T 
phMiylsidphnrie  add.    When  boiled  with  nitric  acid,  it  yields  a  nitxo-aeid. 

TAVTOCUnrB.  Breithanpt's  name  for  a  ferruginous  bitter  spar,  from  Freibex]g, 
containing,  according  to  Ettling  (Ann.  Ch.  Pharm.  xcix.  204),  40*07  per  cent  CaCX)*, 
83-28  MgCO«,  14-89  FeCO«,  and  209  MnO»  («  99-83). 

TAUTOUCnU  A  mineiU  allied  to  bucklandite,  but  regarded  by  Breithaupt 
as  a  distinct  species,  occurring  in  the  volcanic  rocks  at  Lake  Laach,  near  Andemach. 
It  is  opaque,  black,  with  yitreous  lustre,  and  crystallised  like  bucklandite :  hardness 
B  6*6  ;  specific  gravity  ^  3*865.  It  appears  to  consist  miunly  of  the  silicates  of  fer- 
rosum,  magnesium,  and  aluminium. 

VAMXMm  A  resinous  substance  obtained  fiN»i  the  leaves  of  the  yew-tree  (^Taxui 
baocata)t  by  treatment  with  alcohol  and  tartaric  acid,  two  pounds  of  the  leaves  vieldiqg 
3  grains  of  tazin.  It  is  sli^Uy  soluble  in  water,  dissolves  easily  in  alcohol,  ether,  iwd 
dilute  acids,  and  is  precipitated  from  the  acid  solutions  by  alkalis  in  white  bulkj 
flocks.  It  is  not  precipitated  by  tannic  add  or  tincture  of  iodine.  Strong  sulphune 
add  dissolves  it,  with  purple-red  colour.    (Lucas,  Arch.  Pharm.  [2],  Izzxv.  145.) 


TATimw.  An  amorphous,  purj^ative,  bitter  substance,  contained  in  the  root  of 
TVianosperjna  ficffolia.  Mart.,  a  dunbing  encurbitaeeons  plants  indigenous  in  BracO. 
(Peckolt,  Arch.  Pharm.  [2],  cziii.  104.) 


A  blue  powder,  containing  copper,  used  by  the  Chinese  for  pro- 

dnciog  blue  eolocizs  on  porcelain.    (Ebelmenana  Salvitat^  Ann.  Gh.  Pi^.  [3], 
XXXV.  388.) 

TtlMf  airiii  ■  H  WWr»  A  kind  of  caontdioiie,lcn  elastic  than  the  ordlnaiy 
kind.  It  is  said  to  flow  from  indsiotts  in  the  stem  of  a  tree  cultivated  in  Kurdistaii, 
and  to  harden  in  the  air  {Ekiuko.  d.  CS^tm,  viii.  6S5). 

TBA.  pU.  Thee.  Fdia  thea.—T!he  dried  leaves  of  the  tea-plant,  7%m  MWfuit. 
This  plant  is  indigenous  and  extensively  cultivated  in  China,  Japan,  and  the  northern 
parts  of  the  eastern  peninsula  of  India,  and  has  been  introduced  more  or  less  success- 
fully into  British  Inrna  on  the  southern  declivitiee  of  the  Himalayas,  Java,  the  Kong 
Mountains  in  Western  Africa,  Brazil,  Madeira,  and  other  countries  of  warm  and  tem- 
perate Himafes ;  it  appears,  indeed,  to  be  capable  of  flourishing  in  all  latitudes  between 
0^  and  40^.  It  was  formerly^  supposed  that  there  were  two  species  of  the  tea-plaat^ 
7%ea  viridiSf  yielding  green,  and  T^ea  Bokea,  yielding  black  tea ;  but  it  appears,  from 
the  recent  observations  of  Mr.  Fortune,*  that  either  green  or  black  tea  may  be  obtained 
at  pleasure  from  the  same  plant. 

G-reen  tea  is  prepsred  from  the  young  leaves,  which,  within  an  hour  or  two  after 
they  have  been  gathered,  are  roasted  in  pans  over  a  brisk  wood-fire.  After  four  or 
^Ye  minutes'  roasting,  the  leaves  become  flacdd,  and  are  rolled  by  the  hands  upon  a 
wooden  table ;  they  are  then  again  thrown  into  the  drying-paxis,  where  they  are  kept 
in  rapid  motion,  and  in  about  an  hour,  or  an  hour  and  a  hal^  are  completely  dried. 

Black  tea  is  allowed  to  lie  in  heaps  for  ten  or  twelve  hours  after  the  leaves  have 
been  gathered ;  they  are  then  tossed  about  for  some  time,  tiU  they  become  flacdd.  At 
this  stage  they  b^n  to  emit  a  fragrant  smell ;  they  are  next  rolled  in  balls,  with  the 
hand,  upon  a  wooden  table,  and  a  large  quantity  of  liquid  is  expressed  from  them ; 
after  which  they  are  shaken  out,  roasted  for  a  few  minutes,  again  rolled,  and,  whilst 
still  fiaodd,  are  exposed  to  the  air  for  some  hours  upon  shallow  bamboo  trays :  thia 
alternate  heating  and  rolling  is  repeated  three  or  fonr  times,  and  finally,  the  leaves  are 
dried  slowly  over  duureoal  fies.  A  species  of  fermentation  appears  to  occur  during 
the  dz3ring  of  the  leaf,  in  consequence  of  which  a  development  of  essential  oil  takes 

1)lace,  by  which  the  agreeable  aroma  is  occasioned :  this  aroma  is  wanting  in  the  fresh 
eaf.  The  change  of  the  leaf  from  green  to  black  is  mainly  due  to  chemical  alterations 
produced  by  the  oxygen  of  the  air  upon  the  constituents  of  the  leaf,  and  espedally 
upon  the  astringent  prindple — ^this  change  being  prevented  in  green  tea  by  the  rapid 
process  of  drying  to  which  it  is  subjected. 

Many  kinds  of  green  tea,  intendea  for  the  European  market,  are  coloured  by  dusting 
them  with  a  finely-pulverised  mixture  of  prussian-blue  and  gypsum,  turmeric  bdng 
also  sometimes  added ;  but  the  Chinese  never  colour  tea  intended  for  their  own  use. 
Teas  for  the  forei^  market  are  also  fr^uently  perfumed  with  various  sweet-scented 
flowers-— as  roses,  jasmine,  orange.  Gardenia  Jlonda,  OieaJranranB,  &e. 

Tea  is  subjectea  to  numerous  adulterations.    It  is  <^en  mixed  with  various  leaves 

.  L!!'^«  ''**  DifltrietiorChbnand  lndim»*b)r  R.  FortOMttrd  edttloo,  IxmdoB,  lolin  Hurriv>  1M9% 
LtM;  U.  SS7. 
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(as  Ihose  of  the  elm,  willow,  doe,  &e.X  dried  and  piepend  like  tnie  tea-leares ;  or  it  i» 
mixed,  during  the  oolouring  process  aboye  mentioned,  with  fvapbite^  talc,  &c  In 
some  instaaoes,  preparations  ox  copper  hare  actually  been  need  to  gire  a  green  colour 
to  tea  ^Gunther,  J.  pr.  Ghem.  z.  279. — ^Warington,Chem.  Qaa.  1862,  p.  238).— 
A  kind  of  adulteration,  which  has  been  much  practised  in  this  country,  is  the  work* 
ing  up  of  spent  tearleayes,  which  are  prepared  in  the  Chinese  fashion,  so  as  to  resemble, 
black  and  green  tea.  Sometimes  also  products:  are  sent  into  the  market  as  tea,  or 
mixed  in  considerable  quantities  with  rarious  kinds  of  tea,  which  do  not  consist  of 
tea-leayes  at  all,  but  are  artificial  mixtures,  made  out  of  tea-dust,  sand,  and  dirt  of 
various  kinds,  united  together  with  paste.  A  substance  of  this  kind  is  prepared  in 
China,  and  called  by  the  Chinese  *'Xie-tea,*  by  the  English  "  ^m  and  dust." 

Cktmieal  ConaHtviion  of  Tea. — ^The  most  important  constituents  of  tea  are,  an 
€B$ential  ail,  to  which  it  owes  its  peculiar  aroma ;  two  nitrogenised  bodies,  yiz.,  tMne 
or  ctffeine,  and  Uffumin ;  and  a  peculiar  astringent  substance,  or  tannin, 

Mulder  (Ann.  Ch.  Pharm.  xxviii  314)  analysed  four  kinds  of  tea,  from  China  and 
Java.  He  found  the  proportion  of  water  in  aU  of  them  nearly  the  same^  whereas 
P^ligot  (ibid,  xlyii.  868)  found  the  average  amount  cUf  water  equal  to  10  per  cent, 
in  gnen  tea,  and  8  per  cent,  in  black : — 

ChmponHon  of  Dried  lea,    (Mulder.) 


Chioa 
Green 

mTm. 

* > 

Black 

Jare  Tae. 

,m,              * 

Orem 

BUttk 

(Hjwm). 

(Gooso). 

(HjMO). 

(Ooam) 

Volatile  oQ       • 

0-70 

0.60 

0*98 

0*66 

Chlorophyll      • 

2-22 

1-84 

8*24 

1*28 

Wax 

0-28 

•     • 

0*32 

Besin       •        •        • 

2-22 

3-64 

1*64 

2*44 

Gum        •        • 

8-66 

7-28 

12*20 

1108 

Tannin             •        • 

17-80 

12-88 

17-66 

14*80 

Theine             •        • 

0-43 

0-46 

0-60 

0*66 

Extractive  matter    . 

22*80 

19-88 

21*68 

18*64 

Extractive  deposit* 

•      » 

1-48 

•    • 

1*64 

Extracted  by  hydrochloric  add  23*60 

19*12 

20*36 

18-24 

Albumin  (7  legumin) 

• 

800 

2*80 

3-64 

1*28 

Woody  fibre     . 

• 

1708 

28-82 

18-20 

27*00 

Aih        .       ,       . 

• 

6-66 

6*24 

4-76 

6-36 

li)4-34 

104*04 

106*18 

10300 

The  volatile  oil  of  tea  is  obtained  either  by  distfllation,  or  by  extraction  with 
ether.  It  is  lemon-yellow,  lighter  than  water,  easily  solidifies,  resinises  quickly  on 
exposure  to  the  air,  and  j^ossesses  in  a  high  degree  the  smell  and  taste  of  tea.  It  has  a 
poweifiil  stimulating  action,  and  in  rather  luge  quantities  produces  giddiness  and 
headache:  in  o(»nbination  with  tannin,  however,  it  produces  (according  to  Mulder) 
merely  a  diuretic  and  sudorific  action.  . 

The  pro{)erties  of  theine,  and  the  methods  of  extracting  it  from  tea,  have  already 
been -described  under  Cawfwxxb  (i.  707).  The  following  are  the  proportions  of  it  in 
various  kinds  of  tea,  as  determined  by  Stenhonse  (Ann.  Ch.  Phann.  xlv.  366 ; 
zlvi  227 ;  Ixxxix.  246 ;  eiL  126):-* 

Green  Hyson  tea  eontaina 

Black  Congo  „ 


1*06  per 

cent. 

theine. 

1*02 

*f 

1*37 

M 

0*98 

M 

0*70 

n 

200 

tt 

2*13 

M 

1-9 

M 

Cheap  peen  Twankaj  „ 

Cheap  black  Bohea  ,, 

Blade  tea  (average)  t  m 

Thenme  h 

Black  Kumaon  tea  (Himalayas)  « 

P41igot  (Ann.  Ch.  Pharm  xlvii.  361)  found  in  Bjfetm  tea  2*40  and  2*66  per  cent 
theine ;  in  a  mixture  of  equal  parts  of  Gunpowder,  /^son,  Cbpsr,  and  Kaitow  tea,  2*70 ; 
in  Gunpowder  iea^  3-6  and  4*1  per  cent.,  and  by  a  more  oomplete  method  of  extraction 
6-21  per  cent,  of  which  3*84  crystallised  out  from  the  concentrated  solution,  and  2-37 
were  obtained  from  the  mother-liquor  by  precipitation  with  tannic  acid. 

The  proportion  of  nitrogen  in  tea,  dried  at  lOO**,  is  (according  to  Piligot) 
in  Pekoe  tea  6'58,  Gunpowder  6'16,  Souchong  6*16,  and  Assam  6'lOpercent  The  aqueous 

*  OskUiad  •xtnietiT* nattar,  aeoordlng to  W arlnffton  (Ann.  Ch.  Pbam.  Ixxsl.  S3S). 
f  Oraham,  Stan houi«,aud Can pb«ll(ClMni.8oc.  Qu.  J.  Ix.  33). 
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tttnct  of  100  pts.  drikl  OlmpowdAr  tea  yielded  4*S0 ;  of  igreeii  douehong,  4*t0  per  oent. 
nitrogen.  The  leaTee,  exhnneted  bj  hot  water,  contained,  when  dried,  4"^  per  eentw 
(Sot^kong)  and  4.40  per  cent.  (Qtnipowfer)  nitrogen.  The  exfaansted  leaves  ecmtain 
casein  (lagnmin),  combined  witti  tannin  in  the  form  of  •  oompoond  insohible  in  water, 
which  may,  however,  be  zendered  solnble  by  addition  of  alkali.  According  to  PttigotTa 
determinations — 

100  pts.  of  Gkmpowder  tea  contain : 

Water    .        .        .    10(,^^.  .^5  Volatile  oil .        .        .      0-5 
Extract.        .        .    47J  ~'**""^lThcine  .      6-0 

Exhausted  leaves   .    4^  „         L^gmnin  .12* 

100 


100  pts.  Soochong  tea  contain : 

Wat«r  ...  8? 
Extract  .  •  •  48( 
Exhausted  leaves    .  _49 

100 


con 


^'^'"^iTheine 
tf         Jjdgowin 


0-5 

6-0 

14-0 


In  the  way  in  which  tea  is  generally  need,  namely,  as  a  wateiy  infusion,  the  legmnin 
remains  in  the  spent  leaves  which  are  thrown  away ;  bat  among  the  Mongols  and  other 
tribes  of  Central  andNorthem  Asia,  tea  is  nsed  more  as  an  article  of  food  than  asamere 
beverage.  These  people  make  use  of  a  product  called  brick-tea,  prepared  in  China  from  in- 
ferior teas,  and  firom  the  stalks  and  other  refnse  of  the  better  sorts,  which  are  oompreesed 
into  cakes,  either  alone,  or  more  frequently  with  addition  of  sheep's  or  bnllock's  blood. 
These  cakes  are  pounded  and  boiled  with  water  containing  common  salt,  carbonate  of 
potassium,  or  other  alkaline  salt  (to  dissolve  the  legumin),  and  the  whole,  mixed  with 
&t  and  flour,  is  consumed  as  a  thin  broth. 

The  tannin  of  tea-leaves  is  commonly  said  to  be  identical  with  gallotannic  add. 
Stenhoose,  however,  regards  it  as  a  peculiar  kind  of  tannin  distinct  from  the  latter ;  he 
finds  also  that  it  is  associated  in  tea-leaves  with  a  small  quantity  of  gallic  acid.  Ac- 
cording to  B.  Wagner  also,  all  tannins  occurring  in-  healthy  vegetable  organs  are 
essentially  distinct  from  those  which,  like  gallotannic  acid,  are  found  only  in  diseased 
tissues  like  gall-nuts  (see  Tamkio  Acid,  p.  660).  The  tannin  of  tea-leaves  produces  a 
blue-black  precipitate  with  iron-salts. 

The  proportion  of  ash  in  unadulterated  commercial  tea  varies  frata  4*78  to  6*6  per 
cent. ;  ra  adulterated  tea  it  is  often  much  larger ;  in  some  of*  the  Chinese  "  Lie-teas,'* 
Warington  found  from  34  to  45*6  per  cent.  ash.  The  'ash  of  tea  is  especially  distin- 
ffuished  by  its  large  amounts  of  iron  and  manganese.  Fl  ei  tmann  (Liebigfs  Ckemiseks 
iritfef  4te  Anfl.  ii.  182)  found  in  an  infusion  of  70  gnns.  of  Pekoe  tea,  0*104  grm. 
ferric  oxide,  and  0-20  grm.  manganous  oxide.*  Tiehmann  found  in  the  ash  of  tea-infu- 
sion 0*7  per  cent,  manganic  oxide. 

The  following  are  analyses  of  tea-ash:  a  and  5  of  "  Souchong,**  by  Spooner; 
c,  "  Oolong,**  by  Tevis :  d,  "  Youm  Hyton^  by  Hague ;  e,  "  Ning  Yovng,"*  by  Homer ;  t 
/,  diy  aqueous  extract  of  tea,  by  Lehmann  { : — 


«. 

h. 

c 

tf. 

e. 

/. 

A«h  p«r  cent,  of  dry  •abstaaoe. 

ft*48 

611 

514 

594 

4*73 

19^ 

100  pts.  of  ash  contain : 

Na«0 

25*46 

1*70 

40*00 

9.26 

12-88 

603 

KH) 

8*70 

44*06 

12-38  . 

33*95 

28-38 

47*45 

MgO. 

9*59 

8*41 

617 

6-79 

•         • 

6-84 

CaO  . 

11*36 

8*77 

7-68 

817 

8*39 

1*24 

Fe«0» 

8*42 

6-80 

718 

4-75 

19-31 

3-29 

Mn«0« 

• 

•         • 

•    . 

•         • 

*         • 

•         • 

0*71 

P»0». 

12*62 

11*46 

8-26 

16-64 

17-44 

9*88 

80»  . 

1014 

6*96 

8*27 

4*89 

4-76 

8*72 

8iO«. 

1604 

8*79 

7-81 

10-89 

5*59 

2-81 

CO*  . 

•         * 

.     * 

.    . 

•         • 

• 

1009 

NaCl 

2*40 

215 

2*25 

4-66 

3-25 

3*62 

99*73 

100*00 

100*00 

10000 

100*00 

99*18 

*  There  mutt  be  some  error  la  these  numbert. 

t  The  eaalyiee  a— «  were  made  onder  Hortford*i  direction  (8111.  Am.  J.  ni,  xt.  M9). 
▼«ri«t1oiu  in  the  proporttuna  of  potash  and  soda  are  probftblr  due  to  defecknre  aualrtis. 
X  Lieblf's  Ckemitcke  Bri^,4te  Aull.  li.  182. 
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The  physioloipcal  action  of  tea,  when  used  as  an  infaaion,  depends  chiefly  on  the 
theine,  eesential  oil,  tannin,  and  inoiganie  oonstitnents.  In  'general,  it  may  be  said 
that  tea  acts  upon  the  nerrous  system:  when  taken  in  moderate  quantity,  it  heightens 
the  actiyity  of  the  brain,  accelerating  the  flow  of  thought,  and  producing  a  pleasurable 
mental  excitement ;  in  excess  it  occasions  sleeplessness  and  uneasiness,  which  may 
amount  to  anxiety,  trembling,  spasmodic  attadLS,  &e.  It,  moreover,  increases  the 
action  of  the  heart,  the  excretion  of  urea,  the  perspiration  by  the  skin,  and  the 
peristaltic  motion  of  the  intestines  (Lie big,  ChemUene  Brief ty  foe.  cit).  Lehmann 
(X«Ar6.  d.  fkymiog.  ChewAt^  i.  161)  also  found  the  excretion  of  urea  increase  after 
taking  tea;  Bocker,  on  the  other  hand  (Archiy.  f.  wiss.  Heilk.  1853,  i.  2),  found  it 
diminished.  Further  and  more  extended  experiments  are  required  to  decide  whether 
the  use  of  tea  accelerates  or  retards  the  change  of  tissue  in  the  orgatiism.  (See  Knapp's 
Chemiscke  Tttknoloffie,  1848,  ii.  84.) 

TMAJC*  TecUma  ^andis, — The  wood  of  this  tree,  which  grpws  in  the  South  of 
India  and  other  tropical  countries,  frequently  exhibits  cracks  apd  cavities  of  con- 
siderable extent,  lined  with  a  white  crystalline  deposit,  consisting  chiefly  of  hydro- 
calcic  orthophosphate,  Ca'HPO^H^O,  with  about  11 '4  per  cent,  ^mmonio-magneeian 
phosphate.    (Abel,  Chem.  Soc.  Qu.  J.  xt.  91.) 


See  Skbous  Fluids  (p.  286). 

A  brown  mineral,  supposed  to  be  a  hydrated  ferrous  sulphate, 
occurring  at  Schwarzenberg  in  Saxony,  and  at  Braunsdoiff  in  the  Engebiiffe,  in  small 
pyramidal  and  acicular  crystals,  and  massive.  Hardness  »  I'&to  2.  It  is  easily 
soluble  in  water,  and  attracts  moisture  rearlily.    (Dana,  ii.  388.) 

See  Tkax. 

• 

(Yon  Bibra,  Chem.  TJntersueh.  iiber  die  Knochen  u.  Zahne,  1844. 
Fr^my,  Ann.  Ch.  Phys.  [3]  xliiL  47. — Hoppe,  Virch.  Arch.  ▼.  170;  xxiv.  13.) — 
— ^The  typical  mammalian  tooth  consists  of  oenHnc,  enamel^  and  cement ^  or  crusta 
petrosa.  Under  the  microscope,  a  thin  section  of  dentine  presents  the  appearance  of  a 
number  of  flne  tubules,  following  a  wavy  but  nearly  parallel  course  from  the  pulp- 
cavity  towards  the  exterior  of  the  tooth ;  these  tubules  give  off  minute  branches  from 
their  sides,  and,  as  they  approach  the  periphery,  rapidly  subdivide.  Enamel  seems  to 
be  made  up  of  short  prismati^^  fibres,  while  cement  differs  from  bone  chiefly  in  the 
absence  of  Haversisn  canals.  Among  the  different  kinds,  of  animals,  very  great 
•  variations  in  the  arrangement  and  relative  proportion  of  these  three  constituents  are 
observable,  and  the  teeth  of  some  of  the  lower  vertebrata  present  special  modifications 
of  tissue  known  by  the  names  of  tfaaodentinft  &c.  &c. 

Each  of  these  dental  tissues  consists,  like  bone,  of  certain  inoiganie  matters  united 
(in  a  definite  ratio,  there  is  reason  to  believe)  with  an  organic  basis.  In  cement  the 
organic  basis  is  identical  with  that  of  bone.  The  greater  part  of  the  organic  matter 
of  dentine  is  also  resolved  by  prolonged  boiling  into  gelatin,  but  the  proper  walls  of 
the  dentinal  tubules  appears  to  be  composed  of  a  material  ?rhich  cannot  be  so 
resolved.  The  o^iganic  basis  of  the  enamel  does  not  yield  gelatin,  but  seems  rather 
to  be  allied  to  the  chemical  basis  of  epithelium. 

The  proportion  of  inorganic  to  organic  material,  and  the  composition  of  the  former, 
will  readily  be  seen  from  the  following  analyses.  Zalesky  (Hoppe-Seyler,  Unter- 
such.  i.  p.  40)  found  in  the  ash  of  the  enamel  of  fossil  rhinoceros-tooth  -592  per  cent, 
of  fluoride  of  calcium.  Hoppe  calls  attention  to  the  analogy  between  the  inorganic 
portion  of  enamel  and  apatite.  The  enamel  of  undeveloped  teeth  contains  a  form  of 
albumin : — 

AnidyM  of  Enamel.    (Hoppe.) 


I 


Phosphate  of  caldttm  . 
Carbonate  of  calcium   . 
Ch  loride  of  calcium 
Phocphate  of  magnesium 
Ferric  phoaphake . 
Salts  soluble  in  water  . 
Soluble  organic  matters 
Insoluble  organic  mnt:ers 
Insoluble  ferric  oxide  . 


T««th<if 


8-41 

trace 

1-67 


{  2rao* 


7S*3il 
718 

•!a 

179 

■63 

•35 

1-23 

1436 


76  89 
6*00 

trace 


i 


1» 


.48 


*  Determined  from  loss. 


Vol.  V. 


ZZ 


rioutAniaaU. 

(Von 

BibiB.) 

PhOi- 

Pb««^ 

C«te- 

Pta«- 

ta'gl 

TM>1 

■nd 

D>t»  Ol 

phMUor 

fMf. 

Fu. 

■rful. 

Mlcium 

"--sr 

muitr. 

TBiamrf; 

1    Wom»ii,tDokr  .        . 

81-S3 

8-88 

2-65 

■97 

64-03 

tnm 

6-97 

'    H>d,mol<u'        ,        . 

S9S2 

4-37 

1-34 

-88 

96-41 

■20 

3-B9 

Wolf,  malar      .        . 

87-82 

1-21 

-83 

90-66 

6-04 

Foi,  molar 

88-24 

1-73 

1-20 

■75 

91  91 

8-09 

83-33 

2-94 

8-70 

■64 

90-61 

936 

Beai,  canine       . 

8438 

220 

6-01 

■77 

93-38 

S-64 

8e»l,  oniD.       .        . 

8S-60 

I '94 

1-00 

.63 

89-17 

10-83 

Horse,  molar      .        . 

88-01 

110 

1-66 

■60 

62-76 

■■19 

T^2S 

Oi,inci«op         .        . 

88-77 

700 

isa 

■61 

62-70 

■07 

7-80 

Dmtii,.: 

Woman,  ndw  . 

87-64 

7-87 

2-49 

1-00 

79-00 

■68 

31-00 

Man,  molar       . 

66-72 

3-36 

1-08 

.83 

71-66 

■40 

2S01 

Wolf;  moUr       . 

68-81 

1-04 

■67 

■80 

71-62 

■78 

28-38 

Foi,  molar 

7184 

-SO 

■66 

■78 

74-61 

'40 

36-49 

60-03 

3.00 

■77 

68-01 

-42 

31-69 

Brar,  CBniue 

6488 

134 

6-4U 

■80 

73-42 

■83 

26-68 

S«l,  Mnine       . 

98-48 

109 

■97 

■78 

71-30 

■48 

28-70 

Blephaat  (Indian), 

38-48 

6-83 

12-01 

■70 

66-82 

■24 

43-18 

46-48 

3-86 

7-84 

■77 

58  96 

-34 

41-06 

Dolphin     . 

68-37 

1-84 

1-36 

■99 

70-66 

■83 

29-44 

Boar,  task.          . 

8000 

351 

e-43 

-43 

89-87 

■13 

80-63 

Borra,  moUt       . 

81-28 

SOS 

1-76 

-74 

69-85 

■38 

30-1  a 

S8-33 

7-39 

■67 

■76 

67-44 

■62 

82-56 

Goat,  indeor      .' 

63-04 

2-83 

1-70 

-93 

BS-60 

■50 

Si-6n 

Sue,  molar 

63-61 

8-99 

3-72 

■68 

71-80 

■80 

28-20 

Crocodile  .        . 

68-47 

6-33 

1076 

1-36 

71-61 

■77 

28  09 

CWwtoPrfnwa.- 

Dolphin     .        .        .(Ifl) 

68-42 

1-78 

1-47 

■93 

73-81 

■66 

2630 

0-,inm«w         .        .    (6) 

68-00 

7-a2 

-99 

■73 

68-94 

■66 

33-06 

CtocodUe  .        .        . 

63-39 

8-29 

9-S9 

143 

7109 

■76 

28-91 

WMttteti: 

Saw-flali    .        .        .  (3D) 

81-69 

3-A4 

1-70 

1-81 

69-14 

1-33 

30-86 

Pike .        .        .        .  (81) 

83-98 

2-64 

■73 

■67 

68-22 

1-18 

31-78 

Black  Bah .        .        .  1 32) 

69-94 

9-01 

2-00 

1-77 

72-72 

2-43 

27-28 

Plaio.         .         .          .\u] 

6720 

1-84 

■88 

1-83 

61-24 

■09 

38-76 

•TtHOfam 

•'"""»* 

1 

Phct- 

Flua. 

CMbO. 

Phoc 

sum. 

Oni- 

'iwm 

Tide  of 

lUMOl 

ffisi? 

s'S 

FoltaUith: 

am,**. 

^^Z^' 

83-11 

4-14 

7-66 

-96 

■73 

■24 

317 

DentiDe    '.        '.        '. 

64-66 

309 

12-80 

■80 

S-63 

23-03 

Elcphae  primige nini,  molu . 

82-88 

4-15 

14-99 

2-11 

-33 

16-60 

884.1 

3-72 

16-46 

1-34 

t-91 

9-14 

Cara  Bear,  molar 

64-03 

2-61 

1-46 

826 

2a-^.^ 

9  -01 1 

ISO 

■S2 

5-SO 

2-17 

Fish  from  chalk         .          f 

8  -01 J 

911 

-45 

1489 

-64 
(Loe.) 
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lOMMTtMm  A  resin  found  in  fossil  pine-stems  in  the  bogs  of  Holtegaard  in 
Denmark.  It  cnmtallises  in  large  prisms,  melling  at  46°,  insoluble  fn  water,  slightly 
soluble  in  alcohol,  very  soluble  in  ether.  It  distils  without  alteration  near  the  boiling- 
point  of  mercury.  Chlorine  converts  it  into  a  crystalline  substance.  Nitric  acid 
transforms  it  into  oxalic  acid  and  a  brown  resin,  apparently  containing  nitrogen.  It 
gave,  as  the  mean  of  four  analyses,  87' 17  percent,  carbon  and  12*84  hydrogen,  agreeing 
approximately  with  the  formula  nC^H".    (Forchhammer,  Ann.  Ch.  Phamx.  3ui.  39.) 

TMUUkMBSK  or  TWOLMMCIMm  A  product  formed,  according  toKochleder(J.  pr. 
Chem.  Ixxxril  22),  by  the  action  of  aqueous  acids  or  alkalis  on  argyrsescin,  aphrodas- 
Bcin,  and  aeseinie  acid,  eonstituents  of  the  cotyledons  of  horse-chestnut  seeds  (iii.  172). 

TB&BSTTBBZSr.  A  product  of  the  decomposition  of  orsellinic  ether  (iv.  236), 
formed,  according  to  Kane  ^Ann.  Ch.  Pharm.  xxxix.  36),  when  the  ether  dissolved  in 
hot  water  is  exposed  to  the  air  lor  several  months ;  it  is  probably  a  mixture,  chiefly 
consisting  of  orcin  and  erythrovannite. 

Syn.  with  CoBumomc  (ii.  86). 

See  AxYL,  TEixumnB  of  (i.  206). 

See  TsLLURTUH,  Ozidbs  axd  OxTamr-AcnM  of. 

See  lErrwn^  Tellusidb  of  (ii.  560). 

ikCZB.    H^e.    See  Htdbogxk,  Tsllubidb  of  (iii.  204). 

See  Tbllubium,  Oxidbs  A2n>  OzTOBii-ACtDa  of. 

See  Tbixubidbs. 

Katire  tellurous  oxide. 

See  TBXXTnuDBS. 


18  and  TX&liinRS' V  JI1ULTB8.  Compounds  analogous  to  the 
sulphides  and  sulphydrates,  and  to  the  selenides  and  selenhydrates.  The  tellurides 
belong  to  the  class  of  metallic  alloys :  those  of  bismuth,  gold,  lead,  and  silver  ar« 
found  native ;  the  others  may  be  obtained  by  fusing  the  respective  metals  with  tellu- 
rium, or  (in  the  wet  way)  by  precipitating  solutions  of  the  metals  with  tellurhydric  acid 
or  an  alkaline  tellurhydrate.  The  tellurides  of  potassium  and  sodium  are  prepared  by 
heating  powdered  tellurium  with  an  alkaline  carbonate  containing  flnely-divided 
chaicoal--black  flux,  for  instance.  The  access  of  air  to  the  mass  must  be  prevented 
till  it  is  quite  cold,  on  account  of  its  highly  pyrophoric  nature.  It  may  then  be  ex- 
hauisted  with  water,  in  which  the  alkaline  tellurides  dissolve^  being  probably  converted 
into  tellurfaydrates.  They  may  also  be  formed  by  passing  tellurhydnc  acid  gas  through 
solutions  of  caustic  alkali.  Tellurhydrate  solutions  luive  a  portwine-oolour,  and  de- 
posit tellurium  on  exposure  to  the  air. 

Telliurtde  of  aiamntfeu—This  alloy  occurs  native  in  several  localities,  forming 
the  mineral  called  Telluric  Bismuth,  TetradymiU,  or  Bomite.  Some  specimens  contain 
only  bismuth  and  tellurium,  but  generally  the  tellurium  is  partly  replaced  by  sulphur 
ana  selenium.  It  forms  crj'stals  belonging  to  the  hexagonal  system,  namely  acute 
rhombohedrons,  having  the  angles  of  the  terminal  edges  —  66°  40',  combined  (accord- 
ing toHaidinger)  with  the  basal  face  oR,  and  aggregated  in  cruciform  groups  of 
four  individuals.  It  cleaves  perfectly  parallel  to  the  base,  and  thin  laminie  are  more 
or  less  ^exible,  also  somewhat  elastic.  The  mineral  likewise  occurs  in  granulo-lami- 
nar  masses.     Hardness  »   1  to  2.    Specific  gravity  •■  7*2  to  7  0.    Before  the  blow- 

Sipe  it  melts  with  tolerable  facility,  coating  the  charcoal  with  a  yellow  and  white 
eposit,  the  reaction  varying  in  character  according  to  the  proportion  of  sulphur  or 
selenium  present.    It  dissolves  in  nitric  and  in  sulphuric  acid. 

The  variations  in  composition  of  this  mineral  will  be  seen  from  the  following 
analyses  * : — 


Virginia. 

Georgia. 

N.  Carolina. 

Cumberland 

Genth. 

Genth. 

Jackson. 

Gentb. 

Ramroeliberg. 

Bismuth 
Tellurium 
Sulphur 
Selenium 

630 
48-2 

■         « 

53-8 
470 

•         • 

trace 
100-8 

51-6 
49-8 

•  • 

•  • 

4fl-\ 
0-3 

60-8 
48-2 

•         • 

trace 

60-97 
47-26 

•         • 

trace 

791 
180 

.     . 
1-2 

61-3 

33-8 

6-2 

trace 

84-33 
6-73 
6*43 

101-2 

101-3 

.     • 

990 

98-22 

98-3 

100-3 

97-49 

•  Berielius,  Pogg.  Ann.  i.  271.— Daraour,  Ann.  Ch.  Phjr».  [3]  xiil.  STi— Genth,  SHI.  Am.  J« 
rslxTi.Sl;  xlx.  la.— Hrutchaupr  J.  pr.  Chrm.  xW.  45— Jackcon,  Sill.  Am.  J.  [2]  tL  188; 
X.  73.— Rammeliberg,  MiHerakh     ie, p.  5. - W e h r  I e,  Pogg.  Ann.  xxL  S99. 
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* 

Sckoot-Em  !■  Uingvy. 

Piiscnia 
HoDgarf. 

BvanL 

Wchrte. 

Ber,«li». 

HnMcnMicr. 

Wehrlc 

^^H^BOB' • 

Bunnoth      •        •        • 
TeUnrinm   •        • 
Sulphur       «        • 
Selenium     •        •        . 

6<H> 

84-6 

4-8 

•    • 

58-8 

86-0 

4-8 

•     • 

69-2 

85-8 

4-6 

•    • 

61-1 

29-7 

2-8 

m          • 

79-1 
15-9 
81  > 

78-4 
15-6 

4-5 

99-4 

98-6 

99-6 

931 

99-6    1     98-5 

The  greiit  rmaticfOM  in  the  proportion  of  tellnriun  to  bisnrath,  and  the  U/A  that  tlie 
eryetalline  forms  of  the  mineral  and  its  two  oonsttMtonts  belong  to  the  same  sjstera 
(bismuth,  rhombohedral ;  tellnriom,  hexagonal),  lead  to  the  condnsion  that  it  b  not  a 
definite  componnd,  bat  an  iBomorphons  miztore  of  tellnrinm  and  bismuth.  It  most 
be  obserred,  however,  that  many  of  the  analyses — ^namely,  those  by  Genth  of  the 
specimens  £rora  Virginia  and  Georgia,  which  eontain  no  sulphur  and  little  or  no 
selenium — ^agree  nearly  with  the  fannula  BiTe*  (requiring  59*9  per  cenL  bismuth,  and 
48*1  tellurium) ;  and  that  those  by  Berzelius»  Wehrle,  and  Hmschauer  may  be  repre- 
sented approximately  by  BiTe'S. 

•r  Ctold  sad  Silver.    See  SnTAHiTB  (p.  647). 


Telhuide  of  Mydrofan.    See  HTDBoasir,  Tkixusidb  of  (iii.  204). 

TeUnride  of  fcaad,  PbTe.  JltaiU.  Cvbie  TlsKurtvfli.— This  ndneral 
occurs  in  the  mine  of  Sarodinskoi,  near  Baniaoul  in  the  Altai,  usually  massire,  with 
cubic  cleavage,  rarely  in  cubic  crystals.  It  has  a  metallic  lustre  and  tin-white  colour, 
like  that  of  native  antimony.  Hardness  »  3  to  3*5.  Specific  gravity  »  8-159. 
Sectile.  Before  the  blowpipe  it  yolatilises  in  the  reducing  flame,  leaving  only  a  minute 
bead  of  silver,  and  colours  the  flame  blue.  It  is  soluble  in  nitric  acid.  It  contains 
38*37  per  cent  tellurium,  60*35  lead,  and  1*28  silver  (G.  Rose,  Pogg.  Ann.  xviii.  68), 
and  is  therefore  PbTe  (38*3  tellurium,  and  61*7  lead),  mixed  with  a  small  quantity  of 
silver-telluride. 

TeUuride  of  BIlWMrt  Ag*Te.  HemU.  Petjnte.  BiUlluret  of  Siher.—Cccnn  m 
the  Savodinskoi  mine  in  the  Altai,  at  Nagyag  in  Transylvania,  and  at  Ketzbanya  in 
Hungary,  in  coarse-grained  masses  and  granular,  with  metallic  lustre,  lead-grey  or 
steel-grey  colour,  and  slightly  malleable.  Hardness  »  2  to  3*5.  Specific  gravity  s 
8*8  to  8'9.  Before  the  blowpipe  on  charcoal,  it  melts  to  a  black  globule,  which  on 
cooling,  affer  being  subjected  to  the  action  of  the  reducing  flame,  exhibits  points  or 
dendrites  of  silver  on  its  surface.  Heated  in  a  tube,  it  melts,  and  colours  the  glass 
yellow.     Fused  with  carbonate  of  sodium,  it  yields  a  globule  of  pure  silver. 

Analyses : — a,  b,  Frr>m  the  Savodinskoi  mine  (G.  Rose,  Pogg.  Ann.  xviii.  64). — 
c.  From  Nsgyag  (Petz.  ibid.  Ivii.  470).— if,  e.  From  Retzbanya  (Rammelsberg, 
Mineralchemie,  p.  15):  d.  massive  ;  e.  granular  with  green  coating;  after  deduction  of 
15*25  per  cent,  insoluble  matter: 

a.  b.  e.  d.  €m 

Tellurium    .         86*96  36*89  87'76  .       .  830 

Silver  .  62*42  62*82  61*55  60*28  64*5 

Gold    ....  .       .  0-69 

Iron     .        .  0*24  0*50 


99-62 


99*71 


10000 


97-6 


The  formula  Ag^e  requires  37*27  per  cent,  tellurium,  and  62*73  silver. 

TtfllviidaSf  Orguio.  See  Axtl,  Ethtl,  Mbthtl,  Telluridbs  of  (i.  206; 
ii.  550  ;  iii.  992). 

The  alcoholic  fellurides  obtained  by  Wohler  have  the  composition  R^e.— Cahours 
has  lately  shown  (Compt.  rend.  Iz.  20,  1147  ;  Jahresb.  1865.  p.  447),  that  t«lluride  of 
methyl  unites  directly  with  iodide  of  methyl,  formings  crystalline  compound,  (CH'jTel. 
sparingly  soluble  in  water,  easily  soluble  in  ttlcohol.  This  iodide,  treat^ni  with  oxide  of 
silver,  yields  an  alkaline  product,  which,  when  neutralised  with  hydrochloric  acid,  forms 
with  platinic  chloride,  an  orange-ooloured  double  salt,  2(CH")»TeCl.Pt'^Cl*. 

TeUuride  of  ethyl  unites  in  like  manner  with  iodide  of  ethyl,  forming  the  compound 
(C*H*)"TpI  ;  and  corresponding  compounds  are  formed  by  the  sulphides  and  8el«»nides 
of  ethyl  and  methyl  with  the  iodides  of  those  radicles. 

See  Tkllvbiux ,  Qxidu  aiip  Oztitsn-aoids  of. 
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Symbol,  Te.    Atomic  Wtight,  128.      Vapour-density,  obs.   at 
1890°  -  900;  calc  (1  vol.)  -  8-86. 

This  element,  though  decidedly  metallic,  must  be  classed  as  a  member  of  the 
sulphur  family,  as  it  approximates  very  closely  in  its  chemical  characters  to  sulphur, 
and  still  more  to  selenium.  It  was  first  identified  as  a  distinct  metal  by  Klaproth, 
in  1798,  who  gave  it  the  name  "tellurium,"  from  telltis,  the  mythological  name  of  the 
earth. 

Tellurium  is  one  of  the  rarer  elements,  being  found  in  a  few  localities  only,  chiefly 
in  Hungary  and  Transylvania,  in  the  silver  mine  of  Savodinskoi  in  the  Altai,  and 
in  the  State  of  Virginia.  It  occurs  native  in  a  state  of  considerable  purity:  a 
specimen  from  Kagyag  was  found  by  Fetz  to  contain  97 '22  per  cent,  tellurium  and 
2*78  gold ;  and  Klaproth  found  in  a  specimen  from  the  Maria  Loretto  mine,  near 
Zalathna  in  Hungary,  92*53  tellurium,  025  gold,  and  7*20  iron.  The  principal 
ores  of  tellurium  are  the  tellurides  of  bismuth,  lead,  gold,  and  silver,  already  described 
(iv.  1 ;  V.  707,  708). 

Prostration. — ^Tellurium  is  separated  from  its  ores  by  processes  analogous  to  those 
which  yield  seleniu^n  (p.  221). — 1.  Native  telluride  of  bismuth,  freed  as  far  as 
possible  from  its  matrix,  and  made  into  a  paste  with  pearlash  and  oil,  is  graduHlly 
raised  in  a  covered  crucible  to  a  full  white  heat ;  and  the  fused  mass  when  cold  is 
treated  with  boiling  water,  which  extracts  telluride  of  potassium,  forming  a  portwine- 
coloured  solution,  from  which  the  tellurium  is  deposited  in  metallic  scales,  by  passing 
a  current  of  air  through  it,  or  by  mere  exposure  to  the  air.— 2.  Finely  p|ulverised 
foliated  tellurium,  or  nagyagite  (iv.  1),  freed  from  sulphides  of  lead  and  antimony  by 
repeated  boilinff  with  hydrochloric  acid,  and  washing  with  water,  is  heated  witn 
strong  nitric  acid,  whereby  tellurous  acid  is  obtained  in  solution.  This  is  evaporated 
to  dryness,  and  the  residue,  after  solution  in  hydrochloric  add,  is  reduced  by  a 
current  of  sulphurous  acid  gas.    For  further  details,  see  GmelirCs  Handbook,  iv.  393. 

Propertiea.'^  Tellurium  is  a  tin-white,  shining,  brittle  metal,  having  a  great  tendency 
to  crystallise.  The  cirstals  belong  to  the  hexagonal  system.  Native  tellurium  occurs 
in  rhombohedral  crystals,  isomorphous  with  those  of  antimony,  arsenic,  and  bismuth,  and 
exhibiting  the  faces  R,  with  those  of  derived  rhombofaedrons ;  also  oR  and  <»R. 
Length  of  principal  axis,  for  R  -•  1*8298;  angle  R  :  R  in  the  terminal  edges  =  86° 
57'.  The  opposite  rhombohedrons  +R  and  —  R  likewise  occur  together,  forming  a 
hexagonal  pyramid  (in  combination  with  ooF  and  oF),  in  which  tide  angle  F  :  F  in 
the  terminal  edges  <-  180°  28^;  in  the  lateral  edges  e  113°  52^.  Cleavage  perfect 
parallel  to  ooR;  in  traces  parallel  to  oR.  According  to  H.  Rose,  tellurium  sepa- 
rates from  a  solution  of  potassium-tellnride,  by  spontaneous  decomposition,  in  six-sided 
prisms  with  rhombohedral  summits. 

Tellurium  conducts  heat  and  electricity,  though  not  very  readily.  Its  specific  gravity 
is  61  to  6*33;  hardness  of  the  native  metal  «  2  to  2*5.  It  melts  at  about  500°, 
volatilises  at  a  higher  temperature,  and  condenses  in  ciystalline  needles,  or  in  drops. 
It  may  be  purified  by  distillation  in  a  current  of  hydrogen.  Its  vapour-density,  as 
determined  by  Devi  lie  and  Troost  (Jahresb.  1863,  p.  17),  is  900  at  1390°,  and 
9*08  at  1439°.    The  vapour  has  a  ereenish-yellow  colour,  like  that  of  chlorine-gas. 

Tellurium,  when  strongly  heated  in  the  air,  takes  fire,  bums  with  a  lively  blue 
flame  edged  with  green,  producing  white  fumes  of  tellurous  acid,  and  emitting  a  pecu- 
liar odour,  often  partly  due  to  the  presence  of  traces  of  selenium.  (Respecting  the 
spectrum  of  its  flame,  see  J.  Wert  her,  J.  pr.  Chem.  bcxxviii.  180;  Jahresb.  1863, 
p.  235). — Tellurium,  like  sulphur  and  selenium,  dissolves  to  a  slight  extent  in  cold 
strong  sulphuric  add,  and  is  precipitated  unchanged  on  dilution  with  water ;  but 
when  heat^  with  strong  sulphuric  acid,  it  is  oxidised  and  dissolved  as  tellurous  oxide, 
while  sulphurous  anhydride  is  evolved  as  gas. — ^Bv  strong  nitric  acid,  it  is  quickly 
converted  into  tellurous  acid. — Hydrochloric  acid  nas  no  action  upon  it ;  but  with 
nUromuriatic  acid,  it  yields  tellurous  mixed  with  telluric  acid. — By  fusion  with  salt- 
petre, it  yields  tellurate  of  potassium. — Strong  potash4ey  dissolves  tellurium  at  the 
boiling  heat^  forming  a  red  liquid  containing  telluride  and  tellurite  of  potassium.  On 
cooling,  or  on  dilution  with  water,  however,  the  red  colour  disappears,  and  tellurium  is 
separated,  in  consequence  of  the  reducing  action  exerted  by  the  potassium  on  the 
tellurous  add : 

2K«Te  +  K*TeO«     -     8K«0   +  Te«. 

Tellurium,  f^sed  with  carbonate  of  potassium,  likewise  yields  a  mixture  of  tellurido 
and  tellurite. 

Tellurium,  in  its  chemical  relations,  bears  a  very  dose  analogy  to  sulphur  and  sele«> 
nium.  It  forms  two  oxides — namely,  tellurous  oxide,  TeO',  and  telluric  oxide, 
TeO' — which,  in  combination  with  water  and  with  metallic  bases,  yield  adds  and  salts 
analogous  to  those  formed  by  the  corresponding  oxides  of  sulphur  and  selenium,-^ 
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With  hydrogen^  it  formB  a  gaseous  componDd,  HTe,  Analogous  to  sulplijdrie  aud 
selenhydric  acids.  It  unites  also  with  the  alcokol-radides,  methyl,  ethyl,  and  amyl, 
forming  compounds  represented  by  the  general  formula  R*Te,  which  are  diatomic 
radicles,  analogous  to  the  selenides  of  the  alcohol-radicles. — ^With  chlorine  it  forms  a 
tetrachloride,  TeOl*,  analogous  to  SeCl^  and  adichloride,  TeCl',to  which  there 
does  not  appear  to  be  any  definite  analogue  among  the  sulphur-  and  selenium-com- 
pounds  (pp.  223, 633) ;  and  similar  compounds  with  hroTtUne  and  iodine.  The  inorganic 
compounds  of  tellurium  have  been  studied  chiefly  by  Berzelius :  the  orKanic  compounds 
by  Wohler. 


OV.    See  Thxtjbides  (p.  707). 

^B8  or.  The  dibromide,  TeBi*,  is  produced  by 
distilling  the  tetrabromido  with  finely  pulverised  tellurium,  and  passes  over  as  a 
violet  vapour,  which  condenses  to  slender,  blade,  needle-shaped  crystals.  It  melts 
easily,  and  is  decomposed  by  water  with  formation  of  tellurous  add.    (Berzelius.) 

The  teirabromide,  TeBr*,  may  be  prepared  by  adding  findv  divided  telluriam, 
with  frequent  agitation,  to  bromine  contained  in  a  tube  cooled  with  ice,  and  distilling 
off  the  excess  of  bromine  after  all  the  tellurium  is  dissolved  (Berzelius).  According 
to  V.  Hauer  (J.  pr.  Chem.  bcziii.  98),  it  is  more  easily  prepared  by  covering  small 
pieces  of  tellurium  with  hydrobromic  acid  in  a  flask,  then  adcung  bromine,  and  leaving 
the  flask  closed  till  all  the  bromine  has  disappeared,  the  action  being  assisted  by 
shaking  the  flask  from  time  to  time.  The  ruby-coloured  solution  thus  obtained  yields 
the  dzy  compound  by  evaporation  over  the  water-bath. 

Tetrabromide  of  tellurium  forms  a  compact  red-yellow  mass,  which  melts  at  a  gentle 
heat  to  a  dark-red  transparent  liquid,  and  solidifies  in  the  crystalline  form  on  cooling. 
It  may  be  sublimed  without  decomposition  in  pale-yellow  needles.  It  dissolves  without 
alteration  in  a  small  quantity  of  water,  forming  a  yellow  solution,  which  becomes 
colourless  on  dilution,  the  tetrabromide  being  thereby  resolved  into  hydrobromie  and 
tellurous  acida.  The  yellow  solution  evaporated  over  the  #ater-bath  deposits  the 
hydrated  tetrabromide  m  ruby-coloured  crystals. 

Tetrabromide  of  tellurium  forms  cinnalmr-red  compounds  with  the  bromides  of  the 
alkali -metals. — The  potasnum-aalU  2EBr.TeBr\3H'0,  was  first  obtain^  bv  Berzelius, 
by  evaporating  a  mixed  solution  of  the  component  salts.  According  to  v.  Hauer,  it  is 
better  prepared  by  mixing  1  at.  finely  pulverised  tellurium  with  2  at.  bromide  of 
potassium  in  a  flask,  and  ftdding  water  till  the  bromide  is  completely  dissolved ;  then 
adding  bromine  by  small  portions,  with  frequent  agitation,  and  leaving  the  flask 
dosed  till  all  the  bromine  has  disappeared.  On  warming  the  resulting  dark-red  solu- 
tion, to  expel  the  excess  of  bromine,  decanting  it  from  a  yellowish  deposit  which 
forms,  and  leaving  it  to  cool,  the  double  salt  separates  in  dark-jed,  opaque,  shining 
crystals,  which  effloresce  superficially  in  dry  air.  It  is  slightly  soluble  in  cold,  easily 
in  hot  water.  When  heated,  it  gives  off  its  water  of  ciystaUisation  without  melting. 
The  anhydrous  salt,  which  is  orange-yellow,  decomposes  at  a  higher  temperature^ 
ginng  off  t^itrabromidc  of  tellurium. 

TB&XiVSnnK,  CB&OSXBBa  or.  The  diehloride,  TeCl*,  is  formed  by 
distilling  a  mixture  of  equal  parts  of  finely  divided  tellurium  and  the  tetrachloride 
(Berzelius),  or  by  passing  chlorine  slowly  over  stronglv  heated  tellurium  or  native 
telluride  of  silver.  It  may  be  freed  from  admixed  tetrachloride  by  fractional  distilla- 
tion (H.  Rose).  It  is  a  black  amorphous  mass,  having  an  earthy  fracture;  melts 
easily  to  a  black  liquid,  and  is  much  more  volatile  than  Uie  tetrachloride.  Its  vapour 
is  purple  when  mixed  with  air;  yellow  when  pure.  When  exposed  to  the  air,  it 
absorbs  moisture,  but  does  not  fume.  When  mixed  with  water,  it  becomes  milky 
from  formation  of  tellurous  acid.  Hydrochloric  acid  decomposes  it,  separating  half 
the  tellurium  in  the  metallic  state,  ana  dissolving  the  other  half  as  teUurous  acid.  The 
diehloride  may  be  fused  in  all  proportions  with  metallic  tellurium,  or  with  the  tetra- 
chloride. 

Tetrachloride  of  Tellurium,  TeCl^  is  obtained  by  gently  heating  tellurium  in  a 
stream  of  chlorine-gas,  till  a  dark-yellow  liquid  is  produced.  This  liquid  turns  yellow 
on  cooling,  and  crystallises  to  a  white  mass  at  the  moment  of  solidification.  The 
tetradiloride  melts  easily  to  a  yellow  liquid,  turning  red  near  its  boiling-point :  it  is 
not  very  volatile,  but  forms  a  dark-yellow  vapour  when  strongly  heated.  It  is  very 
deliquescent,  and  is  decomposed  by  cold  water,  with  separation  of  a  basic  salt  and 
tellurous  acid.  Boiling  water  dissolves  it,  the  solution  on  cooling  depositing  cxystals 
of  tellurous  acid.    Dilute  hydrochloric  acid  dissolves  it  without  alteration. 

By  mixing  a  solution  of  Uie  tetrachloride  with  chloride  of  ammonium  or  chloride  of 
potaseium,  double  salts  are  formed,  which  crystallise  in  lemon-yellow  octahedrons. — A 
compound  of  the  tetmchloride  with  chloride  of  aluminium^  2AlCl'.TeCl^,  is  obtained, 
according  to  B.  Weber  (J.  pr.  Chem.  Ixxri.  313),  by  melting  the  two  chlorides  to- 
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gether,  and  expelling  any  excess  of  aluroinium-chloride  that  may  be  present  by  gentle 
heating.  This  double  chloride  is  a  ytllowish-white,  easily  fusible  mass,  yery  soluble 
in  dilute  sulphuric  acid.  When  heated  nearly  to  its  boiling-pointy  which  is  very  high, 
it  is  partially  decomposed,  leaving  a  residue  richer  in  tellurium. 

Tetrachloride  of  tellurium  quietly  absorbs  amnumia'gas  at  ordinary  temperatures, 
swelling  up,  and  changing  to  a  greenish-yellow  mass  of  the  compound  4NH'.TeCl^. 
This  compound  is  permanent  in  the  air,  but  is  decomposed  by  water  into  tellurous 
acid  and  sal-ammoniac.  When  heated,  it  gives  o£f  sal-ammoniac,  hydrochloric  acid,  and 
nitrogen-gas,  while  tellurium  is  separated.  (Espenschied,  J.  pr.  Chem.  Ixxx. 
480.) 

TBliXiURXVllEp  BBTSCTZOir  AVS  BBTXltKATZOW  OV.  1.  Blowfipe 
reactions. — All  compounds  of  tellurium  are  easily  rednced  on  charcoal  in  the  inner 
flame,  the  reduced  metal  being  volatilised,  and  forming  a  white  deposit  of  tellurous 
oxide  on  the  charcoaL  With  m>rax  and  microcovmic  salty  teUurous  oxide  gives  a  clear 
colourless  bead,  which,  when  heated  on  charcoal,  is  rendered  grey  and  opaque  by  the 
reduced  metal.  The  oxides  of  b  i  s  m  u  t  h  and  antimony,  when  reduced  on  charcoal 
in  the  inner  flame,  also  give  white  incrustations,  which  may  be  confounded  with  telln- 
zous  oxide.  Antimonious  oxide,  however,  when  heated  in  the  inner  flame,  gives  a 
bluish  tinge,  whereas  tellurous  oxide  imparts  a  fine  green  colour  to  the  outer  flame. 
Moreover  tellurous  oxide,  when  heated  in  a  tube  open  at  both  ends,  volatilises  entirely, 
forming,  on  the  cool  part  of  the  tube,  a  white  sublimate,  which,  bv  caref\il  heating,  may 
be  fused  to  colourless  drops.  Antimonious  oxide,  on  the  other  hand,  is  only  partially 
volatilised,  being  partly  converted  into  the  non-volatile  oxide,  SbO' ;  the  sublimate 
may  be  driven  from  one  part  of  the  tube  to  another  by  heat,  but  does  not  fuse  into 
drops.  Bismuth-oxide  similarly  treated  gives  scarcely  any  sublimate,  but  melts  to  a 
dark-brown  liquid,  which  becomes  pale-yellow  on  cooling,  and  corrodes  the  glass. 
From  selenium*  which  it  resembles  more  closely  than  any  other  element,  tellurium 
is  distinguished  by  the  odours  emitted  when  the  compounds  of  the  two  elements  are 
heated  on  charcoal  before  the  blowpipe,  pure  tellurium  emitting  only  a  slightly  acid 
odour,  whereas  selenium  emits  a  powerful  odour  of  decayed  horse-radish :  traces  of 
selenium  existing  in  tellurium-compounds  are  easily  detected  in  this  manner  (p. 
224). 

2.  Reactions  in  Solution. — ^All  native  tellurium-compounds  are  insoluble  in 
water,  but  soluble  in  nitric  acid.  Among  the  artificially  prepared  compounds,  the 
tellurites  of  the  alkali-metals,  and  also  the  tellurates  (in  the  hydrated  state)  are  easily 
soluble  in  water ;  the  tellurites  and  tellurates  of  the  ot^er  metals  are  iusohible  or  spar- 
ingly soluble  in  water,  but  for  the  most  part  soluble  in  hydrochloric  acid.  The  tellu- 
rides  of  the  alkali -metals  are  also  soluble  in  water,  and  their  solutions,  when  exposed 
to  the  air,  decompose  quickly,  with  separation  of  metallic  tellurium.  Tellurous 
acid  fhydrated  tellurous  oxide^  dissolves  easily  in  acids ;  the  solution  in  nitric  acid 
gradually  deposits  anhydrous  telluric  oxide.  In  solutions  not  containing  too  great  an  ex* 
cess  of  acid,  especially  in  the  hydrochloric  acid  solution,  water  throws  down  a  precipitate 
of  tellurous  acid.  The  hydrochloric  acid  solution  of  tellurous  oxide  is  yellow.  Telluric 
acid  is  distinguished  mm  tellurous  acid  by  its  greater  solubility  in  water.  The  salts 
of  the  two  acids  are  distinguished  from  one  another  by  the  fax\,  that  the  tellurates,  when 
heated  with  hydrochloric  acid,  give  off  chlorine,  which  is  not  the  case  with  the  tellu- 
rites. Moreover,  the  solutions  of  tellurates  in  hydrochloric  acid  are  colourless,  and  are 
not  precipitated  by  water  like  those  of  the  tellurites,  even  when  there  is  but  little  free 
hydrochloric  acid  present. 

Sulj^hydric  acid  produces  immediately,  in  acid  solutions  of  tellurous  oxide,  a  brown 
precipitate  of  tellunum-sulphide,  easily  soluble  in  sulphide  of  ammonium ;  in  acid  solu- 
tions of  telluric  oxide,  the  same  precipitate  is  formed  after  the  liquid  has  stood  for 
some  time  in  a  closed  vessel,  and  in  a  warm  place.  The  colour  of  this  precipitate  dis- 
tinguishes it  from  all  other  metallic  sulphides  which  are  soluble  m  sulphide  of 
ammonium  (that  of  selenium  is  reddish -yellow)  except  stannous  sulphide ;  but  solutions 
of  stannous  salts  are  easily  distinguished  from  those  of  tellurium-salts  by  their  re- 
action with  chloride  of  gold,  tellurium-solutions  not  forming  with  this  reagent  an) 
precipitate  resembling  the  purple  of  Gassius ;  moreover,  solutions  of  tellurous  oxide 
yield,  with  ammonia  and  alkaline  carbonates,  a  white  precipitate  easily  soluble  in 
excess  of  the  alkaline  reagent,  whereas  the  precipitates  formed  in  like  manner  with 
stannous  salts  are  insoluble  in  excess.  Solutions  of  telluric  oxide  give  no  precipitate 
with  alkalis. 

Sulphurous  acid  and  alkaline  sulphites  produce,  in  acid  solutions  of  tellurous  or  telluric 
oxides,  after  some  time  in  the  cold,  or  immediately  on  heating,  a  black  precipitate  of 
metallic  tellurium.  A  similar  precipitate  is  formed  by  solution  oi stannous  chloride  and  by 
metallic  einc.  The  precipitate  of  selenium  formed  by  the  same  reagents  in  a  solution 
of  seleniotts  acid  is  red.    The  precipitated  tellurium  may  also  be  distinguished  from 
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selenium  by  its  reaction  with  solution  of  potastktm^cyanidet  which  dissolves  selenium 
but  not  tellurium ;  further  by  its  behayiour  before  the  blowpipe  (p.  711) ;  and  lastly, 
by  dissolving  the  precipitate  in  nitric  acid,  nitromuriatie  acid,  or  a  mixture  of  hydro- 
chloric acid  and  potassium-chlorate,  neutraUsing  the  solution,  after  complete  oxidation, 
with  carbonate  of  sodium,  evaporating  to  dryness,  fusing  the  residue  at  a  moderate 
heat  with  nitre,  dissolving  tne  product  in  water,  acidulating  with  nitric  acid,  and 
adding  chloride  of  barium.  Selenate  of  barium  is  then  precipitated,  whereas  tellurate 
of  barium  remains  in  solution. 

3.  Estimation  and  Separation. — ^Tellurium  is  mostly  estimated  in  the  metallic 
state.  If  it  is  present  in  solution  in  the  form  of  tellurous  acid,  as  is  always  the  case 
when  tellurium-ores  are  treated  with  nitric  acid,  it  is  best  precipitated  by  sulphurous 
acid  or  an  alkaline  sulphite.  The  tellurium  thereby  separated  is  collected  on  a 
weighed  filter,  carefully  dried  at  a  gentle  heat,  and  weighed.  If  the  tellurous  add  is 
combined  with  bases  in  such  proportion  that  the  solution  does  not  exhibit  an  acid 
reaction,  it  must  be  mixed  with  hydrochloric  acid  in  sufficient  quantity  to  redissolve 
the  precipitate  of  tellurous  acid  formed  at  first.  It  is  best  also  to  concentrate  the 
liquid  as  much  as  possible  before  adding  the  reducing  agent,  as  the  tellurium  is  then 
separated  more  quickly  and  completely  than  from  a  more  dilute  solution.  The  solu- 
tion thus  prepared  is  to  be  heated  in  a  flask,  but  not  to  the  boiling-point,  and  the 
solution  of  alkaline  sulphite  gradually  added :  the  tellurium  is  then  precipitated  us  a 
black  bulky  powder.  Hi  trie  acid,  if  present,  may  vitiate  the  result  by  reoxidising  part 
of  the  reduced  tellurium :  it  should  therefore  be  previously  removed  by  warming  the 
liquid  with  hydrochloric  acid.  If  the  tellurium  is  present  as  telluric  acid,  the  latter 
must  first  be  reduced  to  tellurous  acid  by  heating  tiie  solution  with  hydrochloric  acid 
as  long  as  chlorine  continues  to  escape. 

The  method  of  reduction  by  sulphursus  acid  or  alkaline  sulphites,  serves  to  separate 
tellurium  from  the  tellurites  and  tellurates  of  the  alkali-metals,  and  of  other  metals 
which  are  not  precipitated  by  sulphydric  acid.  If  the  quantity  of  alkali-metal  is 
to  be  likewise  estimated,  the  reduction  must  of  course  be  effected  by  sulphite  of  am- 
monium or  free  sulphurous  acid ;  in  the  latter  case,  the  solution  must  be  digested  for 
some  days  with  excess  of  aqueous  sulphurous  add,  in  a  closed  vessel  placed  in  a  warm 
situation.  The  separation  of  tellurium  from  the  tellurites  and  tellurates  of  these 
metals  may  also  be  effected  by  precipitation  with  sulphydrie  acid.  As  the  precipitated 
tellurium-sulphide  is  generally  mixed  with  free  sulphur,  it  must  be  digested,  while  still 
moist,  with  nitromuriatie  acid,  or  better,  with  hydrochloric  acid  and  potassium- 
chlorate,  and  the  tellurium  precipitated  from  the  filtered  solution  by  an  alkaline 
sulphite,  as  above.  Telluric  acid  must  first  be  reduced  to  tellurous  acid  by  heating 
with  hydrochloric  add. 

From  the  tellurites  and  tellurates  of  metals  which  are  precipitated  by  sulphydric 
add,  and  form  sulphides  insoluble  in  sulphide  of  ammonium,  tellurium  may  he  sepa- 
rated by  sapersaturating  the  solution  with  ammonia,  and  digesting  it  at  a  very  gentle  heat 
with  excess  of  ammonium'Sulphide.  The  sulphide  of  tellurium  then  remains  dissolved, 
and  may  be  predpitated  from  the  filtered  solution  by  acetic  or  very  dilute  hydrochloric 
add,  oxidised  as  above  with  nitromuriatie  add,  &c,  and  the  tellurium  precipitated  by 
an  alkaline  sulphite.  The  same  method  may  be  used  for  separating  tellurium  from 
iron,  cobalt,  nickel,  cine,  and  manganese.  It  is,  however,  not  so  advantageous  in  any 
case  as  the  precipitation  with  alkaline  sulphites,  because  it  is  difficult  to  ensure  the 
complete  solution  of  the  tellurium-sulphide  in  sulphide  of  ammonium. 

From  all  metals  which  form  non-voUtile  chlorides,  tellurium  may  be  separated  by 
igniting  the  compound  in  a  stream  of  chlorine,  whereby  it  is  volatilised  as  dichloride 
or  tetrachloride,  according  to  the  rapidity  of  the  stream  of  gas.  The  volatilised 
chloride  is  passed  into  water  acidulated  with  hydrochloric  acid,  in  which  the  tetra- 
chloride of  tellurium  dissolves  completely,  the  didiloride  with  separation  of  tellurium. 
The  tellurium  is  then  reduced  from  the  solution  by  an  alkaline  sulphite. 

Another  method  of  separation,  applicable  in  most  cases,  is  to  fuse  the  compound 
with  3  pts.  dry  sodiam-carbonate  and  3  pts.  sulphur  in  a  covered  crudble,  and  digest 
the  mass  when  cold  with  water.  The  metals  combined  with  the  tellurium  then 
remain  as  insoluble  sulphides,  while  the  tellurium  dissolves  as  sulphotellurite  of 
sodium.  From  this  solution  the  tellurium-sulphide  may  be  precipitated  by  a  dilute 
acid,  and  treated  as  above  for  the  determination  of  the  tellurium. 

From  antimony,  arsenic,  and  tin,  tellurium  may  be  separated  by  predpitation 
with  alkalins  sulphites. 

From  selenium  and  sulphur  it  is  separated  by  fusion  with  potassium-^anide,  in 
the  manner  already  described  under  Sxlkntdv  (p.  226). 

4.  Atomic  Weight  of  Tellurium. — ^Berzelius  (Fogg.  Ann.  zxviii.  392)  deter- 
jnined  the  atomic  weight  of  tellurium  by  ascertaining  the  increase  of  weight  of  the 
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netitl  when  converted  into  tellurons  oxide  by  oxidation  with  nitric  acid.  In  three 
experimente, 

1*2725  grms.      1*6715  gnns.      2*88125  grme.  tellarinm 

yielded  1-6896     „  1-9366     „         8*6000      „     TeO*; 

whence  Te  »  128-41  128*29  128*27, 

or,  as  a  mean  result,  128*34.  Beizelins,  however,  gives  the  preference  to  the  second 
and  third  experiments,  which  give  Te  =   128. 

YonHauer  (Wien.  Akad.  Ber.  xxv.  136),  by  precipitating  bromide  of  tellnrinm  and 
potassinm,  2KBr.TeBr',  with  nitrate  of  silver,  obtained,  as  a  mean  of  five  closely  agree- 
ing experiments,  69924  per  cent,  bromine;  whence  (if  Ag  i*  108*1,  Br  b  80, 
K  B  89*2),  the  atomic  weight  of  tellnrinm  is  found  to  be  128-06. 

Dumas  (Ann.  Ch.  Pharm.  cxiii.  80),  from  experiments  not  yet  published  in  detail, 
concludes  that  Te  «.  129. 


_        ^  P»  Te*. — ^Produced  by   dissolving  tellnrous 

oxide  in  hydrofluoric  acid.  The  solution  evaporated  over  the  water-bath  leaves  a 
colourless  syrup,  which  on  cooling  deposits  milk-white  nodules,  probably  an  oxy- 
fluoride. 


Mi  OV«  The  di'iodide,  Tel*,  is  produced  by  gently 
heating  tellurium  with  iodine.  The  excess  of  iodine  then  volatiliHes,  leaving  the  com- 
pound in  shining  black  crystalline  flocks.  It  is  easDv  fusible,  and  gives  off  iodine 
when  strongly  heated.    Water  has  no  action  upon  it.    (Berzelius.) 

The  tetra-iodidty  Tel^,  obtained  by  digesting  finely  pulverised  tellnrous  oxide 
with  hydriodic  acid,  forms  soft  black  granules,  which  stain  the  fingers.  It  is  very 
unstable,  and  melts,  with  evolution  of  iodine,  when  heated.  With  boiling  water  it 
forms  a  dark-brown  solution,  while  a  grey-brown  oxyiodide  remains  undissolved.  The 
totra-iodide  dissolves  in  hydriodic  acid,  and  the  solution,  when  evaporated,  deposits 
colourless  metallic-shining  prisms,  probably  a  compound  of  the  tetra-iodide  with  hydri- 
odic acid. 

By  saturating  the  solution  of  the  tetra-iodide  in  hydriodic  acid  with  an  alkali, 
double  iodides  are  obtained,  which  separate,  by  spontaneous  evaporation,  in  iron>grey 
metallically  lustrous  cirstals. 

The  hexiodide,  Tel*,  is  perhaps  contained  in  the  brown  solution  of  telluric  oxide 
in  hydriodic  acid. 

TBUbintZUlCp  OXIAM  AVS  OXTOMMmAOSHB  OV.  Tellurium  forms 
two  oxides,  TeO'  and  TeO*,  which  unite  with  bases  forming  salts  analogous  to  the 
sulphites  and  sulphates. 

Tellvroii*  Ozlde  or  JLaliy4iide»  TeO. — This  oxide  is  produced  when  tellurium 
bums  in  the  air.  It  may  also  be  obtained  by  exposing  the  corresponding  hydrate 
(tellnrous  acid)  to  a  gentle  heat,  and  sepanttes  from  the  aqueous  solution  of  the  hydrate 
when  heated  to  40^'.  The  same  change  takes  place  spontaneously,  though  more  rapidly 
on  the  application  of  beat,  in  the  nitric  acid  solution  of  tellurous  acid :  in  this  case 
the  deposit  of  tellnrous  oxide  is  much  more  abundant,  and,  if  slowly  produced,  is 
distinctly  crystaUine,  showing  here  and  there  well-defined  octahedrons.  The  mine- 
ral called  tellurite  or  telluric  ochre,  occurring  at  Facebay,  near  Zalathna  in 
Transylvania,  in  small  greyish-yellow  spherules,  imbedded  in  quarts  together  with 
tellurium,  exhibits,  acco^ing  to  Peti  (Pogg*  Ann.  Ivii.  478),  the  reaction  of  tellu- 
lous  oxide  before  the  blowpipe. 

Tellurous  oxide  is  slightly  soluble  in  water,  but  has  no  action  upon  litmus.  It  is 
fusible  and  volatile.  The  fused  oxide  is  a  transparent  deep  yellow  liquid,  which  solidifies 
on  cooling  to  a  white  highly  cr3rstalline  mass.  When  fused  with  alkaline  hydrates  or 
carbonates,  it  forms  tellurites. 

Tellubous  Htdbatb  or  Tbllvbous  Acid,  H*TeO«  -  H«O.TeO».--Tbi8 
acid  is  best  obtained  by  decomposing  tetrachloride  of  tellurium  with  water : 

TeCl*  +   3H«0     -     4HC1  +   H«TeO". 

It  may  be  prepared  from  tellurite  of  potassium  or  sodium,  by  adding  nitric  acid  till 
a  distinct  acid  reaction  is  produced ;  also  by  dissolving  tellurium  in  dilute  nitric  acid 
of  specific  gravity  1  -26,  and  pouring  the  solution,  after  the  lapse  of  not  more  than  a 
few  minutes,  into  an  excess  of  water.  If  the  precipitation  be  delayed  for  a  longer 
time,  the  anhydrous  oxide  is  thrown  down  insteaa  of  the  hy irate. 

Tellurous  acid,  prepared  by  either  of  these  processes,  is  a  somewhat  bulky  precipi- 
tate, which,  when  dried  over  oil  of  vitriol,  forms  a  light  white  earthy  powder,  having 
A  bitter  metallic  taste.  It  is  slightly  soluble  in  water,  especially  when  recently  pre- 
cipitated.   It  dissolves  both  in  adds  and  in  alkalis. 

The  solutions  of  tellurous  hydrate  in  acids  are  all  stable,  with  the  exception  of  the 
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nitrie  acid  solntaoo,  wbidi,  as  wlrtaAj  ofaMrred,  defMMlte  t«Iliine  oxide.  Tbcy  do  not, 
boverer*  yield  deAxiite  salts  on  erspontioo,  ezeepting  the  j^ioBphoric  acid  sobition, 
which  deposits  a  white  powder,  and  the  ozalie  acia  sohition,  which  deposits  crystalline 
grains,  soluble  withont  deeompositioo  in  water. — ^A  tulpkaia  of  teUurwrn^  (TeHSK)*), 
IS  formed  by  gently  heating  finely  palreriaed  teUariiim  with  oil  of  ritrioL  (See  Sci^ 
FBATU,  p.  614.) 

The  solution  of  telhirons  hydrate  in  hydrodblorie  add  isdeeompoeed  by  water,  if  not 
rery  strong  add,  depositing  tellnroos  hydrate. — JlkaU»  and  alkaline  carbomaUe  also 
form  a  white  predpitate  of  tellnrDos  bydnte,  soluble  in  eioeas  of  the  alkaline  reagent. 
— Chloride  ofbarwm  forms  a  white  pcedpitate,  insolnble  in  ammonia. — The  reactions 
with  aulpk^rie  acid,  eulpkide  of  ammumiuw^  eulpiurome  acid,  alkaline  sulphUea, 
stannouM  cUoride,  and  gine^  hare  been  already  described;  also  the  blowpipe-reactions 
of  tellnrons  oxide  (p.  711). 

Tbllubitbs. — ^Telloroos  add  forms,  with  the  alhdi-metale,  neatral  and  add  salts 
analogous  to  the  sulphites  and  selenites ;  also  hyperacid  salts ;  viz. : 

Neulnl  Tellnritee,  lPTeO>  »  M<O.TeO>. 

Add  „  MHTeO«,  or  M«O.HH).2TeO«. 

Hypendd     „         ^irt^j'  *  M«0.3H«0.4TeO«. 

There  are  also  snhydroos  diteUurites  of  aDudi-metal,  such  as  KH).2TeO',  or  E*TeO'. 
TeO*. — ^With  the  alkaline  earik^meiaU,  teUurous  sdd  forms  anhydrous  mono-, 
di-,  and  ietra-tellnrites,  represented  by  the  fbrmuls^  M"O.TeO',  M"0.2TeO',  and 
ir'0.4TeO'. — ^With  the  Asoey  metaU  it  appears  to  form  only  neutral  salts. 

The  tellurites  of  alkali-metal  are  formea  by  direct  combination,  dther  in  the  dry  or 
in  the  wet  way ;  the  rost  either  by  fusing  teUurous  oxide  with  the  respecdTe  bases,  or 
by  predpitation.  The  neutral  and  add  tellurites  of  alkali-metal  are  soluble  in  water ;  the 
tellurites  of  the  alkaline  earth-metals  are  slightly  soluble;  and  those  of  the  earth-metals 
and  heavy  metals  are  insoluble.  Most  tellurites  are  soluble  in  hydrochlorie  acid. 
The  solutions  are  yellow,  and  do  not  give  off  chlorine  when  heated,  a  character  by 
which  the  tellurites  are  distinguished  from  the  telluratea.  If  the  quantity  of  hydro- 
chloric add  present  in  these  eolntions  is  not  very  great^  they  deposit  teUurous  add  on 
dUntion  with  water ;  this  predpitation  is,  however,  prevented  by  the  presence  of  tar- 
taric add.  Tellurites  are  mostly  fusible,  and  solidify  to  a  crystalUne  mass  on  cooling ;  ^ 
the  hyperadd  teUurites  of  alkali-metal  form  colourless  glasses  after  fusion.  Host' 
tellurites,  when  ignited  with  charooal  and  potash,  yield  tellurite  of  potassium,  which 
dissolves  with  portwine-oolour  in  water. 

Tellurite  of  Aluminium  is  a  white  flocculent  predpitate. 

Tellurite  of  Ammonium. — A  solution  of  teUurous  acid  in  ammonia  gives  off 
ammonia  by  evaporation,  even  at  a  very  gentle  heat,  and  yields  a  precipitate  of 
teUurous  add. — According  toFliiekiger  (Jahresb.  1862,  p.  173),  tellurite  of  ammo- 
nium is  produced  by  heating  teUurium  with  aqueous  ammonia  in  sealed  tubes.—  The 
kyperacid  salt,  (NH«)'0.4TeO«.4H»0,  or  (NH*;HTeO>.HrreO«.3JH»0,  is  formed  by 
dissolving  teUurous  add  or  tetrachloride  of  teUurium  in  warm  aqueous  ammonia,  and 
separates,  on  adding  a  little  sal-ammoniac  to  the  cooled  solntioo,  as  a  heavy  white 
ffraoular  precipitate ;  a  Airther  quantity  may  be  predpitated  from  the  filtrate  by  alcohoL 
It  is  resolved  by  heat  into  ammonia,  water,  and  teUurous  oxide.    (Berselius.) 

Tellurites  of  Barium.'^The  neutral  so//,  Ba'TeO*  -  Ba"O.TeO«,  is  produced 
by  fusing  1  at.  teUurous  oxide  with  1  at.  barium-carbonate,  and  solidifies,  on  cooling, 
to  a  colourless  czystaUine  mass ;  by  double  decomposition  it  is  obtained  as  a  white, 
bulky,  flocculent  predpitate.  It  is  sparingly  soluble  in  water,  the  solution  when 
exposed  to  the  air  depositing  carbonate  and  tetratellurite  of  barium. 

The  tetratellurite,BtCOA'VeO*  »  BaTeO«.3TeO«,  prepared  by  fusing  4  at  teUurous 
oxide  with  1  at.  barium-carbonate,  solidifies  to  a  transparent  colourless  glass.  It  is 
also  produced  by  mixing  the  aqueous  solution  of  the  neutral  salt  with  very  dilute 
nitric  Acid,  and  then  separates  in  bulky  flakes. 

Tellurite  of  Cadmium  IB  A  white  gelatinous  precipitate,  which  dries  up  to  a  brittle 
mass,  havinff  a  concho'idal  fracturo.  It  dissolves  in  nydrochloric  and  in  nitric  acid. 
Ammonia  added  to  these  solutions,  throws  down  cadmium-oxide ;  sulphydric  acid  and 
sulphide  of  ammonium  produce  in  the  cold  a  brown-red  precipitate  of  cadmium-sul- 
photellurite.    (Oppenheim.) 

Tellurites  of  Calciu  m. — The  neutral  salt,  CaTeO",  produced  by  heating  1  at.  teUu- 
rous oxide  with  1  at.  lime,  forms  a  white  mass,  which  remains  solid  at  the  melting- 
point  of  silver.  Bv  precipitation,  it  is  obtained  in  white  flocks,  slightly  soluble 
in  cold,  mow  soluble  m  hot  water.— The  diteUurite,  Ca''0.2TeO«  =  Ca"TeO».TeO*, 
melts  only  at  a  white  heat,  and  soUdifles  on  cooling  to  an  opaque  mass,  consisting 
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of  micaceoua  scfdes.— ^The  tetrateUurite,  Ca''0.4T60*  »  CaTTeO'.STeO',  fuses  more 
ruily,  giving  off  ftimee  of  tellarous  oxide,  and  likewise  solidifies  in  micaceous  scales. 
(Berselins.) 

Tellurite  of  Chromium  is  a  grey-green  precipitatei  soluble  in  excess  of  the 
chromic  salt. 

Tellurite  of  Cobalt  is  A  dark-purple  precipitate. 

Tellurite  of  Copper,  obtained  by  precipitation,  is  a  siskin-green  powder,  inso- 
luble in  water;  wh<'n  heated,  it  girea  o£r  water  and  turns  black,  melts  easily,  and 
solidifies  to  a  black  mass,  having  a  concho'idal  fracture,  and  yielding  a  grey-brown 
powder.  Before  the  blowpipe,  it  is  reduced  to  a  pale- red  mass  of  copper-teuuride.  It 
may  be  fused  with  1  at.  cnpric  oxide,  to  a  black  mass  having  an  earthy  fracture. 
(Berzelius.) 

Telluritee  of  Iron, — The  ferric  salt  is  a  yellow  flocculent  precipitate. — The 
ferrous  salt  is  greyish-yellow. 

Tellurites  of  Lead, — The  neutral  salty  PbTeO*,  obtained  by  double  decom- 
position with  neutral  acetate  of  lead,  is  a  white  precipitate,  which  when  heated  gives 
off  water,  turns  yellow,  and  then  melts  to  a  translucent  mass.  It  dissolves  readily  in 
acids,  and  is  easily  reduced  before  the  blowpipe  on  charcoal  to  telluride  of  lead.— A 
hasie  lead-salt  is  produced,  as  a  translucent  bulky  precipitate,  on  mixing  tellurite  of 
potassium  with  basic  acetate  of  lead. 

Tellurites  of  Lithium.— The  neutral  salt,  LirTeO*  -  Li«O.TeO«  obtained  by 
fusion,  solidifies  to  a  crystalline  or  tumefied  mass,  according  to  the  rate  of  cooling. — 
The  diUUurite,  Li^0.2TeO',  prepared  like  the  corresponding  potassium-salt,  is  easily 
fusible,  and  solidifies  to  a  crystalline  mass  on  cooling.  Cold  water  decomposes  it 
into  mono-  and  tetra- tellurite.  Boiling  water  dissolves  it,  and  the  solution  on  cooling 
deposits  the  tetrattUurits,  Li'O.iTeO*,  in  m ilk- white  granules.    (Berzelius.) 

Tellurites  of  Magnesium, — The  neutral  salt,  Mg'TeO',  obtained  by  precipitation, 
is  much  more  soluble  than  the  other  alkaline-earthy  tellurites.  Its  solution  is  decom- 
posed by  atmospheric  carbonic  acid  into  carbonate  and  tetrateUurite  of  magnesium, 
which  separates  in  white  flocks.    (Berzelius.) 

Tellurite  of  Manganese  is  precipitated  in  white  flocks  having  a  reddish  tinge. 

Tellurites  of  Mercury, — The  mereurie  salt  is  a  white  precipitate. — The  mer^ 
eurous  salt  is  dark-yellow,  gradually  turning  brown,  and  is  converted  into  mercuric 
salt  on  exposure  to  the  air. 

Tellurite  of  Nickel  is  a  pale-green  flocculent  precipitate. 

Tellurites  of  Pot  a  ssium,'—l!h»  neutral  or  numotellurite,K^eG*  -  EH).TeO', 
and  the  ditdlurite,  ETeO*.TeO*  =  K'0.2TeO*,  are  obtained  by  fusing  tellurous 
oxide  with  carbonate  of  potassium  in  the  requisite  proportions.  The  monotellurits 
melts  at  a  red  heat,  and  solidifies  on  cooling  to  a  network  of  rather  large  regular 
crystals.    It  is  slowly  dissolved  by  cold,  more  quickly  by  boiling  water;  the  solution  J 

has  an  alkaline  taste  and  reaction,  and  is  decomposed  by  the  carbonic  acid  of  | 

the  air. 

The  diieHurite  melts,  somewhat  below  a  red  heat,  to  yellow  liquid,  which  solidifies 
on  cooling  to  a  colourless,  transparent,  crystalline  mass.    Boiling  water  dissolves  it 
completely,  and  the  solution  on  cooling  deposits  the  tetrateUurite  as  a  granular        > 
precipitate.  ) 

The  tetrateUurite,  or  hweracid  tellurite  of  potassium,  K«0.4TeO«.4H«0  -  2(KHTeO».  ' 
H'TeO').H*0,  is  preparea  by  boiling  tellurous  acid  for  some  time  with  carbonate  of 
potassium,  and  filtering  at  the  boiling  heat.  The  solution,  on  cooling,  deposits  the 
greater  part  of  the  salt  in  nacreous  grains,  which  appear  under  the  microscope  as  six- 
sided  prisms  and  tables.  It  is  decomposeid  by  cold  water  into  mono-  and'di-tellurite, 
which  dissolve,  and  tellurous  acid,  which  separates  as  a  gelatinous  precipitate.  The 
dry  salt  when  heated  gives  off  its  water  with  strong  intumescence,  leaving  the 
anhydrous  salt,  K*0.4TeO',  which  melts  at  commencing  redness,  and  solidifies  to  a 
colourless  glass  on  cooling.     (Berzelius.) 

Tellurite  of  Silver,  Ag'TeO',  is  a  white  precipitate,  soluble  in  ammonia  (Ber- 
zelius). When  native  telluride  of  silver  is  dissolved  in  n  itric  acid,  the  solution  deposits, 
after  a  while,  small,  adamantine,  acuminated,  quadratic  prisms,  insoluble  in  water,  and 
containing  more  than  1  at.  TeO'  to  1  at.  Ag'O.    (G.  Rose.) 

Tellurites  of  Sodiu  m.— The  neutral  salt,  Na^TeO*  =  Na^O.TeO',  obtained  like  the 
corresponding  potassium-salt,  forms  regular  crystals  when  slowly  cooled,  but  swells  up 
considerably  on  rapid  cooling.  It  dissolves  slowly  but  completely  in  cold  water,  more 
quickly  in  hot  water,  but  does  not  crystallise  out  on  cooling.  Alcohol  throws  down 
from  the  solution  a  concentrated  liquid,  which,  after  a  few  days,  yields  Ini^e  trans- 
parent, crystals  of  a  hydrated  salt.—The  diteUiiriU,  Na-TeO».teO*  «  Na»0.2TeO«, 
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obtained  by  fusion,  like  ihe  coimflponding  potassium-salty  melts  easily,  and  eijf* 
tallises  on  »oUng.  It  is  decomposed  by  water,  like  the  potassium-salt. — The  Utra» 
tefluriie  or  hweracid  saU,  Na'0.4TeO*.5H'0,  or  NaHTeO'.HrTeO'.HH),  separates  from 
Uie  boiling  solution  of  the  preceding  salt,  by  slow  cooling,  in  nacreous  scales  and  thin 
six-sided  tables ;  in  other  respects  it  resembles  the  hyperacid  potassiom-salt. 
(Berzelius.) 

Tellurite  of  Strontium  (neutral)  \&  prepared  like  the  barium-salt,  which  it 
resembles. 

The  Ttllurites  o/Thorinumf  Ki^^rtum, andZtrcof»t«marewhiteprecipitates. 

Tellurite  of  Uranium^  obtained  by  precipitation  with  a  uranic  salt,  is  a  pale 
lemon-yellow  powder. 

Tellurite  of  Zinc  is  a  white  flooculent  predpitate. 

Tellmio  Oaddev  TeO'.— This  oxide  is  obtained  by  heating  the  hydrate  to  s 
temperature  below  redness.  It  furms  an  orange-yellow  mass,  insoluble  in  water, 
either  hot  or  cold,  in  cold  hydrochloric  and  hot  nitnc  acid,  and  in  solutions  of  caustic 
alkali.  When  strongly  heated,  it  gives  off  oxygen,  and  leaves  tellurons  oodde  as  a 
white  earthy  powder. 

Tbllubic  Acid,  HTeO*  -  H'O.TeO*.— The  potassium-salt  of  this  add  is 
obtained  by  fusing  tellurium  or  teUurous  oxide  with  nitrate  of  potassium.  The 
solution  of  this  sidt  decomposed  by  a  salt  of  barium,  yields  a  precipitate  of  barium- 
tellurate,  from  which,  by  decomposition  with  sulphuric  add,  telluric  add  may  be  set 
free. 

Telluric  acid  crystallises  from  its  solution,  in  fine  hexagonal  hydrated  prisms, 
containing  H'TeCM.2H''0,  mostly  forming  twins.  This  hydrate  has  a  metallic  rather 
than  an  acid  taste,  and  reddens  litmus  sL'ghtly.  It  dissolves  slowly,  but  to  a  con- 
siderable amount  in  cold  water,  freely  in  boiling  water.  It  loses  its  water  of  ciystal- 
lisation  at  a  little  above  100®.  The  remaining  acid,  H^eO^  is  nearly  insoluble  in 
cold  water,  but  dissolves  on  boiling,  forming  a  solution  from  which  the  crystalline 
hydrate  may  be  again  obtained. 

TxLLURATBS. — ^Telluric  acid  forms  with  the  alkali-metals,  neutral,  acid,  and 
hyperacid  salts,  represented  by  the  formulas,  M'^eO*,  MHTeO^  and  MHTeO^H*TeO^ 
respectively ;  also  anhydrous  di-  and  tetra-tellurites.  With  the  other  metals  it  forms 
chieflv  neutral  salts.  The  neutral  and  add  tellurates  of  alkali-metal  are  easily 
soluble  in  water,  the  anhydrous  di-  and  tetra-tellurites  sparingly  soluble.  Host  of 
the  other  tellurates  are  insoluble  or  sparingly  soluble,  and  are  obtained  by  pre- 
cipitation. 

Most  tellurates  dissolve  readily  in  cold  hydrochloric  add.  The  solutions  axe  not 
yellow,  like  those  of  the  tellurites,  and  will  bear  any  amount  of  dilution  without  pre- 
dpitation.  On  boiling  they  give  off  chlorine,  turn  yellow,  and  become  predpitable  by 
water,  owing  to  the  formation  of  tellurous  acid.  The  acidulated  solutions  of 
tellurates  and  telluric  add  are  decomposed,  like  those  of  the  tellurites,  but  not  very 
readily,  by  tulphydric  acid,  with  precipitation  of  a  sulphide ;  and  by  nilpkurvus  adi 
and  other  reducing  agents,  with  predpitation  of  tellurium,  though  somewhat  slowly, 
and  frequently  only  on  the  application  of  heat.  Hence,  in  analysing  tellurates  bv 
reduction,  they  should  always  be  previously  reduced  to  tellurites  by  boiling  with 
hydrochloric  acid.  Tellurates  when  heated  to  redness  give  off  oxygen,  and  avs  reduced 
to  tellurites.  Heated  with  charcoal  and  alkaline  carbonate,  or  before  the  blowpipe  on 
platinum,  they  behave  like  tellurites. 

Tellurate  of  Aluminium  \%  obtained  bv  double  decomposition  as  a  white  pre* 
dpitate,  soluble  in  excess  of  the  aluminium-salt. 

Tellurates  of  Ammonium, — The  neutral  wit,  (KH*)TeO\  is  prepared  by 
mixing  a  boiling  solution  of  the  neutral  potassium-salt  with  ssi-ammoniac  and  a  little 
ammonia,  and  separates  on  cooling  in  granular  crystals,  easily  soluble  in  water,  spar- 
ingly soluble  in  solution  of  ammonia  or  sal-ammoniac. — ^The  ditdlurits,  (NH^)'TeO^. 
TeO*  B  (NH^)*0.2TeO',  is  precipitated,  on  mixing  a  saturated  solution  of  the  add 
sodium-salt  with  sal-ammoniac,  as  a  gelatinous  mass,  only  slightly  soluble  in  water. 
When  boiled  with  water  in  open  vessels,  it  gives  off  ammonia ;  but  when  heated  with 
water  in  scMcded  tubes,  it  partly  melts  to  a  white  mass,  which  solidifies  on  cooling,  and 
partly  dissolves  in  the  water,  the  solution  on  cooling  depositing  fine  crystalline  grains 
[?  of  the  acid  salt].— The  teiraielJurUe,  (NH«)«Te0^8TeO»  -  {NH«)*0.4TeO»,  is  ob- 
tained, by  decomposing  the  hyperadd  sodium-salt  with  sal-ammoniac,  as  a  white 
flocculent  predpitate ;  it  likewise  separates  from  the  solution  of  the  neutral  salt  by 
evaporation  at  ordinary  temperatures,  or  at  a  gentle  heat.  It  dissolves  with  difficulty 
in  water,  and  is  nearly  i nsoluble  in  alcohoL    (Berielius.) 

Tellurates  of  Barium. — These  salts  ara  obtained  by  predpitation.— The  nutral 
salt,  BaTeO*.8H*0,  separates  as  a  balky  predpitate,  which  soon  sinks  down,  and 
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fonni  a  vhito  powder  when  dry.  It  giTee  off  water  at  200^,  dissolves  sparingly  in 
cold,  more  easily  in  boiling  water.— The  acid  salt,  Ba"H«(TeO*)«.2H*0,  is  a  bulky 
floccttlent  mass,  more  soluble  in  water  than  the  neutral  salt. — The  anhydrous  tetrateUu- 
rate,  Ba''0.4TeO',  is  a  bulky  mass,  more  soluble  in  water  than  either  of  the  preceding 
[is  it  really  anhydrous?].  It  turns  yellow  when  heated,  but  becomes  white  again  on 
cooling.    (Berzelius.) 

Tellurate  of  Cadmium^  Cd''TeO\  is  obtained,  as  an  amorphous  white  precipi- 
tate, on  mixing  the  neutral  solutions  of  cadmium-nitrate  and  a  tellurate  of  alkidi- 
metal.    (Oppenheim.) 

Tellurates  of  Calcium,  Ga'7eO\  is  precipitated  in  white  non-coherent  flocks, 
soluble  in  hot  water.    (Berselius.) 

Tellurate  of  Chromium  forms  erey-green  flocks,  reddish  by  transmitted  light; 
it  dissolres  in  excess  of  the  chromic  siut,  by  which  it  is  precipitated. 

Tellurate  of  Cobalt  \b  precipitated  in  bluish-red  bulky  flakes. 

Tellurates  of  Confer, — The  neutral  salt  is  a  celandine-green  precipitate ;  the 
acid  salt  is  somewhat  lighter. 

Tellurates  of  Iron, — The  ferric  salt  separates  as  a  pale-yellow  flocculent 
precipitate,  soluble  in  excess  of  the  precipitating  ferric  salt — 1)xe  ferrous  salt  is  a 
white  preci^tate^  quickly  changing  colour  in  the  air  like  other  ferrous  salts. 

Tellurates  of  Lead, — Obtained  by  precipitation.— The  neutral  salt,  Fb'^eO*  ^ 
Pb'O.TeO*,  is  a  white  precipitate,  somewhat  soluble  in  water.— The  ditellvrate,  Pb^O. 
2TeO*,  is  somewhat  more  soluble.— The  tetratdlurate,  Pb''0.4TeO*,  turns  yellow  when 
heated,  but  becomes  white  again  on  cooling :  it  is  moderately  soluble  in  water. — A 
haaio  lead-salt  separates,  as  a  white  bulky  precipitate  insoluble  in  water,  on  mixing 
the  solution  of  a  neutral  tellurate  of  alkali-metal  with  basic  acetate  of  lead  (Berze- 
lius).— A  nitratO' tellurate  of  lead  IB  formed  (according  to  Opp en heim)  on 
mixing  a  solution  of  lead-nitrate  with  free  telluric  acid ;  it  is  a  white  powder. 

Tellurates  of  Lithium. — ^Prepared  like  the  corresponding  potassium-salts.  The 
neutral  and  acid  salts  dry  up  to  gummy  masses. — ^The  hyperaSa  salt  is  also  a  gummy 
mass,  which  is  oouTerted  at  100^  into  a  white  insoluble  powder;  at  a  still  higher 
tempeiature,  it  gires  off  water  and  turns  yellow.    (B er c  e  1  i  u  s.) 

Tellurates  of  Magnesium, — Th«se  salts,  being  much  more  soluble  in  water 
than  the  tellurates  of  the  other  alkaline  earth-metals,  must  be  precipitated  from  rery 
concentrated  solutions. — The  neutral  and  acid  salts  are  white  flocculent  precipitates. 
(Berselius.) 

Tellurate  of  Manganese  separates  in  white  flocks,  having  a  faint  reddish  tinge. 

Tellurates  of  Mercury. — The  mercuric  salt  is  precipitated  in  bulky  white 
flocks. — ^The  mercurous  salt  is  a  dark  yellowish-brown  precipitate. — A  mercurous 
nitrato-teUurate  is  produced  (according  to  Oppenheim)  by  adding  free  telluric  acid 
to  a  concentrated  solution  of  mercurous  nitrate.  It  forms  at  first  a  white  curdy  pro* 
cipitate,  but  acquires  a  faint  yellow  colour  on  exposure  to  the  air. 

Tellurate  of  Nickel  is  precipitated  in  pale-greenish  flocks. 

Tellurates  of  Potassium. — These  salte  are  prepared  by  dissolving  the  required 
quantities  of  telluric  acid  and  potassium-carbonate  m  hot  water. — The  neutral  salt, 
E;>TeO*.5HK>,  may  also  be  prepared  by  supersaturating  crystallised  telluricacid,  or  its 
concentrated  aqueous  solution,  with  caustic  potash.  It  is  very  slightly  soluble  in  water 
containing  potash,  and  separates  therefrom  as  a  soft  ffummy  coagulum.  It  dissolves 
on  warming  the  liquid,  and  separates  by  slow  cooling  m  needle-shaped  crystals,  which 
when  heated  give  off  water,  and  cake  together  in  a  white  mass.  According  to  Handl 
(Jahresb.  1861,  p  266),  it  forms  rhombic  crystals  of  prismatic  character,  isomorphous 
with  those  of  neutral  potassium-sulphate,  and  exhibiting  the  combination  ooj^2  .  P  . 
ooPoo  .  oof  00  .  Angle  oofc  :  ooP2  -  690  11';  P  :  oof  oo  =  128°  42':  P  :  P 
(in  the  terminal  edges)  -  122^  86'  and  132^  16'.  When  exposed  to  the  air,  they 
become  moist,  without  deliquescing,  and  are  converted  into  a  mixture  of  acid  tellurate 
and  carbonate  of  potassium.  On  mixing  the  solution  of  thn  salt  with  a  stronger  acid, 
it  deposits  add  or  hyperacid  tellurate  of  potassium,  according  to  the  quantity  of  acid 
added  (Berzelius).->The  acid  salt,  2KHTeO\8H'0,  is  sparingly  soluble  in  cold, 
much  more  soluble  in  hot  water,  and  separates  from  the  hot  solution  by  slow  cooling, 
in  fine  woolly  crystallisations.  On  evaporating  the  aoueous  solution  over  a  water-bath, 
it  rnmains  as  a  white  saline  mass,  gummy  on  the  eages.  It  has  an  alkaline  reaction, 
and  a  metallic,  somewhat  alkaline  taste.  When  heated,  it  gives  off  its  water,  and 
turns  yellow  even  far  below  redness.  Water  decomposes  the  yellow  mass,  dissolving 
neutral  tellurate  of  potassium,  and  leaving  yellow  tetratellurate  (Berzelius). — ^The 
hyperacid  salt,  2(KHTeO*.H«TeO*).H»0,  is  a  loose  white  powder,  somewhat  soluble  in 
water.    It  gives  off  the  greater  part  of  its  water  at  a  gentle  heat,  retaining  Irawever  a 
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small  quantity  till  it  tarns  yellow ;  at  a  higher  tempeiatnre,  it  is  redaeed  t6  teUnrite. 
By  repeated  crystallisation  from  its  aqueous  solution,  it  is  partially  decomposed,  the 
crystals  becoming  mix«d  with  those  of  the  acid  salt,  while  free  telluric  scid  remains 
in  the  mother-liquor  (Berzelius). — ^The  anhydrous  tetratellurate,  K'0.4TeO',  may 
be  obtained  by  heating  the  acid  telliirate  to  a  temperature  below  redness,  whereupon 
it  breaks  up  into  water,  which  is  evolved  ;  neutral  tellurate  of  potassium,  which  may 
be  dissolved  out ;  and  the  anhydrous  tetratellurate,  which  remains  undissolved  as  ayeUow 
mass,  infloluble  in  hydrochloric  acid  and  in  nitric  add,  except  after  prolonged  boiling. 
Its  formation  is  representefl  by  the  equation : 

6KHTeO*     -     2K«T0*   +  K^eO*.3TeO»  +   3H»0. 

Telluraies  of  Silver. — Telluric  acid  forms  a  neutral  salt,  two  acid  salts,  and  two 
basic  salts  of  silver.  The  neutral  and  acid  salts  are  obtained  by  double  deoomptjsidon 
with  concentrated  solutions  of  silver-nitrate  and  neutral  tellurate  of  alkali-metsL — The 
neutral  salt^  Ag*TeO\  is  a  dark-yellow  powder,  which  is  resolved  by  water,  especially 
at  the  boiling  heat,  into  a  soluble  acid  and  an  insoluble  basic  salt.  Its  ammoniaeal 
solution  is  colourless. — A  nitratO'tellurate  of  sUver  separates  immediately,  on  adding 
telluric  acid  to  a  concentrated  solution  of  silver-nitrate,  as  a  colourless  crystalline  pre- 
cipitate, which  turns  slightly  yellow  in  contact  with  the  air,  and  brown  when  mois- 
tened with  ammonia.  Hydrochloric  acid  decomposes  it,  with  separation  of  silver- 
chloride  (Oppenheim).—  The  dUdluratc  and  teiralellurate qf  silver  are  reddish-yellow 
floceulent  precipitates. 

The  tribask  aalt,  SAg'O.TeO'  »  2Ag>O.Ag2TeO«,  is  produced  on  mixing  the  am- 
moniaeal solutions  of  the  neutral  salt  and  silver-nitrate,  and  remains  on  evaporation 
as  a  black-brown  saline  mass. — The  same  compound  separates  as  a  reddish-yellow 
precipitate,  quickly  turning  brown,  on  mixing  a  very  dilute  solution  of  silver-nitrate 
with  acid  tellurate  of  potassium. — The  tea^wasie  salt,  3Ag'0.2TeO',  remains  as  an 
anhydrous  liver-coloured  powder,  on  boiling  the  neutral  salt  with  water.  (Berze- 
lius.) 

Telluraies  of  Sodium. — These  salts  resemble  the  corresponding  potassium-salts, 
and  are  prepared  in  like  manner. 

Tellurate  of  Strontium  is  prepared  like  the  calciam-aalt,  which  it  resembles. 

Tellurate  of  Tkorinum  is  a  white  pulrerolent  precipitate^  ioBolable  in  excess 
of  the  thorinum-salt. 

Uranie  tellurate  iBtk  pale-yellow  powder. 

Telluratet  of  Yttrium, — The  neutral  tellurate  and  ditellurate  Kte  obtained  by 
precipitating  the  neutral  and  acid  tellurates  of  potassium  with  an  yttrium-salt 
Tellurate  of  Zirconium^  obtained  by  double  decomposition,  is  a  white  powder. 

TB&&inUEVM«  8KLBWIBB  OV.  Tellurium  and  selenium  may  be  fused  to- 
gether in  all  proportions,  the  combination  being  attended  with  evolution  of  heat  The 
product  is  an  iron-grey  brittle  mass,  which  has  a  ciystaUine  fracture,  melts  below  a 
red  heat,  boils  at  a  higher  temperature,  and  may  be  volatilised  without  decomposition 
if  excluded  fh>m  the  air.  When  heated  in  contact  with  the  air,  it  yields  colourless 
drops,  possibly  consisting  of  a  selenate  of  tellurium.    (B  e  r  s  e  1  i  u  s.) 

TB&lLinunriCv  BV&PBZBBS  or.  Telluriimi  forms  two  sulphides  corre- 
sponding to  the  oxides. 

Telluroue  Sulphide,  TeS^  is  formed  by  the  action  of  sulphydrie  acid  on  a 
tellurous  salt,  or  on  the  acidified  solution  of  a  tellurite  (p.  711);  also  by  exposing  the 
solution  of  a  sulphotellurite  of  alkali-metal  to  the  air.  It  is  a  dark-brown  or  black 
substance,  which  softens  at  a  moderate  heat,  and  acquires  a  semi-metallic  lustre  on 
cooling.    When  strongly  heated  it  evolves  sulphur. 

Tellurous  sulphide  combines  with  the  sulphides  of  basylous  metals,  forming  the 
sulphotellurites,  all  of  which  appear  to  contain  3  at  basylous  sulphide  to 
1  at  tellurous  sulphide,  being  represented  by  the  general  formula  SX'S.TeS'  &> 
2M«.M«TeS«. 

The  sulphotellurites  of  the  alkalt-jrwtals  and  of  magnesium  are  most  readily  pre- 
pared by  saturating  the  aqueous  solutions  of  tlie  corresponding  tellurites  with 
sulphydrie  acid  gas.  The  solid  anhydrous  sulphotellurites  of  alkali-metal  have  a 
brownish-yellow  colour ;  those  which  contain  water  of  crystallisation  are  pale-yellow ; 
they  dissolve  easily  and  with  pale-yellow  colour  in  water  ;  less  easily  in  alcohol,  with 
separation  of  tellurous  sulphide.  Acids  added  to  the  solutions  throw  down  tellurous 
sulphide.  In  the  dry  state  these  salts  may  be  ignited  in  close  vessels  without  decom- 
position, and  at  ordinary  temperatures  they  remain  unaltered  for  a  considerable  time 
in  contact  with  the  air;  but  their  solutions  decompose  quickly  in  contact  with  the  air, 
with  formation  of  alkaline  hyposulphite,  and  separation  of  toUurous  sulphide. — The 
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amnummrn-Mltf  Z(S'B*yS.Te&,  crystallifles  by  eTaporation  in  a  Tacuam  over  potash,  in 
pule-yellow  four-sided  priams,  whidi  give  off  sulphide  of  ammonium  in  contact  with  the 
air. — The  potasnu^m-^alt,  3K^.TaS*,  separates  by  evaporation  in  a  yacnnm,  in  pale- 
yellow  prisms,  easily  melting  to  a  black  liquid,  which  solidifies  to  a  biown-yellow 
mass  still  soluble^  in  water.  In  contact  with  the  air,  the  salt  decomposes  and  turns 
black. — The  aodiuf/i'Salt  forms  an  amorphous  pale-yellow  mass,  which  decomposes 
quickly  in  contact  with  the  air. — ^The  liikiuTnrsalt  exhibits  similar  characters. — The 
tHaanenum-saitt  which  may  be  prepared  as  above,  or  by  precipitating  the  barium-salt 
with  magnesium-sulphate,  and  evaporating  the  filtrate  in  a  vacuum,  forms  a  pale- 
yellow  crystalline  mass,  soluble  in  water  and  in  alcohol. 

The  sulphotellurites  of  the  alkaline  earth-Tnetala  are  prepared  by  boiling  the  corre- 
sponding metallic  sulphides  with  tellurous  sulphide  and  water. — ^The  barium-salt 
separates,  on  evaporating  the  filtrate  in  a  vacuum,  in  large,  transparent,  pale-yellow, 
obliquely  truncated,  four-sided  prisms.  It  is  tolerably  permanent  in  the  air,  and 
dissolves  very  slowly  in  water. — ^The  strontium'SaU  forms  a  pale-yellow  mass, 
tolerably  permanent  in  the  air,  and  soluble  in  water. — ^The  calcium-salt  is  a  yellow 
amorphous  mass,  somewhat  soluble  in  water. 

The  sulphotellurites  of  the  heavy  metals  are  insoluble  in  water,  and  are  obtained  by 
precipitation. — The  cadmium-  and  cerium-salts  are  brown-yellow  precipitates,  which 
gradually  become  darker  in  colour.— The /emc  salt  forms  dark-brown,  easily  fusible 
flocks  ;  the  ferrous  salt  is  a  black  precipitate. — The  gold-salt  (auric),  AuS^TeS^  is 
deposited,  after  some  days,  in  black  fioeks,  from  a  mixture  of  auric  chloride  and 
pot«ssium-8ulphotellurite. — The  lead-salt  is  a  brown  precipitate,  which  turns  black  on 
dryiuff. — The  mercurous  salt,  3Hg*S.TeS',  is  a  dark-brown  precipitate,  which  when 
heated  ^ves  off  mercury,  and  is  converted  into  a  yellow-brown  mass  of  the  mercuric 
salt,  3HgS.TeS^--The  platinic  salt,  3PtS'.2T6S*,  separates  after  some  days,  from  a 
mixture  of  platinic  chloride  and  potassium-sulphotellurite,  in  translucent  dark-blue 
flocks,  which  appear  black  when  dry. — The  silver-salt,  3Ag*S.TeS',  is  a  bulky  black 
precipitate,  which  when  dry  acquires  metallic  lustre  by  trituration. — The  zinc-salt, 
SZuSlTeS*,  is  a  light-yellow  precipitate  which  gradually  turns  brown. 

Telluric  Sulphide,  TeS'. — This  compound  is  produced  by  saturating  a  solution 
of  telluric  acid  with  sulphydric  acid  gas,  and  gradually  separates  on  leaving  the  liquid 
to  itself  in  a  closed  vessel  placed  in  a  warm  situation,  covering  the  sides  of  the  vessel 
with  a  blackish-grey,  metallically  lustrous  coating,  which  may  be  rubbed  off  in  spanglefi. 
It  unites  with  basylous  metallic  sulphides,  forming  the  sulphotellurates,  which, 
however,  have  been  but  little  investigated.  (B e r z  e  1  i  u  s.) 

SulphotdluraU  of  Potassium  is  obtained  by  saturating  a  solution  of  potassium- 
tellurate  with  sulphydric  acid  gas.  After  the  liquid  has  been  filtered  from  the  resulting 
black  precipitate  of  telluric  su^hide,  which  does  not  redissolve  on  adding  potash  and 
again  passing  sulphydric  acid  gas  into  the  liquid,  the  filtrate  may  be  concentrated  by 
boiling  without  decomposition.  The  liquid  then  acquires  a  red  colour,  and  deposits 
sulphotellurate  of  potassium  as  a  light-yellow  granulo-crystalline  mass.  (Oppenheim, 
J.  pr.  Chem.  Ixxi.  279.) 

Sulphotellnrate  of  Sodium  is  prepared  like  the  potassium-salt.  On  adding  soda-ley 
after  the  precipitate  of  telluric  sulphide  has  settled  down,  and  again  passing  sulphydric 
acid  cas  into  the  liquid,  the  precipitate  quickly  redissolves ;  and  on  evaporating  the 
solution  nearly  to  dryness,  the  sulphotellurate  of  sodium  separates,  in  needle-shaped 
crystals  of  a  sulphur-yellow  colour.   (Oppenheim.) 

See  Hbthtl,  Tslluuds  of,  iii.  992. 


Salts  f<»ined  by  dissolving  tellurous  hydrate  in  acids 
(p.  713). 

See  Hbat  (iii.  18). 

m.    The  softening  of  steel,  cast-izon,  and  other  metals  by  ignition 
and  slow  cooling. 

TSlttFliZir-OX&«  Oil  of  Pine-eones.  Tannenrapfenol. — ^An  oil  isomeric  with, 
and  very  similar  to,  oil  of  turpentine,  obtained  by  distillation  of  the  cones  of  Pinus 
Fuvtilio,  Hnk.  (P.  Mughus,  Scop.),  and  in  some  parts  of  Switzerland  from  the  cones  of 
the  silver-fir  {Abies  Picea»  Pinus  Picea  L.  Abies  peetinata,  Dec.).  When  recently  pre- 
pared by  distillation  with  water,  it  is  colourless,  but  becomes  greenish-yellow  on  expo- 
sure to  the  air.  It  has  a  balsamic  odour,  like  that  of  lemon-oil ;  a  specific  gravity  of 
0-862  at  12°;  begins  to  boil  at  15SO;  but  the  greater  part  distils  orer  between  178° 
and  177^,  tlie  boiling-point  ultimately  rising  to  200^.  By  repeated  rectification  a 
camphene,  C'*H'*,  is  obtained,  having  a  specific  gravity  of  0*866  at  6°,  and  boiling 
constantly  at  172<'.  (Fliickiger,  Jahresb.  1856,  p.  042.) 

Templin-oil  agrees  with  oil  of  turpentine  in  imlubility  and  refracting  power.    In  a. 
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column  100  milli]iipta*e8  long,  it  tarns  the  plane  of  polarisation  85^  to  the  left  for  the 
transition-tint,  and  66^  for  the  red  ray :  the  oil  obtained  from  it  by  rectification  below' 
173^  turns  the  plane  of  polarisation  92^  to  the  left  for  the  transition-tint.  (Bert he- 
lot, J.Pharm.  [3],  xxix.  38.) 

Templin-oil  resmises  quickly  on  exposure  to  the  air,  and  turns  acid,  with  formation 
of  ozone.  When  mixed  with  ^  vol.  nitric  acid  and  h  vol.  alcohol,  it  forms  terpin  or 
hydrate  of  turpentine,  more  quickly  on  addition  of  l|  vol.  water.  It  absorbs  hydro- 
chloric acid  gas,  but  without  forming  a  crystallisable  camphor.  When  the  oil,  satura- 
ted with  hydrochloric  add  gas,  is  treated  with  ftuning  nitric  acid,  a  crystalline  com- 
pound, C'*H**.HC1,  is  formed,  having  a  rotatory  power  of  —  23°.  When  templin-oil  ia 
mixed  with  one-third  of  its  weight  of  absolute  alcohol,  and  then  saturated  with  hydro- 
chloric acid  gas,  the  liquid  solidifies  to  a  magma  of  the  camphoro'idal  compound, 
Qio{{i<  2HG1,  insoluble  in  water  and  in  cold  alcohol,  but  easily  soluble  in  hot  alcohol, 
from  which  solution  it  crystallise  in  lamin».  It  dissolves  in  volatile  and  fixed  oib  in 
nitric  acid  and  in  sulphuric  acid,  melts  at  55^,  and  solidifies  to  a  radio-crystalline  mass 
on  cooling,  but  is  not  volatile  without  decomposition. 

The  oil  obtained  from  the  young  branches  and  needles  of  Pinus  Pumilio  (iv.  649)  is 
probably  identical  with  templin-oil. 

TlSJi  MJkMTTTMm  An  arsenical  fahl-ore  from  the  Cornish  mines,  particularly  near 
Redruth^and  St  Day,  occurring  in  well-defined,  monometric,  tetrahedraf  crystals,  isomor- 
phous  with  tetrahedrite,  and  exhibiting  imperfect  dodecahedral  cleavage.  Hardness  ■■ 
3*6  to  4.  Specific  gravity  »  4*4  to  4*9.  Lustre  metallic.  Colour,  bladdsh  lead-grey  to 
iron-black;  streak,  dark  reddish-grey.  Fracture  uneven.  Before  the  blowpipe  it 
emits  oopiouB  arsenical  fumes,  and  finally  melts  to  a  black  scoria,  which  acts  upon  the 
magnet. 
Analyses:  a  by  Wackernagel;  b  by  Bammelsberg  (Mineralchemie^  p.  88): 
s.  A».  Cu.  Fe. 

a.  26-88  20-53  48*68  309     «     99*18 

5.26-61  1903  61-62  1*96     *-     9921 

These  analyses  may  be  represented  by  the  formula  (Cu*;  Fe'')S.2As^,  dififerent  from 
that  of  arsenical  tetrahedrite-  namely,  4M'13.As*S'. 

TBVOXITB.  Native  cupric  oxide,  occurring,  according  to  Semmola  (Bull, 
g^l.  xiii.  206),  in  the  cracks  and  pores  of  Teenvian  Uva,  above  Torre  del  G-reco,  forming 
very  thin  hexagonal  plates,  scales,  and  earthy  particles,  having  a  dark  steel-grey 
colour,  and  metallic  to  dull  lustre.    Thin  laminse  exhibit  a  brown  translucence. 

TaPBKoirB.  Orthosilicate  of  manganese,  Mn"SiO\  from  Sparta,  New  Jersey. 
(See  SiLiCATBs,  p.  264.) 

TSPHS08XA.  The  leaves  of  Thpkrona  apoUinm  (Bee.),  a  leguminous  plant  in- 
digenous in  Upper  £Sgypt,  are  very  much  like  those  of  Casna  otduta^  and  are  said  to 
occur  in  commerce  as  Folia  senna  hal^pensia.  (Neesv.  £senbeek,J.  Pharm.  [3], 
vi.  186.) 

TWatLACMXlJUJ  ACXB.    Syn.  with  Ptbotebbbio  Acid  (iv.  776). 

TBAATO&m.  Ferruginous  lithomaige,  from  the  coal-beds  near  Zwickau,  in 
Saxony. 

Syn.  with  Glauber's  salt 

and  SSaiVM.  Metals  supposed  to  exist,  together  ^th  yttrium, 
in  the  gadolinite  of  Ytterby,  in  Sweden.  Mosander  in  1843  (Ann.  Cfa.  JPharm. 
zlviii.  220)  examined  the  crude  yttria  obtained  from  gadolinite,  by  the  process  of 
Berzelius  (see  Yttrium),  and  concluded  that  it  was  a  mixture  of  three  earths  of 
different  basic  power.  The  most  basic  of  these — ^whichwaa  first  precipitated  from  the 
solution  of  the  earth  in  hydrochloric  acid  bv  ammonia — he  desi^at^  as  erbia,  the 
next  as  t  erbia,  retaining  the  name  of  yttria  for  the  least  basic  A  more  complete 
separation  is  effected  by  fractional  precipitation  with  an  acid  oxalate.  For  this  pur- 
pose, the  crude  yttria  is  dissolved  in  excess  of  hydrochloric  acid,  and  the  liquid  is  added 
by  drops  to  a  solution  of  acid  potassium-oxalate,  as  long  as  the  resulting  precipitate 
redissolves  on  agitation.  The  crystalline  precipitate,  chiefly  consisting  of  erbium- 
oxalate,  which  then  separates  after  some  hours,  is  collected  on  a  filter ;  and  the  filtrate 
is  gradually  mixed  with  more  potassium-oxalate,  which  throws  down  a  fresh  pre- 
cipitate containing  a  larger  proportion  of  terbium,  while  the  last  precipitates  contain 
scarcely  anything  but  yttrium.  The  first  precipitates  are  almost  always  reddish ;  the 
last  are  colourless.  On  the  other  hand,  when  a  mixture  of  the  oxalates  of  erbium, 
terbium,  and  yttrium  is  digested  with  dilute  sulphuric  acid,  the  yttrium-salt  is  chiefly 
difisolved  at  first,  then  the  terbium,  and  lastly  the  erbium-salt.     (Mosander). 

The  metals  erbium  nnd  terbium  have  not  been  isolated.    The  characters  of  erbium- 
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oxide  or  erbis,  and  of  one  or  two  erbium-Balto,  aa  detenniued  by  Hosander,  hare  been 
already  described  (ii.  497) ;  erbia  is  especially  distinguished  by  being  yellow  after 
ignition  in  the  air,  and  becoming  colourless  by  ignition  in  hydrogen. 

The  characters  of  terbium-oxide  or  terbia  are  not  described  by  Mbsander;  but  its 
salts  are  described  as  haying  a  saccharine  and  astringent  taste.  In  the  solid  state, 
they  exhibit  an  amethyst-oolour,  but  not  of  constant  tint  or  intensity. — ^The  nUratt  is  a 
rose-red,  crystalline,  deliquescent  mass,  and  its  solution  becomes  coloured  during 
evaporation,  even  before  any  separation  of  crjrstals  takes  place. — ^The  sulphate  forms 
crystals,  which  are  larger  than  those  of  yttrium-sulphate,  and  effloresce  at  about  60^, 
emmbling  to  a  white  powder.    (Mo  sand er.) 

Subsequent  investigations  by  different  chemists  hare,  however,  thrown  considerable 
doubton  the  existence  of  terbium.  Be r  li  n  in  I860,*  in  applpdng  the  preceding  method 
of  separation  on  a  huger  scale,  obtained  only  erbia  and  yttna,  the  intermediate  preci- 
pitates being  always  reeolvable,  by  repeated  fractional  precipitation,  into  the  oxalate* 
of  erbium  and  yttrium.  He  was  also  unable  to  obtain  the  sulphate  efflorescing  at  60^, 
which  Mosander  describes  as  distinguishing  terbium  from  erbium. 

Similar  results  have  been  obtained  by  Popp  (Ann.  Ch.  Fharm.  exxxi  179),  who 
moreover  finds  that  the  absorption-spectrum  of  an  erbium-solution  exhibits  certain 
bands,  identical  with  those  of  did^mium  (ii.  322) ;  and  that  on  passing  chlorine  through 
the  solution  of  an  erbiimi-Balt  mixed  with  sodium-acetate,  and  heated  to  the  boiling- 

e»int,  the  peculiar  yellow  precipitate  characteristic  of  cerium  (i.  831)  is  obtained. 
enoe  Popp  concludes  that  the  supposed  earths,  erbia  and  terbia,  are  nothing  but 
yttria  contaminated  with  the  oxides  of  the  cerium-metals.  His  experiments  can- 
not, however,  be  considered  as  disproving  the  existence  of  erbium,  inasmuch  aa 
mixtures  of  erbium-salts  with  those  of  cerium  and  didymium  might  exhibit  the 
characters  above  mentioned;  but  Popp's  results  a^^ree  with  those  of  Berlin,  in 
tending  to  show  that  Mosander's  terbia  is  really  a  mixture  of  erbia  and  yttria ;  and' 
this  conclusion  is  further  corroborated  by  the  recent  experiments  of  Bah  rand 
Bun  sen  (Ann.  Ch.  Phazm.  cxxxvii.  1).  These  chemists  separate  erbia  and  yttria  as 
follows. 

The  precipitate  formed  by  oxalic  add,  in  the  eolation  obtained  by  heating  gadolinite 
with  hydrochloric  add,  contains  the  oxalates  of  erbium  and  yttrium,  besides  those  of 
caldum,  cerium,  lanthanum,  and  didjmium,  with  traces  of  manganous  oxalate  and 
silica.  These  oxalates  are  converted  into  nitrates ;  the  solution  is  treated  with  sul- 
phate of  potasdum,  with  the  usual  precautions  (i  831),  to  separate  the  cerium-metals ; 
the  erbium  and  yttrium,  which  still  remain  in  solution,  are  again  predpitated  by  oxalic 
add;  the  oxalates  are  ignited;  and  the 'residual  oxides,  sAer  being  carefully  freed 
from  admixed  potassium-carbonate  by  boiling  with  water,  are  dissolved  in  nitric  acid, 
and  again  precipitated  from  the  acid  solution  by  oxalic  add,  this  series  of  operations 
being  repeated  till  the  solution  of  the  mixed  earths  in  nitric  add,  when  examined  in 
the  spectfal  apparatus,  no  longer  exhibits  the  absorption-bands  characteristic  of 
didymium.  The  last  portions  of  caldum  and  magnesium  are  separated  by  predpi- 
tating  the  acid  solution  of  the  mixed  earths  with  ammonia,  the  caldum  and 
msftnedum  then  remaining  in  solution ;  the  predpitate  is  dissolved  in  nitric  add ; 
and  the  solution,  now  containing  nothing  but  erbia  and  yttria^  is  predpitated  by 
oxahc  acid. 

To  separate  the  erbia  and  yttria,  the  oxalates  are  converted  into  nitrates ;  the  solu- 
tion is  evaporated  in  a  platinum-dish,  till  the  first  bubbles  of  nitrous  add  make  their 
appearance ;  and  the  dish  is  quickly  cooled  by  placing  it  in  cold  water,  whoeapon  the 
visdd  mass  solidifies  to  an  extremely  brittle  glass.  On  dissolving  the  mass  in  a  mian- 
tity  of  warm  water  just  suffident  to  prevent  tne  solution  from  becoming  tuzbidon  ooil- 
ing,  nitrate  of  erbium,  still  containing  yttrium,  separates  on  slow  oooEng  in  needles, 
which  must  be  separated  from  the  mother^liquor  by  decantation,  and  quiddy  rinsed 
with  water  containing  about  8  percent  of  nitric  acid.  This  mother-liquor,  treated  in  a 
dmilar  manner,  yields  a  second  crop  of  crystals  of  erlnum-nitiate  containing  yttrium ; 
the  mother-liquor  of  these  yields  a  third  crop,  and  so  on,  the  proportion  of  yttrium- 
nitrate  in  the  successive  crops  of  crystals  continually  increasing.  By  mixing  a 
certain  number  of  the  earlier  and  comparatively  pure  crops  of  ctystals,  and  treating  them 
in  a  similar  manner,  products  are  obtained  of  still  greater  purity ;  and  by  repeating  this 
mode  of  treatment  several  times,  nitrate  of  erbium  is  ultimately  obtained  containing  no 
appreciable  quantity  of  yttrium. 

Pure  erbiayObtained  by  ignition  of  the  nitrate  or  oxalate,  has  a  faint  rose-red  colour 
(not  yellow,  as  stated  by  Mosander).  It  does  not  mdt  at  the  strongest  white  heat^  but 
aggregates  to  a  spongy  mass,  glowing  with  an  intense  ffreen  hght,  which,  when  • 
examined  by  the  spectroscope,  exhibits  a  continuous  spectrum  intersected  by  a  number 
of  bright  bands.    Solutions  of  erbium-salts,  on  the  other  hand,  give  an  absorption- 

■  ForhsndUiiffer  red  de  Skandlnavitke  Naturfonkern  attcode  Mude  i  Kjobenhaven,  18G0.  p.  448. 
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q^cetnim««lubitiiigdarklNiiidB,  and  tUptrinU  ofmaximMmwUn$Uy  of  ike  light  hands 
m  ike  emiiBion-tptctrum  qf  gUimmg  erbia  coincide  exocUy  tn  poeiiion  wiih  the  jxtinis  of 
greatest  darkneee  in  the  abeorption' spectrum.  The  position  of  these  bands  is  totally 
dififenntfiram  those  in  the  emission-  and  absozption-spectca  of  didjmiom;  in  fact,  there 
is  not  a  single  line  of  the  erbinm-spectnim  whieh  conespoiidB  with  that  of  didyminm. 
(BahrandBnnsen.)* 

Erbia  is  a  protoxide^  £b*0,  containing  87'6  per  cent,  erbinm  and  12*4  oxygen ;  it 
does  not  nnite  directly  with  water.  It  dissoWes  slowly  but  completely  in  warm  hjdro- 
chlorie,  nitric,  and  suhphnric  adds.  The  erbinm-salts  hare  a  roee-ied  colour,  deeper  in 
the  hydrated  than  in  tne  anhydrous  state ;  they  have  an  acid  reaction  and  sweet  astrin- 
Mnt  taste. — URtrote  of  Erbiwm,  obtained  as  above  described,  is  a  basic  salt,  £b"(NO^. 
£b''0.3HK),  crystallising  in  small  impeifectly-defined  needles,  having  a  light  lose- 
colour,  permanent  in  the  air,  giving  off  their  ciystallisation«water  at  a  moderate  heat^ 
and  being  convegrted  into  erbia  at  a  red  heat  without  change  of  form.  It  dissolTea 
vith  difficult  in  nitric  add,  and  is  decomposed  by  water  into  nitric  add  and  a  gelatinous 
hyperbasie  salt—The  mdj^uUet  SEb'SO^SHK),  isomorphous  with  the  sulphates  of 
yttrium  and  didymium,  forms  light  rose-coloured  dystals,  which  give  off  their  water  of 
otystallisation  when  heated,  and  recover  it  with  great  rise  of  temperature  when  mois- 
tened with  water.  The  hydrated  salt  diesolvee  veiy  slowly  in  water,  the  anhydroos 
salt  very  quickly,  a  character  exhibited  also  by  the  sulphates  of  the  cerium-metals.  It 
is  partiaUy  decomposed  by  ignition. — ^The  oxalate^  G'£b''0\H'0,  is  precipitated  from 
boiling  add  solutions  of  erbium-salts  as  a  light  rose-coloured,  heavy,  sandy  powder, 
which  may  be  easily  washed  by  decantation,  and  does  not  give  off  its  water  till  heated 
nearly  to  the  temperature  at  which  it  decomposes. 

The  mother-liquors  from  tha  several  crystallisations  of  erbium-nitrate  contain 
nitrate  of  yttrium,  together  with  a  certain  quantity  of  the  erbium-salt  and  the  nitrates 
of  the  eerium-metals^  which  have  not  gone  down  with  the  nitrate  of  erbium  in  the 
sneoessive  crystallisations,  but  have  accumulated  in  the  mother^liqnors.  To  obtain  a 
pure  yttrium-salt,  therefore,  the  cerium-metals  must,  in  the  first  place,  be  removed  by 
repeated  treatment  with  sulphate  of  potassium,  till  the  remaining  solution,  when 
examined  by  the  spectroscope,  shows  no  trace  of  the  didymium-lines.  The  sulphate 
of  yttrium  thus  fur  purified,  but  still  containing  erbium,  is  next  reoonvertea  into 
nitrate;  the  solution  of  this  salt  is  evaporated ;  the  residue  heated  nearly  to  redness ; 
and  the  resulting  mixture  of  the  oxides  and  hy^rbadc  nitrates  of  yttrium  and 
erbium  is  tzeated  with  cold  water,  whereby  a  solution  is  obtained,  containing  nitrate 
of  yttrium  with  less  erbium-salt  than  before,  and  a  residue  rich  in  erbium;  and  by 
repeating  this  treatment  several  times,  a  nitrate  of  yttrium  is  at  length  obtained, 
which  e^bits  no  trace  of  an  absorption-spectrum,  and  when  ignited  leaves  pure 
colourless  yttria.     (See  Yttbiux.) 

The  result  of  the  whole  series  of  operations  is,  therefore^  to  sepcmite  the  crude  yttria 
obtained  from  gadolinite  into  two  earths,  yttria  and  erbia,  without  any  indicfttion  of  an 
earth  (the  Bo-ealled  terbia)  of  intermediate  basidty. 

On  the  other  hand,  Delafontaine  (Ann.  Gh.  Pharm.  cxxxxv.  99 ;  Jahresb.  1864> 
p.  196;  Boll.  8oc.  Ohim.  [18661  i.  168)  still  maintains  the  separate  existence  of  erbia 
and  terbia.  He  finds  that  the  first  precipitates  thrown  down  bv  add  potassio 
oxalate  (as  in  Mosander^s  method),  from  a  solution  of  crude  yttria,  yield,  on  ignition,  a 
yellow  residue ;  and  if  this  be  redissolved,  and  suljected  several  times  to  the  same 
treatment,  an  earth  is  obtained  of  continually  deeper  yellow  colour,  and  consisting 
mainly  of  erbia,  with  comparatively  sm<-ill  quantities  of  terbia  and  jttria;  from  which 
it  may  be  further  purified  by  dissolving  it  in  nitric  add,  evaporating  to  dryness,  re- 
dissolving  in  water,  saturating  the  neutral  solution  in  the  cold  with  pulverised 
potasdo  sulphate,  and  washins  the  resulting  |>recipitate  (consisting  of  erbio-potaade 
sulphate)  with  a  saturated  s(3ution  of  potassic  sulphate,  which  dissolves  the  double 
sulphates  of  the  other  two  metals.  l}ie  erbio-potassic  salt  dissolves  easily  in  hot 
water,  and  the  solution,  treated  with  potash,  yields  erbinm -hydrate,  which  may  be 
redissolved,  and  completely  purified  from  terbium  and  yttrium  by  repetition  of  the 
same  treatment. 

Anhydrous  erbia,  thus  obtained,  has  a  yellow  colour  of  various  depths,  but  becomes 
white  by  ignition  in  hydroeen.  The  hydrate  is  white,  absorbs  carbonic  add  from  the 
air,  and  when  heated  to  redness,  leaves  the  anhydrous  oxide  in  dense  hard  lumps  of  a 
deep  orange-yellow  colour.  Its  solutions  are  colourless,  or  sometimes  have  a  fidnt 
rose-colour,  and  do  not  exhibit  any  absorption-spectrum. 

Terbia,  the  separation  of  which  from  yttria  is  not  specially  described,  is  (according 
to  Delafontai  ne)  an  earth  of  a  pale  rose-colour,  and  does  not  become  colourless  by 
ignition  in  hydrogen.    It  dissolves  easily  in  adds,  forming  rose-coloured  solutions, 

*  The  paper  above  referred  to  It  accompanied  bj  exact  diagraint  of  the  erbium-  and  dldymium-ipeetra. 
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which  yield  an  abBorptiou-epectniDi.  Delafontaine  is  of  dpinioD  thafc  the'  earth  de- 
scribed by  Bahr  and  ^unsen  as  erbia,  is  really  terbia,  the  true  erbia,  which  is  first 
precipitated  by  oxalic  acid  from  the  solution  of  die  mixed  earths,  haTing,  as  abote 
mentioned,  a  yellow  (not  a  rose)  colour,  and  not  producing  an  absorption-spectrum. 
Bahr  and  Bunsen,  on  the  contrary,  are  of  opinion  that  the  yeUow  colour  and  other 
peculiarities  of  Delafontaine's  erbia  are  to  be  attributed  to  imperfect  separation  of  the 
cerium-metals. 

Further  experiments  axe  perhaps  required,  to  afibrd  a  perfectly  satisfactory  answer  to 
the  question  whether  crude  yttria  is  a  mixture  of  three  earths  or  of  only  two ;  but,  for  the 
present,  the  yery  carefully  conducted  experiments  of  Bahr  and  Bunsen  must  be  regarded 
as  throwing  great  doubt  on  the  axisteuee  of  the  third  of  these  earths — ^the  so-called 
terbia.  The  &ct  which  tells  most  strongly  in  favour  of  the  opposite  Tiew,  is  that 
Dehifontaine's  terbia  exhibits  an  absoiption-epectnun,  whereas  his  erbia  does  not ;  but 
the  descriptions  hitherto  giren  of  hia  methods  of  separation  are  not  sufficiently  precise 
to  enable  us  to  judge  of  their  effioieiicy. 

According  to  Delafontaine,  the  atomic  weight  of  yttrium  is  74*4  (yttria  « 
yO) ;  that  of  erbium  is  higher,  and  that  of  terbium  higher  still.  He  further  regarda 
it  as  probable  thatgadolinite  contains  a  fourth  metal,  whose  salts  haye  an  absorption- 
spectrum  partly  corresponding  with  that  of  didymium. 

Acending  to  Bahr  and  Bunsen,  the  atomic  weight  of  yttrium  is  61*7,  and  that 
of  erbium  112*6. 

H*       ) 

Xmi^fJAHfTO   AOZD.    CH'^NQ'    »  (C'H»0^)" 

H.     ) 

pound  is  produced,  by  heating  terebic  acid  in  ammonia^gas  to  140^-1 60^,  as  a  sublimate, 
which  dissolree  slightly  in  cold,  easily  in  hot  water  and  alcohol.  The  solutiona  are 
neutral  to  litmus,  and  do  not  decompose  carbonates.  Terebamio  add  dissolves  easily 
in  caustic  alkalis,  and  is  separated  from  the  solution  by  adds  in  its  original  state. 
.^The  bariumrsidt,  C"H>^"N<0<.2fiH),  is  easily  soluble  in  water,  and  dries  up  oa 
evaporation  to  a  gum :  it  is  predpitated  in  the  ciystaUine  state  by  alcohol,  and  fovms, 
after  drying,  a  loose  web  of  microscopic  needles  having  a  silky  lustre.  (Handw.  d. 
Chem.  viii.  675.) 

■•    See  the  preceding  article. 
An  optically  inactive  isomer  of  turpentine-oil  {q.  v.). 
Syn.  with  Cakfhbmbs  (i.  724). 
Syn.  with  Tbbxbic  Acid. 

One  of  the  isomers  of  turpentine-oil  obtained  by  the  decom- 
position of  the  hydrochlorate,  C'"H".HC1,  or  the  hydrobromate,  C"H>«.HBr.  It  also 
forms  the  chief  portion  of  the  turpentine  of  Pintu  maritiTJia.  (See  Tubfentimb  Oil.) 
TBSBBBVTlXilC  JLCXB.  0"H'*0*.  (J.  Per  son  n  e,  Ann.  Oh.  Pharm.  c.  263.)--*. 
This  add  is  obtained  by  passing  the  vapour  of  fused  turpentine-hydrate  over  soda- 
lime  heated  to  400^,  and  treating  the  resulting  mass  with  hydrochloric  add ;  the 
reaction  is  attended  with  the  evolution'  of  large  quantities  of  marsh-gas  and  hydrogen : 

C'H^^'O'     -     C^>«0*  +  2CH*  +  H*. 

This  add  is  white,  has  a  fSdnt  odour  resembling  that  of  the  goat,  is  heavier  than 
water,  melts  at  90^,  and  distils  with  partial  decompodtion  at  2/>0*^.  It  is  insoluble  in 
cold,  but  soluble  in  boiling  water,  ana  separates,  on  cooling,  as  a  powder  condsting  of 
small  needle-shaped  crystals ;  it  is  very  soluble  in  alcohol  and  in  ether.  By  sublima- 
tion, it  ciystaUises  in  small  spangles,  apparently  having  the  form  of  oblique  prisms.. 
Its  vapour  is  acrid,  and  attacks  the  nose  strongly. 

Terebentilic  add  is  monobasic. — Its  ealcium-aalt,  formed  by  treatin|r  the  acid  with 
lime,  crystallises  in  small  silky  needles,  resembling  sulphate  of  quinine. — The  lead- 
salt  is  unoystallisable,  and  resembles  gum-arabic. — The  silver-salt,  O'H'AgO',  is 
slightly  soluble  in  boiling  water,  and  crystallises  on  cooling. 

With  alcohol,  terebentilic  add  easily  forms  an  ether  having  the  odour  of  pears  and. 
pine-apples. 

T8RSBSVZZC  JLCZS.  An  add  produced,  according  to  Cailliot  (Ann.  Ch. 
Phys.  [3],  xzi.  31),  together  with  terephthalic  acid,  by  the  action  of  nitric  acid 
on  tuipen.tine-oil.  It  is  separated  from  the  terephthalic  add  by  boilinff  water  or  cold,, 
alcohol,  and  crystallises  from  the  aqueous  solution,  on  cooling,  in  small  shining  needles 
said  to  have  the  composition  C**IPO*.  It  volatilises  easily  with  the  vapour  of  boiling, 
water,  melts  at  169°,  boils  at  a  much  higher  temperature,  but  sublimes  at  100°  when 
heated  in  open  vessels.  Its  ether  has  an  agreeable  odour  of  anise,  and  boils  at  130^» 
The  metalhc  terebenzates  are  about  as  soluble  in  water  as  the  benzoates. 

XC  ACZai.  C'H'*0'  =  (^'^^*)'|0«.— A  product  of  the  action  of  nitric 
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ftcid  npon  tiiipentme«oil,  discovered  by  Bromeis  (Ann.  Ch.  Phann.  xxxrii.  297)«  who 
called  it  tttrpiiUmic  add ;  Airther  examined  by  Babonrdin  (J.  Pharm.  [3],  ti.  185), 
▼ho  designated  it  as  terebiUe  or  tenhenic acid;  by  Gailliot  (L.  Institat  1849,  xy.  353), 
and  lastly  by  Syanberg  and  Eckmann  (J.  pr.  Chem.  Izvi.  220). 

To  prepare  it^  oil  of  turpentine  is  heated  with  four  or  five  times  its  weight  of  nitric 
add  diluted  with  an  equal  bulk  of  water,  as  long  as  red  fames  are  eTolved,  whereby  a 
reddish-yellow  brittle  resin  and  a  yellow  acid  liquid  are  obtained.  This  liqaid, 
eraporatod  to  a  syrup,  and  diluted  with  a  large  quantity  of  water,  depoedts  a  whitish- 
yellow  precipitate,  having;  the  consistence  of  pitch;  and  the  watery  liquid  separated 
there{h>m  yields  crystalline  terebic  add.    (Svanberg  and  Eckmann.) 

Terebic  acid  crystaUises  (aoconding  to  Bromeiv)  in  tolerably  regular  forms, 
appearing  under  the  microscope  as  fouveided  prisms  with  oblique  terminal  faces,  and 
exhibiting  an  extraordinary  lustre  on  their  lateral  fbces.  It  has  a  purely  add  taste, 
dissolres  slightly  in  cold,  more  readily  in  boiling  water,  easily  in  alcohol  and  ether.  It 
is  not  decomposed  by  nitric  add  at  the  boiling  heat,  but  sulphuric  add  chan  it.  The 
add  melts  at  200^  without  loss  of  weight ;  but  at  a  higher  temperature  it  begins  to 
boil,  and  is  resolved  into  carbonic  anhydride  and  pyroterebic  add :  CH^'O^  «  GO* 
+  C«H»*0«. 

T  ere  bates. — ^Terebic  add  is  dibasic.  It  decomposes  carbonates,  forming  acid  salts, 
C^*MO«  and  0>*H>*1C"0',  which  have  an  add  reaction,  but  do  not  exert  any  itether 
action  upon  carbonates.  In  contact  with  metallic  oxides  and  hydrates,  however,  the 
add  forms  neutral  salts,  CH^MH)*  and  G'H*M''0«.  It  resembles  salicylic  add  in 
forming  add  more  readily  than  neutral  salts.  It  also  forms  add  ethers,  wludi  act 
with  bases  like  a  monobasic  add. 

The  neutral  terebatee  all  contain  water  of  crystalUsatiott,  and  retain  at  least  one 
atom  of  it  until  heated  to  a  temperature  at  whidi  they  decompose.  Whradehrdrated 
as  far  as  possible  without  deoompodtion,  they  have  the  composition  G'H'ir'O^.H'O. 
Hence  they  are  regarded  by  Gauliot  as  salts  of  a  peculiar  add,  G^^'O*,  which  he 
calls  diaterebic  acid.  But,  as  they  yield  terebic  add  when  decomposed  by  adds, 
this  supposition  does  not  appear  to  rest  on  very  good  grounds. 

Tersbatet  of  Ammonium. — ^The  neutral  mdt  is  deliquescent  and  uncrvstallisable. 
— ^The  add  salt,  G'il'(NH*)OS  forms  very  soluble  prisms ;  which  give  off  their  ammonia, 
sloiriy  at  ordinary  temperatures,  quiddy  at  100°. 

TerehateB  of  Barium.-— The  neutral  9alt,  2G^*Ba*0^5H'0,  obtained  by  adding 
baiyta- water  to  a  solution  of  the  add  salt,  and  predpitating  the  excess  of  baryta  with 
caroonic  acid,  dries  up  to  a  gummy  mass,  which  gives  off  2  at.  water  at  140°,  leaving 
the  salt  2G'H*Ba"0^8H*0.  This  hvdrate,  which  appears  also  to  be  predpitated  by 
alcohol  from  the  aqueous  solution,  aeliquesces  on  exposure  to  the  air,  and  then  yields 
crystals  of  another  hydrate,  G'H>Ba''0^3H'0  (Gailliot).— The  add  hariumrmilt, 
G"H»*Ba''0«.2H«0,  or  G»H•Ca•'0^G*H*•0^2H*0,  obtained  by  treatinjr  the  aqueous  acid 
with  carbonate  of  barium,  is  precipitated  from  its  syrupy  solution  by  alcohol  in 
needles  (Gailliot);  according  to  Svanberg  and  Eckmann,  it  is  uncrystallisable. 
A  more  dilute  solution  mixed  with  alcohol  slowly  deposits  nodules  of  the  neutral  salt, 
while  free  terebic  add  remains  in  solution. 

1\Mn$utral  ealcium'Satt  separates,  by  spontaneous  evaporation  of  its  solution, 
in  microscopic  tables,  containing  2G'H^a''0^.6H*0 ;  but  on  boiling  the  solution,  it  is 
deposited  in  small  oystals  containing  G*H"Ga"0*.HH). 

Terebates  of  Lead^^-The  neutral  iolt,  3G^*Pb''0^2H*0,  forms  ciystalline 
nodules,  which  are  insoluble  in  cold  water,  and  are  decomposed  by  boiling  water,  with 
formation  of  a  bade  salt->A  bane  kad-eaU,  2G'H*Pb''0«.Pb''H*0'.3H*0,  is  also  pre- 
dpitated on  evaporating  a  solution  of  1  at  lead-oxide  in  1  at.  terebic  add. — Gailliot 
likewise  describes  a  salt  containing  2G'H•Pb'0^5H*0,  which  he  calls  metaterebaie  of 
lead,  representing  it  as  2P&0.Ci«i?*«0>*.— The  add  leadsaU,  Gi'H^Pb'CHK)  = 
C'H"Pb  0\G*H**O^.H*0,  is  obtained  by  saturating  the  aqueous  add  with  litharge, 
taking  care  that  the  latter  is  not  added  in  excess,  and  crystallises  from  the  liquid, 
evaporated  to  a  syrup,  in  small  white  groups  of  crystals  resembling  cauliflower-heads. 

The  acid potaseium'Saltf  2G'H*K0*.H'0,  obtained  by  dissolving  carbonate  of 
potassium  in  an  equivalent  quantity  of  the  add,  and  evaporating  to  a  syrup,  forms 
very  soluble  crystals,  which  give  off  their  water  at  100°.— -The  acid  aodium-ealt, 
SG'H^aOMI'O,  prepared  like  the  preceding,  also  gives  off  its  water  at  100°. 

Silver^salts.— The  neutral  ealt,  G*H*Ag*0«.fl'0,  obtained  by  precipitating  a 
solution  of  the  neutral  barium-salt  with  nitrate  of  silver,  is  uncrystallisable  (Svan- 
berg and  Eckmann).  According  to  Gailliot,  it  dissolves  very  slightly  in  boiling 
water,  and  separates  therefrom  in  needles. — ^The  add  aUwr-ealt,  G'H*AgO\  obtained 
by  predpitating  the  add  ammonium-  or  barium-salt  with  nitrate  of  silver,  then  evapo- 
rating, and  leaving  the  solution  to  cool  slowly,  forms  beautiful  shining  prisms. 
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Terebio  acid,  as  alieadv  obsexred,  fonnB  add  ethen, 

irhich  z«act  like  monobade  acids :  they  are  prepared  by  the  direct  action  of  tarebic 

C'H»0«) 
acid  on  the  Bereral  aLcohoU.Stkyl-tenHo  acid,  G'H*(C*H*)0*  »       CHHO',  ii 

an  oil,  haying  a  bnming  but  not  acid  taste,  sparingly  soluble  in  water,  and  not  anable 
of  beinff  distilled  withont  decomposition.  Its  salts  have  but  little  stability,  and  are 
zesdyed  by  the  slightest  heat  into  metallieterebate,  ethyl-terebic  acid,  and  alcohol,  9.ff, : 

C"H»«Ba''(C«H*)K)«  +  H»0     -     C^'Ba'O*  +   C«H«0  +   [C*H»(C*H»)0*]. 

The  msthylie  and  €tn^lio  ttkers  resemble  the  ethylic  ether  in  composition  and  in 
properties.    (C  a  i  1 1  i  o  t,  ibo.  eU,) 

■XO  ACXn.    Syn.  with  Tbosic  Acm. 

An  isomer  of  tnrpentine-oil  (,^-9,), 

Vrmta  or  TamaomTIilO  AOIB.  C*H*0*.  An  add  said  by  GailUot 
to  be  contained,  together  with  oxalic,  terephthalie,  terebenaic  and  tiiroentinicadds,  in 
the  wateiy  liqiud  obtained  by  ooddidng  tnipentine-oil  with  nitric  add  dilated  with  an 
eqnal  bulk  of  water. 

nnUDRTB.    A  mineral  firom  Antwerp,  in  New-Yoik,  of  specific  grayity  2*68, 
regarded  by  Dana  (ii.  208)  as  an  altered  form  of  scapolite. 

L    Bee  Tibbfhthauc  Ajodbs  (p.  726). 

CO  AOXO.    C^B*0*  -  (^^*^,'|0«.      Insolinio     Aeid.-^A 

nrodnct  of  the  oxidation  of  tnrpentine-oil  and  other  hydrocarbons  and  of  certain  alde- 
hydes. It  was  discoyered  by  Gailliot  (Ann.  Ch.  Phys.  [3],  xxL  28),  who  obtained  it 
by  the  action  of  nitric  acid  on  tnrpen tine-oil,  and  more  completely  examined  by  Be  la 
Bue  and  Hugo  Muller  (Ann.  Ch.  Phazm.  cxxi.  86).  Hofmann  {ibid,  xcyii.  197), 
by  oxidising  cominic  add,  cnminic  aldehyde,  and  cymene  with  chromic  add,  obtained 
a  dibanc  acid,  which  he  called  insoli  nic  acid,  and  represented  by  the  formula  C*H'0\ 
bnt,  according  to  De  la  Rue  and  Miiller,  this  acid  is  identical  with  terephthalie 
add.  According  to  Schwanert  (ibid,  cxxxii.  267),  terephthalie  acid  is  produced  by 
the  action  of  nitric  add  upon  seyeral  yolatile  oils :  cymene,  turpentine-oil,  lemon-oil, 
thymene,  and  cajeputoil,  oxidised  with  nitric  add,  yield  terephthalie  and  camphretic 
acids ;  cumin-oil  yields  terephthalie  but  no  camphretic  add ;  camphor,  wormwood-oil, 
bomeol,  and  peppermint-oil  yield  camphretic  bnt  no  terephthalie  add ;  thymol  does 
not  yield  either  of  these  adds ;  thyme-oil  or  thymene  yields,  together  with  terephtha- 
lie add,  an  oil  haying  the  oompodtion  of  Hofinann*s  insolinic  acid.  De  la  Kue  and 
Muller  {ibid,  cxx.  339  ;  cxxi.  86)  haye  obtained  terephthalie  add,  togeUier  with  other 
adds,  by  the  action  of  dilute  nitric  add  on  rectified  coal-tar  oil  (a  mixture  of  toluene, 
xylene,  and  pseudocumene),  and  on  the  liquid  hydrocarbons  of  Burmese  naphtha ;  they 
find  also  that  it  is  always  produced  in  the  preparation  of  toluylic  add  from  cymene,  and 
in  the  treatment  of  that  hydrocarbon  with  fuming  nitric  add  for  the  production  of 
nitrotoluylic  add,  the  result  being  the  same  whether  the  cymene  has  been  obtained  from 
Boman  cumin-oil  or  from  camphor.  According  toBeilstein  (t^.  cxxxiii.  82 ;  cxxxyii. 
301),  xylene  oxidised  with  dilute  nitric  add  yields  only  toluylic  acid :  &K^*  +  O*  — 
OH^O'  +  H'O ;  but  when  treated  with  sulphuric  acid  and  potassic  dichromate,  it  yields, 
by  further  oxidation,  terephthalie  acid,  which  indeed  is  likewise  produced  by  the  direct 
treatment  of  toluylic  add  with  the  sameoxididng  mixture. 

Preparation. — 1.  From  Turpentine-oU, — ^The  oil  is  treated,  in  a  retort,  with  a  large 
excess  of  nitric  add  diluted  with  an  equal  bulk  of  water,  as  Ions  as  red  fames  continue 
to  escape.  The  acid  mother-liquor  thus  obtained  is  separated  from  the  resin,  and  the 
residue  is  treated  with  cold  water,  which  again  leayes  an  orange-yellow  redn,  contain- 
ing terephthalie  and  terebendc  adds.  The  latter  may  be  remoyed  by  solution  in  cold 
alcohol  and  boiling  water ;  the  terephthalie  acid  is  then  dissolyed  in  ammonia ;  and 
the  resulting  ammonium-salt,  after  beins  purified  by  repeated  crystallisation,  and  boil- 
ing with  animal  charcoal,  is  decomposed  by  a  mineral  add. 

2.  From  Ouminie  Acid,  Cuminio  Aldihyde,  XyUne,  &c. — One  part  of  cnminic 
add  is  cohobated  for  about  twelye  hours  with  1  pU  <^  dichromate  of  potasnum, 
8  pts.  of  strong  sulphuric  add,  and  12  pts.  of  water.  Terephthalie  add  is  then 
found  floating  on  the  green  liquid,  after  cooling,  as  a  white  fiour-like  powder, 
and  the  liquid  retains  in  suspendon  a  greenish  half-ftised  mass,  consisting  of 
chromic  terephtbalate.  The  liquid  is  now  to  be  filtered,  the  insoluble  matter  washed 
with  water  to  remoye  the  soluble  chromium-salt,  and  the  reddue  boiled  with 
ammonia,  which  dissolyes  terephthalie  add,  leaying  chromic  oxide  undissolyed. 
The  ommoniacal  solution  saturated  with  hydrochloric  acid  yields  a  white  powder, 
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which,  when  rej^edly  boiled  with  water,  or  heated  with  boiling  akohol  (to  n&more 
^AhtiAnfr  commie  acid),  oonetitates  piaze  tefephthalie  acid  (Hofmann).  In  a  shnilar 
manner  terephthalic  acid  may  be  prepared  fi:om  Boman  cumin-oil,  which  is  a  mixture 
-of  cominic  aldehyde  and  cjmene.  Bail  stein  prepares  it  by  boiling  lOOgrma  xylene 
for  several  days  with  400  grms.  potassium-dichromate  and  560  grms.  oil  of  yitriol 
diluted  with  twice  its  weight  of  water,— then  filtering,  dissolving  the  residue  in  carbo- 
nate of  sodium,  diluting  with  a  Uirge  quantity  of  water,  and  precipitating  with  hydro- 
.cliloric  acid. 

Properties. — Terephthalic  acid  is  a  white,  tasteless,  crystalline  powder,  not  percep- 
tibly soluble  in  water,  alcohol,  ether,  dhloroform,  or  acetic  acid.  When  warmed  with 
strong  sulphuric  acid,  it  dissolyes  in  considerable  quantity,  without  formation  of  a 
sulphoterephthalic  acid,  and  is  separated  in  its  original  state  on  addition  of  water. 
When  heated,  it  sublimes  without  previous  iusion,  forming  an  indistinctly  crystalline 
sublimate,  which  has  the  same  comjpoeition  and  properties  as  the  original  acid ;  tereph- 
thahc  acid  is  not  therefore,  like  its  isomer,  phthalic  acid,  resolved  bv  heat  into  water  and 
the  anhydride.  When  heated  with  potash,  it  is  resolved,  like  phthalic  acid,  into  ben- 
sene  and  carbonic  anhydride  (De  la  Rue  and  Miiller).  Hoftoann's  insolinic  acid 
melts  at  a  veiy  high  temperature,  its  melting-  and  boiling-points  nearly  coinciding. 
When  distilled,  it  partly  sublimes  unaltered,  while  the  rest  is  decomposed,  with 
formation  of  benzoic  acid  and  benzene,  carbonic  anhydride  being  evolved,  and  a  carbo- 
naceous residue  remaining  in  the  retort.* 

Terephthalates. — ^Terephthalic  acid  dissolves  in  alkalis,  neutralising  them  com- 
pletely, and  is  precipitated  from  its  salts  by  phthalic  acid.  Although  dibasic,  it  does 
not  form  any  double  salts,  and  shows  but  little  tendeney  to  form  acid  salts.  Nearly 
all  the  terephthalates  are  soluble  and  crystallisable,  and  so  inflammable  that  they 
may  be  set  on  fire  by  a  spark  from  fiint  and  sted,  and  bum  away  slowly  like  tind«^jr, 
emitting  the  characteristic  odour  of  benzene.  Terephthalic  acid  forms  add  and  neutral 
ethers  (p.  727). 

Tsrephthalate  of  Ammonium,  C*H*(NH*)K)*,  crystallises,  by  slow  evaporation,  in 
small  crystals  having  a  strong  lustre  (Beil stein). — The  b<aium-9alt,  C"H^Ba''0*. 
4H'0,  obtained  by  mixing  the  concentrated  solution  of  the  ammoninm-salt  with 
chloride  of  barium,  crystallises  from  water  in  concentrically-grouped  tablets,  which 
become  anhydrous  at  150^,  and  dissolve  in  355  pts.  water  at  5°. — The  caidum'SaU, 
C*HH)a"0^3HK>,  prepared  in  like  manner,  dissolves  in  1213  pts.  water  at  6^  (Beil- 
stein). — ^The  sUversaltt  0*H^Ag*O*,  separates  as  a  curdy  precipitate  on  mixing  the 
solution  of  the  ammonium-salt  with  nitrate  of  silver.    (De  la  Rue  and  Miiller.) 

VltrotereplithaUo  Aeld,  C"HXNO')0<,  is  formed  by  the  action  of  a  mixture  ol 
fuming  sulphuric  and  nitric  acids  on  terephthalic  acid,  and  separates  from  water  in 
cauliflower-like  aggregates.  It  dissolves  easily  in  hot  alcohol,  forms  well-cirstaUised 
metallic  salts,  anaciystallisable  ethers,  which  dissolve  easily  in  alcohol  and  melt  at 
low  temperatures.  By  reducing  agents  it  is  converted  into  oxyterephthalamic  or 
amidoterephthalic  acid  (infra).    (D  e  1  a  R  u  e  and  M  ii  1 1  e r.) 

OxTTBBRPHTHALic  AciD,  CH'O*,  is  produced  by  the  action  of  nitrous  acid  on  oxy- 
terephthalamic acid.  It  forms  well-crystallised  salts,  less  soluble  than  the  corre- 
sponding terephthalates.    (D  e  1  a  R  u  e  and  M  ii  1 1  e  r.) 

TiatBPBTBAltfO  A1IKZBB8.  1.  Tere^hthaiamide,  G«H>NH)'  « 
N'.H^.(CH*0*)'',  produced  by  the  action  of  ammonia  on  terephthalic  chloride,  is  a 


terephthalamide  with  phosphoric  anhydride,  distilling  over  as  a  liquid,  which  solidifies 
in  tne  neck  of  the  retort.  It  forms  fine  prismatic  crystals,  colourless  and  scentless,  in- 
soluble in  water  and  in  benzene,  easily  soluble  in  cold  alcohol.  When  Imiled  with 
caustic  alkalis,  it  is  gradually  converted  into  ammonia  and  terephthalic  acid. 

4.  Oxyterephthalamic  Acid,  C»H'NO«  =  (CHW)"' (.^^ or  Amidoterephtha- 

lie  Acid,  C*H'(NH*)0*,  is  produced  by  the  action  of  reducing  agents  on  nitrotereph- 
thalie  acid.  It  crystallises  in  thin  prisms,  and  often  in  mosslike  groups  of  crystals, 
sparingly  soluble  in  cold  water,  ether,  alcohol,  and  chloroform.  It  unites  boUi  with 
acids  and  with  bases ;  the  solutions  of  the  latter  compounds  are  highly  fluorescent. 
The  ethers  of  oxyterephthalamic  acid  are  formed  by  the  action  of  reducing  agents 
on  those  of  nitroterephthalic  acid. — ^The  ethylio  ether  forms  large  crystals  resembling 

.*  The  phytteal  charactort  of  InsoUnle  acid  are  .the  same  aa  thoje  of  terephthalic  add ;  bat  the 
analyaea  of  the  acid  aud  of  Ui  salts  agree  verj  nearly  with  the  numbert  required  by  Hoteann's  lor* 
mula  C*H''0^,  and  differ  considerably  fiom  those  required  by  the  formula  of  tereplitbalie  acid. 
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uranie  nitrate ;  ita  solutionB  are  stioDffly  flnoresoent.    Oxytefephthalamic  acid  is  ooo- 
verted  by  nitrons  add  into  oxyterephualic  acid. 


IPBTHA&IO  OB&ORIBB,  C*HH)H:n^*,  is  produced,  together  with  |>ho8- 
phoric  oxychloride,  by  the  action  of  phoephoric  pentachloride  on  terephthalic  acid  at 
40^.  It  forms  beantifol  cirstals,  inodorous  at  ordinazy  temperatures,  but  smelling 
when  heated  like  benzoic  chloride,  which  it  resembles  in  its  reactions.  (De  la  Ruv 
and  Mil  Her.) 

TSKaVSTHAXXO  BTSX&8.  Terephthalic  add  forms  both  neutral  and  add 
ethers.  The  neutral  ethers  are  formed  by  the  action  of  terephthalic  chloride  upon 
alcohols,  or  by  that  of  alcoholic  iodides  on  the  silver-  or  potassium^salt  of  terephthalic 
acid. — ^The  add  ethers  are  usually  formed  in  small  quantity,  together  with  the  neutral 
ethers,  by  the  action  of  alcoholK^  iodides  on  terephtbalate  of  silver.  They  are  well- 
marked  monobasic  adds,  and  form  salts  insoluble  in  alcohol. 

Neutral  Amylic  Terephthalate,  C*H*(OH")'0\  forms  pearly  scales,  which  melt  at 
the  heat  of  the  hand. — ^The  neutral  ethylic  ether,  C*H^(C'H*)'OS  forms  long  prismatic 
crystals  resembling  urea,  and  easily  soluble  in  alcohol  (De  la  Rue  and  HuUer). 
It  melts  at  44^,  s<3idifies  at  29^,  is  insoluble  in  water,  but  dissolves  easily  in  aloc^ol 
and  ether  (Beilstein).— The  neutral  mUhylie  ether,  C*H\CH*)K)^  forms  beautiful 
flat  prismatic  crystals,  several  inches  long,  which  melt  at  a  temperature  above  100^^  and 
subbme  without  decomposition.  It  dissolves  easily  in  warm,  less  easily  in  cold  alcohol 
(De  la  Rue  and  Miiller).  According  to  Beilstein,  it  melts  at  140^,  and  solidifies 
again  at  ISO^".— The  neutral  ph&nplio  ether,  C«HXC*H*)K)\  is  white,  crystallina,  and 
melts  at  a  temperature  above  100^.    (De  la  Bue  and  Miiller.) 

bTXi-WZTKISJk    See  Tbbkfhthauc  Axidiis  (p.  726). 

»TIIMMOM»  Syn.  with  TmopiAimAiiiDE.  (See  Opiamic  Acid,  Ahidss 
OP,  iv.  206.) 

See  TuRPENTiNB-oUf  Htdratbs  of. 


^^mmr^fww^f     Hydrates  of  turpentine-oil  {q.  t.). 

Syn.  with  Gatbcsu  (i.  dl6). 

A  fermginous  day,  occurring  near  Siena,  in  Italy,  in 
thick  brownish-yellow  masses,  often  light-yeUow  in  the  middle,  and  yielding  a 
greenish-yellow  powder.  It  has  a  spedfic  gravitv  of  3*46,  a  conchoidal  fracture,  and 
adheres  strongly  to  the  tongue.  According  to  Rowney,  it  contains  76*3  per  cent, 
ferric  oxide,  9-6  alumina,  11 '1  silica,  and  13'0  water,  besides  small  quantities  of  lime 
and  magnesia.  When  burnt,  it  becomes  brown-red,  and  yields  a  dark-red  powder.  It 
is  used  as  a  pigment^  both  in  its  natural  state,  tLBraweiena,  and,  after  ignition,  as  burnt 
sifna. 


TMUtA  r<l&IATA  TASTABZ.    A  name  of  potassium^acetate.     Sodium- 
acetate  is  sometimes  called  Terra  fol.  tart.  cryetaUisabiHe, 

TWMMA,  JAPOHZCA.     Syn.  with  Catbchv. 

TSXSA  JtKMWULm    Lemnian  earth  (iii.  670). 

TMMMJL  MZRACnnbOSA.    Obs(rfete  name  of  bole. 

TXKSA  SKV&ZATXCA.    Obsolete  name  of  magnesia. 

TBBKA  VOBZ&ZS*    A  name  applied  by  Bergemann  to  the  diamond,  at  a  time 
when  its  real  nature  was  not  known. 

THKltA  FOVBflXOSA.    An  old  name  of  baryta.     Terra  jMmderosa  salita, 
old  name  of  barium-chloride. 

See  Uhbkr. 

IOIBHiZS.    One  of  the  three  elementary  earths  assumed  by 
Becher,  and  supposed  to  be  espedally  abundant  in  siliceous  minerals. 


Syn.  with  Apophtllite  (i.  361). 

r&ZTBS.  A  name  applied  to  the  native  arsenides  of  cobalt, 
smaltine  and  skutterudite,  both  of  which  crystallise  in  the  monometric  or  tesseral 
system  (i.  1041). 

Syn.  with  Albitb.    (See  Fklspab,  ii.  621.) 

&T.    See  CnTsTALLOORAPHY  (ii.  121,  144). 

A  prefix  applied  to  compounds  containing  4  at.  of  a  chlorous  element 
to  1  at.  of  a  basyloua  element:  e.g.,  tetrachloride  of  tin,  SnCP;  also  to  substitution* 
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componnds,  in  wfaieh  4  at  hydrogen  are  replaced  by  a  radicle,  simple  or  oompoond: 
e^.,  tetrachloroqninone,  tetramethylammoninm,  &a 

Syn.  with  Scafoutb  (p.  203). 

or  TBTmASBCATn.  C><H* ;  also  called  Nyrittyl—ThB 
fourteenth  term  of  the  series  of  alcohol-radicles,  OH^'*'^ — Tetradec^fUc  hydride, 
O^'H**,  is  one  of  the  constituents  of  American  petroleom :  it  boib  between  236^  and 
240^,  and  is  conyerted  by  chlorine  into  the  corresponding  chloride,  C'*H'*CL — Tstra- 
deeyUe  or  Mjfristie  Alcohol,  or  Methal,  C'^H^O,  is  one  of  the  constitnents  of  sper- 
maceti (iii.  1072). 

NatiTe  tellnride  of  bismuth  (p.  707). 

FaU-^fre,  Qr^  Copper,  FahUrs,  Kvpferfahlere,  Panabase. 
— ^Varieties :  Polytelite,  WetaegUtigert  or  Silber/ahlere;  Sekwaregdtigers  and  Orai&' 
ffiUjaere  ;  Spofdolite  or  Queekailber/ahlere, 

The  name  tetrahedrite,  or  fthl-ore,  is  applied  to  a  group  of  isomoiphoos  nunerals, 
crystallising  m  hemihedral  forms  of  the  monometric  or  regular  system,  and  consisting 
of  mixtures  of  sulphur-salts  (sulphantimonites  and  sulpharsenites),  in  which  the 
sulphur  of  the  base  is  to  that  of  the  acid,  for  the  most  part,  as  4 :  3.    The  general 

fonnula  of  the  group  is,  therefore,  !^m  ,  j^^[  ^  g^  'As'  !^*'  ^^  symbol  M 
denoting  Cu  {euproeum)  and  Ag,  and  N"  denoting  Fe,  Sn,  and  Hg  (»  200). 
The  forms  of  most  frequent  occurrence  are  the  regular  tetrahedron,  ^  (Jig,  190,  ii. 

202  O 

230),  the  triakis-tetrahednm    ^     (fig.  796),  and  the  combinations   +  ^    •  odOoo 


2 
0^.197,11231), +  ?  .  ooO  (/^.  203,  U.  232X  +§  •  +^C^.797).  +^ 

ooO  ifig.  798),  +  ^  •  ooO  •  '^1  and  others. 

F^.  797. 
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Twin-^stals  occur,  with  octahedral  oomposition-fi&ce.     Cleavage  octahedral   in 

traees.    The  mineral  also  occun  granular  to  impalpable,  and  compact*    Hardness  la 

Z^.  798.  3  to  4-5.    Snedfic  grarity  a  4*5  to  611.    Lustze 

metallic  Colour  between  steel-grey  and  iron-black. 
Streak  generalljr  the  same  as  the  colour.  Opaque,  or 
snbtranslucent  in  very  thin  splinters,  with  ^eny- 
red  transmitted  colour.  Fracture  subeonchoidal,  un* 
eren.    Bather  brittle. 

Before  the  blowpipe,  it  ^yes  off  fumes  of  antimony 
and  sometimes  cf  arsemc,  then  melts,  and  after 
roastinff  leares  a  globule  of  cop^r.  When  pulverised, 
it  dissolTes  with  little  residue  in  nitric  acid,  forming 
a  brownish-green  solution. 

The  best  mode  of  analysing  tetrahedrite  is  that  of 
H.  Boss,  which  consists  in  heating  the  mineral  in  a 
stream  of  chlorine;  the  metals  are  thereby  converted 
into  chlorides,  some  of  which  are  volatile,  while  others  are  fixed,  a  division  which 
greatly  facilitates  the  farther  separation  (p.  637). 

Analvtfs: — 1,  2.  H.  Bose  (Pogg.  Ann.  xv.  676). — 3.  Svanberg(EongL  Vetensk. 
Acad.  ForhL  iv.  85). — 4.  Bammelsberg  (HHneralchende,  y,  87). — 6,  6,  7.  H.  Bose, 
(toe.e%t,) — 8.  Genth  (Sill.  Am.  J.  xvi.  83^. — 9.  Scheidhauer  (Fogg.  Ann.  Iviii. 
16l).~10.  Yon  Hauer  (Jahrb.  Geolog.  Beichs.  1862,  p.  98):^ 
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1.  ClAasthal  •    . 
S.' Freiberg  .    ■ 

WermlaiMi.i 

A,  Meliebeis     • 

B.  Kapnlk     •    . 
€.  Gertdorf  .    . 

7.  AlMOe       •    . 

8.  Cabarraa,     N. 

Carolina 

Hnnnry 

10.    ••    ForatMh, 

Hungary. 


& 
M-73 
91-17 


28*34 
24*63 


Cu. 

34*48 
14-81 


Fn. 

2' 27 
5*98 


6*45 
0>99 


Afr. 

4-97 
31-29 


Hv* 


80*05    24-77    trace   32*91    1*31    6*40     3*09 


24*80  26-56 

28*77  23*94 

2^33  16-fi2 

26^83  12*46 


288 

7-21 

10*19 


80*47 
87*98 
38*63 
40-60 


3*52 

0*86 
4-89 
4-66 


3*39  10*48 

7*29  0-62 

2*76  2*37 

3*69  0-60 


s  100-24 

Pb  0*04,  Co  0-49  gangue  1*?9  s= 

100-37 
Pb  e-78  a  100-00 . 
c»  99*34 
=  98*71 
quaru  0  41  ■>  99*44 

a  100 


28*48   1776    1155   3078    1*49   2-88    1053    .    . 

28-34    18*48     3*98   35*90   4*90    1*01    trace     7*62  quarti  2*78  s  97*86 

24*87    25*48   trace   80*58    1*46    .     .     0*09    16*69  «  98-58 


Most  of  these  analyses  agree  nearly  with  the  general  fonnula  above  giyen. 

When  the  mineral  contains  much  silver,  it  is  called  Polytdite^  Silber/ahl'ore,  or 
WetaMtUigertf,  A  variety  of  this  mineral,  which  occurs  massive  and  fine-granular,  of 
spedne  gravity  6*438  ana  6*465,  at  the  "Hofihung  Gottes''  mine,  near  Freiberg,  con- 
tains 36  to  38  per  cent,  lead,  together  with  22-53  S,  22-39  Sb,  6-92—5-73  Ag,  3-72— 
8*88  Fe,  8*16— 6'7  Zn,  0*19 — 0*32  Ca  «  100.  In  this  mineral  the  sulphur-ratio  for 
the  bases  and  acids  is  3  :  2 ;  but  it  may  be  regarded  as  tetrahedrite,  if  some  of  the  bases 
are  reckoned  as  impurities. 

An  ore  firom  mine  Altar,  near  Coquimbo,  was  found  by  Field  (Chem.  Soc  Qu.  J.  iv. 
832)  to  contain  30-36  per  cent.  8,  3-91  As,  20-28  Sb,  36*72  Cu,  7*26  Zn,  1-23  Fe, 
0*075  Ag,  and  0*008  Au.  It  is  soft;,  of  greasy  appearance,  greenish-grey,  slightly 
reddish,  and  yields  a  bright-red  powder.  Doraeyko  considers  it  impure,  containing 
blende,  pyrites,  and  galena.  Ettling  observes  that  it  is  analogous  in  constitution  rather 
to  enareite  than  to  tetrahedrite,  corresponding  to  the  formula  4M*S.(Sb* ;  As')S*. 

Aphtnomte^  or  ^toniUt  from  Wermland,  Sweden,  has  a  steel-grey  colour,  and  black 
streak ;  hardness  «  3 ;  specific  gravity  ==  4*87.  It  gives  the  fonnula  7M^S. 
{Sb«;As«)S». 

Anniviie  is  a  massive  ore  from  the  Anniviersthal  in  the  Valais,  containing  (after 
deduction  of  9*4  per  cent  of  quartz)  26*22  per  cent.S,  12*10  As,  9*71  Sb,  6*46  Bi, 
39*26  Cu,  4*15  Fe,  2*22  Zn  »  99*21,  which  agrees  nearly  with  the  formula  SM^'S. 
(Sb' ;  As';  Bi')S* ;  but  the  mineral  does  not  appear  to  have  been  completely  examined. 
S^enngott  {fjebersickif  1S56,  p.  120)  regards  it  as  an  impure  tetrahedrite! 

TennantiUt  which  is  a  sulpharsenite  of  oopper  and  iron,  isomorphouswith  tetrahedrite, 
is  by  some  mineralogists  regarded  as  a  variety  of  the  latter ;  but  its  composition 
does  not  agree  with  the  formula  4M'S.As'S^  but  rather  with  7M'S.2As*S*.    (See 

I^UTNANTITB,  p.  720.) 

For  a  full  discussion  of  the  formula  of  tetrahedrite,  see  BammeUberg-s  Mineral'' 
ehemie  (pp.  90—99). 

Large  tetrahedral  crystals  of  tetrahedrite,  having  mostiv  a  rough  dull  surface,  are 
found  in  the  Cornish  mines  near  St.  Austel.  More  brilliant  and  highly  modified 
crystals  occur  at  Andreasbeig  in  the  Harz,  Kremnitz  in  Hungaiy,  Freiberg  in  Saxony, 
Kapnik  in  Transylvania,  and  Dillenberg  in  Nassau.     (Dana,  ii.  82.) 

TaTBAIIinnWTU»JLMlIOMlUM«     See  Msbcdbt-basbs,  Ammoniagai.    (iii. 

917). 

TWmULMMTML K  JLAMMOWIUM.  N(CH')^.— Most  of  the  compounds  of  thiB 
base  have  been  already  described  (iii.  999).  Stahlschmidt  (Fogg.  Ann.  cxix.  421 ; 
Jahresb.  1863,  p.  403^,  by  treating  tri-iodide  of  nitrogen,  or  tri-iodamide,  NI',  *  with 
an:  excess  of  methyuc  iodide,  has  obtained  penta-iodide  of  tetramethyl- 
ammonium,  together  with  iodoform : 

2N1«  +   9CH»I     -     2N(CH«)*I»  -f  CHI"   +  2HI. 

The  brown  liquid  resulting  from  the  reaction,  is  almost  wholly  soluble  in  boiling 
absolute  alcohol;  the  solution,  on  cooling,  deposits  green  crystals  of  the  pentaiodide; 
and  the  mother-liquor,  on  further  evaporation,  yiel£  iodoform. — If  the  liquid  con- 
tains free  ammonia,  protoiodide  of  tetramethylammonium  is  likewise  formed, 
and  unites  with  the  iodoform,  producing  the  crystalline  compound,  C^^^NI'  a 
N(CH«)*I.2CHI«. 

The  pentaiodide  of  tetramethylammonium  easily  gives  up  4  at.  of  its  iodine  to 
alkalis  and  reducing  agents.  With  aqueous  potash,  it  forms  a  yellow  solution,  which 
contains  the  protoiodide,  together  with  iodide  and  iodate  of  potassium,  and,  when 
treated  with  acids,  again  yields  the  pentaiodide. 

*  Stahlscbirldt  flndi  that  when  «  solution  of  iodine  In  absolute  alcohol,  saturated  at  ordinary  tom- 
pcratures,  is  mixed  with  8  or  4  toIs.  of  strong  aaueous  ammonia,  the  resulting  precipitate,  after 
thorough  washing  with  cold  water,  has  the  composition  of  tri-iodamide,  NP  ;  but  if  the  iodine- 
solution  be  mixed  with  3  or  3  vols,  of  a  saturated  solution  of  ammonia  in  absolute  alcohol,  the  precipi- 
tate, after  bciug  well  washed  with  absolute  alcohol,  cousists  of  d  1  -  i  o  d  a  m  i  d  c,  NH1-. 
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On  mixing  a  warm,  saturated,  aloc^olic  solution  of  the  pentaiodide  with  aqaeon^ 
ammonia,  or  heating  the  pulverised  compound  with  strong  aqueous  ammonia,  or 
mixing  an  alcoholic  solution  of  iodine  with  iodide  of  tetnunethylammonium  and 
ammonia,  a  brown-black  or  dark-green  explosive  compound  is  formed,  oonsisting  of  a 
compound  of  tri-iodide  of  tetramethylammonium  with  di-iodamide:  CH'^NS*  — 
17(CH')*P.NHI*,  or  less  probably  of  di-iodide  of  tetramethylammonium  and  tri- 
iodamide,  N(CH*)*I*.NP.  This  compound  may  be  dried  without  decomposition,  if  the 
drying  be  carefully  conducted ;  but  it  explodes  easily  when  touched  with  a  feather,  or 
with  oil  of  vitriol,  or  when  heated  above  100®.  It  is  insoluble  in  water  and  in  dilate 
alcohol ;  but  hot  absolute  alcohol  dissolves  it,  apparently  with  decomposition,  and 
formation  of  tetramethylammonium-pentaiodide. — Nitrate  of  sUver  removes  all  the 
iodine  in  the  form  of  silver-iodide.  The  compound  is  decomposed  by  boiling  potaak- 
ley^  with  formation  of  a  small  quantity  of  iodoform.  With  mdph^rio  oM  it  daeom- 
poses  in  the  manner  shown  by  the  equation: 

C*H'«NP  +  8H^  -  N(CH»)<I  +  NH<I  +  SHI  +  S«. 
ffydrochloric  acid  also  decomposes  it,  with  separation  of  iodine.  (Stahlsehmidt) 

THTAUkaMBTH » A^JfTHTtaifa*  When  1  vol.  ethylenic  bromide  is  heated 
with  2  vols,  methylic  sulphide  to  100°,  the  two  bodies  gradually  unite  into  a  ciyrtal* 
line  mass,  consisting  of  tetram ethyl- ethylene-sulphobromide,  CWB[*^Bi%»  — 

/nwY'  [  ^' « » '^^^  dissolves  easily  in  water,  and  separates  therefirom,  by  evaporatioa 

in  avacu  m,  in  well-defined  crystals.  This  compound  dissolves  in  all  proportions  of  hot 
water,  le  s  freely  in  alcohol,  not  at  all  in  ether,  and  is  precipitated  by  ether  from  the 
alcoholic  solution,  in  white  prisms.  When  treated  with  a  silver-salt,  it  forms,  togniher 
with  bromide  of  silver,  a  cry stalli sable  very  deliquescent  compound.  With  recently 
precipitated  silver-oxide,  it  yields  a  caustic  alkaline  solution,  containing  the  oxide 
(CH')^(G'H^)S-0.  The  deliquescent  hydrochlorat«  forms,  with  platinic  chloride,  the 
double  salt  (CH»)*(C«H*)I^P.PtCl*.  (Cahours,  Compt.  rend.lx.  620, 1147 ;  Jahresb. 
1865,  p.  477.) 

TBT&AVXTmOVAraTBAUnnk  Gi^^H^NO*)*.— Trinitronaphthalette  (ir. 
15),  treated  with  fuming  nitric  acid  in  sealed  tubes,  is  converted  into  tetranitronaph- 
thaiene ;  ajid  both  nitro-compounds,  when  acted  upon  by  iodide  of  phosphorus,  yield 
iodides  of  polyatomic  bases,  analogous  to  iodide  of  picrammonium  (iv.  640).  (Laute- 
mann  andD'Ajuiar,  Bull.  Soc  Chim.  1864,  i.  431.) 

TBT&AVBOSPBAMZC  ACZB8.  (Gladstone,  Froc.  Boy.  Soc  rv.  515.) — 
These  are  amic  acids  derived  from  tetraphosphoric  acid,  P<H*0"  (the  acid  of  Fleit- 
m  a  n  n  and  Henneberg's  phosphates,  iv.  537),  and  produced  by  the  action  of  water  on 
the  compounds  of  phosphoric  oxychloride  with  ammonia.*^ — DUraphosphoietramie  acid, 

P^(NH')^H^O',  or  ^0^  At»  is  ^  ^^^  stable  body,  insoluble  in  alcohol,  but  soluble  in 

water,  and  combining  readily  with  bases,  the  amount  of  replaceable  hydrogen  appear- 
ing to  vary  from  1  to  6  atoms. 


IS 


Triammonuited  Teiraphosphodiamie  Acid,  T*(SWf(Tm*yH.O^^  «         H» 

(NH«)* 

a  viscid  liquid,  insoluble  in  alcohol,  but  very  soluble  in  water.  It  forms  a  liquid 
compound  with  ammonia,  but  metallic  salts  appear  to  break  it  up  into  a  variety  of 
bodies.  By  the  action  of  heat,  boiling  water,  strong  acids,  or  alkaline  carbonates,  it 
may  be  converted  into  tetraphosphotetramic  acid.  Among  the  bodies  formed  from  it 
when  heated  alone,  is  a  white  substance,  insoluble  or  neariy  so  in  cold  water,  and 
having  the  same  composition  as  ammonium-metaphosphate,  PNHK)* ;  this  substance 
is  at  once  transformed,  by  hot  water  or  dilute  acids,  into  pyrophosphodiamic  acid. 

TetraphosphopentazoUc  Acid,  P'N*H»0*,  is  formed  when  oxychloride  of  phosphonis 
is  fully  saturated  with  ammonia,  and  the  resulting  mass  is  heated  to  about  230^,  and 
washed  with  cold  water.  It  is  an  insoluble  body  capable  of  decomposing  metallic 
salts,  and  contains  1  at.  of  hydrogen  replaceable  by  potassium  or  ammonium. 
When  treated  with  slightly  acidulated  nitrate  of  silver,  it  yields  a  tetrazotio  salt, 
P*N*H*Ag'0';  which,  when  decomposed  by  mineral  acids,  yields  tetraphosphotetramic 
acid  and  other  compounds.  [For  the  discussion  of  the  rational  formulae  of  aU  these 
compounds,  see  the  original  paper  above  cited.] 

TST&AVB08VBATB8.  This  name  may  be  applied  to  one  of  the  classes  of 
phosphates  discovered  by  ileitmann  and  Henneberg,  namely  M*P«0"  (iv.  687). 

•  Phofpboric  oxychloride  absorbs  either  3  or  4  molecules  of  ammonia,  forming  white  solids,  probably 
contistin/ of  sal-ammoniac,  mixed.  In  the  one  case,  irlth  P(NH>)C1*0,  and  In  the  other  with 
rCNH^y'ClO.    (Gladstone.) 
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•rar&ASV&VXOBZFBXn&BVZO  AOXS.  C'*H*.4H*S0^— An  acid 
formed,  together  with  trisalphodiphenylenic  acid,  C*^H*.3H'S0\  by  heating  sulphate 
of  diacobenzidine  (tetxazodiphenyl)  with  strong  sulphuric  acid  (iv.  413). 

See  SuifHTJR,  OXTOEN-ACIDS  OF  (p.  641). 

G"H*N^    Syn.  with  Diazobbnubinb  (ir.  412). 

JKn>OBB»ZO&.     C^H^N*.     Syn.  with  Diazo- 
BBNziDnfB-Aini.iiva  (iv.  413). 

TaTBAKOXXVBBVnZlSZBa.  l^H'(C"H<N*/^— A  compound  produced  by 
the  action  of  aqueous  ammonia  on  perbromide  of  diazobenzidine  (iv.  412). 

Syn.  with  triphyline.    (See  Phosphatbs,  iy.  672.) 

Syn.  with  Tbtrtudib. 

bABEMOnVM.  N(C*H*)\  Most  of  the  compounds  of  this  base 
have  been  already  described  (ii.  561). — ^A  chloriodide,  N(G''H*)^Cl4,  is  produced  by 
adding  aqueous  protochloride  of  iodine  to  a  solution  of  chloride  of  tetrethylammonium 
in  dilute  hydrochloric  acid.  On  gently  heating  the  liquid,  and  leaving  it  to  stand,  the 
chloriodide  is  deposited  in  large  fern-leaf  crystals,  belonging  to  the  regular  system. 
It  is  more  soluble  in  dilute  hydrochloric  acid  than  in  water,  which  latter  causes 
decomposition.  The  solution  reacts  like  protochloride  of  iodine.  (W.  A.  Tilde n, 
Chem.  Soc.  J.  xiz.  145.) 

The  following  compounds  of  tetrethylammonium  with  metallic  acids  have  been 
examined  by  A 1.  Classen  (J.  pr.  Chem.  xciii.  446 ;  Jahresb.  1864, p.  420) : 

Tungstate,  (C»ff»N)«0.2W0»    ....        deliquescent. 

Molybdate,  (C*H«N)*0.2MoO*.3H«0         .        .  deUquesoent. 

«,        ,1  (C«H»N)«0.6SnO«.H«0 }  j  insoluble  quadratic 

^^'^°*^^»  KC»H"Ny0.7SnO«.H«0  (         '        '  J     octahedrons. 

Neutral  chromate,  (G*H*«N)*O.CrO<  ...  not  crystallisable. 

Bichromate,  (C«H»N)H).2CrO«.        .        .        .  prismatic  ciystala. 

Arronate,  (C»k"»N)H).AB«0*     ....  crystaUine. 

Antimonate,  2(C«H»N)«0.8b*0»        .        .        .  deliquescent. 

Most  of  these  salts  are  obtained  by  treating  the  metallic  acid  with  a  solution  of  the 
base ;  the  chromate  by  decomposing  chromate  of  silver  with  hydrate  of  tetrethylammo- 
nium. When  heated,  they  yield  offensive>smelling  products,  the  dichromate  decom- 
posing explosively. 

TBTBTZi,  or  Binnr&.  C*H*.— The  fourth  alcohol-radicle  of  the  series  C"H^+*. 
In  the  free  state,  its  molecule  contains  C'H",  so  that  it  is  isomeric,  or  perhaps  identi- 
cal (iii.  182),  with  octylic  hydride,  C"H".H.  It  was  first  isolated  by  Kolbe  (Chem. 
Soc  Mem.  iii.  278;  Chem.  Soc.  Qu.  J.  ii.  157),  who  obtained  it  by  the  electrolysis  of 
valerianic  acid,  and  named  it  Valyl;  Wurtz  (Ann.  Ch.  Pharm.  xciii.  112;  xcvi. 
364)  afterwards  obtained  it  by  the  decomposition  of  tetiylic  iodide,  and  examined  its 
properties  more  fully. 

Preparation, — 1.  By  the  action  of  Potaeeiumor  Sodium  on  Tetrylie  Iodide, — 100  pts. 
of  tetrylie  iodide  and  13  or  14  pts.  of  sodium,  are  introduced  into  a  flask,  provided  with 
an  upright  condensing^tube  kept  cool  by  ice-water.  The  action  begins  at  ordinary 
temperatures,  with  evolution  of  heat,  the  sodium  swelling  up,  and  gradually  b^ 
coming  covered  with  a  blue  crust.  As  the  action  slackens  it  must  be  accelerated  by 
external  heat,  and  the  liquid  kept  boiling  till  the  blue  colour  of  the  sodium  has  disap- 
peared, and  the  flask  contains  a  white  mass  of  sodium-iodide  saturated  with  tetryl. 
The  tetryl  is  then  distilled  from  the  flask,  and  the  distillate  r«Hrtified  over  sodium,  till 
the  metal  completely  retains  its  lustre  in  the  boiling  liquid,  and  is  no  longer  attacked. 
The  oortion  which,  in  the  last  rectification,  distils  over  between  106^  and  108^  is  pure 
tetiyl.  When  potassium  is  used,  a  considerable  quantity  of  the  tetryl  is  resolved  into 
tetrylie  hydride  and  t«trylene :  C«H'«   -  C*H"   +   C'H".    (Wurta.) 

2.  By  the  EUeirolyeis  qf  Valerianic  Acid : 

2C»H"0«     -     C»H'»  +   2C0«  +  H». 

— When  an  electric  current  of  four  Bunsen's  cells  is  passed  through  a  cold  saturated 
solution  of  potassic  valerate, — hydrogen,  carbonic  anhydride,  and  tetiylene  gases  are 
evolved,  and  an  oily  liouid  rises  to  the  surface,  consisting  of  tetryl  and  tetrylie  vale- 
rate. On  boiling  this  liquid  with  an  alcoholic  solution  of  potash,  valerate  of  ]potas- 
sium  gradually  separates,  while  the  tetiyl  remains  dissolves!  in  the  alcoholic  liquid, 
and  may  be  purified  by  washing  with  water,  drying  over  chloride  of  calcium,  and 
rectification.     (Kolbe.) 

PtoperHea, — Tetryl  is  a  colourless  oily  liquid,  having  a  faint  but  agre^^able  odour, 
and  a  slight  taste,  with  burning  aftertaste.     Specific   gnivity    »    0*694  at  16^ 
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(Kolbe);  07135  at  0^  (Kopp) ;  0*7057  at  0^  (Wnrts).  Its  ezpannon-eoeffieient 
(between  11^  and  88^),  is,  accoitiing  to  Kopp: 

00012125^  -I-   000000027933/*  -I-   0*000000016297^. 

It  boils  at  108^  (Kolbe) ;  at  lOS-6^  (Wnrtz) ;  at  106<)  nnder  a  baiometzie  preMmre 
of  745nun.  (Kopp),  and  difltila  completely  wiUiout  decomposition.    VaiwiiiHlensity 

-  4053  (Kolbe) ;  4070  (Wnrts);  407  and  3*88  (Or.  Williams);  the  calculated 
valae(C»H"  =  2  toIb.)  is  8-96. 

Tetryl  is  insoluble  in  water,  bat  mixes  in  aU  proportions  with  alcohol  and  ether. 
None  of  the  tetryl-compoonds  can  be  directly  prepared  from  it. — Chlorine  and  bromine 
act  upon  it,  bat  form  sabetitntion-prodacts. — Witb.  peniackloride  of  antimony  it  yields 
hydrochloric  acid  and  chlorinated  products  not  yet  examined. — PentaeUoride  of 
phosphorus  is  decomposed  by  it  only  after  long  boiling,  with  formation  of  trichloride 
of  phosphoms,  chlorinated  tetiyl,  and  hydrochloric  acid.  When  the  vapoors  of  iodine 
and  tetryl  are  passed  together  orer  spongy  platinum  heated  in  a  tube  to  300^,  a  large 
quantity  of  hydriodic  add  is  formed^  together  with  a  small  quantity  of  an  iodiwd 
organic  substance,  probably  a  snbstitation-prodnct. — Hydrochloric  add  has  no  action 
upon  tetryl,  either  at  ordinary  temperatures,  or  at  a  temperature  near  that  of  boiling 
oil.    (Wurtz.) 

Tetryl  forms  compounds  with  other  alcohol-radides. 

Tetry  1-ethyl,  C«H»*  -  C^H».C*H»,  obtained  by  the  action  of  sodium  on  a  mix- 
ture of  tetry  lie  and  ethylic  iodides,  has  been  already  described  (iL  525). 

Tetry  1-amyl,  (y*H'*  -»  C*H'.C*H",  is  prepued  by  decomposing  a  mixture  of 
tetiylic  and  amylic  iodides  with  sodium,  in  the  manner  described  for  Uie  preparation 
of  tetiyL  The  greater  part  of  the  resulting  liquid  distils  over  between  130^  and  1 40^, 
and,  by  repeated  fraetlonaldistillation,  pure  tetryl-amyl  is  obtained  as  a  colourless  liquid, 
boiling  at  132^,  having  a  specific  gravity  of  0*724  at  0^.  Vapour-density  «•  4*46  (calc. 

-  4-42).    (Wurtz.) 

Tetry  1-hexyl,  C*'H**  -  C«H*.C«H",  is  obtained  by  the  electrolysis  of  a  mixture 
of  (Buanthylate  and  valerate  of  potassium.  The  oily  liquid,  which  ooUects  on  the  sur- 
face of  the  aqueous  solution,  is  a  mixture  of  several  hydrocarbons ;  and  when  subjected 
to  fractional  distillation,  ^elds,  between  100°  and  140^,  a  liquid  containing  tetiyl-hexyl, 
which,  when  further  rectified,  boils  between  156°  and  160°,  and  exhibits  a  vapour- 
density  of  4'917  (calc.  «  4*907) ;  but  it  has  not  been  obtained  pure. 

TBTBT&,  AOSVATBS  OV.  C«H>*0'.— There  are  two  ethers  having  this 
composition,  the  one  corresponding  with  normal  tetiylic  alcohol,  the  other  with 
isotetiylic  idcohol  (infra). 

Nomud  Tetrylie  Acetate,  C<H».C*HH)«    -    ^^(^»  "  produced  by  distilling 

equivalent  quantities  of  dir  acetate  and  tetrylsulphate  of  potassium,  or  by  heating 
normal  tetiylic  iodide  with  a  alight  excess  of  silver-acetate  in  a  glass  tube,  an3 
distilling  off  the  resulting  liquid.  The  distillate  is  purified  by  washing  with  a  dilute 
solution  of  sodic  carbonate,  then  dried  over  chloride  of  calcium,  and  rectified.  It  is  a 
colourless  liquid,  of  agreeable  odour,  specific  gravity  »  0*844  at  16°,  and  boiling  at 
114°.  Vapour-density  »  4*073;  calc.  »  4*017.  By  prolonged  boiling  with  potash, 
it  is  resolved  into  acetic  acid  and  normal  tetrylie  alcohol.  (Warts,  Ann.  Ch.  Fharm. 
xciii.  121.) 

Isotetrylio  Acetate,  perhaps  ^^^']n*H'0*'  ^^  produced,  together  with  tetzylene,  by 

heating  isotetrylic  iodide  (obtained  from  erythromannite,  p.  736),  with  acetate  of 
silver  in  sealed  tubes.  On  distilling  off  the  tetrylene,  the  isotetiylic  iodide  remains, 
and  may  be  purified  like  the  normal  ether.  It  is  a  colourless  liquid,  boiling  at  111° 
to  113°,  and  having  a  strong,  agreeable,  aromatic  odour,  but  not  fruity,  like  the  normal 
acetate.    (De  Luynes,  Jahreeb.  1864,  p.  501.) 

TJBTMIJ*  JLZiCOBO&S.  G«H*«0.— In  the  article  "  Sboorbabt  and  Tkbtiabt 
Alcohols  **  (p.  216),  it  is  observed  that  there  are  three  possible  tetzyl  or  butyl  alcohols, 
represented  by  the  following  formal» : — 
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An  alcohol  having  the  composition  C^H^'O,  is  produced,  together  with  ethylic  and 
amylic  alcohols,  in  the  fermentation  of  sugar,  and  is  found  in  the  fusel-oil  obtained  frt>m 
mangold-wurzel,  and  sometimes  in  that  obtained  from  potatoes.  This,  which  was  dis- 
covered  by  Wurts  in  1852  (Oompt.  rend.  xxxv.  210;  Ann.  Ch.  Fharm.  zdii.  107X 
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And  18  distingaiBhed  as  nonnal  totirlie  or  bntjlic  alcohol,  ia  auppoaed  to  be  tlie  primaiy 
alcohoL  An  alcohol,  moat  probably  identical  with  it, has  been  obtained  bySchoyen 
(Ann.  Ch.  Pharm.  czxz.  233),  by  heating  chloride  of  tetryl  prepared  fronx ethyl  (p.  734) 
with  acetate  of  ^taaaium  and  glacial  acetic  acid,  whereby  it  is  converted  into  tetiylic 
acetate,  and  distilling  this  compound  ether  with  baryta-water. 

An  abnormal  tetrylic  alcohol  (whether  secondary  or  tertiaxy  has  not  ^et  been 
ascertained)  is  produced  by  distilling  the  iodide  or  the  acetate  of  tetiyl,  obtained  from 
erythromannite,  with  potash. 

a.  Normal  Tetrylic  Alcohol,  C*H"0  -  ^*^|  O.    HydraU  of  Tetryl     Tetrylic 

Hydrate,  (Wurtz,  loc.  cit.) — ^This  alcohol  was  first  obtained  from  potato-fusel-oil,  in 
wnieh,  however,  it  is  not  always  present.  It  is  best  prepared  by  subjecting  the  fusel- 
oil  obtained  in  the  rectification  of  mangold-wuizel  molasses  to  fractional  distillation, 
the  portions  which  distil  over  between  SO"*  and  105^  106''  and  115^  lld^'  and  125^, 
being  collected  apart.  The  first  portion  is  washed  with  water,  and  the  separated  oily 
layer  repeatedly  rectified,  the  portion  which  passes  over  at  104^  being  each  time 
collected  apart.  The  latter  is  mixed  with  the  portion  which  distilled  over  between 
106^  and  115^  and  with  that  part  of  the  last  fraction  (between  116^  and  125^)  which, 
when  the  latter  was  repeatedly  rectified,  passed  over  below  115^.  The  whole  of  the 
distillates  obtained  between  105^  and  115^  are  then  mixed  together,  and  boiled  for 
forty-eight  hours  with  a  concentrated  solution  of  caustic  potash,  in  such  a  manner  that 
the  vapours  may  be  condensed  and  allowed  to  run  back  again.  The  impure  tetrylic 
alcohol  is  then  distilled  over ;  separated  from  the  water  which  passed  over  with  it ; 
afterwards  mixed  with  half  its  weight  of  quicklime,  to  dehydrate  it  more  completely,  and 
distilled  off  after  standing  for  twenty-four  hours ;  this  distillate  is  repeatedly  rectified 
and  the  portion  which  passes  over  between  108°  and  110°  is  collected  apart:  if  the 
boiling-point  remains  within  these  limits  during  the  distillation,  the  tetrylic  alcohol 
thus  obtained  is  very  nearly  pure.  The  process  of  rectification  may  be  considerably 
abridged  by  interposing  between  the  fiask  and  the  condensing  apparatus  an  upright 
tube  with  two  bulbs,  and  having  a  thermometer  inserted  into  its  upper  part ;  the  less 
volatile  portions  then  condense  on  the  sides  of  the  tube,  and  run  back  into  the  flaitk, 
whereby  the  separation  of  the  more  volatile  portions  is  greatly  facilitated.    (Wurtz.) 

For  complete  purification,  the  tetiylic  alcohol  is  converted  into  iodide  of  tetryl, 
which  boils  at  121°,  and  is  easily  separated,  by  fractional  distillation,  from  iodide  of 
ethyl  boiling  at  74°,  and  iodide  of  amyl  at  146°  ;  the  iodide  of  tetzyl  is  converted  into 
acetate  hj  treating  it  with  acetate  of  silver ;  the  acetate  of  tetryl  decomposed  by  con- 
tinued boiling  wiui  strong  solution  of  potash,  the  vapours  being  condensed  and  made 
to  run  back ;  and  the  tetiylic  alcohol  thereby  separated,  is  deecanted  and  rectified 
over  caustic  baryta. 

iVoper^tss.-^Tetrylic  alcohol  is  a  transparent  colourless  liquid,  more  mobile  than 
amylic  alcohol,  and  having  an  odour  similar  to  that  of  the  latter,  but  less  pungent  and 
more  vinous.  It  does  not  turn  the  plane  of  polarisation  of  light.  Specific  gravity  » 
0*8032  at  18*5°.    Boiling-point  -  110°    Vapour-density,  obs.  -  2*689;  calc  »  2*565. 

Tetiylic  alcohol  dissolves  in  10}  times  its  weight  ofwaier  at  18°,  and  is  precipitated 
therefrom,  as  an  oily  layer,  on  addition  of  chloride  of  calcium,  chloride  of  sodium,  or 
any  other  easily  soluble  salt.  It  dissolves  chloride  of  calcium,  forming  a  crystaHisable 
compound ;  also  recently  fused  chloride  of  trine,  forming  a  syrupy  liquid. 

Decompositions. — 1.  Tetrylic  alcohol  takes  fire  on  the  approach  of  a  burning  body, 
and  bums  with  a  bright  fiame. — 2.  Potassium  decomposes  it,  with  evolution  of  hydro- 
gen, forming  tetrylate  of  potassium,  C*H'KO. — 3.  Caustic  potash,  in  a  state  of  fusion, 
converts  it  into  butyric  acid,  with  evolution  of  hydrogen,  and  formation  of  a  butyrat«>, 
Whendropt  upon  sodorlime  heated  to  260^,  it  is  likewise  decomposed,  with  evolution  of 
hydrogen,  ana  formation  of  a  butyrate. — 4.  Hvdrochlori'i  acid  heated  in  a  sealed  tube 
with  tetiylic  alcohol,  converts  it  into  chloride  of  tetrrl  (p.  724). — 6.  Pentachloride 
and  oxvchloride  of  phosphorus  likewise  convert  it  into  chloride  of  tetiyl. — 6.  Bromine 
and  ^nosphorus,  added  alternately  in  small  portions,  convert  tetiylic  alcohol  into 
bromide  of  tetryl,  with  evolution  of  hydrobromic  acid  (p.  734). — 7.  Similarly,  iodine 
and  phosphorus  give  rise  to  the  formation  of  iodide  of  tetryl  (p.  736). — 8.  Oil  of 
vitriol  acts  violently  on  tetrylic  alcohol,  the  mixture  becoming  very  hot  and  strongly 
coloured,  while  sulphurous  acid  is  evolved,  and  an  oilv  layer  separates  out,  consisting 
chiefly  of  hydrocarbons  polymeric  with  tetrylene.  When  the  alcohol  is  rapidly  mixed 
with  excess  of  oil  of  vitriol,  great  heat  is  produced,  and  gas  is  given  off  in  small  quan- 
tity, which  may,  however,  be  increased  by  external  heating ;  it  consists  chiefly  of 
tetrylene,  together  with  sulphurous  and  carbonic  anhydrides.  When  tetrylic  alcohol  is 
gradually  mixed  with  an  equal  volume  of  oil  of  vitriol,  and  the  vessel  kept  cool,  tetryl- 
Bulphuric  acid  is  produced. — 9.  Tetrylic  alcohol  heated  with  excess  of  ffinc-chloride  is 
decomposed,  with  formation  of  tetrylene,  hydride  of  tetryl,  and  other  less  volatile 
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bjdxoearbons. — 10.  With  chloride  o/cyanoffen,  tetrylicaloobol  forms  chloride  of  tetiyl 
and  tetiyhc  urethane : 

2C^H'«0   +  CNCl     -     C*H»a  +  C»H"NO«. 

If  the  tetrylic  alcohol,  as  is  generailj  the  case,  contaiiis  a  little  water,  carbonate  of 
tetiyl  and  sal-ammoniac  are  formed  at  the  same  time : 

2C*H"0  +   CNCl  +  H«0     «     (C*H»)«CO»  +  NH'a 

(E.  Hnmann,  Ann.  Ch.  Pharm.  xc7.  256). — 11.  Tetiylic  alcohol  obtained  by  fermen- 
tation yields,  by  distiUation  with  gulphurie  acid  and  poiasne  diehromate,  a  mixture  of 
butyric  and  propionic  acids  with  the  corresponding  aldehydes  (Michael son,  Jahresb.- 
1864,  p.  336).  The  alcohol  obtained  by  Schoyen  from  teU^'lic  chloride,  as  abo^e 
mentioned,  also  yields  butyric  acid  when  subjected  to  the  same  treatment. 

Isotetrylio  Alcohol.  (De  Luynes,  Ann.  Ch.  Pharm.  czzriii  330,  cxxxii.  274; 
Jahresb.  1863,  p.  603 ;  1864,  p.  601.)y-This  alcohol  is  produced  by  the  action  of  moist' 
silTer-oxide  on  isotetrylic  iodide  (obtained  by  the  action  of  hydriodic  acid  on  ezythro- 
mannite,  ii.  606),  or,  better,  by  heating  isotetrylic  acetate  (obtained  by  decompoeiDgtha 
iodide  with  acetate  of  silyer)  to  100^  for  thirtjr  hours.  The  alcohol  then  separates  as 
an  oily  layer  on  the  surface  of  the  liquid,  and  may  be  purified  by  drying  with  carbonate 
of  potassium,  and  rectification,  finally  over  lumps  of  sodium.  It  is  a  colourless  liquid, 
having  a  strong  odour  and  burning  taste,  a  specific  gravity  of  0*86  at  0^,  and  boiling 
at  96^ — 98^  (about  10®  lower  than  the  normal  alcohol).  It  mixes  in  all  proportiona 
with  alcohol  and  ether ;  dissolves  also  in  toa^,  and  is  precipitated  from  the  solution 
by  carbonate  of  potassium ;  it  dissolves  chloride  of  calcium.  It  absorbs  hydriodie  adi^ 
forminff  isotetrylic  iodide,  identical  with  that  produced  by  the  action  of  hydriodic  acid 
on  eiyUiromannite. — ^With  bromine  it  forms  a  heavy  liquid,  which  strongly  attacks  the 
eyes,  and  varies  in  boiling-point  from  110°  to  158^. 

Isotetiylic  alcohol,  when  heated  for  some  hours  to  260°,  is  for  the  most  part  resolved 
into  water  and  tetzylene.  The  corresponding  iodide  gives  off  tetrylene  when  distilled 
with  alcoholic  potash.  These  isotetryl-compounds,  therefore,  like  the  /3-hexyl-oom- 
pounds  (iii.  162),  with  which  they  are  homologous,  show  a  great  tendency  to  give  up 
their  olefine.  In  this  respect  they  appear  to  react  more  like  compounds  of  tetrylene 
than  oi  tetiyl,  and  as  such  they  are,  m  fact,  regarded  by  De  Luynes, — the  alcohol  as 

C*H».H«0  or  C'E'I^qJ  ^®  ^^^  "  C^H».HI.    But  the  property  of  readily  giving 

up  the  olefine  does  not  afford  a  decisive  ai]^[ument  in  favour  of  this  view,  inasmuch 
as  the  same  property  is  possessed,  though  u  a  lees  marked  degree,  by  the  normal 
alcohols  C*H*"'*'H),  all  of  which,  when  treated  with  oil  of  vitriol  or  other  strong 
dehydrating  agents,  are  resolved  into  water  and  the  olefine. 

TBTBT&,  BBOMIBB  OV.  C*H*Br.  (Wurtz,  Ann.  Ch.  Pharm.  xciii.  114.)-. 
This  compound  is  prepared  by  the  action  of  bromine  and  phosphorus  on  tetrylic 
alcohol.  A  few  drops  of  bromine  are  added  to  tetrylic  alcohol ;  a  small  piece  of  phos- 
phorus thrown  in,  the  liquid  being  kept  cool  and  shaken  till  the  colour  of  the  bromine 
IS  destroyed ;  the  addition  of  bromide  and  phosphorus  then  repeated,  and  so  on  con- 
tinually, till  vapours  of  hydrobromic  acid  are  abundantly  evolved,  and  a  quantity  of 
bromine  has  been  added  at  least  equal  to  that  of  the  tetrylic  alcohol.  The  liquid  is 
then  distilled  at  a  temperature  not  exceeding  100°,  and  the  resulting  vaponrs  are  passed 
into  a  flask  containing  water,  which  dissolves  the  hydrobromic  acid,  while  the  impure 
bromide  of  tetryl  collects  at  the  bottom.  The  latter  is  washed  with  water,  dried  with 
a  little  chloride  of  calcium,  and  rectified ;  that  which  passes  over  at  89°  is  pure  bromide 
of  tetryL 

It  is  an  oily  liquid,  having  an  ethereal  odour,  and  boiling  at  89°.  Specific  gravity 
-  1-274  at  160.    Vapour^ensity.  obs.  -  4*720;  calc  =  4*749. 

Potassium  decomposes  bromide  of  tetryl,  slowly  at  ordinary  temperatures,  but  vio- 
lently when  heated.  When  the  two  substances  are  heated  together  in  a  sealed 
tube,  decomposition  begins  as  soon  as  the  potassium  melts,  a  large  quantity  of  gas 
(probably  tetrylene  and  tetrylic  hydride)  being  evolved,  and.the  tube  exploding  with 
violence. — Ammonia  acts  slowly  on  bromide  of  tetryl  at  ordinary  temperatures, 
forming  hydrobromate  of  tetrylamine.    (W  u r t  z. ) 

iQMJLTM  QTm    See  Cabbokic  Ethebs  (i.  801). 

»DB    or.    C'H*CL    (Wurtz,    Ann.  Ch.    Pharm.  zciii. 
113.) 

Prepared:  1.  By  the  action  of  hydrochloric  acid  on  tetrylic  alcohol.  When  the 
alcohdi  is  saturated  with  hydrochloric  acid  gas,  and  the  liquid  sealed  up  in  a  glass 
tube  is  heated  in  the  water-bath,  a  laree  quantity  of  chloride  of  tetryl  is  produced, 
and  may  be  obtained  pure  by  washing  the  product  with  water,  distilling,  and  sepamting 
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the  poztion  wluch  goes  oyer  between  70^  and  75^. — 2.  By  the  action  of  pentachloride 
or  ozychloride  of  phosphorue  on  tetrylic  alcohoL  The  alcohol  is  placed  in  a  flask 
with  a  long  neck,  iniich  must  be  kept  very  cool,  and  the  chloride  of  phosphorus  added 
by  small  portions.  Violent  action  takes  place,  attended  with  great  evolution  of  heat, 
and  the  pentachloride  is  oonverted  into  oxychloride,  which  then  acts  on  the  last  por- 
tions of  tetrylic  alcohol.  The  oxychloride  may  also  be  used  from  the  beginning 
instead  of  the  peotachloride,  in  which  case  the  action  is  less  violent.  In  either  case^ 
the  contents  of  the  flask  must  be  left  to  stand  for  24  hours,  and  then  distilled,  the 
portion  which  passes  over  below  100^  being  collected  apart;  this  portion  is  then 
crashed  with  water,  dried  over  chloride  of  calcium,  and  rectified,  collecting  separately 
the  portion  which  distils  over  at  70^. — 3.  By  the  action  of  chlorine  on  tetrylic  hydride. 
(Felouzeand  Cahours.) 

4.  By  distilling  amy  lie  alcohol  with  calcic  hypochlorite  (120  grms.  amylic  alcohol 
with  1,500  grms.  bleaching  powder,  and  2,600  grms.  water).  The  oily  distillate 
yields,  after  fractionation,  about  20  grms.  of  a  liquid  boiling  between  62^  and  64^ ;  and 
on  treating  this  with  oil  of  vitriol,  and  afterwards  with  potash  (to  remove  chloroform)^ 

Sure  tetrylic  chloride  is  obtained.  (F.  Gerhard,  Ann.  Ch.  Pharm.  czxii.  363; 
ahresb.  1862,  p.  409.) 
Chloride  of  tetryl  is  a  liquid  lighter  than  water,  and  having  an  ethereal  odour, 
recalling  also  that  of  chlorine:  specific  gravity  »  0*88  (Gerhard).  Boiling-point 
about  70°.  It  is  rapidly  decomposed  by  potassium,  with  rise  of  temperature  and 
evolution  of  gas  (Wurtz).  Chlorine  converts  it  into  trichloride  of  carbon. 
(Gerhard.) 

TJITMgJb,  OTAVXBS  OF.     See  Ctanidbs  (ii.  272). 

roXBKAiTa  OF.     See  Fobmio  Ethsbs  (ii.  695). 

ULTM  OF.    Normal  tetrylic  alcohol,  C^H*.H.O  (p.  732). 

»SlBa  OF.  C*H'»  «  C*H».H.  —This  compound,  discovered  by 
Wurts  (Ann.  Ch.  Pharm.  zciii.  112),  is  produced,  together  with  tetiylene,  by  heatini^ 
tetrylic  alcohol  with  excess  of  zinc-chloride.  When  the  gaseous  mixture  thus  evolved 
is  passed,  first  through  a  tube  surrounded  with  ice  and  inclined  upwards,  to  condense 
the  less  volatile  hydrocarbons  formed  at  the  same  time,  and  allow  them  to  flowback  again 
— ^then  through  a  tube  surrounded  with  a  freezing  mixture,  a  very  volatile,  mobile, 
colourless  liquid  condenses  in  this  tube,  and  on  being  removed  from  the  freezing  mix- 
ture, quickly  evaporates,  yielding  a  mixture  of  about  equal  volumes  of  tetrylene  and 
tetryhc  hyaride.  The  tetrylene  may  be  absorbed  by  a  coke-ball  saturated  with 
sulphuric  anhydride,  and  tetrylic  hydjnde  then  remains  nearly  pure. 

Tetrylic  hydride  is  one  of  the  constituents  of  American  petroleum,  being  found, 
according  to  Pelouze  and  Cahours  (Ann.  Ch.  Phys.  [4],  i.  5),  in  the  most  volatile 
portion  of  the  oil,  boiling  between  5'^  and  10°.  Ronalds  (Chem.  Soc.  J.  xviii.  54), 
by  subjecting  the  portion  which  distilled  between  0^  and  4°  (containing  tetrylic 
hydride  with  smaller  quantities  of  tritylic  and  ethylic  hydrides),  to  fractional  distilla- 
tion, and  collecting  the  distillate  in  a  well-cooled  receiver,  obtained  the  tetrylic  hydride 
in  a  state  of  purity.  It  is  a  very  mobile  liquid,  having  a  sweetish  odour,  a  specific 
gravity  of  0*60  at  0°,  and  vapoupdensity  ■*  2*11  (calc  «»  2*006).  It  bums  with  a 
yellow,  faintly  luminous  fiame,  is  insoluble  in  water,  but  dissolves  in  alcohol  and  in 
ether.  Alcohol  of  98  per  cent,  absorbs  11  or  12  times  its  volume  of  the  vapour.  When 
1  vol.  of  the  vapour  is  mixed  with  2  vols,  chlorine-gas,  chloride  of  tetryl  condenses, 
and  2  vols,  hydrochloric  add  gas  are  produced. — ^The  portion  of  American  petroleum 
distilling  between  6^  and  8°  is  a  mixture  of  tetrylic  and  amylic  hydrides. 
(Ronalds.) 

TBTBTXn  ZOBIBB8  OF.  a.  Normal  Utrylie  iodide,  C^H*.I,  is  produced  by 
the  action  of  phosphorus  and  iodine  on  tetrylic  alcohol.  1*5  pt.  iodine  is  added  to  1  pt. 
tetrylic  alcohol  in  a  vessel  surrounded  with  cold  water,  and  a  quantity  of  phosphorus 
equal  to  about  ^  of  the  iodine,  added  in  successive  small  portions,  the  mixture  being 
heated  towazds  uie  end  of  the  process,  to  render  the  action  complete.  The  dark 
colour  of  the  liquid  then  gradually  changes  to  brownish-yellow,  whilst  hydriodic  acid 
is  abundantly  evolved,  which,  together  with  a  small  quantity  of  tetrylic  iodide  that 
passes  over  with  it,  is  received  in  a  small  quantity  of  cold  water.  As  soon  as  the 
colouring  produced  by  the  iodine  has  disappeared,  and  the  liquid  is  in  full  ebullition, 
it  is  left  to  cool,  and  that  which  remains  in  the  distillation-vessel  is  washed,  first  with 
the  aqueous  hydriodic  acid  previously  collected— whereby  a  small  quantity  of  undecom- 
posed  tetrylic  alcohol  is  dissolved — and  then  with  pure  water ;  it  is  then  dehydrated 
with  chloride  of  calcium,  and  fireed  from  the  still  remaining  portion  of  tetrylic  alcohol, 
by  treating  it  while  warm  with  pulverised  iodide  of  phosphorus,  till  the  latter  crystal- 
lises out  on  cooling.  The  liquid  is  then  distilled,  and  the  distillate  is  washed  with  water. 
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dehydrated  over  chloride  of  calciam,  and  rectified,  the  portion  which  poaaca  orer 
between  118^  and  122^  being  collected. 

Tetrylic  iodide  is  colourless  when  recently  prepnred,  bnt  soon  tnms  brown  by  ex- 
posure to  light.  It  refracts  light  strongly ;  boilis  at  121^;  bnt  when  a  mixture  of 
water  and  iodide  of  tetryl  is  distilled,  the  thennometer,  at  the  beginniug  of  the  distil- 
lation, when  the  tetrylic  iodide  chiefly  passes  over,  indicates  only  88^  to  89^.  Specific 
gravi^  «-  1  ft04  at  19^     Vapour-density  =   6*217  (calc.  »  6-344). 

Tetzylic  iodide  bums  with  difficulty,  and  only  in  contact  with  a  burning  body ;  the 
combustion  is  attended  with  erolution  of  iodine-vapouis.  It  is  bnt  slowly  attacked 
by  aqiteous  potash,  even  when  boiled  therewith  for  some  time ;  but  aicoholie  potash 
decomposes  it,  with  formation  of  tetiylic  alcohol  and  iodide  of  potassium. — PoUusmm 
decomposes  iodide  of  tetryl,  yielding  tetiyl  and  iodide  of  potassium. — ^With  tetrylate 
of  potassiuT/iy  C^H*KO,  it  forms  tetrylic  ether  and  iodide  of  potassium  (p.  736). — ^With 
oxide  of  silver,  it  forms  tetrylic  ether  and  iodide  of  silver. — ^With  sUtfer-saUs  {e^.  the 
carbonate,  sulphate,  acetate,  &c.)  it  forms  iodide  of  silver  and  a  compound  ether  {e.g, 
carbonate,  sulphate,  acetate,  &c.)  of  tetiyL  A  solution  of  nitrate  of  silver  is  imme- 
diately precipitated  by  iodide  of  tetryL    (W  u  r tz.) 

^.  Isotetrylie  iodide,  perhaps  (OH*)"  J  j  -    (De  Luynes,  Jahresb.  1862,  p.  479; 

1863,  p.  603;  1864,  p.  600). — ^This  compound  is  produced  by  the  action  of  hydriodie 
add  on  ezythromannite  (ii.  606) : 

C«H"0«  +  7HI     -    C*H^  +  4HH)  +  8P. 

Thirty  grms.  of  perfectly  dr^  (fused)  erythromannite  are  slowly  distilled  with  360  to 
400  grms.  of  fuming  hydriodie  add,  of  specific  gravity  1*99.  As  soon  as  the  liquid 
boils,  isotetrylie  iodide  distils  over,  together  with  undecomposed  hydriodie  add.  It  is 
purified  by  washing  with  potash-ley,  Uien  with  water,  dried  over  chloride  of  calcium, 
and  rectified.  With  weaker  add  (of  specific  gravity  1*70,  for  example),  a  greenish 
product  is  obtained,  which  decomposes  partially  during  rectification,  and  is  best  puri- 
fied by  a  second  distillation  with  hydriodie  acid.— 2.  By  the  action  of  hydriodie  add 
gas  on  isotetirlic  alcohol,  &c 

Isotetrylie  iodide,  when  recently  prepared,  is  colourless,  and  has  an  agreeable  ethereal 
odour.  Its  specific  gravity  is  1*632  at  0^  1*600  at  20<^,  and  1*584  at  30'.  It  boils  at 
about  118°.  Vapour-density  =  6'697  at  20°;  =  6-517  at  24°.  It  is  insoluble  in 
water,  but  soluble  in  alcohol  and  ether.  When  exposed  to  light  at  a  somewhat  high  tem- 
perature, it  becomes  coloured. — Chlorine  decomposes  it,  separating  iodine,  and  forming 
an  aromatic  liquid,  which  boils  at  120°  (probably  C^H'Cl'). — With  bromine  it  gives 
off  iodine,  and  yields  bromide  of  tetrylene,  OH'Br*. 

TBTSTZi,  VZTSATa  OV.  C«H'KO«.  (Wurts,  Ann.  Gh.  Phaim.  xdii.  120.)^ 
Prepared  by  mixing  tetrylic  iodide  with  a  small  quantity  of  fused  urea,  and  a  slight 
excess  of  fused  silver-nitrata  The  reaction  takes  place  immediately,  accompanied  by 
so  much  heat  that  part  of  the  product  distils  over;  the  rest  must  be  afterwards 
volatilised,  by  heating  the  mixture  to  140° — 160°.  The  distillate  is  purified  by  washing 
with  slightly  alkaline  water,  drying  with  chloride  of  calcium,  and  rectification. 

TaTMMJU,  OJUna  of.  C«H»»0  «  (C*H»)K).  (Wurts,  Ann.  Ch.  Pharm. 
xdii.  117.) — ^Produced :  1.  By  the  action  of  tetrylic  iodide  on  tetrylate  of  potassium. 
The  product  thus  obtained  is,  however,  difficult  to  purify  from  tetrylic  alcohol,  as  the 
boiling-points  of  the  two  liquids  differ  but  little  from  each  other. — 2.  A  purer  product 
is  obtained  by  the  action  of  tetrylic  iodide  on  oxide  of  silver. 

Ethyl-tetrylie  ether,  (C'H^)(C*H*)0,  is  produced  by  the  action  of  ethylic  iodide  on 
tetrylate  of  potassium.  It  is  a  colourless  fragrant  liquid,  having  a  spedfic  gravity  of 
0-7607. 

TATJlflJay  WUUnULTM  OF.    See  Svlphubic  Ethebs  (p.  629). 


TMTltlJU,  8VXiPBTB»ATB  OF»  C'H**S  »  C'H*.H.S.  Tetrylic  or  Butylur 
Mercaptan.  (£.  Hermann,  Ann. Ch.  Phann.  xcv.  256 ;  Chem. Soc. Qu.  J.  viii.  274.) — 
Produced  by  distilling,  at  the  heat  of  the  water-bath,  a  mixture  of  aqueous  sulphydzate 
of  potassium  and  concentrated  aqueous  tetrylsulpbate  of  potassium,  the  product  being 
zeceived  in  a  well-cooled  fiask : 

C*H»KSO«  +  KHS  =  C*H>«S  +  K«SO\ 

The  oily  liquid  which  condenses  is  decanted,  placed  in  contact  with  chloride  of  calcium, 
and  distilled,  the  portion  which  passes  over  between  86^  and  90^  being  collected 
sport 

Tetzvlic  mercaptan  is  a  colourless  very  mobile  liquid,  having  the  peculiar  disagroe-* 
able  odour  which  characterises  the  mercaptans.  Specific  gravity  »  0*848  at  11*6^. 
Vapour-density  »  3*10.    Boils  at  88°.    It  has  no  action  on  vegetable  colours,  is  very 
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spannglj  Bolable  in  water,  but  freely  in  alcohol  and  ether ;  it  dissolyee  sulphur  and 
iodine.  It  is  veiy  inflammable,  and  bums  with  a  pale-blue  flame. — ^Dilute  nitrio 
acid  acts  yeiy  strongly  upon  it»  forming  an  oily  liquid  which  floats  on  the  surface. 

Potassium  decomposes  tetrylic  mercaptan,  with  evolution  of  hydrogen,  and  formation 
of  a  white  granular  tetrylmercaptide  of  potassium,  C^H'KS.  Tetrylic  mercaptan  is 
also  decomposed  by  several  metallic  oxides,  or  by  the  solutions  of  their  salts,  forming 
tetrylmercaptides :  e.ff,  with  mercuric  oxide : 

2C*H'*S  +  H^O     «     0»H»Hg''S«  +  H«0. 

The  mercniy-compound  thus  obtained  forms  white  nacreous  scales,  which  are 
unctuous  to  the  touch,  and  veiy  fusible.  It  is  decomposed  by  snlphydric  acid,  with 
formation  of  mercuric  sulphide  and  tetrylic  alcohol. — The  lead-compound,  C'lfFb^S*, 
is  a  y^ow  crystalline  precipitate,  formed  on  evaporating  an  alcoholic  solution  of 
tetiyiic  mercaptan  into  acetate  of  lead. — The  eujprie  and  aurie  salts  are  white  precipi- 
tatee. 

TarST&AMZVa.  C*H"N  -  N.H'.C^H*.  Butylamine,  (Wnrts,  Ann.  Ch. 
Fharm.  zciii.  124.)— This  base,  produced  by  the  action  of  potash  on  eyanate  or  cyanu- 
rate  of  tetryl,  is  metameric  with  diethylamine,  N.H^C*H*)*,  ethyl-dimethylamine, 
N.C*H*.(CH«)«,  and  methyl-tritylamine,  N.H.CH«.(?H'.  Petinine,  a  volatile  base 
obtained  by  Anderson  fiiom  the  most  volatile  portion  of  bone-oil,  is  also  isomeric,  or 
perhaps  identical,  with  tetrylamine. 

To  prepare  tetrylamine^  2  pts.  of  potassie  tetrylsulphate  are  distilled  with  1  pt.  of 
recently  prepared  and  perfemy  drv  potassio  eyanate ;  the  pasty  mixture  of  tetrylic 
eyanate  and  cyanurate,  which  distils  over,  is  dissolved  in  alcohol ;  and  the  solution  is 
boiled  with  fii^^ente  ot  caustic  potash.  Carbonate  of  potassium  is  then  formed,  and 
tetrylamine  distils  over,  and  is  condensed  in  a  small  quantity  of  cold  water  acidulated 
with  hydrochloric  acid.  The  boiling  is  continued  till  the  residue  Aises  completely, 
and  no  longer  gives  off  alkaline  vapours.  The  resulting  solution  of  hydrochlorate  of 
tetrylamine  is  evaporated  to  dryness ;  and  the  residual  a&lt,  freed  by  fusion  from,  the 
water  which  it  retains,  is  pulverised  when  cold,  and  rapidly  mixed  with  an  equal  weight 
of  quicklime.  This  mixture  is  then  introduced  into  a  tube  of  hard  glass,  which  must 
be  filled  withst  to  about  four-fifths ;  the  upper  part  of  the  tube  is  filled  with  fragments 
of  caustic  baivta ;  a  gas-delivery  tube,  bent  at  right-angles,  is  adapted  to  the  larger 
tube,  and  made  to  pass  into  a  small  flask  surrounded  with  ice ;  and  the  tube  is  care- 
fully heated  in  a  combustion-furnace,  from  the  closed  end  onwards.  The  evolved 
tetiylamine  is  then  completely  dehydrated  by  the  caustic  baryta,  and  condenses  iu  a 
cooled  flask. 

Tetrylamine  is  a  transparent  colourless  liquid,  having  a  strongly  ammoniacal  and 
somewhat  aromatic  odour,  and  producing  dense  white  fbmes  wiSi  hydrochloric  acid. 
It  boils  at  69^ — 70^  (petinine  at  about  70'5^).  It  dissolves  in  all  proportions  of  water, 
alcohol,  and  ether ;  the  aqueous  solution  smells  like  the  pure  base,  and  is  very  caustic ; 
when  concentrated  it  is  somewhat  visdd. 

8  al  t  s  o  f  T  e  try  1  am  i  n  e. — ^Most  metallic  solutions  are  precipitated  by  tetiylamine  in 
the  same  manner  as  by  ammonia.— The  sine,  cadmiumy  and  copper  precipitates  dissolve 
in  excess  of  the  reagent ;  gelatinous  alumina  likewise  diraolves  m  excess  of  tetrylamine ; 
the  precipitates  formed  in  solutions  of  chromium,  nickel,  and  oohalt,  are  insoluble  in 
excess  of  tetiylamine. — With  nitrate  of  sUwr,  tetrylamine  forms  a  tawny  yellow 
precipitate,  easily  soluble  in  excess.  Oelatinous  silica  dissolves  in  tetiylamine,. 
and  remains  in  the  pulverulent  and  amorphous  state  when  the  solution  is  evaporated. 

Hydrochlorate  of  Tetrylamine,  C^H"N.HC1,  crystallises  in  deliquescent  needles, 
which  melt  below  100°  ;  when  exposed  to  the  au*,  it  gives  off  thick  white  fnmes,  and 
volatilises  without  residue.— The  chloroaurate,  (2C^H"N.HCl).AuGl',  crystallises  on 
evaporation  in  rectangular  plates  of  a  pale-yeUow  colour,  melting  and  changing  to 
orange-yeUow  at  lOOO— The  chloroplatinate,  2(C*H»'N.HCl).PtCl*,  crystallises  by 
evaporation  in  beautiful  orange-yellow  laminae,  soluble  in  water  and  in  alcohol. 

TSTSTXSn.  OH*.  Butylene,  Btttyrene,  BtUene,  Valylene,  Biietryl. — This 
hvdrocarbon  was  discovered,  in  1826,  by  Faraday  (Fhil.  Trans.  1825,  p.  440),  who 
obtained  it  by  compressing  the  illuminating  gas  produced  by  the  destructive  distilla- 
tion of  fixed  oils.  Some  years  later,  Eolbe  (Ann.  Ch.  Fharm.  Ixix.  269)  obtained  it 
by  the  electrolysis  of  valerianic  acid  ;  and  Wurtz  (Ann.  Ch.  Fharm.  xciii.  107)  has 
shown  that  it  is  a  frequent  product  of  the  decomposition  of  tetryl-coropounds,  being 
frrmed  especially  in  the  dehydration  of  tetrylic  alcohol  by  strons  sulphuric  acid  or 
chloride  of  zinc,  and  as  a  secondary  product  of  the  action  of  potassium  or  silver-oxide 
on  tetrylic  iodide,  part  of  the  tetryl  thereby  set  free  being  resolved  into  totrylene  and 
totiylic  hydride  (p.  735);  it  is  formed  also,  in  small  quantity,  in  the  decomposition 
of  amylic  alcohol  at  a  red  heat  Lastly,  DeLuynes  (Compt  rend.  Ivi.  1176;  Ann. 
Ch.  Fhys.  [4],  ii.  366;  Jahresb.  1863,  p.  504;  1864,  p.  600)  has  shown  that  it  ia 
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produced  by  deoomposing  iaotetiylic  iodide  (p.  786^  ?nth  ftlooholio  potash  or  aeetata 
of  silver,  isotetiylic  acetate  being  also  produced  in  the  latter  caae. 

Preparation. — 1.  From  OU^ae. — ^Faraday  obtained  tetzylene  by  subjecting  the 
illuminating  gas,  which  was  prepared  in  London  some  years  ago  by  decomposing  fixed 
oils  at  a  moderate  red  heat,  to  a  pressure  of  .30  atmospheres.  1,000  cubic  feet  of  tha 
gas  thus  treated  yielded  about  4  litres  of  so-called  empyreumatic  oils,  consisting  chiefly 
of  tetryleae  and  benzene.  As  the  former  of  these  hydrocarbons  boils  below  0°,  it  may 
be  separated,  in  great  part,  by  gradually  warming  the  mixture  to  38^  in  a  suitable 
distillatory  apparatus  connected  with  a  receiver  cooled  to  — 18^ ;  and  by  subjecting  the 
distillate  several  times  to  the  same  treatment,  but  each  time  at  a  lower  temperature, 
the  tetrylene  may  be  obtained  nearly  pure. 

Tetiylene  is  also  formed  by  sabjectmg  acetate  of  sodium  or  oleate  of  calcium,  mixed 
with  soda-lime,  or  butyrate  of  banum,  or  by  itself,  to  destructive  distillation ;  also  by 
heating  glucose  with  soda-lime ;  in  each  case,  however,  the  tetrylene  is  accompanied 
by  a  large  quantity  of  tritylene,  amylene,  and  other  hydrocarbons.  The  gasos  thus 
evolved  are  fixed  by  passing  them  through  bromine,  wherebv  they  are  all  converted  into 
bromides ;  and  from  the  mixture  thus  obtained,  the  bromide  of  tetrylene  may  be  sepa- 
rated by  finctional  distillation.    (Berthelot,  Ann.  Ch.  Fharm.  cviii.  200.) 

2.  From  Valsrianie  AM, — ^A  concentrated  solution  of  potassic  valerate  is  subjected 
to  the  action  of  an  electric  current  with  platinum  electrodes.  Tetrylene  is  then  evolved 
at  the  positive  pole,  together  with  tetirl  and  carbonic  anhydride,  while  the  gas  evolved 
at  the  negative  pole  consists  wholly  oi  hydrogen ;  and  if  a  porous  diaphragm  be  inter- 
posed between  tne  two  electrodes,  the  tetrylene  will  pass  off,  mixed  only  with  tetryl 
and  carbonic  anhydride.  To  separate  it,  the  easeous  mixture  is  passed,  first  through  a 
tube  surrounded  with  a  fHgorific  mixture,  and  through  alcohol,  to  condense  and  absorb 
the  tetryl ;  then  through  water,  to  take  up  the  alcohol ;  and  lastly  through  strong 
potash-ley  and  over  solid  potash,  to  absorb  the  carbonic  acid  and  water.  The  tetry- 
lene obtained  by  this  process  is  merely  a  secondary  product,  probably  formed  by 
oxidation  of  a  portion  of  the  tetryl,  which  is  the  immeidiate  product  of  the  eleetrolytie 
action  (p.  781): 

C«H>»  +  O     -     2C*H*  +  HK). 
Tetryl.  Tetrylena 

8.  From  letrylio  Alcohol, — ^When  this  alcohol  is  quickly  mixed  with  ezeees  of  sul- 
phuric acid,  the  mixture  gently  heated,  and  the  evolved  gas  freed  ftom  sulphurous  and 
carbonic  acids  by  absorption  with  potash,  tetrylene  is  obtained  nearly  pure,  being 
contaminated  only  with  a  small  quantity  of  a  hydrocarbon  of  higher  atomic  weight. — 
When  tetrylic  alcohol  is  heated  with  excess  of  zinc-chloride,  nearly  pure  tetiylene  is 
evolved  at  first,  afterwards  a  mixture  of  tetrylene  and  tetiylic  hydride. 

4.  From  ErythromanniU. — This  substance  is  distilled  with  hydriodic  add,  as  already 
described  ^p.  736),  and  the  resulting  isotetrylic  iodide  (or  tetiylenic  hydriodate)  is 
treated  wiw  alcoholic  potash,  or,  better,  with  acetate  of  silver.  The  isotetrylic  iodide 
is  poured  upon  an  equal  weight  of  silver-acetate,  contained  in  strong  glass  tubes, 
which  can  be  quickly  sealed ;  and  after  the  violent  reaction  which  immediately  takes 
place  is  over,  the  tubes  are  cooled  in  a  mixture  of  ice  and  salt.  On  opening  them,  and 
exposing  them  to  a  gnntle  heat,  gradually  raised  to  40°  or  60^,  the  whole  of  the  tetry- 
lene is  given  off,  and  may  either  be  collected  as  gas,  or  condensed  in  a  U-tube  cooled 
to  a  low  temperature.  Uotetrflic  acetate  (p.  734)  remains  behind  in  the  tubes.  (De 
Luynes.) 

Properties. — Tetrylene  at  —18**  is  a  colourless  mobile  oil,  having  an  ethereal  bat 
peculiar  and  penetratins  odour.  At  the  temperature  of  a  mixture  of  ether  and  solid 
carbonic  anhydride,  it  solidifies  to  a  white  erystallme  mass,  which  liquefies  aeain  as  soon 
as  it  is  taken  out  of  the  freezing  mixture  (De  Luynes).  The  liquid  boils  below  0^ 
(Faraday);  at  -i-So  (De  Luynes).  The  tension  of  its  vapour  at  +16^  is  equal 
to  4  atmospheres  (Faraday).  Vapour-density  »  1*933  (Eol be);  calc  *  1940. 
The  gas  burns  with  a  red,  blue-edged,  very  smoky  flame.  It  is  sparingly  absorbed  by 
water ^  easily  by  alcohol^  and  still  more  by  ether :  the  alcoholic  solution  gives  up  the 
gas,  with  effervescence,  on  dilution  with  water ;  so  likewise  does  the  ethereal  solution 
when  diluted,  first  with  alcohol,  then  with  water.  It  dissolves  easily  in  glacial  aoeiie 
acid,  and  completely  in  strong  sulphuric  acid,  without  formation  of  sulphuzous  acid, 

froducing  a  yellow  liquid,  from  which  water  separates  a  light  firagrant  oil  (De 
luynes);  according  to  Faraday,  the  product  of  this  reaction  is  a  conjugated  acid 
[?  homologous  with  ethionic  or  isethionic  add],  which  forms  peculiar  salts.  The  gas 
IS  likewise  absorbed  by  oils,  both  fixed  and  volatile,  olive^oil  taking  up  about  six  times 
its  own  volume.  It  unites  with  chlorine  (Faraday;  Kolbe),  and  hromine  (Hof- 
mann),  forming  oily  products. — Aqueous  hydriodic  acid,  saturated  at  0^,  quickly 
absorbs  tetrvlene-gas,  forming  isotetrylic  iodide  or  tetrylenic  hydriodate,  0*^*1, 
identical  with  that  produced  by  the  action  of  hydriodic  acid  on  erythxomannite.  (De 
Luynes.) 
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TanTiawa-BIAMnn.     C^H^N*  =  N«|(^2|y.— a  base  produced  by 

the  action  of  naacent  hydrogAn  (eyolved  from  tin  and  hydrochloric  acid)  upon  cyanide 
of  ethylene;  C«H<C»N«  +  H»  -  C^H'^N*.  It  boils  above  140^  aad  its  chloro- 
platinate  contains  39*45  per  cent,  platinum,  agreeing  with  the  formula  C^H"NMI^C1'. 
PtCl*.    (T.  Fair  ley,  Chem.  Soc.  J.  xvii.  362.) 


TBXRTxsarzc  AcaTAxmi 


C»H"0*  -  (^^j;|0«.-P«pared  by  dia- 


tiUing  bromide  of  tetiylene  with  acetate  of  silver.  The  distillate  is  purified  by 
repeatedly  rectifying  the  portion  which  distils  above  140°,  over  dry  acetate  of  silver, 
and  finally  by  itself,  the  portion  which  paaaes  over  above  190°  being  collected  apart. 
Acetate  of  tetrylene  is  a  colourless  oily  liquid,  inodorous  in  the  cold,  but  smelling 
slightly  of  acetic  acid  when  warmed.  It  boils  at  about  200°,  is  insoluble  in  water,  but 
dissolves  readily  in  alcohol  and  in  ether.  It  is  easily  decomposed  by  alkalis,  with 
separation  of  tetrylenic  alcohol.    ( W  ur  t  z.) 

TBTRTlBirZC  A&COBOb    C<H»W  «  ^^*^2»[^*.  Tetryl- ot  Butyl-glycd, 

(WurtE,  Ann.  Ch.  Phys.  [3],  Ivi.  412.) — ^A  diatomic  alcohol,  homologous  with  ordi- 
nary glycol,  and  produced  m  like  manner,  by  heating  tetnrlenic  acetate  with  potash. 
It  is  a  colourless,  viscid,  inodorous  liquid,  having  a  mild  aromatic  taste.  Specific 
gravity  -  1-048  atO°.  Boiling-point  =  183°— 184°.  Vapour  density,  obs.  -  8-19; 
calc.   »  3*12.    It  dissolves  in  all  proportions  of  roatert  alcohol^  and  ether, 

Tetrylenic  alcohol  is  easily  oxidisea  by  nitric  acid ;  when  heated  with  dilute  nitric 
add,  it  yields  oxalic  acid.  When  dilute  nitric  acid  is  cautiously  poured  upon  the 
aqueous  solution  of  the  alcohol,  so  that  the  two  liquids  may  mix  and  react  slowly, 
butylactic  add,  or  oxybutyric  add,  C^H*0*  (i.  688),  is  formed,  tosether  with  another 
acid,  whose  ealdum-salt  is  insoluble  in  water  (the  silver-salt  of  the  latter  yielded 
9*2  per  cent,  carbon  and  I'l  hydrogen). — Tetrylenic  alcohol,  heated  with  hydrate  of 
potassium  or  sodium,  is  decomposed,  with  evolution  of  hydrogen,  but  not  so  readily  as 
ordinary  glycoL  Oxalic  acid  appears  to  be  formed  in  this  reaction.  Succinic  acid  is 
not  found  among  the  products  of  oxidation,  either  by  nitric  add  or  by  hydrate  of  po- 
tassium. 

Tetrylenic  alcohol  heated  with  hydriodie  acid,  is  converted  into  tetrylic  iodide,  ths 
glycol  being  first  reduced  to  tetrylic  alcohol,  according  to  the  equation  : 

C»H"0«  +  2HI     -     C<H'«»0  +  H»0  +  P. 

and  the  tetrylic  alcohol  converted  into  tetrylic  iodide  by  the  further  action  of  the 
hydriodic  add.    (Wurtz,  Ann.  Ch.  Phys.  [8],  Ixiii.  124.) 

TBTJft  V  abBVZO  BXOMXSB,  G^H'Br',  is  formed  on  mixing  tetrylene-gss 
with  bromine-vapour,  also  (according  toDe  Luynes)  by  the  action  of  Inomine  on 
isotetrylic  iodide,  C^H*I,  the  reaction  being  attended  with  evolution  of  iodine  and 
hydrobromic  acid.  It  is  an  oily  liquid,  boiling  at  158°  (Wurtz;  De  Luynes),  and, 
according  to  Cahours  (Compt.  rend.  xlvi.  244),  is  resolved,  hj  heating  with  alcoholic 
ammonia,  into  bromide  of  ammonium  and  bromotetiylene,  C^H'Br. 

TBntTUnrZO  OK&omZBa.  C«H*C1'.— Produced  by  the  direct  combination 
of  chlorine  and  tetrylene  gases  in  dififbsed  daylight,  the  tetiylene  being  kept  in 


The  oily  product,  after  being  freed  from  hydrochloric  acid,  by  washing  it,  first  with 
very  weak  potash,  then  with  pure  water,  is  dried  over  chloride  of  caldum,  and  distilled, 
the  portion  which  passes  over  below  130°  being  collected  apart ;  and  this  j^rtion  is 
suljected  several  times  to  fractional  distillation,  till  an  oil  is  obtained,  boiling  con- 
stantly at  125°  (Faraday ;  Kolbe).  The  same  compound  is  probably  formed  by 
the  action  of  chlorine  on  isotetrylic  iodide  (p.  736),  the  liquid  thus  obtained  boiling  at 
120°.    (De  Luynes.) 

Chloride  of  tetrylene  is  a  colourless  oil,  having  an  agreeable  sweetish  odour,  like 
that  of  Dutch  liquid,  and  a  burning  taste.  Specific  gravity  —  1*112  at  28°.  Boiling- 
points*  123°.  Vapour-density  »  4*426  (Eol  be);  by  calculation,  4*39.  It  is  insoluble 
m  water,  but  mixes  with  alcohol  and  ether.  It  burns  brightly  in  the  fiame  of  a  spirit- 
lamp  emitting  smoke  mixed  with  vapours  of  hydrochloric  acid.  It  is  decomposed 
by  heating  with  alcoholic  potash,  yielding  chloride  of  potassium  and  a  volatile  oily 
liquid,  probably  consisting  of  chlorotetrylene,  C^U'Cl. 

The  less  volatile  portions  of  liquid,  boiling  above  130°,  which  remain  behind  in  the 
rectification  of  tetiylenic  chloride,  are  probably  also  substitution-products,  formed 
simultaneously  with  the  tetrylenic  chloride.  The  same  bodies  are  obtained  when 
chloride  of  tetrylene  is  exposed  to  sunshine  in  contact  with  excess  of  chlorine.    A 
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Tiflcid  mass  is  then  formed,  which  still  containfl  hjdrogenated  prodacts,  aad  does  not 
yield  any  crystals  of  trichloride  of  carbon.     (F  a  r  a  day.) 

Tetrylene-gas  is  likewise  absorbed  in  large  quantity  by  pentachloride  of  antimony ; 
and  on  distilling  the  product,  a  chlorinated  oil  is  obtained,  having  the  composition 
C*H'C1»,  or  C*H»a.Cl«. 

Syn.  with  TxTSTLBzac  Alcohol. 

C^H"N«  «  N»|(^'^/.-.Atriatomic  base  pro- 
duced by  the  action  of  nascent  hydrogen  (eyolred  by  the  action  of  tin  on  hydrochloric 
acid)  upon  cyanofonn : 

CH.C«N«  +  H"     -     C*H»«N«. 

It  boils  at  a  temperatare  above  150^,  and  forms  a  platinnm-salt  containing  2(C*H'*N'. 
3HCl).3PtCl*.    (J?ai  r li  e,  Chem.  Soc.  J.  xvi.  362.) 

TaTU  1  JU-gy  A»THTX,  C*H*.C'H>*0.  TetryUcmanthoL  BtUpl-wumikjfL 
Butyl^tynme,    (See  Buttbomb,  i.  698.) 

C«H*.H.80^  SeeSiJLraiTBic£THXB8(p.629). 

C*ff.H.a     TetrylfMrcaptan  (p.  736). 

The  herb  of  several  species  belonging  to  this  genus,  formerly  U8<>d 
in  medicine,  contains  a  peculiar,  resinous,  bitter  principle.  T,  T6Uum  is  said  to  be 
used  in  Greece  as  a  remedy  against  the  bites  of  serpents.  (Landerer,  Bucbn. 
Bepert  zcii.  246). 

TMUTJiOMi  (from  rwrXw,  beet). — ^A  kind  of  sugar,  resembling  glucose,  said  to 
exist,  under  certain  circumstances,  in  the  juice  of  beet.  According  to  Michael  is 
(J.  pr.  Chem.  Ixziv.  897),  the  sugar,  sometimes  optically  inactive,  sometimes  levorotA- 
tory,  produced  from  the  cane-sugar  of  beet,  especially  when  the  juice  is  add,  is  different 
firom  ordinary  inverted  sugar  (p.  465). 

TBXAUna.  A  name  applied  by  R.  Hermann  (J.  pr.  Chem.  Izzxii.  368)  to 
native  magnesium-hydrate,  Mg  HK>',  occurring  at  Woods  Mine,  Texas,  Lancaster 
County,  Pennsylvania,  in  monoclinic  forms  homoeomorphous  with  epidote,  whereas 
the  ordinary  form  of  msgnesium-hydrate  (brucite),  is  rhombohedral ;  but,  according  to' 
Auerbach's  observations  of  the  polarising  properties  of  the  so-called  texalite  ciystala. 
they  also  belong  to  the  hexagonal  system.    (Jahresb.  1861,  p.  979.) 

VBZA8ITB.  Ni"C0*.2Ni1I«0«.  Syn.  with  Embaald-xigkbl.  (See  Cakboxatbs, 
i.  789.) 

TBASLC8TOVS.  One  of  the  compounds,  or  rather  mixtures,  obtained,  according 
to  Zeis e,  by  the  action  of  ammonia  ana  sulphur  on  acetone  (i.  28). 

TBAZiXTB.  A  name  applied  by  D.  Owen  (Sill.  Am.  J.  xiii.  420),  to  an  altered 
soapstone  from  the  north  shore  of  Lake  Superior,  which  he  supposed  to  contain  a 
peculiar  earth,  thalia  ;  this  however,  according  to  Smith  {ibid.  xvi.  95),  and  Genth 
{ibid,  xvii.  130),  was  merely  impure  magnesia. 

THAlili»TOCHnr,  or  HAX&SXOOBIW.  A  product  of  the  action  of  chloriiie^ 
water  on  sulphate  of  quinine  (p.  18). 

TBAXAXTBa    Syn.  with  Epidotb. 

THA3LXXUBK.  Atomic  tpeight,  204  ;  Symbol,  Tl. — An  element  discovered  hy 
Crookes,  in  1861,  in  a  seleniKrous  deposit  from  the  sulphuric  acid  manufactoiy  in 
Tilkerode,  in  the  Harz.  In  the  distillation  of  some  impure  selenium  prepared  from 
this  deposit,  a  considerable  rundue  was  left,  which  was  at  first  supposed  to  contain 
tellurium,  till  spectrum-analysis  showed  that  a  new  element  was  present,  whose  spec- 
trum consisted  of  a  single  sharp  and  brilliant  green  line  (hence  the  name  thallium^  from 
BaXXSs,  a  green  bud).  This  element  was  at  first  suspect^  to  be  a  metalloid,  but  further 
examination  proved  it  to  be  a  true  metal.  It  was  first  obtained,  in  a  distinct  metallic 
form,  by  Crookes,  towards  the  end  of  the  year  1861,  and  soon  afterwards  by  Lamy, 
whose  experiments  appear  to  have  been  made  without  previous  knowledge  of  Crookos*8 
results.*  It  has  since  been  made  the  FUbject  of  numerous  researches,  and  a  great 
number  of  its  compounds  have  been  prepared  and  carefully  examined.  A  full  account 
of  the  results  obtained  down  to  January  1864,  together  with  a  list  of  memoirs,  is 
given  by  Crookes,  in  the  Journal  of  the  Chemical  Sfjciety,  vol.  xvii.  p.  112.  The  most 
important  papers  on  thallium  and  its  compounds,  published  since  that  date,  are  the 
following : — 

Oti  the  Extraction  of  Thallium.— Qchr otter,  Wien.  Akad.  Ber.  xlviii.  [2],  784.— 

■  Respectiig  the  controTeriy  about  the  priority  of  the  dtscoTerj  uf  the  meUUic  nature  ci  tbalUum, 
see  J«hrefb.  f.  Chem.  1862,  |i.  177. 
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C^.  Werther,  J.  pr.  Chem.  zci  386. — StreDg»  Zeitschr.  f.  Chem.  1865»p.  106L — 
Bun 8 en,  Ann.  Ch.  Pharm.  czzziii.  108. — ^Willm,  Ann.  Ch.  Fhys.  [4],  y.  6. 

OrvBtdUine  forms  of  2%aUium-salts, — W.  H.  Miller,  Proc.  Boy.  Soc.  ziv.  565. 

ScSubUitjf  of  Thaliittm-salts. — Crookes,  Ghem.  News.  x.  27. 

Chlorides  of  T%allium.—W erther,  J.  pr.  Ohem.  xci.  385.— NickUs,  Compt. 
rend.  Iviii.  537. — ^Hebberling,  Ann.  Ch.  Fliarm.  cxxxiv.  11. — Willm,  loc.  cit. 

Sromides  and  Iodides  of  TXiWittJw.— Werther,  loc.  cit. — Vf iWrnyloc, dt, — Onthe 
Bromides  also,  Willm,  Bull.  Soc  Chim.  1864.  ii.  89.— NickUs,  loc.  cit. 

Fluorides  of  Thallium, — ^Kuhlmann,  Compt.  rend,  lyiii.  1037.— Buchner,  J.  pr. 
Chem.  zcri.  404. 

Oxides  and  Oxygen-salts  of  Thallium, — (Schonbein,  J.  pr.  Chem.  zciii.  36.— 
Werther,  loc.  eU, — Kuhlmann,  loc.  cit, — Strecker,  Ann.  Ch.  Pharm.  cxzxy.  207. 
— Willm,  he.  cit.:  alBO,  Bull.  Soc.  Chim.  1866,  ii.  165.— 0»  the  Phosphates  of  Thai- 
liium.  La  my,  Ann.  Ch.  Phys.  [4],  v.  410. 

The  memoir  of  Willm,  above  inferred  to,  oontaina  a  summary  of  the  results  relating 
to  thallium  and  its  compounds  down  to  1865.  (See  also  Jahresb.  f.  Chemie,  1864,  pp. 
246—257 ;  1865,  pu.  24J^— 256.) 

Sources. — ^As  sulphide,  thallium  is  Tory  widely  distributed  as  a  constituent  of  iron- 
&nd  copper-pyrites.  Amongst  those  ores  m  which  it  occurs  most  abundantly  (although 
in  these  cases  it  does  not  constitute  more  than  from  the  100,000th  to  the  4,000th  bulk 
of  the  ore),  may  be  mentioned  iron-pyrites  from  Theux  near  Spa  in  Belgium,  from 
Kamur,  Pmlipville,  Alais,  the  South  of  Spain,  France,  Ireland,  Cornwall,  Cumberland, 
and  different  parts  of  North  and  South  America ;  in  copper-pyrites  from  Spain,  as  well 
as  in  crude  sulphur  prepared  from  this  ore;  in  blende  and  calamine  from  Theux;  in 
blende,  calamine,  metallic  sinc^  sulphide  of  cadmium,  metallic  cadmium,  and  cake-sul- 
phur from  Nottvelle-Montagne ;  in  native  sulphur  firom  Lipari  and- Spain ;  in  bismuth, 
mercuiy,  and  antimony  ores,  as  well  as  in  the  manufactured  products  from  these 
minerals  (frequently  in  so-called  pure  medicinal  preparations  of  these  metals);  in 
commercial  selenium  and  tellurium  (probably  as  selenide  and  tellvride). 

Thallium  is  likewise  frequently  present  in  copper  and  in  commercial  salts  of  that 
metaL  In  Spain  a  very  impure  copper  is  prepared  by  allowing  copper-pyrites  to 
oxidise  in  the  air,  washing  out  the  resulting  sulphate  of  copper,  and  placing  scrap- 
iron  in  the  liquid,  which  causes  the  copper  to  precipitate  in  the  powdery  state.  The 
metal  is  then  collected  together,  dried,  strongly  compressed,  and  heated  to  the  melting- 
point.  It  is  brought  over  to  this  country  in  the  form  of  rectangular  cakes,  weighing 
about  20  lbs.  each.  The  sulohide  of  thallium,  oxidising  to  sulphate  along  wim  the 
sulphide  of  copper,  is  washed  out  by  the  water,  and  precipitated  with  the  coppef 
by  the  iron.    The  two  metals  readily  alloy  together. 

Thallium  is  also  present  in  tolerable  quantity  in  lepidolite  £rom  Moravia,  and  in 
mica  from  SSnnwald  (Schrotter^.  It  has  likewise  been  found  in  the  deliquescent 
'*  Sel-a-Glaoe"  from  the  mother-liquors  of  the  saltworks  at  Nauheim.  This  consists 
of  a  mixture  of  the  chlorides  of  magnesium,  potassium,  and  sodium,  with  relatively 
considerable  quantities  of  rubidium-  and  csssium-chlorides,  and  sensible  traces  of 
thallium-chloride.    (B  5 1 1 ge  r.) 

Many  samples  of  commercial  sulphuric  acid  and  yellow  hydrochloric  acid  contain 
thallium.  The  source  in  these  cases  is  evidently  the  pyrites  used  in  the  sulphuric  acid 
works. 

Preparation.— it.  From  Iron  Pyrites. — ^The  pyrites  from  the  Soci^t^  Anonyme  d^ 
Bocheux  et  d'Oneux,  Theux,  contains  about  1  pt.  of  thallium  in  4,000.  Two  tons  of 
this  ore  were  worked  in  the  following  manner: — 

The  pyrites,  broken  up  into  pieces  of  the  size  of  a  walnut,  is  distilled  in  hexagonal 
cast-iron  pipes,  closed  tft  one  end,  and  arranged  in  a  reverberatory  furnace.  Conical 
sheet-iron  tubes  are  luted  on  to  the  open  ends,  and  the  retorts  are  kept  at  a  bright- 
red  heat  for  about  four  hours.  At  the  end  of  the  operation,  the  receivers  are 
found  to  contain  from  14  lbs.  to  17  lbs.  of  dark-green  or  grey-coloured  sulphur  for 
every  100  lbs.  of  ore  used.  The  whole  of  the  thallium  originally  in  the  pyrites  is 
found  in  this  sulphur.  The  sidphur  mav  be  dissolved  out  by  means  of  carbonid 
disulphide,  which  leaves  the  sulphide  of  thallium  behind ;  or  it  may  be  extracted  by 
boiling  with  caustic  soda.  The  former  plan  occasions  less  loss  of  thallium,  but,  owing 
to  the  inconvenience  of  working  with  large  bulks  of  of  carbonic  disulphide  the  soda 
process  is  preferable.  12  lbs.  of  caustic  e^a,  18  lbs.  of  the  thalliferous  sulphur,  and 
1 J  gallon  of  water,  are  boiled  together  till  the  sulphur  bus  disappeared ;  6  gallons  of 
water  are  added;  and  the  clear  liquid,  when  cool,  is  decanted  from  a  voluminous  black 
precipitate,  which  has  been  separated  from  the  sulphur.  The  precipitate  is  then 
collected  on  a  calico  filter  and  washed.  It  contains  the  greater  portion  of  the  thallium 
in  the  form  of  sulphide,  together  with  iron,  copper,  mercury,  rinc,  &c.  Some  thallium, 
however,  is  dissolved  in  the  alkaline  liquid  and  lost.    The  black  precipitate  is  then 
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disflolyed  in  hot  dilute  sulphurie  acid,  to  which  a  little  nitric  acid  ia  added,  and  the 
liquid  is  diluted  with  water  and  filtered.  Hydrochloric  acid  and  sulphite  of  sodium 
will  BOW  throw  down  the  nearly  insoluble  white  protochloride  of  thdUium,  which  is  to 
bo  filtered  off  and  washed.    (Crookes.) 

3.  From  Sulphur  or  Pyrites  in  the  Wet  Wav, — The  material  is  dissolved  in  nitro- 
muriatic  acid,  until  nothing  but  bright-yellow  sulphur  is  left;  water  is  then 
added,  and  the  filtrate  is  eyaporated  with  sulphuric  acid,  until  it  is  nearly  dry, 
and  sulphuric  vapours  are  copiously  evolved.  The  residue  is  dissolved  *in  a  lar^e 
excess  of  hot  water,  and  carbonate  of  sodium  is  added  to  alkaline  reaction,  and  then 
cyanide  of  potassium  (free  from  sulphide  of  potassium).  The  liquid  is  then  heated 
gently  for  some  time,  and  filtered.  The  precipitate  contains  the  whole  of  the  lead 
(and  bismuth)  which  may  be  present,  as  carbonates,  whilst  the  thallium  remains  in 
solution.    A  current  of  sulphuretted  hydrogen  being  now  passed  through  the  liquid^ 

Srecipitates  all  the  thallium,  whilst  the  copper,  antimony,  tin,  and  arsenic  remain 
issolved.  The  precipitated  sulphide  is  filtered  off,  washed,  and  dissolved  in  dilute 
aulphuiric  acid,  and  the  thallium  is  precipitated  as  chloride,  by  means  of  hydrochloric 
acid.    (Crookes.) 

7.  From  the  Flue-dust  of  Pyritcs-hwmeirs, — ^This  is  by  far  the  most  economical 
source  of  thallium  at  present  known.  In  burning  thalliferous  pyrites  for  the  purpose 
of  manufiicturing  sulpbnrie  acid,  the  thallium  oxidises  together  with  the  sulphur,  axid  is 
driven  off  by  we  heat  If  the  passage  leading  from  the  burners  to  the  leaden 
chambers  is  only  a  few  feet  long,  the  greater  portion  of  the  thallium  escapes  eondensa^ 
tion,  and  volatilises  into  the  leaden  chambers ;  it  there  meets  with  aqueous  vapour, 
sulphurous  and  sulphuric  acids,  and  becomes  converted  into  thallious  sulphate.  This 
being  readily  soluble,  both  in  water  and  dilute  sulphuric  acid,  and  not  being  ledoced 
by  contact  with  the  leaden  sides,  remains  in  solution,  and  accompanies  the  sulphuric 
acid  in  its  subsequent  stages  of  concentration,  &c.  If,  on  the  other  hand,  the  passage 
connecting  the  burners  and  chambers  is  10  or  16  (or  more)  feet  in  length,  nearly  the 
whole  of  the  thallium  is  condensed,  together  with  a  considerable  number  of  other 
bodies  which  constitute  "flue-dnst,'* — namely  mercury,  copper,  arsenic,  antimony, 
iron,  zinc,  cadmium,  bismuth,  lime,  and  selenium,  together  with  ammonia,  sulphuric, 
nitric,  and  hydrochloric  acids.  The  amount  of  thallium  in  these  flue-deposits  is  very 
various,  seldom  amounting  to  as  much  as  \  per  cent.,  although  in  some  as  much  as 
8  per  cent,  has  been  found. 

The  following  is  the  plan  adopted  by  Groo  kes  for  extracting  the  metal  from  this 
dust  on  the  large  scale : — ^The  dust  is  first  mixed  in  wooden  tubs  with  an  equal  weight 
of  boiling  water,  and  is  well  stirred ;  during  this  operation  a  considerable  quantity  of 
nitrous  acid  is  evolved;  after  which  the  mixture  is  allowed  to  rest  for  24  hours  for 
the  undissolved  residue  to  deposit.  The  liquid  is  then  syphoned  off,  and  the  residue 
is  washed,  and  afterwards  treated  with  a  fresh  quantity  of  boiling  water.  The  collected 
liquors,  which  have  been  syphoned  off  from  the  deposit,  are  allowed  to  cool,  precipi- 
tated by  the  addition  of  a  cousiderable  excess  of  strong  hydrochloric  acid,  and  the 
precipitate,  consisting  of  veiy  impure  chloride  of  thallium,  is  allowed  to  subside.  The 
chloride  obtained  in  this  way  is  then  well  washed  on  a  calico  filter,  and  afterwards 
squeezed  dry.  Three  tons  of  the  dust  yielded  68  pounds  of  this  rough  chloride 
(Crookes).    For  the  further  treatment  see  below. 

Wert  her  boils  the  fiue-dust  repeatedly  with  carbonate  of  sodium;  precipitates  the 
filtrate  with  excess  of  ammonium-sulphide ;  converts  the  precipitate  into  sulphate  by 
boiling  it  with  sulphuric  acid,  with  addition  of  a  little  nitric  acid ;  precipitates  the 
ammoniacal  solution  of  the  latter  with  iodide  of  potassium ;  and  reduces  the  iodide  of 
thallium  by  fusion  with  cyanide  of  potassium. 

d.  From  Commercial  Hydrochloric  Acid. — ^Many  samples  of  yellow  hydrochloric  acid 
contain  thallium.  It  may  be  separated  by  neutralising  with  ammonia,  and  adding 
sulphide  of  ammonium.  The  bliu^  precipitate  contains  the  thallium,  together  with 
iron  and  some  other  metallic  impurities  of  the  acid.  It  is  to  be  dissolved  in  sulphurie 
acid,  and  the  thallium  precipitated  by  hydrochloric  acid  as  protochloride. 

The  crude  protochloride  of  thallium  obtained  by  either  of  the  above  methods  is  added, 
by  small  portions  at  a  time  to  half  its  weight  of  hot  oil  of  vitriol  in  a  porcelain  or 
platinum  msh,  the  mixture  being  constantly  stirred,  and  the  heat  continued  till  the 
whole  of  the  hydrochloric  acid  and  the  greater  portion  of  the  excess  of  sulphuric 
acid  are  driven  off.  The  fused  acid  sulphate  is  now  to  be  dissolved  in  an  excess 
of  water,  and  an  abundant  stream  of  sulpnuretted  hydn^en  passed  through  the  solu- 
tion. The  precipitate,  which  may  contain  arsenic,  antimony,  bismuth,  lead,  mercury, 
and  silver,  is  separated  by  filtration,  and  the  filtrate  is  boiled  till  all  free  sulphydric  acid  is 
removed.  The  liquid  is  now  to  be  rendered  alkaline  with  ammonia,  and  boiled ;  the 
precipitate  of  inn  and  alumina,  which  generally  appears  in  this  place,  is  filtered  off; 
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»nd  the  cleorsolation  eraporated  to  a  small  bnlk.  Sulphate  of  thallium  then  separates 
out  on  cooling,  in  long,  clear,  prismatic  crystals.  As  sulphate  of  ammonium  is  much 
more  soluble  than  sulphate  of  thallium,  the  latter  can  readily  be  separated  from  the 
small  quantity  of  the  former  salt  present    The  two  salts  do  not  crystallise  together. 

In  order  to  avoid  the  inconvenience  of  driving  off  the  excess  of  oil  of  vitriol  in  the 
decomposition  of  chloride  of  thallium,  it  may  in  some  cases  be  preferable  to  p  oceed  as 
follows : — Boil  the  chloride  of  thallium  in  solution  of  sulphide  of  ammonium  for  nve 
minutes :  decomposition  takes  plaCA  readily.  Filt«r,  and  wash  with  hot  sulphuretted 
water  till  no  more  chlorine  can  be  detected  in  the  filtrate ;  then  dissolve  the  sulphide 
on  the  filter  in  dilute  sulphuric  acid,  and  treat  the  solution  with  ammonia,  &c,  as 
above  directed.    (Crookes.) 

c.  From  the  Saline  Senduee  of  the  Saltworke  at  Nauheim, — The  strong  solution  is 
mixed  with  a  quantity  of  platinic  chloride  not  sufficient  for  complete  precipitation, 
and  the  precipitate  is  boiled  five  or  six  times  with  three  times  its  weight  of  water ; 
the  insoluble  residue,  consisting  of  the  platinum-salts  of  csesium,  rubidium,  and  thal- 
lium, is  boiled  with  a  weak  solution  of  potash  and  a  little  hyposulphite  of  sodium,  till  a 
clear  solution  is  obtained ;  and  this  solution  is  treated  with  cyanide  of  potassium  and 
Bulphydric  acid,  whereby  the  thallium  is  precipitated  as  sulphide.  The  liquid  is  then 
to  be  filtered,  and  the  residue  washed  and  dissolved  in  sulphuric  acid.    (Bottger.) 

C  From  Lepidolite  and  Mica, — The  residue  obtained  by  reduction  of  the  platinum- 
salts  of  rubidium,  caesium,  and  thallinm,  as  described  under  Bxtbidium  (p.  128),  is 
carefully  washed  with  water,  to  dissolve  the  chlorides  of  csesium  and  rubidium ;  the 
washed  platinum-black  is  dissolved  in  nitromuriatic  acid,  and  evaporated  to  drive  off  the 
excess  of  acid  ;  and  the  dry  mass  is  digested  with  water,  which  leaves  the  whole  of  the 
thallinm-chloroplatinate  (still  containing  a  little  rubidium)  undissolved.  This  residue, 
after  addition  of  a  few  drops  of  hydrochloric  acid,  is  boiled  with  finely  eranulated 
Einc ;  the  excess  of  zinc  is  dissolved  out  of  the  precipitated  metals  by  hydrochloric  acid 
(which  does  not  take  up  any  thallium) ;  and  the  washed  residue  is  heated  with  nitric 
acid,  which  dissolves  the  tluillium,  and  leaves  the  platinum.    (Schrotter.) 

If.  From  the  Mother44quor8  of  Zine-eulphaie, — ^The  mother-liquor  of  zinc-vitriol,  ob- 
tained at  Goslar,  in  the  Hars,  by  working  pyrites  from  the  Bammelsberg,  is  (aceoiding 
to  Bunsen)  a  very  convenient  source  of  thallinm.  When  boiled  down  to  a  specifihs 
gravity  of  1*441  at  24^,  it  contains  (according  to  an  analysis  by  Neuhoff)  0*05  per 
cent,  chloride  of  thallium,  together  with  the  sulphates  of  zinc,  cadmium,  manganese, 
copper,  and  many  other  salts.  When  mixed  with  an  equal  volume  of  hydrochloric 
acid,  it  yields  a  precipitate  of  thallium-chloride ;  and  with  iodide  of  potassium,  in  pre-* 
sence  of  a  sufficient  quantity  of  sodic  hyposulphite,  a  precipitate  of  thallium-iodide  free 
from  copper.  The  simplest  method  of  obtaining  the  thallium  is  to  precipitate  it,  together 
with  copper  and  cadmium,  by  immersing  plates  of  zinc  in  the  coUi  liquor.  The  metallic 
powder  thereby  precipitated,  after  being  quickly  rinsed,  is  digested  with  water  con- 
taining sulphuric  acid ;  and  the  resulting  solution,  containing  l£allium  (together  with 
cadmium),  is  precipitated  with  iodide  of  potassium.  A  cubic  metre  of  the  Bquor  thus 
treated  yielded  0*6  kilogrm.  thallium,    (bunsen.) 

0,  To  recover  the  thallium  remaining  in  the  mother^liquor  of  any  of  the  preparations 
above  described,  Willm  precipitates  the  solution  (reduced,  if  necessary,  by  sulphurous 
acid)  with  iodide  of  potassium,  decomposes  the  precipitated  iodide  of  thallium  with 
nitric  acid  (in  a  distillatory  apparatus,  arranged  so  as  to  condense  the  volatilised 
iodine),  and  evaporates  t^e  resulting  solution  of  thallium-nitrate  to  the  ciystallising 
point.  Insoluble  residuea  are  treated  with  nitromuriatic  acid,  the  neutralised  solution 
IS  precipitated  with  sulphide  of  ammonium ;  and  the  precipitated  sulphide  of  thallium  is 
converted  into  sulphate  by  treatment  with  sulphuric  acid. 

Preparation  of  Metallic  Thallium, — The  metal  is  reduced  from  its  solution,  gene- 
rally from  the  sulphate,  either  by  electrolysis,  or  by  the  action  of  zinc. — 1.  When 
an  electric  current  from  two  or  three  Grove's  cells,  with  platinum  terminals,  is  passed 
through  an  acidulated  solution  of  thallium-sulphate  in  its  own  weight  of  water,  the 
metal  is  deposited  on  the  negative  pole,  in  brilliant  plat^  and  long  needle-shaped 
crystals,  stretching  out  towards  the  positive  pole,  and  presenting  an  appearance  like 
that  known  as  the  tin-tree.  The  reduction  is  complete  when  hydrogen  begins  to 
escape  at  the  negative  pole.  The  cr^^stalline  metallic  sponge  may  then  be  squeezed 
into  a  compact  mass  round  the  platinum  terminal,  well  rinsed  with  water,  removed 
from  the  platinum,  and  kneaded  by  the  fingers  into  a  solid  lump.    (Crookes.) 

2.  For  reducing  considerable  quantities  of  thallium,  it  is  best  to  employ 
metallic  zinc.  Plates  of  pure  zinc  (which  should  leave  no  residue  whatever  when  dis- 
solved in  sulphuric  acid)  are  arranged  vertically  round  the  sides  of  a  deep  porcelain 
dish  holding  a  gallon.     Crystallised  sulphate  of  thallium,  in  quantities  of  about  beven 
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yofBoAs  at  a  Ume,  is  ihen  placed  in  Uie  dish,  and  water  ponrsd  orer  to  eorer  the  salt. 
Hmt  is  applied,  and,  in  the  course  of  a  few  hoim,  the  whole  of  the  thallium  will  be 
redneed  to  the  stute  of  a  metallic  sponge,  which  readilj  separatee  ftom  the  plates  of 
zinc  on  slight  agitatton.  The  liquid  is  poured  off,  the  zine  removed,  and  the  spongy 
tballinm  washed  several  times.  It  is  then  strongly  compressed  between  the  fingem, 
and  preserved  under  water  until  it  is  ready  for  fusion.  In  ibis  manner  upwards  of  a 
hundredweight  of  metallic  thallium  may  be  reduced  in  the  course  of  twenty-four  hours. 
(Crookes.) 

The  metal  is  readily  obtained  in  the  coherent  form  by  fusing  the  sponge.  This  is 
most  conveniently  performed  under  cyanide  of  potassium  on  the  small  scale,  and 
under  coal-gas  when  working  with  laige  quantities.  In  the  former  case,  the  sponge, 
strongly  compressed  and  quite  dry,  is  broken  into  small  pieces,  which  are  dropt  on« 
by  one  into  cyanide  of  potassium  fused  in  a  porcelain  crucible.  They  instantly  melt, 
forming  a  brilliant  metallic  button  at  the  bottom.  When  cold,  the  cyanide  of  potas- 
sium may  be  dissolved  in  water,  when  the  thallium  will  be  left  in  the  form  of  an 
irregular  lump,  owing  to  its  remaining  liquid  and  contracting  after  the  cyanide  has 
solidified. 

On  the  laige  scale,  the  fusion  is  beet  effected  in  an  iron  crucible.  This  is  placed 
over  a  gas-burner,  and  a  tube  is  arranged  so  that  a  constant  stream  of  coal- 
gas  may  flow  into  the  upper  part  of  the  crucible.  Lumps  of  the  compressed  sponge 
are  then  introduced,  one  after  the  other  as  they  melt,  until  the  crucible  is  full 
of  metal.  It  is  then  stirred  up  with  an  iron  rod,  and  the  thallium  may  either  be 
poured  into  water  and  obtained  in  a  granulated  form,  or  cast  into  an  ingot.  Thirty  or 
forty  fusions  hare  been  performed  in  the  same  crucible  without  the  iron  being  acted 
upon  in  the  least  by  the  melted  thallium.     (Crookes.) 

According  to  Willm,  pure  thallium  is  best  obtained  by  heating  the  oxalate  in  a 
glass  tube,  the  metal  then  remaining  in  the  fused  state. 

Properties. — ^Thallium  is  a  perfect  metal,  with  high  metallie  lustre.  In  ooloor  it 
most  resembles  cadmium,  not  being  so  brilliantly  whito  as  silyer,  but  free  from  the 
blue  tinge  of  lead.  The  true  colour  can  scarcely  be  seen  by  cutting  or  scraping  the 
snr£Bce,  as  it  tarnishes  too  quickly.  It  is  best  observed  by  scraping  the  metal  under 
water,  or  by  fusing  it  in  hydrogen,  and  allowing  the  melted  globule  to  flow  away  firora 
the  dross.  When  fiised  under  coal-gas,  the  liquid  metal  in  the  crucible  can  hardly  be 
distinguished  from  mercury.  It  takes  a  very  high  polish  by  fticticm  with  appropriate 
materials,  under  water.  Thallium  tarnishes  at  ordinary  temperatures,  quickly  be- 
coming coated  with  a  film,  which  almost  entirely  protects  it  firom  further  action  of  the 
air.  The  specific  gravity  of  thallium  varies  according  to  the  treatment  it  has  under- 
gone. A  lump  melted  and  slowly  cooled  under  cyanide  of  potassium  was  found  to 
have  a  density  of  11-81,  increasing  by  strong  pressure  to  11*88.  When  egneezed 
into  wire,  a  portion  was  found  to  have  a  density  as  high  as  11*91.  Lamy  gives  it  as 
11*86.  De  la  Rive  states  it  to  be  11*85  after  fusion,  and  11*80  after  being  c^rovn  into 
wire.  Thallium  is  the  softest  known  metal  admitting  of  iree  exposure  to  the  air.  The 
finger-nail,  and  even  a  piece  of  lead,  scratch  it  readily.  It  marks  paper  like  plumbego» 
forming  a  streak,  blue  at  first,  then  turning  yellow,  and  in  a  day  or  two  fading  nearly 
out.  Sulphide  of  ammonium  or  sulphuretted  hydrogen  will  at  any  time  tempomrily 
restore  the  dark  streak.  Thallium  has  less  tenacity  than  lead,  and  does  not  become 
brittle  at  any  temperature  between  - 18^  C.  (0^  F.)  and  ite  meltin^point  It  is  very 
malleable,  and  can  be  hammered  into  foil  as  thin  as  tissue-paper ;  its  hardness  is  not 
sensibly  increased  by  hammering.  It  can  be  drawn  into  wire  only  with  difficulty,  but  it 
is  squeezed  into  wire  very  readily,  by  the  process  technically  known  as  "  squirting." 
ThaUinm-wire  is  almost  devoid  of  elasticity,  retaining  any  form  into  which  it  is  bent, 
with  scarcely  a  tendency  to  spring  to  its  original  position.  When  first  prepared,  the 
wire  appears  amorphoufl^  and  will  remain  so  if  kept  at  the  ordinaiy  temperature  in 
carbonic  anhydride,  or  in  petroleum  free  from  air.  In  water  it  gradually  beoemes 
crystalline,  resembling  the  moiri  of  tinplato;  this  effect  is  immediately  produced  when 
thallium  in  wire,  ingot,  or  plate,  tarnished  or  dean,  is  boiled  in  water. 

Thallium  is  a  very  crystalline  metal,  and  crackles  almost  as  much  as  tin  when  bent. 
When  several  pounds  of  it  are  fused,  and  allowed  to  cool  slowly,  and  the  interior 
liquid  portion  poured  off  from  that  which  has  solidified,  well-defined  crystals,  in  oeta- 
hedrons  and  femlike  forms,  are  produced.  The  melting-point  of  thallium  is  290°, 
according  to  Lamy;  293*9°  according  to  Crookes,  who  determined  it  by  fusing 
about  two  pounds  of  the  pure  metal.  Thallium  does  not  become  pasty  before  melting ; 
it  expands  considerably  before  complete  fusion,  and  contracto  strongly  on  cooling. 
Two  pieces  of  the  metal  weld  together  under  strong  pressure  at  the  ordinazy  tempera- 
ture, and  after  filling  the  steel  die  with  soaps  and  cuttings,  they  may  be  r^ily 
squeezed  into  a  solid  rod,  apparently  as  tenacious  as  when  obtained  by  fusion. 

The  most  characteristic  property  of  thallium  is  the  intense  green  colour  which  the 
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metal  or  any  of  its  oomponnda  commnnicatea  to  a  ooloorlesa  flame.  This  colonr,  when 
examined  in  the  apectioaoope,  is  seen  to  be  absolutely  monochromatic,  appearing  as 
one  intensely  brilliant  and  sharp  green  line,  coinciding  with  the  number  1442*6  on 
KirchhofTs  spectrum-chart.  The  thallium-spectrum  is  simpler  than  that  of  any 
other  element  yet  examined.  An  amplifying  power  as  great  as  has  erer  been  applied 
to  the  spectrum  (16  heavy  glass  prisms),  does  not  affect  the  integrity  of  the  line,  and 
the  high  temperature  of  the  hydrogen-  or  oxyhydrogen-flame  shows  no  new  lines ; 
thallium  has  therefore  a  simpler  spectrum  than  sodium  or  lithium,  which  stand  next  to 
it  in  this  respect  The  spectral  reaction  of  thallium  is  very  delicate,  the  5-millionth 
part  of  a  grain  of  thallium-sulphate  being  sufficient  to  produce  it. 

Thelengthof  the  waveof  the^^en  thallium-line  is  0*0006348  millimetre.  (J.  MUller, 
Pogg.  Ann.  czriiL  641.) 

mien  spai^B  from  an  induction-coil  are  passed  between  two  pieces  of  thallium- 
wire,  the  light  ceases  to  be  purely  monochromatic.  On  viewing  it  by  the  spectroscope, 
several  new  lines  make  their  appearance ;  besides  the  usual  intense  line  in  the  green, 
five  others  are  particularly  observable :  first,  a  very  faint  one  in  the  orange ;  next, 
two  of  nearly  equal  intensity  in  the  green,  more  refrangible  than  Tl  a,  with  a  third  much 
fS&inter,  these  three  lines  in  the  green  being  nearly  equidistant ;  and,  lastly,  a  bright 
well-defined  line  in  the  blue.  The  photographic  spectrum  contains  several  very 
characteristic  groups  of  lines,  recalling  the  features  of  the  spectra  of  cadmium  and  zinc, 
and  less  strongly  tnatof  lead  (W.  A.  Miller,  Proc  Hoy.  Soc.  xii.  407).  The  thallium- 
line  has  no  counterpart  in  the  black  lines  of  the  solar  spectrum. 

Thallium  is  strongly  repelled  by  both  poles  of  an  electromagnet,  being  nearly  equal 
to  bismuth  in  diamagnetic  character.  In  respect  of  electric  conductivity,  it  lies  between 
tin  and  lead.  Taking  the  conducting  power  of  silver  at  100,  that  of  thallium  is  9*16 
according  to  Matt  hies  8  en,  8'64accoraingto  De  la  Rive.  Mat^hiessen  andVogt 
find  that  the  conducting  power  of  thallium  decreases,  between  0^  and  100°,  by  31*420 
per  cent,  which  is  a  larger  percentage  decrement  than  that  obtained  for  many  other 
pure  metals — namely,  26*307  per  cent  The  specific  heat  of  thalliimi  is  given  by  La  my 
at  0*0325,  and  by  Regnault  at  0*03349  and  0*03361. 

Thallium,  when  heated  in  the  air,  begins  to  volatilise  at  a  red  heat»  evolving  brown 
vapours  of  oxide ;  it  boils  below  a  white  heat,  and  may  be  distilled  in  a  current  of 
hydrogen.  The  hydrogen  takes  up  mechanically  a  litle  thallium,  which  is  not  deposited 
upon  traversing  five  feet  of  cold  glass  tubing,  as  the  emergent  gas,  when  ignited, 
bums  with  a  brightrgreen  fiame. 

When  heated  to  redness  and  plunged  into  oxygen,  thallium  bums  brilliantly 
n^jamy).  Before  the  blowpipe,  on  charcoal,  it  melts  instantly,  evolving  copious  brown 
Tumes.  The  bead,  if  heatea  to  redness,  glows  for  some  time  after  the  source  of  heat  is 
removed,  continually  evolving  vapours  which  appear  to  be  a  mixture  of  metal  and 
oxide.  On  cooling,  the  adjacent  parts  of  the  charcoal  are  found  to  be  coated  with 
small  globules  of  volatilised  metal,  surrounded  with  a  reddish  amorphous  sublimate 
of  mixed  protoxide  and  sesquioxide.  The  principal  globule  of  metal  is  also  coated 
with  a  fused  layer  of  protoxide,  resembling  lead  in  this  respect.  When  thallium  is 
heated  in  an  open  glass  tube,  it  melts,  and  becomes  rapidly  converted  into  the  more 
fusible  protoxide,  which  strongly  attacks  the  glass.  This  oxide  is  of  a  dark-red 
colour  when  hot,  solidifying  to  a  brown  crystalline  mass. 

Some  of  the  compounds  of  thallium  are  very  volatile,  the  chloride,  for  instance,  dis- 
tilling with  the  vapour  of  water,  and  volatilising  when  heated  to  a  temperature  below 
redness.  Other  compounds,  such  as  the  sulphate  and  phosphate,  will  bear  a  full  red 
heat  without  loss. 

Thallium  is  easily  reduced  to  the  metallic  state.  In  aqueous  solution,  the 
metal  is  readilv  obtained  by  the  electric  current,  or  by  the  reducing  action  of  metallic 
zinc  In  the  dry  state,  its  salts  may  be  reduced  at  a  high  temperature  by  charcoal  and 
carbonate  of  soaium,  or  by  cyanide  of  potassium,  or  from  the  chloride  bv  an  alkali- 
metaL  The  pure  metal  is  scarcely  attacked  by  hydrochloric  acid,  even  when  boiling. 
It  is  dissolved  somewhat  more  readily  by  sulphuric  acid,  especially  if  it  be  in  cmtact  with 
a  piece  of  platinum ;  nitric  acid  attacks  it  violently. 

In  electro-chemical  position,  thallium  is  vety  near  cadmium,  being  predpitated  from 
the  sulphate  by  sine  and  iron,  but  not  by  cadmimn,  tin,  or  copper. 

Several  thallium-salts  are  sensitive  to  light ;  the  protochloride  darkens  readily, 
though  by  no  means  so  rapidly  as  chloride  of  silver. 

Tbillium-salts  are  highly  poisonous,  producing  symptoms  like  those  of  lead-poisoning. 
(La my,  Compt  rend.  Ivii.  442;  Jahresb.  1863,  p.  265.) 

Thallium  forms  two  classes  of  compounds — ^namely,  the  thallious  c  omp  ou  n  d  s, 
in  which  it  is  uni-equivalent;  and  the  thallic  compounds,  in  which  it  is  tri-equiva- 
lent  Thus  it  forms  two  oxides,  TIK)  and  TPO*,  with  corresponding  chlorides,  bromides, 
iodides,  and  oxygen-salts.    In  some  of  its  chemical  relations  it  resembles  the  alkali- 


746  THALLIUM:  ALLOTS— BROMTOES. 

ncUls,  fonung  m  readilj^  solvble  and  Inglily  alkafine  pratoxidB,  s  solnlileaad  ilkalinw 
mrbonato,  an  inaoliibLe  cfaloropltitiiHite,  mod  a  tliallio-ahaiiiiiie  anlpliatey  nmilar  in 
form  and  eompoaition  to  eommoa  poUah-alnm.  In  most  reapeeta,  howerer,  it  ia 
more  net^Aj  allied  to  tlie  hemrj  metala,  eqwdallj  to  lead,  wiudi  it  naeniblea  doeelj 
in  appraranca,  denaity,  melting-pointy  specific  boat,  and  eleetrie  eoodacdTity.  Ita 
reUtiooabip  to  tbe  beaTj  metala  ia  farther  shown  by  its  high  atomic  weight ;  the 
complexity  of  ita  phoipgraphic  spectnon,  which  contraata  strongly  with  tbe  simplicity 
of  those  of  the  alkali-metals  (Miller);  the  highly  poiaonoos  fharactfr  of  its  com- 
poocds ;  ita  eaay  lednction  from  solntion  by  zinc;  the  production  of  a  brown  inao- 
Inble  peroxide  by  electrolytic  action  (p.  763);  the  eomplete  or  nearly  eom|dete  instdn- 
bility  of  ita  solpfaide,  phosphide,  iodide^  bromide,  chlinide,  chromate,  and  phosphate. 
Thailinm  diflfars  alao  easentially  from  the  allcali-metala  in  the  alight  aifiniiy  of  i:a 
protoxide  for  water,  thia  oxide  not  only  being  non-deliqnoacont,  bnt  remaining  in  tbe 
anfaydrooa  state  when  its  a^jneooa  Bohition  ia  evaporated  at  ordinary  tpmperatnres  in 
a  Tscanm  orer  oil  of  ritiioL  The  aignment  in  favoor  of  ita  relation ahip  to  the  alhali- 
mctaU,  derired  from  the  formation  of  a  thallinm-alnm,  can  no  longer  be  considered 
valid,  now  that  a  ailTer-alnm  of  similar  Harm  and  composition  hu  been  ahown  to 
exist  (p.  580). 

TXASXSUM;  AIAOn  or.  These  compoonda  have  not  been  mnch  studied. 
When  thiLllinin  is  projected  into  a  cmcible  containing  melted  copper,  it  boils,  and  in 
great  part  volatilisea,  some  bowerer  uniting  with  the  ooroer.  By  repeated  additions  of 
thallium,  a  hard,  brittle,  white  alloy  may  be  formed.  With  a  etill  smaller  quantity  of 
tfaalUum,  the  mixture  is  gold-ooloured ;  and  with  95  per  cent,  of  copper,  it  forma  a 
hard  button,  flattening  somewhat  under  the  hammer,  but  soon  cracking  at  the  edges. 
In  small  quantitiea,  mallium  appears  to  diminish  the  malleability  and  ductility  of 
copper.  Copper  prepared  in  Spam,  by  the  cpmentation-procese  already  described,  fire- 
quently  contains  considerable  quantities  of  thallium,  which  may  perh^  account  for 
its  pre-eminently  bad  quality. — ^With  lead,  thalliam  melta readily,  forming  a  malle- 
able alloy. — ^With  mercury  it  unites  easily,  forming  a  solid  czystalline  amalgam. — 
Platinum  and  thallium  unite,  with  incandracence.  When  a  piece  of  metallic  thalliam  is 
placed  on  a  platinum-wire  loop,  and  held  in  the  flame  of  a  spixit-l&mp,  the  two  metala 
rapidly  melt  together,  becoming  nearly  white  hot,  and  oTolving  abundant  fumes  of 
thallium ;  the  resulting  alloy  is  highly  aystalUne,  veiy  hard,  and  almost  as  brittle  as 
glass.  The  most  convenient  way  of  obtaining  tbe  green  light  of  thallium  is  to  alloy  a 
platinum-wire  loop  in  this  manner.  When  Uiis  loop  is  introduced  into  a  spirit-lamp, 
or  heated  before  the  blowpipe,  a  green  tint  of  extraordinary  splendour  is  communi- 
cated to  the  flame. — ^An  aUoy  of  thallium  and  tin  is  easily  obtained  by  fusion  under 
cyanide  of  potassium,  or  coal-gas.  With  5  per  cent  of  thallium,  the  alloy  is  perfectly 
malleable. 


The froto bromide, or  Thalliousbromide^ 
TlBr,  is  formed  by  adding  thallium  to  bnmune,  or  by  double  decomposition.  It  forms 
a  very  pale-yellow  preciptate,  fusible  below  redness,  and  is  interm^iate  in  solubility 
between  the  chloride  and  iodide  (Lamy).  Aoeordinff  to  Willm  (BulL  Soc  Chim.  1864, 
ii.  89),  it  is  nearly  insoluble  in  cold,  and  veiy  slightly  soluble  in  boiling  water.  In 
contact  with  bromine  and  a  small  quantity  of  water,  it  gradually  dissolves,  with  rise 
of  temperature,  to  a  liquid,  which,  wnen  evaporated  in  a  vacuum,  solidifies  to  a  pun- 
gent, yellow,  deliquescent,  crystalline  mass  of  impure  tribromide,  or  tkallic  bro* 
mide,  TlBr*  (containing  ntther  less  bromine  than  that  required  by  the  formula).  On 
mixinff  the  aqueous  solution  of  the  tribromide  with  the  protobromide,  or  subjecting  it  to 
partial  reduction,  the  hot  liquid  yields  long,  siskin-yellow,  shining  needles,  appearing 
under  the  microscope  as  quadratic  prisms,  imd  consisting  of  tbe  di bromide,  TVBt*  •• 
TlBr.TlBr*.  They  are  decomposed  by  water  into  a  protobromide  which  separates, 
a  tribromide  whidi  remains  dissolved,  and  a  aesquiibromide,  Tl^Bi^  «  TlBr'.STlBr, 
which  crystallises  in  translucent^  orange-red,  six-sided  laminse.  This  last  compound 
is  likewise  decomposed  by  treatment  witb  water,  vrith  separation  of  protobromide. 
(Willm.) 

The  tribromide  forms,  with  bromide  of  ammonUim,  a  doable  salt»  NH*Br.TlBr*.5H*0, 
crystallising  in  long,  yeUow,  transparent  needles,  which  easily  give  off  their  water  in  a 
vacuum.  A  concentrated  alcoholic  solution  of  the  tribromide  mixed  with  ammonia, 
yields  a  white  precipitate  of  the  compound  TlBr'.3NH',  which  quickly  turns  yellow^ 
and  is  easily  decomposed  by  water,  with  separation  of  black  sesquioxide  of  tliaUium. 
(Willm.) 

A  compound  of  thallic  bromide  with  ethylic  oxidft,  2TlBr'.8(CH')'0,  is  produced  by 
adding  bromine  to  anhydrous  ether  in  which  metallic  thallium  or  the  protobromide  is 
suspended.  This  compound  dissolves  in  bromide  of  ammonium,  yielding  the  double 
salt  NH^Br'.TlBr^  with  2  at  and  8  at  water,  the  fonner  hydrate  crystallising  in 
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rhomlxndal  or  six-sided  tables,  the  second  in  needles ;  both  melt  in  their  water  of 
aystallisation  below  100^.    (Nieklis,  Compt.  rend.  iTiii. 637.) 

TKAX&IVlIp  OB&OKa>B8  OV.  Thalliiun  forms  four  chlorides  analogous 
to  the  bromides : — 

Protochlorideof  Thallium,  or  Thallious  (7A^ort<2«,TlCl.— Metallic  thallium 
is  attacked  at  ordimuy  temperatures  by  chlorine ;  when  heated  in  the  gas,  it  burns 
and  forms  a  yellow  liquid,  which  solidifies  on  cooling  to  a  pale-yellow  or  white  ciys- 
talline  mass.  If  excess  of  chlorine  has  been  present,  the  product  consists  almost 
entirely  of  higher  chlorides ;  but  in  presence  of  an  excess  of  thallium,  the  white  pro- 
tochloride  is  ^e  only  compound  formed.  Boiling  hydrochloric  acid  attacks  thallium 
but  slowly,  the  action  soon  ceasing,  owing  to  the  formation  of  a  layer  of  difficultly 
soluble  diloride  of  thallium.  When  hydrochloric  acid,  or  a  soluble  chloride,  is  added 
to  a  solution  of  thallious  oxide  or  a  thallious  salt,  a  white  curdy^  precipitate  of  proto- 
chloride  is  thrown  down,  scarcely  to  be  distinguished  at  first  sight  from  chloride  of 
silver.  When  boiled  in  water,  it  dissolves  like  chloride  of  lead,  and  separates  again 
on  cooling ;  the  eiystals,  however,  are  much  smaller  and  less  brilliant  than  those  of 
chloride  of  lead.  Frotochloride  of  thallium  is  also  precipitated  when  sulphurous  acid 
or  an  alkaline  sulphite  is  added  to  one  of  the  higher  chlorides. 

One  part  of  the  protochloride  dissolves  in  283*4  pts.  of  water  at  16'5^,  and  in  62*5 
pta.  of  boiling  water.  It  is  insoluble  in  alcohol,  and  scarcely,  if  at  all,  more  soluble 
in  aqueous  ammonia,  cyanide  of  potassium,  or  hydrochloric  add,  than  in  water. 
When  boiled  in  nitric  or  nitiomuriatic  acid,  it  is  converted  into  a  higher  chloride.  It 
may  be  heated  to  260®  without  loss  of  weight ;  at  a  slight  increase  of  heat,  it  suddenly 
melts  to  a  thin  brown  liquid,  white  vapours  being  simultaneously  evolved.  On  cooling, 
it  solidifies  to  a  white,  shining,  crystalline,  somewhat  flexible  mass.  The  specific 
gravity  of  the  fused  chloride  is  7*02  (Lam y).  The  ftised  lumpisreduced  to  the  metal* 
nc  stHte  by  sine  and  dilute  acid,  like  ftised  chloride  of  silver.  According  to  Lamy, 
chloride  of  thallium  is  unalterable  by  light;  but  a<»ording  to  Crook  es,  it  undergoes 
a  considerable  darkening  when  exposed  either  to  sunlight  or  diffused  daylight. 

Protochloride  of  thallium  forms  double  salts  with  trichloride  of  gold  and  tetrachloride 
of  plaldnum. — The  ckioroaurate  separates  from  the  hot  aqueous  solution  containing  a 
slight  excess  of  auric  chloride,  in  brilliant  gold-coloured  crystals ;  it  is  slightly  soluble 
in  water,  and  when  ignited  leaves  an  alloy  of  gold  and  thallium. — The  cMomlatinate, 
2TlCl.PtCl\  is  nrecipitated  as  a  pale-yellow  crystaUine  powder,  very  sparingly  soluble 
in  water,  much  lees  so  than  the  corresponding  potassium-,  rubidium-,  or  caesium-salts 
{q.v.\  1  ptw  of  it  requiring  for  solution  16,686  pts.  water  at  16*6^,  and  1,948  pts.  at  100®. 
(Grookes.) 

Setquichlorideof  Thallium,  Tl«Ol'  or  T1*C1«-T1C1*.8TIC1.— This  compound  is 
produced  by  dissolving  thallium  or  the  protochloride  in  nitromuriatic  acid,  and  separates 
on  cooling  in  yellow  crystalline  scales.  It  may  also  be  prepared  by  heating  the  tri- 
chloride till  it  melts,  and  no  lonser  gives  off  chlorine  (p.  748).  [Werther  obtained  by 
these  processes  only  variable  mixtures  of  the  protochloride  and  trichloride ;  but  other 
experimenters  have  obtained  a  definite  product]  The  seequi  chloride,  when  heated, 
melts  below  redness,  forming  a  dark-brown  liquid,  which  solidifies  to  a  lighter- 
coloured  mass.  It  is  soluble  in  380*1  times  its  weight  of  water  at  15*6®,  and  in 
62*9  pts.  of  boilinff  water.  Pure  water  produces  a  slight  decomposition  into  sesqui* 
oxide  and  protochloride,  which,  however,  may  be  prevented  by  the  addition  of  a  drop 
of  nitric  or  hydrochloric  acid.  When  slowly  ciTstallised  from  slightly  acidulated 
boiling  water,  it  separates  in  brilliant  orange-yeUow  hexagonal  plates,  considerably 
darker  than  when  it  is  obtained  by  more  rapid  crystallisation,  and  presenting  the 
closest  rpsemblance  to  iodide  of  lead.  Sesquichloride  of  thallium  is  also  precipitated 
by  the  cautious  addition  of  sulphite  of  sodium  to  one  of  the  higher  chlorides.  When- 
ever it  separates  from  a  liquid,  it  shows  remarkable  cirstalline  characters,  and  when 
just  precipitated,  produces  a  magnificent  satiny  lustre  in  the  liquid.  Solution  of  ammonia, 

Sotash,   or  even  thallious    oxide,   added    to   the  sesquichloride,   produces   instant 
ecomposition  into  sesquioxide  and  protochloride,  according  to  the  following  equation : 

4T1«C1»  +  3(NH*)«0     -     T1«0«  +  6T1C1  +   6NH«C1. 

When  pure  dry  ammoniacal  gas  is  passed  over  the  sesquichloride,  heat  being  applied 
with  a  spirit-lamp,  the  salt  first  assumes  a  deep  orange  tint,  without  fusing,  and  loses 
its  brilliant,  almost  metallic  lustre.  On  increasing  the  heat,  the  chloride  fuses,  and 
at  the  same  time  sal-ammoniac  vapours  are  abundantly  evolved.  The  melted  com- 
pound froths  up,  and  assumes  a  deeper  tint,  ultimately  becoming  brown,  and  then 
gradually  paler,  until  there  finally  remains  perfectly  white  protochloride  of  thallium. 

The  reaction  between  ammonia-gas  and  sesquichloride  of  thallium  is  reprissented  by 
the  following  equation  : — 
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3Tl«ei«  +  4NH»     »     6T1C1  +   8NH«C1  +  N. 

The  sesqiiichloride,  heated  in  a  stream  of  sulphydric  acid  gas,  is  converted  into  black 
sulphide  of  thallium,  with  evolution  of  hydrochloric  acid  and  yolatilisation  of  sulphur. 
Its  aqueous  solution  yields,  with  sulphy(£ric  acid,  a  slight  red  precipitate,  which  £8f4>- 
pears  on  boiling,  leariDg  only  a  small  quantity  of  sulphur. — Sulphide  of  amnumium 
or  potassium  produces  complete  precipitation.  (Hebberling,  Jahresb.  1865, 
p.  260.) 

Plaiinic  chloride  added  to  the  aqueous  solution  throws  down  thallious  chloroplati- 
nate,  2TlCLPtCl\  while  thsJlic  chloride  remains  in  solution.  (Werther,  ilnd, 
p.  246.) 

Dichlorideof  Thallium,  TIK!!*  -  TICP.TICI,  is  formed  by  carefully  headng 
either  thallium  or  theprotochloride  in  a  slow  current  of  chlorine,  the  resulting  chloride 
being  kept  liquid.  The  dichloride  is  pale-yellow,  rather  hygrometric,  and  decidedly 
more  fdsible  than  the  sesquichloride.  It  is  reduced  to  sesquichloride  by  heat. 
(La  my.) 

Trichloride  of  Thallium,  or  Thallie  Chloride,  T1G1*.--This  compound  is 
formed  by  diMolving  the  trioxide  in  hydrochloric  acid,  or  by  acting  upon  thallium  or 
a  lower  chloride  with  a  huge  excess  of  chlorine  at  a  gentle  heat.  According  to  W  er- 
ther  (Jahresb.  1864,  p.  247),  it  is  most  easily  prepared  by  treating  thallium  or  the 
protochloride  with  chlorine-gas  under  water,  till  the  resulting  solution  is  no  longer 
precipitated  by  platinic  chloride.  The  solution  freed  from  excess  of  chlorine  by  a 
stream  of  carbonic  anhydride,  and  evaporated  in  a  vacuum,  yields  a  crystalline  mass 
composed  of  long  colourless  prisms  of  the  hydrated  trichloride,  T1C1*.H*0,  sometimes 
also  long  deliquescent  needles,  containing  2TlClMdH'0.  It  melts  easily,  and  decom- 
poses with  loss  of  chlorine,  the  residue  consisting,  according  to  Lamy,  of  the  sesqui- 
chloride; according  to  Werther,  of  mixtures  of  tiie  trichloride  and  protochloride. 

Trichloride  of  thallium  unites  with  the  chlorides  of  the  allcali-metals,  forming  colour- 
less crystallisable  double  salts,  which  easily  decompose  with  separation  of  thallie 
oxide  (Nick Us,  J.  Fharm.  [4],  i.  26).— The  ammoniumsalt,  3NH'C1.T1G1'.2HH),  is 
produced  (with  simultaneous  formation  of  chloride  of  nitrogen)  by  passing  chlorine 
into  a  solution  of  thallious  chloride  containing  a  large  quantity  of  sal-ammoniac ;  mord 
readily  by  digesting  the  ether-compound  of  thallie  chloride  (infra)  with  sal-ammoniac; 
it  then  separates  in  large  six-sided  tables,  belonging  to  the  trimetric  system,  easily 
IBoluble  in  water  and  in  alcohol  (Nickl^s).— The  potassiumrsalt,  3EC1.T1C1.|H*0, 
oystallises  from  a  mixed  solution  of  the  component  chlorides  in  modified  cubes 
(Willm).— The  euprio  salt,  Ca*C1^2TlCl',  separates  from  the  mixed  solution  of  its 
constituent  salts,  in  opaque  green  crystals,  simultaneously  with  colourless  transparent 
prisms,  which  have  not  heem  examined.    ( W  i  1 1  m.) 

A  compound  of  thallie  chloride  with  ethyUc  oxide,  Tia*.(C*H*)*O.Ha  -¥  HH),  is 
obtained,  according  to  NickUs  (Jahresb.  1864,  p.  262),  bypassing  chlorine  into 
anhydrous  ether,  in  which  metallic  thallium  or  the  protochloride  is  suspended.  Two 
layers  of  liquid  are  then  formed,  the  lower  containing  the  ether-compound,  which 
remains  behind  on  evaporating  the  product  at  100°  in  a  stream  of  carbonic  anhydride. 
It  dissolves  in  ether  and  in  water  containing  hydrochloric  acid,  decomposes  alkaline 
carbonates,  and  when  treated  with  an  excess  of  the  latter,  deposits  sesquioxide  of 
thallium.    With  sulphurous  add  it  yields  protochloride  of  thallium. 

THAS&IUSCf  CTCAVZDB  OF.  Obtained  by  mixing  the  concentrated  solutions 
of  potassic  cyanide  and  thallious  carbonate,  or  by  neutruising  thallious  oxide  with 
prussic  acid  (Kuh  Iman  n) ;  more  easily  by  mixing  strong  solutions  of  potassic  cyanide 
and  thallious  nitrate  (Crookes).  It  separates  in  shining  crystalline  plates,  not  very 
soluble  in  water.  When  heated,  it  decrepitates  and  melts  easily,  and  when  intensely 
heated  on  platinum-foil,  volatilises  without  reduction,  or  alloying  with  the  platinum. 

Ferroso-thaUious  Cyanide,  or  Ferrocyanide  of  Thallium,  precipitated  on  mixing 
fenocyanide  of  potassium  with  thallious  nitrate,  forms  yellow  crystals,  slightly  soluble 
in  water. 

TBAZil^ZUM,  BBTBCTZOV  AVB  B8TZBKA.TXOV  07.  1.  Reactions  in 
the  Dry  Way. — The  behaviour  of  metallic  thallium  before  Ae  blowpipe,  and  the 
peculiar  characters  of  its  spectrum,  have  been  already  described  (p.  746).  The  creen 
line  Tla  is  alone  sufficient  to  distinguish  thallium  from  all  other  elements.  ThalSum- 
salts,  when  ignited,  generally  fuse  below  redness,  and  then  volatilise ;  some  of  them, 
however,  as  the  sulphate  and  phosphate,  will  stand  a  bright-red  heat  without  change ; 
the  chlorides,  on  the  other  hand,  distil  over  with  vapour  of  water.  On  charcoal 
before  tLe  blowpipe  they  volatilise,  communicating  an  intense  green  colour  to  the 
flame. 

2.  Beactions  in  Solution. — a.  Thallious  salts  are  forthe  most  part  colourless. 
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unleBS  the  acid  itself  is  coloured.  They  are  mostly  soluble  in  water,  neutral  to  test- 
paper,  and  have  a  slight  metallic  taste.  Their  aqueous  solution  is  rapidly  precipitated 
m  metallic  crystals  by  zinc,  and  slowly  by  iron. — Phosphoretted  hydrogen  precipitates  a 
black  phosplude. — Bulphydric  acid  added  to  a  solution  of  a  thallions  salt  containing  a 
weak  acid,  such  as  carbonic  or  acetic,  separates  the  whole  of  the  metal  in  the  form  of 
a  deep  brown  sulphide ;  from  solutions  of  thallium-salts  of  the  stronger  acids,  such  as 
the  sulphate  or  nitrate,  sulphydric  acid  precipitates  nothing  if  the  acid  is  in  excess, 
and  only  a  small  portion  of  the  metal  if  the  solution  is  neutral. — Sulphide  of  ammO' 
nium  precipitates  thallium-salts  completely,  the  precipitated  sulphide  being  insoluble 
in  suljphide  of  ammonium,  in  caustic  alkalis,  their  carbonates  and  cyanides,  and  only 
slightly  soluble  in  acetic  acid. — Hydroc/dorio  acid  and  soluble  chlorides  precipitate  a 
difficultly  soluble  white  chloride ;  hydrobromic  add  and  bromides  precipitate  a  white 
nearly  insoluble  bromide ;  and  hydriodic  acid  and  iodides  precipitate  an  insoluble 
yellow  iodide. — Alka/is,  aikalvM  carbonates,  or  bicarbonates  produce  no  change  in 
thallious  salts ;  phosphate  of  sodium  gives  a  white  precipitate,  nearly  insoluble  in  am- 
monia, easily  soluble  in  acids. — Chromate  of  potassium  gives  a  yellow  precipitate  of 
thallious  chromate,  insoluble  in  cold  nitric  or  sulphuric  acid,  but  turning  orange-red  on 
boiling  in  the  add  solution. — Haimie  chloride  precipitates  a  veiy  pale-yellow  insoluble 
double  salt. 

From  these  reactions  it  appears  that,  in  examining  a  mixed  metallic  solution, 
according  to  the  ordinaiy  method  of  qualitative  analysis  (i.  217),  thallium  will  be 
found  in  the  precipitate  thrown  down  by  sulphide  of  ammonium,  together  with  iron, 
nickel,  manganese,  &c.  From  these  metals  it  may  be  easily  separated  by  precipita- 
tion with  iodide  of  pot-assium  6r  platinic  chloride,  or  by  reduction  to  the  metallic  state 
with  dnc.  According  to  Hebberling,  iodide  of  potassium  is,  next  to  the  spectral 
reactions,  the  most  delicate  of  all  tests  for  the  presence  of  thallium,  producing  a  visible 
precipitate  in  a  solution  of  thallious  sulphate,  containing  only  0*0105  pt.  of  the  salt  in 
1,000  pts.  oftheliauid. 

^.  Thallic  salts  are  easily  distinguished  from  thallions  salts  by  their  behaviour 
with  alkalis,  and  with  soluble  chlorides  or  bromides.  Their  solutions  give  with 
ammonia^  and  with  fixed  alkalis  and  their  carbonates,  a  brown  eelatinous  precipitate  of 
thallic  oxide,  containing  the  whole  of  the  thallium.  Hydrochloric  acid  and  soluble 
chlorides  or  bromides  produce  no  precipitate  in  solutions  of  pure  thallic  salts ;  but  if  a 
thallious  salt  is  likewise  present,  a  precipitate  of  sesquichloride  or  sesquibromide  is 
formed.  Oxalic  acid  forms  in  solutions  of  thallic  salts  a  white  pulverulent  precipi- 
tate, phosphoric  acid  a  white  gelatinous  precipitate,  and  arsenic  {Kid  a  yellow  gelati- 
nous precipitate:  these  three  precipitates,  however,  are  sparingly  soluble  only  in 
presence  of  a  large  quantity  of  free  acid,  so  that  they  are  not  always  produced  by  the 
corresponding  alkaline  salts. — Sulphoeyanate  of  potassium  forms  m  acid  solutions  of 
thallic  salts  a  black-grey  precipitate,  in  veiy  sUgntly  acid  solutions  a  yellow  precipi- 
tate, which  is  dissolved  by  boiling  water,  and  at  the  same  time  reduced  to  a  thallious 
salt. — Chromate  of  potassium  does  not  precipitate  thallic  salts  (Willm,  Jahresb. 
1865,  p.  255).  According  to  Strecker,  on  the  contrary  {ibid.  p.  253),  chromate  of 
potassium  forms,  in  a  solution  of  thallic  sulphate,  a  yellow  precipitate,  which  turns 
Drown  in  contact  with  water.  Thallic  nitrate  gives  with  ferrocyanide  of  potassium  a 
siskin-green,  with  the  ferrocyanide  a  yellow  precipitate.  A  solution  of  thallic  sul- 
phate or  nitrate,  mixed  with  tartrate  of  sodium,  gives,  with  ammonia,  a  white  curdy 
precipitate,  soluble  in  excess  of  ammonia,  to  a  liquid  which  deposits  the  brown  sesqui- 
oxide  on  boiling.  But  when  the  sesquioxide  is  boiled  with  tartaric  acid,  carbonic 
anhydride  and  formic  acid  are  evolved,  and  a  solution  is  formed,  which  deposits  crys- 
tals of  thallious  tartrate.  The  ammoniacal  solution  of  thallic  oxide  furmed  in 
presence  of  tartaric  (or  phosphoric)  acid,  gives  with  sulphide  of  ammonium  or  aulphy^ 
drio  add,  a  brown  precipitate,  melting  at  the  boiling  heat  to  a  metallically  lustrous 
ball,  which  dissolves  in  hot  dilute  smphnric  acid,  with  evolution  of  sulphydric*  acid 
and  deposition  of  sulphur. — Iodide  of  potasnum  added  to  the  same  ammoniacal  solu- 
tion, forms  a  black  precipitate,  which  changes  on  boiling  to  thallious  iodide  mixed 
with  a  small  quantity  of  iodoform.     (Strecker.) 

8.  Estimation  and  Separation. — Thallium,  when  it  occurs  in  solution  as  a 
thallious  salt,  is  most  conveniently  estimated  as  protoiodide,  Til,  in  which  state 
it  is  obtained  by  precipitation  with  iodide  of  potassium.  The  precipitate  is  quite 
permanent  in  the  air,  and  at  the  temperature  at  which  it  is  weighed.  It  is  but  very 
slightly  soluble  in  water,  insoluble  or  nearly  so  in  saline  solutions,  alcohol  of  92  per 
cent.,  and  aqueous  ammonia,  but  perceptibly  soluble  in  water  containing  free  acids  or 
fixed  alkalis.  On  mixing  the  hot  ammoniacal  solution  of  a  thallious  salt  with  iodide 
of  potassium,  the  thallious  iodide  separates  immediately  as  a  curdy  precipitate,  which, 
after  standing  for  several  hours,  may  be  collected  on  a  weighed  filter,  and  washed  ivith 
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alcobol,  or,  if  this  is  inadmissible,  with  ammoiiia.  It  is  then  dried  at  116^,  and 
weighed:  it  contains  49*40  per  cent,  thallium.  (G.  Werther,  Zeitschr.  Anal.  Chem. 
iii.  1 ;  Jahresb.  1864,  p.  712.) 

Thalliam  may  also  be  estimated  in  the  form  of  thallious  sulphate,  hut  not  quite 
so  exactly  as  by  the  method  just  described.  The  sulphate  bears  a  dull  red  heat  with- 
out perceptible  yolatilisation,  but  it  is  volatilised  at  a  bright-red  heat.  Thallium  is 
very  completely  precipitated  from  solutions  of  thallium-salts  by  platinic  chloride; 
but  the  precipitated  chloroplatinate  is  troublesome  to  manage,  as  it  is  very  finely 
divided,  and  is  apt  to  run  through  the  filter  when  washed  with  water  or  with  aloohoL 
(Werther.) 

In  solutions  of  thallic  salts,  the  thallium  may  be  estimated  by  reducing  the  thallie 
to  thallious  salts  with  an  alkaline  sulphite,  and  then  precipitating  with  iodide  qfpotaS' 
slum  (G  r  o  o  k  e  s),  or,  by  precipitating  the  thallium  with  ammonia^  assesquioxide, 
and  collecting  the  precipitate  on  a  weighed  filter.  The  separation  of  thallious  from 
thallic  salts  may  be  effected — at  least  in  the  case  of  the  chlorides  or  sulphates, — ^by 
first  precipitating  the  sesquioxide  with  ammonia,  and  then  throwing  down  the  re- 
maining portion  of  thallium  from  the  hot  dilute  filtrate  by  iodide  of  potassium 
(Werther).  The  separation  may  also  be  effected  by  platinic  chloride,  which  precipi- 
tates only  the  thallious  salt. 

The  method  of  precipitation  with  iodide  of  potassium  serves  also  to  separate  thalliam 
from  most  other  metals,  the  solution  being  first  mixed  with  an  alkabne  sulphite  to 
ensure  the  reduction  of  any  thallic  salt  that  may  be  present  to  the  state  of  thallious 
salt.  If  copper  is  present,  the  iodide  of  potassium  wOl  throw  down  cuprous  as  well  as 
thallious  iodide ;  but  bv  treating  the  washed  precipitate  with  ammonia,  in  contact  with 
the  air,  the  copper  will  be  diMolved  out,  and  tne  thallium  will  remain  as  thallious 
iodide.  The  separation  of  copper  from  thallium  may  also  be  effected,  though  not  so 
exactly,  by  precipitating  the  copper  with  sulphuretted  hydrogen  in  an  acid  solution. 
The  same  method  serves  also  to  separate  thallium  from  lead  and  silver.  The  pre- 
cipitated sulphides  are  apt»  however,  to  cany  down  small  quantities  of  thallium- 
sulphide. 

Small  quantities  of  thallium  often  occur  in  bismuth  minerals  and  preparations  made 
from  them,  especially  the  carbonate.  To  detect  the  thallium,  the  dilute  solution  of  the 
substance  is  mixed  with  a  slight  excess  of  sodium-carbonate,  and  a  small  quantity  of 
potassium-cyanide,  then  ^entlv  warmed  and  filtered.  If  the  bismuth-compound  con- 
tained only  1  pt.  of  thallium  m  100,000,  the  addition  of  a  few  drops  of  ammonium- 
sulphide  will  produce  a  dark-brown  precipitate  of  thallium-sulphide,  which  sradually 
collects  together,  and  may  be  further  examined  by  the  spectroscopic  methoo.  From 
carbonate  of  bismuth,  thallium  may  be  easily  dissolved  out  by  digestion  with  cyanide 
of  potassium,  less  completely  with  carbonate  of  sodium.    (Grookes.) 

Volumetrio  Eetimation, — Thallium  may  be  estimated  volumetrically  with  perman' 
ganate  ofpotaseium  in  the  same  manner  as  iron.  For  this  purpose  it  mjist  be  in  the 
state  of  thallious  chloride,  or  of  a  thallious  oxygen-salt  mixed  with  hydrochloric  acid, 
and  the  solution  must  not  contain  more  than  1  gramme  of  thallium  in  600  c.c  ;  the 
permanganate-solution  should  also  be  more  dilute  than  for  the  estimation  of  iron.  The 
titration  of  the  permanganate  may  be  made  with  pure  iron,  with  thallium,  or  with  a 
thallious  salt  (the  alum,  for  example);  2  at.  iron  (112  pts.),  correspond  to  1  at. 
thallium  (204  pts.)*  inasmuch  as  the  protochloride  TlGl  is  converted  by  oxidation  into 
the  trichloride  TlGl',  so  that  1  at.  tnallium  takes  up  the  same  quantity  of  oxygen 
as  2  at.  iron.  The  sc^ution  of  the  thallious  salt,  diluted  as  above  mentioned,  is  mixed 
with  a  few  drops  of  hydrochloric  and  a  few  drops  of  sulphurous  add,  and  heated  to 
the  boiling-point  to  expel  the  latter ;  then  left  to  cool,  and  mixed  with  the  permanganate, 
(Willm,  Zeitschr.  Gh.  Pharm.  1863,  p.  479 ;  Jahresb.  1863,  p.  689.) 

4.  Atomic  Weight  of  Thallium, — Lamy,  by  decomposing  the  sulphate  with 
nitraiie  of  barium,  and  the  chloride  with  nitrate  of  silver,  obtained  numbers  varying 
between  203*6  and  204*6 ;  mean,  204*2.  Grookes  found,  as  a  mean  of  five  experi- 
ments, the  number  202*96.  Werther  also  estimates  it  at  somewhat  lower  than  204, 
namely,  about  203*6  or  203*7.    The  number  204  is,  however,  generally  adopted. 

TBAXXiXUSip  rXiVOSZliaS  or.  Thallium  forms  two  fluorides,  TIF  and 
TIF*. — ^Metallic  thallium  is  but  slowly  attacked  by  hydrofluoric  acid.  The  carbonate, 
however,  dissolves  easily  in  the  acid,  and  the  solution  deposits  thallious  fluoride, 
in  white  hydrated  crystals  derived  from  an  oblique  rhombic  prism,  with  adamantine 
facets;  they  are  not  altered  by  light.  On  heating  these  crystals,  the  anhydrous 
fluoride,  TIF,  volatilises  as  a  white,  crystalline,  anhydrous  mass,  which  blackens  like 
chloride  of  silver  on  exposure  to  light.  Thallium-fluoride  forms  an  acid  solution,  even 
after  repeated  crystallisHtion.  The  crystallised  compound  decomposes  slowly  on  expo- 
sure to  the  air,  giving  off  hydrofluoric  acid(Fr.  Kuhlmann,  Bull.  Soc.Ghim.  [1864], 
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L  67;  Jabresb.  1864,  p.  253).  Willm  (Jahrrab.  1866,  p.  244),  bv  dissolving  car- 
bonate of  thallium  in  aqueous  hydrofluoric  acid,  and  evaporating,  obtained  thallious 
fluoridp,  in  hydrated,  veiy  deliquescent,  six-sided  tables,  which  gave  off  their  water  at 
100^,  with  partial  decomposition.  Acoordine  to  M.  Buchner  (J.  pr.  Chem.  xlri. 
404),  thallious  fluoride  separates  from  its  sdlution,  bv  slow  evaporation,  in  colourless 
cubo-octahedrons,  having  a  strong  yitreous  lustre.  Itoissolves,  with  alkaline  reaction, 
in  1*26  pt.  water  at  15^,  more  easily  in  boiling  water,  sparingly  in  alcohol.  When 
heated,  it  melts,  volatilises,  and  solidifies  again  in  the  ciystallme  form.  A  solution 
containing  excess  of  hydrofluoric  acid  deposits,  by  eraporation  over  oil  of  vitriol, 
kydrotiudlunu  fiuoridet  HF.TLF.in  crrstals  having  the  same  form  as  those  of  thallious 
fluoride.  This  compound  has  an  acid  reaction,  dissolves  in  an  eaual  weight  of  water, 
and  decomposes  above  100^  into  hydrofluoric  acid  and  fluoride  of  toallium  (Buchner). 
Kuhlmann,  by  treating  carbonate  of  thallium  with  silicofluoric  acid,  obtained  a 
nlicofiuoride  of  thaUiumf  2TlF.SiF^.2HK).  It  crystallises  in  cubic  forms,  dissolves 
easily  in  water,  forming  an  acid  solution,  distils  without  decomposition,  and  attacks 
glass  after  some  time  only.  Werther,  by  treating  carbonate  of  thallium  with  hydro- 
fluoric acid  containing  a  large  quantity  of  silica,  obtained  the  anhydrous  silico- 
fluoride,  2TlF.SiF\  in  regular  octahedrons,  distorted  so  as  to  resemble  hexagonal 
prisms. 

Thallic  Fluoride,  TIF*,  is  obtained,  by  the  action  of  strong  hydrofluoric  acid  on 
thallic  oxide,  as  a  dark-green  precipitate,  insoluble  in  water  and  in  cold  hydrochloric 
acid.  When  heated,  it  turns  brown,  melts,  and,  at  a  higher  temperature,  volatilises, 
probably  as  thallious  fluoride.    (Willm.) 

TBAUbsma,  ZOBIBBB  or.  J^h^protoiodide,  or  Thallious  iodide,  Til, 
is  formed  by  direct  combination  of  its  elements,  or  by  double  decomposition.  It  forms 
a  beautiful  yellow  powder,  rather  darker  than  sulphur,  and  melting,  below  redness,  to 
a  scarlet  liquid,  which,  as  the  mass  cools,  remains  scarlet  for  some  time  after  solidifica- 
tion, then  changes  to  bright-yellow.  The  dried  precipitate,  when  spread  on  paper  with 
a  little  gum-water,  undergoes  a  similar  but  opposite  change  to  that  experienced  by 
mercuric  iodide  when  heated,  the  yellow  surface  when  held  over  a  flame  suddenly 
becoming  scarlet,  and  frequently  remaining  so  for  several  days  after  cooling ;  hard 
friction  with  a  glass  rod,  however,  changes  the  scarlet  colour  back  to  yellow  (Crookes). 
According  to  Werther,  thallious  iodide  precipitated  from  dilute  solutions,  is  lemon- 
yellow;  but  when  precipitated  from  hot  concentrated  solutions,  it  is  orange-yellow  at 
first,  and  afterwaros  becomes  lemon-yellow.  When  precipitated 'from  a  hot  solution 
of  thallious  acetate,  it  retains  its  orange-yellow  colour,  and  forms  anhydrous  microscopic 
cubes,  or  cubo-octahedrons,  which,  when  heated,  melt  to  a  black  liquid,  and  partially 
sublime.  Thallious  iodide  is  rery  sparingly  soluble  in  water,  requiring,  according  to 
Crookes,  4,463  pts.  of  water  at  17'2^,  and  842*4  pts.  at  100®,  to  dissolve  it ;  according 
to  Hebberling,  1  pt  of  it  dissolves  in  11,676  pts.  of  water  at  16°  to  17®,  in  864  pts. 
at  100^,  and  in  18,934  pts.  of  98  per  cent,  alcohol  at  19® ;  according  toWerther,  in 
20,000  pts.  water  at  13-6®,  in  10,000  pts.  at  23*4®,  in  6,400  pts.  at  46^  and  66,330  pt8. 
of  86  per  cent,  alcohol  at  13*6.  According  to  Crook  es,  it  is  somewhat  more  soluble  in 
aqueous  iodide  of  potassium  than  in  pure  water ;  according  to  Hebberling,  on  the  con- 
trary, it  is  less  soluble  in  saline  solutions,  especially  in  iodide  of  potassium,  than  in  pure 
water. 

Thallie  Iodide,  TIP. — By  the  action  of  iodine  on  thallium  and  ether,  a  brown 
solution  is  formed,  which  gradually  deposits  crystals  of  thallic  iodide^  easily  soluble 
in  ether  containing  iodine.  They  are  rhombic  prisms,  exhibiting  the  combination 
odP  .  cK>Pco  ,  I>oo  .  n^oo.  Angle  ooP  :  ooP  (macr.)  «  79*^46';  ooP  :  odPoo  — 
140°  88';  Poe>  :  ooPoo   -  160«  86'.     (NickUs.) 

AmmonvhtkaUie  iodide,  SNH^I.TII*,  forms  red  rhombic  plates,  which,  when  heated, 
give  o£f  water  and  iodine  without  melting.    (N  i  c  k  1  ^  s. ) 

When  1  at.  thallious  iodide  is  treated  with  a  solution  of  2  at.  iodine,  in  alcoholic 
iodide  of  potassium,  the  liquid  deposits,  on  evaporation,  large  crystals  of  potaatio* 
thallie  iodide,  KI.TU*,  which  are  black  by  reflected,  gamet-red  by  transmitted  light, 
and  yield  a  bright-red  powder.  This  compound  is  resolved  at  66® — 60®,  and  more 
completely  at  100^,  into  iodide  of  potassium,  thallious  iodide,  and  fr^e  iodine ;  it  is 
also  decomposed  by  water.    (Willm,  Jahresb.  1864,  p.  261.) 

TKAlZiZVBKf  OZZBSS  07.  Thallium  forms  two  oxides— namely,  a  protoxide, 
T1*0,  and  a  sesquioxide,  TPO*.  It  oxidises  in  the  air  almost  as  rapidly  as  an  alkali- 
metal,  the  surface  soon  becoming  covered  with  a  thin  fllm  of  oxide,  which  protects  the 
metal  from  further  oxidation.  The  superficial  tarnish  consists  of  the  protoxide  con- 
taining a  minute  Quantity  of  the  sesquioxide.  If  the  metal  has  been  oxidised  at  100^ 
rather  more  sesquioxide  is  formed,  and  at  the  melting-point  of  the  metal,  the  protoxide 
which  forms  is  mixed  with  a  laige  quantity  of  sesquioxide.     Tharium,  whon  melted, 
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behaves  like  lead,  the  oxide  fusing  like  litharg^e ;  the  fused  oxide  is  absoarbed  by  bone- 
ash,  and  a  silTer-thalliam  alloy  can  be  cupelled  like  silver-lead.  Thallium  does  not  decom* 
pose  pure  water,  either  at  the  common  temperature,  or  when  boiling ;  but  at  a  red  heat 
the  vapour  of  water  is  decomposed  by  thallium,  with  formation  of  oxide  and  separation 
of  hydroeen,  which  bums  wiui  a  green  flame.  Alcohol  appears  to  be  decomposed  by 
the  metiJ  more  readily  than  water. 

(Respecting  Schonbein's  observations  on  the  reactions  of  thallium  with  ordinary 
oxygen,  ozone,  and  hydric  peroxide,  see  J.  pr.  Chem.  xdiL  36 ;  BuU.  Soc  Chim.  1864, 
i.  180;  Jahresb.  1864,  p.  170.) 

Protoxide  of  Thallium,  or  Thallious  Oxide,  TIK).— This  oxide  may  be 
prepared  by  allowing  granulated  thallium  to  oxidise  in  warm  moist  air,  and  then 
boiling  in  distilled  water.  By  repeating  this  operation  two  or  three  times,  a  saturated 
hot  solution  of  the  oxide  is  formed.  Upon  filtering,  the  small  quantity  of  carbonate 
which  may  have  formed  separates  at  first  in  white  needles,  whilst,  upon  further 
cooling,  the  hydrated  oxide  crystallises  out  in  yellow  needles. 

Anhydrous  protoxide  of  thallium  is  formed  by  exposing  these  yellow  crystals  in  a 
vacuum  over  sulphuric  acid ;  it  then  forms  a  reddish-bla^  mass,  retaining  the  shape 
of  the  crystals.  When  heated  to  about  the  melting-point  of  the  metal,  it  melts  to  a 
brown  limpid  liquid,  which,  at  a  higher  temperature,  evolves  reddish-brown  vapours, 
partially  oxidising  at  the  same  time  to  the  sesquioxide.  On  cooling,  the  brown  liquid 
solidifies  to  an  almost  black  crystalline  mass.  The  fused  oxide  attacks  glass  and 
porcelain,  removing  the  silica.  Protoxide  of  thallium  is  decomposed  by  hydrogen  at 
a  red  heat,  forming  water  and  metallic  thallium.  The  decomposition,  however,  is 
never  perfect,  because  the  oxide  melts  and  volatilises.  When  fused  with  sulphur,  it 
forms  sulphide  of  thallium,  and  in  aqueous  solution  it  is  reduced  to  the  metallic  state 
by  zinc,  or  by  the  electric  current. 

Hydrated  Oxide  of  Thallium,  or  ThaUioua  Bydrate,  T1'0.K*0  or  TIHO,  is  prepared 
as  above  described,  or  it  mav  be  obtained,  as  recommended  by  Lamy,  by  decom|)osing  a 
solution  of  the  sulphate  with  baryta-water,  and  evaporatinf;  the  alkaline  solution  in  a 
vacuum.  This  method,  however,  is  somewhat  tedious,  and  there  is  great  difficulty  in 
getting  the  oxide  free  from  baryta.  The  best  method  of  obtaining^  perfectly  pure 
thallious  bydrate,  is  to  add  water  to  the  oily  compound  of  oxide  of  thallium  and  alcohol 
(p.  757).  This  at  once  separates  the  hydrate  in  the  form  of  a  bright-yellow  crystalline 
mass,  which  may  be  separated  firom  water  and  alcohol  by  exposure  to  warm  dry  air. 

Thallious  hydrate  forms  pale-yellow,  long,  prismatic  crystals,  which  lose  water,  and 
become  almost  black  and  anhydrous  by  exposure  to  the  temperature  of  a  water-bath 
in  air,  or  over  sulphuric  acid  in  a  vacuum  at  the  common  temperature.  On  the  addition 
of  water,  the  dark  oxide  immediately  becomes  hydrated  and  vellow.^  It  has  a  slight 
tendency  to  absorb  oxygen,  and  after  evaporation  and  re-solution,  it  always  leaves  a 
slight  residue  of  sesquioxide. 

Willm,  by  a  method  which  he  does  not  describe,  once  obtained  thallious  hydrate  in 
zather  large  rhombic  crystals,  containing  TIHO.H'O. 

Aqueous  SoltUion, — ^P^toxide  of  thallium  is  a  powerful  base,  dissolving  readily  in 
water,  and  forming  a  colourless  strongly  alkaline  solution.  It  has  a  slight  odour, 
similar  to  that  of  potash,  dissolves  the  skin  and  feels  greasy,  acts  strongly  on  the 
hair  and  nails,  staining  them  a  deep  and  very  permanent  brown  colour.  It  blues 
litmus-paper,  browns  turmeric-paper,  has  a  metallic  alkaline  taste,  and  neutralises 
acids  perfectly.  It  eliminates  ammonia  from  chloride  of  ammonium,  and  reacts  with, 
hydrochloric  acid,  iodide  of  potassium,  sulphide  of  ammonium,  &c.,  in  the  character- 
istic manner  of  a  thallium-salt.  An  aqueous  solution  of  thallious  oxide  has  a 
greater  similarity  to  potash  than  to  ammonia  in  its  reactions  with  metallic  salts, 
when  added  to  solutions  of  salts  of  magnesium,  cerium,  manganese,  zinc,  cadmium, 
lead,  iron  (ferrous  or  ferric),  cobalt,  nickel,  copper,  mercury,  or  silver,  or  to  thallic 
salts,  it  precipitates  the  respective  oxides,  without  redissolvingthem  in  excess.  From 
salts  of  aluminium  and  chromium  it  precipitates  the  hydrated  oxides,  and  easily 
redissolves  them  when  in  excess,  forming  with  alumina  a  solution  which  is  not  altered 
by  boiling,  but  is  precipitated  by  a  current  of  carbonic  anhydride;  and  with  chromium, 
a  green  solution  precipitated  on  boiling. 

Sesquioxide  of  Thallium,  or  Thallie  Oxide,  T1K)«.  Peroxide  qf  ThaUiwn.-^ 
This  oxide  is  always  formed  when  metallic  thallium  is  heated,  or  even  when  a  solution 
of  the  protoxide  is  evaporated  in  the  air.  When  the  metal  is  burnt  in  oxygen,  the 
product  is  chiefly  sesquioxide.  This  oxide  is  best  prepared  by  adding  potash,  am- 
monia (or  even  protoxide  of  thallium)  to  a  solution  of  a  thallic  salt,  and  drying  the 
washed  precipitate  at  about  260^.  It  is  also  formed  when  a  voltaic  current  from  twa 
cells  of  Grove's  batteries  is  passed  through  a  solution  of  thallious  sulphate,  platinum 
terminals  being  used.  If  the  solution  is  perfectly  neutral,  thallium  slowly  makes  1u^ 
appearance  at  the  negative  pole,  whilst  the  positive  pole  becomes  coated  with  a  flJm, 
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presenting  at  first  the  moet  brilliant  colours  of  ihin  plates,  and  gradually  increasing 
in  thickness  nntilit  becomes  a  cake  of  tballic  oxide.  As  the  sulphuric  acid  accumulates 
in  the  liquid,  the  thallic  oxide  at  first  formed  graduaUy  dissolves.  If  the  solutiou  of 
thallious  sulphate  is  rendered  alkaline  by  ammonia,  the  thallic  oxide  is  formed  in 
larger  quantity,  scaling  off  and  falling  to  the  bottom  of  the  liquid.    (Crookes.) 

Thallic  oxide  is  al^  precipitated  in  the  anhydrous  state,  on  adding  sodic  hypo- 
chlorite to  a  solution  of  thallious  chloride  in  sodic  carbonate.    (Strecker.) 

Anhydrous  thallic  oxide  is  a  dark-brown  powder,  fusing  with  difiiculty.  and  ATolving 
oxygen  at  a  red  heat,  whereby  it  is  reduced  to  thallious  oxide.  It  is  neutral  to  test- 
paper,  insoluble  in  water  and  in  alkalis,  but  dissolves  readily  in  acids,  forming  hypo- 
metric  and  unstable  salts,  from  the  solutions  of  which  the  ses^uioxide  is  completely 
precipitated  by  alkalis.  According  to  Wert  her,  the  sesquioxide  is  partially  reduced 
to  protoxide  in  diying. 

ThaUic  hydraU,  Tl'O'.H'O  «  TTRO^  is  obtained  bv  diying  the  precipitated  sesqui- 
oxide at  100°.  It  forms  a  brown  powder,  a  shade  lighter  than  the  anhydrous  oxide. 
Deoxidising  agents,  such  as  sulphurous  or  oxalic  acid,  convert  it  into  a  thallious  salt ; 
partial  reduction  also  takes  place  on  evaporating  its  solution  in  hydrochloric  acid. 
(Werther.) 

TBAXinraCv  OXTaaw-SAI^S  OT.  Both  the  oxides  of  thallium  dissolve 
readily  in  acids,  forming  definite  crystallisable  salts,  soluble  in  water;  there  are  also 
a  few  insoluble  thallium-salts,  which  are  obtained  by  double  decomposition.  The 
general  characters^  both  of  the  thallious  and  of  the  thallic  salts,  have  been  already 
described  (p.  749). 

a.  ThaUious  Salts. 

AcBTATB,  CH*T10'. — This  salt  is  obtained,  in  white  silky  needles,  by  dissolving 
thaDiouB  carbonate  in  a  slight  excess  of  strong  acetic  acid,  evaporating,  fusiug  the 
residue,  dissolving  it  in  water,  and  again  evaporating.  It  begins  to  decompose  at  171°» 
dissclves  easily  in  water  and  in  ^cohol«  and  ddiquesces  in  moist  air.  From  its 
solution,  the  thallium  is  immediately  and  completely  precipitated  by  sulphydric  acid 
(Crookes).     It  crystallises  from  aleohol  in  silky  needles.    (Kuhlmann.) 

Absenatbs. — JHhydro-thdUious  arsenate,  TlH'AsO^  is  obtained  by  boiling  thallic 
oxide  with  arsenious  acid  and  water,  and  crystallises  from  the  concentrated  solution 
in  hard  shinins  needles,  unalterable  at  150^.  It  dissolves  readily  in  water,  and  the 
solution,  on  admtion  of  ammonia,  solidifies  to  a  magma  of  slender  crystals,  consisting 
of  the  trithaUwus  salt,  Tl>AsO«.    (Wi  11m.) 

Bbnzoatb. — Crystallises  in  pearly  plates,  and  is  not  volatile.    (Kuhlmann.) 

Borate. — ^Boric  acid  added  to  a  solution  of  thallious  carbonate,  or  borax  added  to 
the  sulphate,  throws  down  a  white  granular  precipitate  of  thallious  borate,  insoluble 
in  an  exceed  of  the  precipitant,  and  in  cold  dilute  sulphuric  acid ;  soluble  in  boiling 
water. 

B  B  o  X  A  T  B,  TlBrO*. — ^Resembles  the  iodate. 

Cabbokatb,  TPCO*. — ^The  film  of  oxide  wHich  forms  upon  the  sur&ce  of  metallic 
thallium,  when  exposed  to  the  air,  gradually  absorbs  carbonic  acid,  and  becomes  con- 
verted into  carbonate,  which  frequently  appears  in  the  form  of  crystalline  needles.  A 
saturated  aqueous  solution  of  thallious  oxide  absorbs  carbonic  acid  rapidly,  and 
deposits  the  carbonate  in  crystals.  Thallious  carbonate  may  be  prepared  in  quantity 
by  allowing  granulated  thallium,  slightly  moistened  with  water,  to  oxidise  in  a  warm 
atmospliere.  Upon  boiling  out  with  water  containing  an  excess  of  ammonium- 
carbonate,  and  filterinff,  thallious  carbonate  is  deposited,  as  the  solution  cools,  in 
yellowish  crystals  whidi  may  be  rendered  colourless  by  recrystallisation. 

Thallious  carbonate  crystaUises  in  groups  of  prisms,  exhibiting  faces  comprised  in 
one  zone,  and  apparently  belonging  to  the  trimetric  system.    Observed  fiacee  oof  oo, 

ooP,  ooP2.  oeI>2.      Angle  ooPod  :   ooP  -   128°  82'  ;   oof  oo  :   oof2   =   147^  63'; 

ooPoo  :  ooI>2  «  luo  3';  ooP  :  ooP  «  102®  56'.  The  crystals  appear  to  be 
twins  with  the  combination-face  ooP  ;  they  cleave  parallel  to  the  same  &ce  (W.  H. 
Miller,  Proc  Roy.  Soc  xiv.  566). — The  crystals  are  brilliant,  highly  refractive,  and 
veiy  heavy,  resembling  those  of  a  lead-salt.  The  salt  is  anhydrous ;  its  taste  is 
mildly  caustic  and  somewhat  metallic,  remaining  on  the  tongue  for  a  considerable 
time.  When  heated,  it  melts  much  below  redness  to  a  clear  liquid,  which  solidifies  to 
a  dark-gre^  crystalline  mass.  It  may  be  kept  fused  for  a  considerable  time  without 
decomposition  or  loss  of  weight,  but,  when  heated  to  dull  redness,  evolves  white 
vapours  and  bubbles  of  ^.  The  specific  gravity  of  the  fused  salt  is  7 '06  (La my). 
It  is  not  very  soluble  in  cold  water;  100  pts.  of  water  dissolve  4*02  pts.  at  16*6°, 
11*7  pts.  at  60^,  and  27*21  pts.  at  the  boiling-point  The  specific  gravity  of  a  cold 
Vol.  V.  3  C 
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saturated  sohitioii  is  1'0877  (Crookes).  The  solution  has  a  sUghtlj  oanstie, 
metallic  taste  aud  alkaline  reaction,  which  is  not  completely  remoyed  by  supersatora- 
tioa  with  carbonic  acid.     (Crookes;  compare  Wertker,  Jahresb.  1864,  p.  249.) 

Chlobatb,  TICIO*. — ^Prepared  by  dissolyiog  thallium  in  chloric  acid,  or  by  mixing 
the  saturated  solutions  of  potassium^chlorate  and  thallious  nitrate.  It  is  sparingly 
soluble  in  water,  and  crystallises  in  loug  anhydrous  needles.  Its  solution,  when 
heated,  turns  yellow,  and  gires  off  oxygen-compounds  of  chlorine ;  and  the  liquid, 
evaporated  to  a  syrup,  deposits  small,  brilliant,  colourless  cryscals,  which  are  instantly 
decomposed  by  water,  alcohol,  or  ammonia^  with  formation  of  brown  thallic  oxide. 
(Crookes.) 

Chbomatbs. — ThenetUral  salt,  TlCrO*  orTl»O.Cr*0',  is  a  pala-yellow  precipitate, 
obtained  by  adding  vellow  chromate  of  {potassium  to  a  neutral  solution  of  a  thallious 
salt,  rendered  slightly  alkaline  by  ammonia.  It  is  veiy  sparingly  soluble  in  water. — 
The  diekromate,  Tl*0.2Cr*0*  =  2TlCrO'.Cr«0«,  is  obtained  as  an  orange-yellow  preci- 
pitate, on  adding  dichromate  of  potassium  to  a  neutral  thallious  salt  (Crookes). 
According  to  Willm,  it  is  deposited,  in  microscopic  orange-yellow  ciystals, firom  a 
solution  of  the  neutral  salt  in  lx>iling  dilute  sulphuric  acid. 

By  boiling  either  of  the  preceding  salts  with  moderately  strong  nitric  acid,  a  sola- 
lion  is  obtained,  which  on  cooling  deposits  cinnabar-coloured  crystals,  probably  consist- 
ing of  the  trichromate,  Tl«0.3Cr*0*,  or  TlCrO«.Cr«0«.  They  are  very  sparingly  soluble 
in  water,  100  pts.  of  water  dissolving  only  0*0354  pts.  at  15'5^,  and  0*2279  pts.  at 
100*»  (Crookes).--A  Msquichromate,  2TP0.3Cr*0>  or  4TlCrO«.Cr*0»,  separates  from 
a  solution  of  the  neutral  salt  in  moderately  concentrated  sulphuric  acid.    (Willm.) 

All  the  chromates  of  thallium  are  decomposed  by  strong  hydrochloric  acid,  with 
evolution  of  chlorine,  and  formation  of  soluble  chromic  and  thallious  chlorides:  on 
treating  them  with  hjrdrochlorio  add  and  alcohol,  the  whole  of  the  thallium  is  separated 
as  insoluble  protochloride,  while  chromic  chloride  passes  into  the  solution.  Sulphate 
of  sodium  likewise  separates  the  whole  of  the  thallium  as  protochloride.   (Crookea.) 

CiT9ATB,  C^H^l'O^ — ^Very  deliquescent ;  crystallises  with  diifixnilty;  soluble  in 
alcohol.    (Kuhlmann.) 

Ctanatb. — ^Precipitated  on  mixing  the  alcoholic  solutions  of  potassium-eyanate 
and  thallious  acetate,  in  small  brilliant  plates,  very  soluble  in  water,  slightly  soluble 
in  alcohol.    (K  uh  Im  an  n.) 

FoBicATK,  CHTIO'. — ^Prepared  by  dissolving  the  carbonate  in  formic  add.  It  is 
very  soluble  in  water,  and  melts,  without  decomposition,  below  100^.  (Kuhl- 
mann.) 

Htposulphatb  or  Dithiokatb^  T1*S*0*. — Very  soluble  in  wat^,  from  which 
it  separates  in  vitreous  tabular  crystals,  probably  isomorphous  with  the  corresponding 
potassium-salt.     (Wert  her.) 

B.TToavisrniTn.^8odiO'ihalliaus  hyposulphite,  3Na'S*0*.2Tl*3'0*,  obtained  by 
dissolving  thallious  chloride  in  a  boiling  solution  of  sodic  hyposulphite,  crystallises  in 
long,  silky,  interlaced  needles^  containing  10  at.  water;  or  from  a  small  quantity  of 
water  in  small  grains,  the  quantity  of  crystallisation-water  in  which  has  not  been 
determined.  At  a  red  heat  it  is  resolved  into  sulphide  and  sulphate  of  sodium,  and 
fused,  brightly  glowing  sulphide  of  thallium.     (W  e  r  t  h  e  r.) 

loDATB,  TlIO*. — Precipit4ited,  on  mixing  iodide  of  potassium  with  nitrate  of  thal< 
lium,  as  a  white  powder,  slightly  soluble  in  cold,  more  easily  in  warm  water.  (Oet- 
tinger.) 

Malatb. — Deliquescent;  crystallises  with  difficulty ;  melts  belo^  100^.  (Kuhl- 
mann.) 

MoLTBDATB,  TlMoO',  or  Tl^CMoK)?. — Obtained  by  double  decomposition  with 
molybdate  of  sodium  and  nitrate  of  thallium,  and  separates  in  nacreous  scales,  which 
dissolve  sparingly  in  pure,  easily  in  ammoniacal  water.  (Oettinger,  Zeitschr.  Ch. 
Pharm.  1864,  p.  440.) 

Nitbatb,  TINO*. — Crystallises  from  a  solution  of  thallium  in  nitric  acid,  in  dull 
white  needles,  which  melt  at  205^,  with  separation  of  a  small  quantity  of  thallic  oxide. 
The  salt  thus  purified  gives  no  predpitate  with  ammonia.  It  has  a  spedfic  gravity  of 
5*8,  is  insoluble  in  alcohol,  but  soluble  in  water,  the  saturated  solution  containing  9*7 
per  cent,  of  the  salt  at  18°,  43*7  per  cent  at  58^,  and  56  per  cent  at  100°  (Crookes). 
The  crystals  are  trimetric.  exhibiting  the  several  combinations  <»t*oo  .  P ;  ooP  .  P  . 
2P2;  ooPoo  .  ^00  .P.  2P2;  oetoo  .  e»P  .  <x>p2  .  P  .  2f^2;  ooPoo  .  I»oo  .  ooP  . 
ODP2.P.2F2.  Angle  ooPoo  :  Poo  =.  141<>61*9';  c»l>oo  :  ooP  =  117^3*7';  ^oo 
:P9>  (macr.)  »  76^^16';  P :  P  (brach.)  -  ISB^IS';  P:  P  (macr.)  =  86^  16-2'; 
P:P  (basal)  -  110°  5'.    No  distinct  cleavage.    The  index  of  refraction,  for  the. 
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Ijc^test  pait  of  the  naeetnim,  in  the  plane  of  the  basal  principal  sectioD,  and  for  the 
nj  polarieed  in  this  plane,  is  about  1*817.    (W.  H.  Miller.) 

Otalltbb,  (yn*0*  and  CHTIO*. — ^Alreac^  described  nnder  Oxalic  Aero  (it. 
266).—OuprieO'thaUiou$  oxalate,  CH)n''Ti*0'.2H>0,  crystallises  from  a  solution  of 
enpric  carbonate  in  acid  thallions  oxalate,  or  from  a  mixed  solution  of  cuprie  oaoilate 
and  neutral  thallious  oxalate,  in  slender  flattened  needles ;  it  is  pairtlj  decomposed  bj 
recrjstallisation.    (Wi  11  m.) 

FnxxATB,  C'H^TIO. — ^Precipitated  as  a  crystalline  powder,  on  mixin|p  a  thallious 
salt  with  phenie  acid.  It  is  sparingly  soluble  in  cold  water,  and  crystallises  from  hot 
water  in  beautiful  slender  needles;  melts  witiiout  decomposition  (F.  Kuhlmann, 
Jun.,  BulL  Soc  Ghim.  [1864],  i.  330). — The  pkenjfUtdphamate,  or  swpkanilate,  is  deli- 
quescent»  slightly  soluble  in  alcc^l,  insoluble  in  ether,  and  eiystaUises  Tery  easily 
from  a  mixture  of  water,  alcohol,  and  ether. 

Fhosphatbs  (Lamy,  Ann.  Ch.  Fhys.  [4],  t.  410). — ^The  phosphates  of  thallium 
form  a  series  nearly  as  complete  as  those  of  the  alkali-metals,  which  they  also  resem- 
ble in  their  behariour  when  heated.  They  are  all  colourless,  nearW  all  eoailpr  soluble 
in  water,  and  insoluble  in  alcohol.  Their  concentrated  aqueous  solutions  yield,  with 
nitric  add,  a  precipitate  of  thallious  nitrate,  and  with  caustic  alkalis  (but  not  with 
alkaline  carbonates,  or  even  with  caustic  alkalis  in  presence  of  carbonates),  a  precipi- 
tate of  sparingly  soluble  trithallious  orthophosphate. 

MetaphoBphate^  TIFO*. — ^This  salt  exists  in  two  different  modifications.  The 
first  remains  on  igniting  monothallious  orthc^hoephate,  (TIH^O*),  as  a  vitreous 
opaline  mass,  yery  slightly  scduble  in  water ;  its  solution  dcM9s  not  precipitate  albumin 
directly,  but  onl^  after  addition  of  orthophosphoric  acid.  The  second  modification  is 
obtained  by  igmting  ammonio-thallious  orthophosphate,  as  an  easily  soluble  glass, 
whose  solution  is  strongly  add,  yields  no  crystals,  but  precipitates  albumin  imme- 
diately. It  is  also  pro<uiced  by  fusing  the  insoluble  modification  with  a  few  drops  of 
orthophosphoric  acid. 

Orthopko»phai€B,^'l^BmoncihaUii>u9  sa&,-TlHTPO^  is  formed  on  mixing  the 
dithallious  salt  with  a  quantity  of  phosphoric  add  sufficient  to  giye  it  an  add  reaction. 
It  dystallises  from  a  solution  concentrated  by  evaporation,  in  nacreous  laminse,  easily 
soluble  in  water,  insoluble  in  alcohol.  It  melts  without  alteration  at  190^,  and  is 
converted,  at  a  stronger  heat,  first  into  acid  pyrophosphate,  then,  at  a  red  heat,  into 
metaphosphate. 

The  dUhaUiouB  boU,  Tl'HPO*,  is  produced  by  neutralising  dilute  phosphoric  add,  at 
the  boiling  heat»  with  carbonate  of  thallium.  The  solution  evaporated  to  a  syrup 
first  deposits  crystals  of  the  anhydrous  salt,  then  other  ctystals  containing  2T1HP0*. 
H*0. — a.  This  hydrate,  on  account  of  its  easy  solubility,  is  difficult  to  obtain  in  well- 
defined  crystals.  It  melts  at  145^,  without  loss  of  weight,  gives  off  its  erystallisation- 
water  with  tumefaction  at  170^  (becoming  also  less  soluble),  and  is  converted,  atm 
dull  red  heat,  into  vitreous  pyrophosphate. — fi.  The  anhydrous  salt,  TPHPO*,  is 
easily  soluble  in  the  warm  concentrated  mother-liquor,  bi^  very  sparingly  in  pure 
water,  apparently  suffering  partial  decomposition  at  the  same  time  into  monothallious 
and  tritnallious  orthophosphate. 

The  trithaUwuB  or  normal  saU,  Tl'PO^,  first  obtained  by  Crookes,  is  formed  as  a 
crystalline  predpitate  having  a  silky  lustre,  on  mixing  the  saturated  solutions  of 
ordinary  disodic  phosphate  and  thallious  sulphate  (probably  together  with  double 
phosphates  of  sodium  and  thallium,  inasmuch  as  the  liquid,  afUr  predpitation,  exhibits 
an  alkaline  reaction) ;  also^  together  with  ammonio-thallious  phoapluite,  on  treating 
the  mono-  or  di-thallious  salt  with  excess  of  ammonia.  By  fusing  I  at  thallious  meta- 
phosphate with  2  at  thallious  carbonate,  as  long  as  gas  continues  to  escape,  and 
pouring  out  the  mass  before  it  is  quite  solidified,  trithallious  orthophosphate  is  ob- 
tained, in  needle-shaped  crystals,  one  or  two  centametres  long.  It  melts,  at  a  red  heat, 
to  a  yellowish-red  liquid,  which  solidifies  at  10^  to  a  white  crystalline  mass,  of  speeific 
gravity  6*89.  It  is  but  sparingly  dissolved  by  water,  even  at  the  boiling  heat. 
According  to  Crookes,  100  pts.  water  dissolve  0*497  pt.  of  it  at  15*5^,  and  0*6712  pt 
at  lOOO. 

Ammonio'thaUioHB  orthophosphate  cxystallises  from  the  mother-liquor  of  the  trithal- 
lious saltiu  large  transparent  prisms.   When  ignited  it  leaves  thallious  metaphosphate. 

PyrophoBphateB,--  The  dUhaUiotts  or  acid  boU,  Tl'H*I^',  produced  by  carefully 
heatine  monoCnallious  orthophosphate,  is  extremely  soluble  in  water,  and  erystallisea 
from  the  add  solution  in  short  prisms. — ^The  tetrathaUiouB  or  neutrtd  Bolt,  TVFHy, 
remains,  on  strongly  heating  hydrated  dithallious  orthophosphate  (a),  as  a  vitreoiis 
mass  yery  soluble  in  water,  and  crystallises  from  the  solution  evaporated  to  a  syrup,  m 
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eonfiufod  needl«s,  wliieh  are  deoompoeed  hj  wwJber,  with  uepantiaD.  of  a  "wbite  precipi* 
tate.  The  anhydrous  dithalliom  orthophosphate  (fi)  jielda  the  pjrophoephate  vith 
different  properties — namolj,  as  an  opaque  crystalline  mass,  whose  solution  yields,  by 
eyapozaiion,  laige  prisms  which  are  likewise  decomposed  by  pure  water.    (Lamy.) 

Pic  BATE,  C*Hn?l(NO')'0.— Soluble  in  water,  nearly  insoluble  in  alcohol;  crystal- 
lises, like  the  potassiom-salt,  in  yellow  needles,  which  hare  a  silky  lustre,  sjui  deto- 
nate strongly  when  heated.--The  picranuUe,  C^T\(SE*)(SO*yO,  is  a  black-red 
crystalline  precipitate,  nearly  insoluble  in  alcohol,  and  separating  from  boiling  water 
in  small  regular  crystals.    (F.  Kuhlmann,  Jun.) 

Bi.CKMATn  or  Fabatibtratb,  C^HfTlK)'. — ^Very  soluble  in  water;  forms 
groups  of  crystals  apparently  belonging  to  the  dimetric  system.    (£iihlman  n.) 

SBI.XHATB8  and  SBI.BHITB8. — See  pp.  229,  281. 

SuLPHATBS. — Seep.  614. 

Tabtbatbs. — See  p.  680. 

TuKOSTATB. — ^White  powder,  sparingly  soluble  in  water ;  obtained  like  the  molyb- 
date.    (Oettinger.) 

Ubatb. — Obtained  by  doable  decomposition ;  almost  insoluble  in  water.  (Kuhl- 
mann.) 

Yalbbatb,  C^H*nO. — ^Veiy  soluble  in  water  and  in  alcohol;  resembles  the 
acetate.    (Kuhlmann.) 

AcBTATB,  T1«0».C*H«0«.8H«0,  or  T1'"(C*^0«)«..2T17H«0».|H«0.--Cry8talli8es  by 
spontaneous  evaporation  of  a  solution  of  thallic  oxide  in  strong  acetic  acid  prepared 
at  the  boiling  heat,  in  colourless  plates  belonging  to  the  rhombic  system  (sometimes 
accompanied  by  sxnall  prismatic  crystals,  prolwbly  of  thallious  acetate).  These 
crystals,  when  exposed  to  the  air,  quickly  turn  brown  on  the  sur&ce ;  and  are  decom- 
p(wed  moro  quickly,  at  a  gentle  heat,  into  acetic  acid  and  thallic  oxide,  the  decomposi- 
tion being  nearly  complete  at  100^  The  salt  is  also  immediately  resolved  into  its 
constituents  by  water.    (Willm.) 

Absbkatb,  Tl"As0^2H*0. — Obtained,  like  the  phosphate,  as  a  lemon-yellow 
gelatinous  precipitiite,  soluble  in  hydrochloric  acid.  Ammonia  added  to  the  solution 
throws  down,  first  a  bulky  crystalline  salt,  which  appears  to  differ  from  the  preceding 
by  its  amount  of  crystallisation-water;  on  further  addition,  a  yellow  dithallic  salt,  and 
finally  a  brown  precipitate.    ( W  i  1 1  m. ) 

NiTBATB,  Tl^^NO*)*,  separates  from  a  concentrated  solution,  in  colourless  well- 
defined  crystals  containing  3  at.  water  (Strecker),  4  at.  (Willm).  The  salt 
decomposes  at  100^,  with  separation  of  brown  thallic  oxide. 

OxALATB,  C*tlK)". — Obtained  (mixed  with  thallious  salt)  as  a  white  crystalline 
powder,  nearly  insoluble  in  water,  by  heating  thallic  oxide  with  aqueous  oxalic  add 
or  by  precipitating  a  solution  of  a  thallic  salt  with  oxalic  acid.     (W  i  11  m.) 

Ammonio-thallie  oxalate,  C*T1"(NH«)0*.3H>0,  is  formed,  on  mixing  thallic  sulphate 
with  ammonium-oxalate,  as  a  white  precipitate,  quite  insoluble  in  cold  water,  and 
oonyerted,  by  boiling  with  water,  into  thallious  salt,  with  evolution  of  carbonic  anhy- 
dride ;  when  ignited  it  leaves  fused  metaL    (Strecker.) 

Phosphatb,  TI'nP0*.2H*0.  Separates,  on  diluting  the  solution  of  the  nitrate  mixed 
with  phosphoric  acid,  "  as  a  gelatinous  precipitate,  having  a  crystalline  aspect**  It  is 
insoluble  in  water,  but  dissolves  in  strong  nitric  and  dilute  hydrochloric  acid. 
Ammonia  added  to  the  latter  solution  throws  down  a  green  basic  salt,  T1'0*.2T1'"FO*. 
6H'0 ;  afterwards  brown  thallic  oxide. 

Sulphatb,  already  described  (p.  614). 

TBAUbXUBf «  PBOSPBIOB  OV.  Phoephoretted  hydrogen  passed  through 
an  ammoniacal  solution  of  thallious  sulphate,  precipitates  phosphide  of  thallium,  as  a 
black  insoluble  powder  permanent  in  the  air  at  ordinary  temperatures. 

TBAaUbXVBKv  BB&BWniB  OF.  Tl*Se. — Obtained  as  a  groyish-black  mass,  by 
fusing  the  two  elements  together  in  equivalent  proportions  (Lamy).  By  passing  selenhy- 
dric  acid  gas  into  a  solution  of  thallious  carbonate,  the  same  compound  is  precipitated 
in  grey  shining  lamin»,  which  turn  black  on  drying.  It  melts  at  340°,  and  gives  off 
selenhydric  acid  when  treated  with  sulphuric  or  hydrochloric  acid.  (Kuhlmann, 
Jahresb.  1864,  p.  253.) 

TMAXLXUWMf  SVXiVBXSS  OF.  T1*S.— This  compound  is  precipitated  from 
aQ  thallious  salts  by  sulphide  of  ammonium,  and  from  the  acetate,  carbonate,  or 
oxalate  by  sulphydric  acid  (incompletely  also  from  the  nitrate,  sulphate,  or  chloride). 
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m  dense  floeks  of  a  greyish  or  biownisli-black  colour.  The  precipitate  oxidises  in 
the  air,  and  must  therefore  be  washed  with  water  containing  sulphydrie  acid.  It 
dissolTes  easily  in  dilnte  sulphuric  or  nitric  acid,  but  is  insoluble  in  sulphide  of  am- 
monium and  cyanide  of  potassium.  A  cold  (not  too  dilnte)  solution  of  thallious 
sulphate  acidulated  with  a  trace  of  sulphuric  add,  yields,  with  sulphydrie  acid,  shining 
black-blue  laminse  of  pure  thallium-sulphide,  appearing  under  the  microscope  to  be 
made  up-  of  tetrahedrons,  and  more  permanent  than  the  amorphous  sulphide 
(Hebberling).  Thallic  salts  appear  to  be  reduced  to  thallious  sulpnide  by  boiling 
with  sulphide  of  ammonium.  Sulphate  of  thallium  projected  into  iused  cyanide  of 
potassium,  is  reduced  to  sulphide,  which  then  forms  a  brittle  metallic-looking  mass, 
haying  the  lustre  of  plumbago,  and  fhsing  more  readily  than  metallic  thallium. 

TSAKUEVM-BaVZABIzaB.  C^TINO.— Benzamide  dissolres  freely  in 
a  hot  aqueous  solution  of  thallious  oxide,  the  excess  crystallising  out  on  cooling ;  and 
on  adding  a  large  excess  of  absolute  alcohol  to  the  filtrate,  thallium-benzamide  sepa- 
rates in  fine  needles,  soluble,  with  alkaline  reaction,  both  in  hot  and  in  cold  water.  It 
melts  without  decomposition.  When  moderately  heated,  it  becomes  dark  at  a  higher 
temperature,  and  evolyes  white  infiammable  Tapours,  burning  with  a  smoky  greenish 
flame,  and  decomposes  completely  at  a  red  heat,  leaving  fused  oxide  of  thallium. 
Hydrochloric  acia  added  to  the  aqueous  solution,  throws  down  protochloride  of 
thallium,  together  with  benzamide.  (Church  andCrookes,  GheuL  Soc  J,  xvii. 
151.) 

TKA&Z*nrM-BTBB&8.  IhaUium-aloohoU.  (La my,  Compt.  rend.  ly.  286; 
Ann.  Ch.  Ph}  s.  [4],  iii.  373 ;  Jahresb.  1864,  p.  463.) — Compounds  formed  by  the 
action  of  Uiallium  upon  alcohols,  analogous  to  those  produced  in  like  manner  by  the 
alkali-metals. 

Thallium-amylatet  C^H"T10,  is  produced,  though  slowly,  b^  the  action  of 
thallium  on  amylic  alcohol ;  more  readily  by  heating  equivalent  quantities  of  thallium* 
ethylate  and  amylic  alcohol  to  140° — 160°,  whereupon  ethylic  alcohol  passes  over  first, 
then  the  excess  of  amylic  alcohol,  leaving  the  thalHum-amylate  in  the  form  of  a 
heavy  oil,  smelling  like  amylic  alcohol,  and  having  a  specific  gravity  of  2-465  to  2'518« 
Its  index  of  refraction  for  the  line  B  is  1-672  at  20°.  It  does  not  solidify  at  20°; 
dissolves  easily  in  amylic,  less  easily  in  ethylic  alcohol ;  with  chioroform  and  eiher,  it 
behaves  like  the  ethyl-eompound  (infra).  When  heated,  it  first  gives  off  hydrogen, 
then  amylic  alcohol,  and  leaves  a  mixture  of  metallic  thallium  with  thallious  carbonate 
and  valerate.  It  also  decomposes,  but  less  quickly,  in  contact  with  air  or  water.  It 
bums  with  a  white,  moderately  luminous  fiame. 

Thallium-ethylate,  C*H*T10. — ^Produced,  with  evolution  of  hydrogen,  when 
thallium  and  ethylic  alcohol  are  heated  together  to  100°  in  a  sealed  tube  (Church). 
Lamy  prepares  it  by  suspending  thin  plates  of  thallium  within  an  exhausted  bell-jar, 
over  a  shaJlow  dish  containing  absolute  alcohol,  and  passing  pure  oxygen-gas  (free 
from  water  and  carbonic  anhy&de)  into  the  jar.  At  20° — 26°,  the  thaUium  is  con- 
verted, within  24  hours,  with  simultaneous  formation  of  water,  into  ethylate  of  thal- 
lium, which  collects  in  the  dish.  After  being  freed  from  excess  of  alcohol,  by  heating 
to  100°,  it  remains  as  an  oil  of  specific  ^vity  3-480 — 3'653,  being,  next  to  mercury, 
the  heaviest  liquid  known.  Its  expansion-coefficient,  between  0°  and  100°,  is  0*072. 
At  —  3°  it  solidifies,  with  considerable  contraction  of  volume.  By  prolonged  heatings 
or  by  keeping  in  a  vacuum,  it  suffers  partial  decomposition,  becoming  brown,  increasing 
in  density  to  3*686,  and  requiring  a  greater  degree  of  cold  to  solidify  it.  In  refrac- 
tive and  dispersive  power,  it  exceeds  all  other  liquids,  as  shown  by  the  following^ 
numbers  (determined  for  a  temperature  of  20°) : — 


Reft-acUre  power. 

DlapersWe 

Thallium-ethylate,  specific  gravity  8*550 
f»              »»              n              t>         3*612 
Carbonic  disulphide        .        •         ... 

Line  B.        L'ne  D.       Line  1^. 
1-6615      1-6676      1-7159 
1*6726      1*7170      1-7678 
1-6140      1-6330      1-6935 

0*0975 
0-0958 
0-0796 

Thallium-ethylate  dissolves  in  about  5  pts.  of  absolute  alcohol ;  if  the  alcohol  is  not 
quite  anhydrous,  white  thallious  hydrate  is  deposited.  With  pure  ether  free  f^m  air, 
it  forms  a  clear  solution ;  with  ether  containing  water,  the  liquid  soon  becomes 
yellowish  or  brown,  and  deposits  radio-crystalline  thallious  hydrate,  which  gradually 
turns  brown.  This  reaction  is  so  delicate,  that  it  may  be  used  as  a  test  for  the  purity 
of  ether.  Thallium-ethylate  likewise  dissolves  freely  in  chloroform ;  but  the  solution 
Boon  becomes  turbid,  and  deposits  ciystallised protochloride  of  thallium,. together  with 
a  substance  which  colours  the  latter  dark-i^,  and  is  very  sensitive  to  light-;  the 
liquid,  which  has  become  strongly  acid,  contains  a  salt  of  formic  acid. 
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Tfaalliiim-etliylate,  when  heated,  gires  off  hydrogen  slightly  at  ISd^,  regularly 
between  170^  and  180°,  alcohol  distilling  over  at  the  aame  time,  thallium  being  de- 
posited in  shining  laminn,  and  a  strongly  alkaline  Teeidne  bong  left  containing  thai- 
lions  carbonate  and  acetate.  Above  200*^,  carbonic  oxide  and  carbonic  dioxide  are 
given  off,  together  with  small  quantities  of  acetone  and  acetic  add.  Thallium-ethylate 
decomposes  when  exposed  to  the  air,  and  still  more  qnicUy  in  contact  with  tpoier, 
yielding  alcohol  and  thallions  hydrate.  On  keeping  it  (best  under  a  layer  of  absolute 
alcoholX  the  sides  of  the  vessel  become  gradually  coated  with  black  thallious  oxide. 
When  set  on  fire  by  the  flame  of  a  candle,  it  'bums  with  a  green,  slightly  luminous 
flame,  leaving  black  tiiaUic  oxide  and  metallic  thallium. — PoUudum  and  sodktm 
slowly  separate  metallic  thallium  from  it,  but  it  is  not  decomposed  by  ixon,  anc»  lead* 
or  even  by  the  electric  current. — ^With  wlphwrie  or  ijfdrooUoric  aoid,  it  yields  alcohol 
and  a  thallious  salt;  dry  carlxmic  dioxide  unites  directly  with  it,  forming  a  white  soUd 
body,  which  is  resolved  by  heat  into  metallic  thallium  and  empyreumatie  {Hoducts^ 
When  thallium-ethylate  is  suddenly  mixed  with  oarbonic  disulpkide,  a  violent  action 
takes  place,  resulting  in  the  formation  of  a  black  sulphur-compound ;  but  if  the  thal- 
lium-ethylate be  slowly  dropt  into  the  carbonic  disulphide,  a  bulky,  yellowish,  gelati- 
nous mass  is  formed.    (La my.) 

Thalliufn-iHeihylatef  CHTIO,  is  formed,  in  small  quantity  only,  by  the  process 
which  yields  the  ethyl-compound,  but  it  is  vor^  easily  obtained  bv  treating  ethylate  or 
amylate  of  thallium  with  excess  of  methylic  alcohol.  Considerable  rise  of  temperature 
then  takes  place,  and  metbylate  of  thallium  separates  as  a  white  solid  substance, 
which,  by  fusion  and  cooling  under  the  liquid,  may  be  crystallised  in  thick  oblique 
prisms.  When  quickly  pressed  between  filter-paper,  and  ined  in  a  vacuum  in  contact 
with  a  few  lumps  of  sodium,  it  forms  a  white  solid  mass,  alterable  in  contact  with  the 
air,  about  five  times  as  heavy  as  water,  slightly  soluble  in  methylic  aloohol  and  in  ether, 
somewhat  more  soluble  in  cUoroferm,  When  heated,  it  gives  off  a  large  quantity  of 
carbonic  oxide,  together  with  hydrogen  and  methylic  alcohol ;  and  when  set  on  fire,  it 
bums  with  a  flame  strongly  tinged  with  ereen. 

On  thaUium^phenylate,  see  p.  765 ;  on  the  compounds  of  thallious  chloride  and  bromide 
with  ethers,  pp.  747,  748. 

TBA&&XIJM-0&A88.  By  substituting  thallium  for  lead,  or  for  potassium,  in 
the  preparation  of  flint-glass,  glasses  are  obtained  of  great  density  and  remicting  power. 
Sy  fusing  together  300  pts.  of  sand,  200  of  minium,  and  338  carbonate  of  thaUium,  a 
perfectly  homogeneous  glass  was  obtained,  having  an  ag^reeable  yellow  tint,  and  very 
brilliant.  Its  density  was  4*283,  and  its  index  of  refraction  (for  the  yellow  ray)  1*71 ; 
it  is  therefore  denser  and  more  refractive  than  any  glass  hitherto  known.  By  altering 
fhe  proportions  of  thallium,  glasses  have  been  obtained,  varying  in  density  from  4-235 
to  5*025,  and  having  indices  of  refiraction  ranging  from  1*71  to  1*965.  (Lamy,  Bull. 
Soc.  Chim.  [1868],  i.  164.) 

THJIAAZma-TftZAanwa.  N'Tl'ni'.— Thallic  oxide  dissolves  in  sal-ammo- 
niac at  the  boiling  heat,  and  the  cold  concentrated  solution  yields  with  ammonia  a 
heavy  white  precipitate,  consisting  of  TlGl'.SKH*,  or  probably  hydrochlorate  of  thai- 
liuTn-triamine,  K'T1'*H*.3HC1.  It  is  decomposed  by  water,  yielding  thaUic  oxide  wad 
sal-ammoniac : 

3(TlCn«.8NH«)  +   ZBK>     -     TIW  +  6NH«CL 

When  heated  in  a  sealed  tube,  it  is  resolved  into  ammonia,  an  ammonium-salt,  and  a 
chloride  of  thallium,  probably  T1*C1*.  Its  solution  in  hydrochloric  acid  yields  cubic 
or  octahedral  crystals  of  the  double  salt,  3NH«C1.T1C1*.  (Willm,  Jahzesb.  1863, 
p.  251 ;  1864,  p.  251.) 

TBA&XiOCB&OSB.  A  name  s^plied  by  Knop  and  Schnedermann(Ana. 
Gh.  Phazm.  Ivi.  147,  154)  to  the  ffreen  oolouring-mntter  of  lichens,  which  they  regard 
as  different  from  ordinary  chlorophyll. 

Syn.  with  Bitzbb  Spab  (i.  600). 

C»»IP>NO».  Paramorphine.  (Polletier,  J.  Fharm.  xxl.  569.— 
Coterbe,  Ann.  Oh.  Phys.  [2],  lix.  155.— ^ane,  Ann.  Ch.  Pharm.  xix.  9. — ^Ander- 
son, ibid.  Ixxxvi.  179.) — An  organic  base  existing  in  opium.  It  was  discovered  in 
1835  by  Pelletier,  who  obtained  it  by  treating  the  extract  of  opium  with  milk  of  lime 
in  excess,  washing  the  calcareous  precipitate  with  water,  and  exhausting  it>  after 
drying,  with  boiling  aloohoL  The  alcoholic  solution  leaves  on  evaporation  a  residue, 
from  which  thebaine  may  be  dissolved  out  by  ether. 

Anderson  obtains  thebaine  from  the  mother-liquors  of  the  preparation  of  nareotine. 
The  alcoholic  liquor  from  which  the  first  strongly-coloured  crystals  of  nazcotine  have 
been  deposited,  yields  by  evaporation,  an  amorphous  residue  consisting  of  a  large 
quantity  of  reein,  a  little  narcotine,  and  all  the  thebaine  contained  in  the  (^ium.  T&b 
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residne  is  treated  with  boiling  dilate  acetic  acid,  which  disflolyea  the  alkaloids,  together 
with  a  small  quantity  of  resin ;  and  on  adding  basic  acetate  of  lead  to  this  solution,  in 
sufficient  quantity  to  render  it  distinctly  alkaline,  all  the  narcotine  and  resin  are  pre- 
cipitated, while  the  thebaine  remains  in  solution.  The  liquid  is  Altered ;  the  excess 
of  lead  removed  by  sulphuric  acid;  the  thebaine  contained  in  the  filtered  liquid  is 
precipitated  by  ammonia ;  this  precipitate,  after  being  washed,  is  dissolved  in  boiling 
alcohol,  and  the  solution  is  treated  with  animal  charcoal.  It  then,  on  cooling,  deposits 
thebaine  in  shining  scales,  which  may  be  purified  by  recrystallisation. 

Thebaine  crystallises  fipom  solution  in  alcohol  or  ether,  in  square  scales  haying  a 
silvery  lustre.  Its  taste  is  acrid  and  styptic  rather  than  bitter.  It  is  extremely 
poisonous ;  Magendie  found  that  6  eentierammes  of  it  injected  into  the  pugular  vein  of 
a  dog  produced  tetanic  convulsions,  qui(£ly  followed  by  death.  Thebaine  is  insoluble 
in  water,  very  soluble  in  alcohol  and  ether,  especially  when  warm,  insoluble  in  aqueous 
potash  and  ammonia ;  it  dissolves  rapidly  in  acids.  It  contains,  according  to  the  mean 
of  closely-agreeing  sjialyses  l^  Kane  and  Anderson,  73*10  per  cent,  carbon,  6'96 
hydrogen,  and,  according  to  Anderson,  4*43  per  cent*  nitrogen.  The  formula 
C'*H**NO',  requires  78*81  per  cent,  carbon,  6*75  hydrogeui  4-dO  nitrogen,  and  15*44 
oxygen. 

Thebaine  melts  at  12*5^,  and  decomposes  at  higher  temperatures.  It  is  coloured 
deep  red  by  strong  dulphurie  acid.  According  to  Dragendorff  (Jahresb.  1864,  p. 
728),  sulphuric  acid,  whether  pure  or  containing  nitric  acid,  colours  it  deep  red  to 
oranfle,  graduallv  changing  to  olive-green  at  150^.  Sulphuric  add  of  specific  gravity 
1*3  £ss^ves  it  m  the  cola ;  but  the  solution,  when  gently  heated,  deposits  a  resinous 
substance,  which  dissolves  slowly  on  boiling  with  water,  and  is  deposited  on  cooling  in 
microscopic,  slightly  soluble  czystals,  apparently  a  product  of  decomposition  (Ander- 
son).— Concentrated  nitrie  acid  acts  strongly  on  thebaine,  even  in  tne  cold,  giving  off 
red  vapours,  and  forming  a  solution,  which,  when  mixed  with  potash,  becomes  dark- 
coloured  and  gives  off  a  volatile  alkali. — ^Thebaine  also  dissolves  easily  in  hydrochloric 
acid ;  the  solution  becomes  dark-coloured  when  evaporated,  and  leaves  a  resinous 
residue  no  longer  quite  soluble  in  watar. — Chlorine  and  bromine  act  strongly  on  the- 
baine^ forming  resinous  products. 

Thebaine-salts  do  not  crystallise  from  aqueous  solution. 

The  hydrochlorate,  C**H*'N0'.HG1.H^0,  is  obtained  by  mixing  thebaine  with  a 
small  quantity  of  strong  alcohol,  and  adding  alcoholic  hydrochloric  add  till  complete 
solution  is  effected,  avoiding  an  excess  of  acid;  it  then  separates  on  standing  in 
rhombic  crystals,  it  is  very  soluble  in  water,  the  solution  resinising  on  evaporation ; 
slightly  soluble  in  alcohol,  and  insoluble  in  ether. — The  ehloroawraie  is  an  orange-red 
precipitate,  which  melts  to  a  resinous  mass  at  100^. — The  chloromerowate  is  a  white 
eiTStalline  predpitate,  obtained  with  hydrochlorate  of  thebaine  and  mercuric  chloride; 
with  free  thebaine  a  bulky  predpitate  is  obtained,  which,  as  well  as  the  crystalline 
precipitote,  is  of  variable  composition.-— The  chhroplatinate,  2(C»»H"N0".HCl).PtCl*. 
2H'0,  IS  predpitated  on  adding  platinic  chloride  to  hydrochlorate  of  thebaine.  It  is 
slightly  soluble  in  boiling  water,  the  solution  depositing  a  salt^  which  appears  to  be  a 
proiduct  of  deoompodtion. 

The  eulphate  is  obtained  by  adding  sulphuric  add  to  an  ethereal  solution  of  the- 
baine, pamy  in  the  crystalline  state,  partly  as  a  resin,  which  becomes  crystalline  on 
standing. 

TBaBOUUrnOAOIB.  This  name  is  applied,  byT.  and  H.  Smith,  to  an  add, 
isomeric  or  identical  with  lactic  add,  discoverod  by  them  in  the  mother-liquon  of 
morphine.  To  prepare  it,  the  mother-liquor  of  mor^ia,  after  having  been  freed  from 
all  organic  bases  by  precipitation  with  an  alkali,  is  digested  with  oxide  of  lead ;  the 
evaporated  liquid  is  mixed  with  a  large  quantity  of  alcohol  and  stdphuric  add ;  and  the 
solution  filtered  from  the  predpitated  sulphates,  and  saturated  with  milk  of  lime,  is 
evaporated  to  a  syrup;  this,  after  some  time,  solidifies  to  a  crystalline  maas  of  dddc 
thebolactate.    Turkey  <^ium  yields  about  8  percent,  of  this  salt 

Thebolactic  add  appears,  from  sn  anal^s  of  the  silrer-salt  by  Dr.  Stenfaous  e,  to 
have  exactly  the  same  percentage  composition  as  lactic  add ;  but  (according  to  T.  and 
H.  Smith)  its  copper-  and  morphine-salts  differ  in  crystalline  diaracter  from  the 
corresponding  lactates,  and  the  behaviour  of  ferric  thebolaetAte  with  ammonia-is  different 
from  that  of  ferric  lactate.  (FharuL  J.  Tkans.  [2],  vii.  50 ;  also  private  communication 
from  Messra.  T.  and  H.  Smith.) 

TSazwa.  Syn.  with  CAmnn  (i.  707).— According  to  Attfield  (Fharm.  J. 
Trans.  [2]  vi.  457 )>  the  nuts  of  the  kola-tree  (Cola  acuTmnata),  whi(A^  in  the  fresh 
state  are  used  in  the  western  part  of  Central  Africa  as  food  and  medidnep  contain 
theine,  the  dried  nuts  yielding  about  2  per  cent. 

UMi    Syn.  with  Babbguv  (i.  600). 
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Native  anhydrcras   salphate  of  lodiiim.     (See  Sulfbultm 


p.  610.) 

TBSnr  ABB'S  BliVa.    A  blue  colour  prepoared  b j  ignitang  •  mixture  of  cobalt 

phosphate  or  arsenate  and  alnmina.    (See  Phoothatbb,  It.  600.) 


See  Cacao  (i.  700).^ The  ash  of  aeveral  parts  of  the  cacao- 
tree,  from  the  plantations  of  Manado,  in  Celebes,  has  been  examined  bjBost  van 
Ton  ningen  (B^p.  Chim.  app.  ii.  261),  with  the  folloinng  results : 


Ash  per  cent,  of  the  dried  sabstance  (?  at  100®) 
Composition  of  the  ash : 

SiUca 

Snlphnric  anhydride 

Chlorine 

Phosphoric  anhydride 

Lime   •        .        •        

Magnesia     ••••••• 

Carbonate  of  calcium 

Carbonate  of  sodium    •        •        •        •        • 


Bark. 

LflATet. 

FTutt. 

Seed. 

12-86 

14-68 

18-84 

8-87 

34-60 

4266 

trace 

0-99 

4-86 

10-22 

8-60 

4-80 

0-68 

0-26 

0-80 

0-46 

23-01 

6-21 

714 

38-18 

11-65 

14-88 

8-76 

1-94 

4-66 

6-19 

3-21 

tmee 

19-68 

20-18 

69-70 

44-44 

trace 

trace 

8-66 

7-83 

98-88 

99-08 

96-27 

98-13 

C*H«ir»0*.  (Woskresensky,  Ann.  Ch.  Pharm.  [1841], 
xii.  126.— Qlasson,  »6ti.  bd.  886.— Keller,  tM.xcii.  71.— Bochleder,  i^M^.  xxi. 
9  ;  buxiz.  124. — Strecker,  ibid,  cxyiii.  161.) — ^An  organic  base  existing  in  cacao- 
beans.  To  prepare  it,  the  beans  are  treated  wiUi  water  for  some  time  at  the  heat  of  the 
water-bath ;  the  solution  is  strained  through  linen,  and  carefully  precipitated  by  neu- 
tral acetate  of  lead ;  the  precipitate,  which  is  abundant,  is  separated  by  filtration ; 
and  the  filtered  liquid  is  need  from  excess  of  lead  by  sulphuretted  hydrogen.  The 
filtrate  then  yields  by  evaporation  a  brown  residue,  which  is  boiled  with  alcohol,  and 
filtered  at  the  boiling  heat ;  the  liquid,  on  cooling,  deposits  a  reddish-white  ctystalline 
powder,  which  is  obtained  colourless  by  repeated  czrstallisation  (Woskresensky; 
Q las  son).  Keller  heats  the  theobromine,  obtained  as  above,  between  two  watch- 
glasses,  wnereby  a  small  quantity  of  charcoal  is  separated,  and  a  dazzling  white  sub- 
limate formed. 

iV(wer^tM.«-Theobromine  is  a  colourless  crystalline  powder,  composed  of  mierosco- 
pic  tnmetric  crystals,  exhibiting  the  combination  odP2  .  P,  and  arranged  in  dub- 
shaped  sroups  (Keller).  It  tastes  very  bitter,  but  the  fiavour  is  very  slowly 
developed,  ftiblunes,  without  decomposition,  between  290^  and  296^.  Its  composition 
is  shown  by  the  following  analyses :— - 


Catealaiiom, 

WoekreMDUy. 

GUmod. 

Kell«>. 

c    . 

.     84 

46-67 

46'38 

4713 

46-28 

H*     .        - 

.      8 

4-44 

4-66 

4-60 

4-80 

N*     . 

.    66 

81-11 

86*38 

31-27 

30-86 

0«     . 

.    82 
.  180 

17-78 
10000 

13-74 
10000 

1700 
10000 

18-06 

C^WO« 

10000 

Theobromine  is  sparingly  soluble  in  hoi  water,  still  less  soluble  in  alcohol  and  in 
ether.  The  aqueous  solution  forms,  with  mereurie  chloride,  a  white  crystalline  precipi- 
tate, slighUy  soluble  in  water  and  in  alcohoL    (Woskresen sk v.) 

Deeompoeiiums. — 1.  Theobromine  heated  with  peroxide  of  lead  and  dilute  eulphmne 
odd,  gives  off  carbonic  anhydride,  the  decomposition,  when  once  beffim,  going  on  with- 
out fbrther  application  of  heat ;  and  if  the  right  quantitv  of  peroxide  of  lead  be  added, 
and  the  heating  not  too  long-continued,  there  is  obtained,  after  separating  the  sulphate 
of  lead  bv  filtration,  a  transparent  colourless  liquid,  which  gives  off  ammonia  when 
treated  with  potash,  separates  sulphur  from  sulphuretted  hydrogen,  colours  the  skin 
purple-red,  and  immediately  turns  blue  when  treated  with  magnesia.  An  excess  of 
magnesia  destrtrrs  this  colour,  which  may,  however,  be  restored  by  cautious  addition  of 
sulphuric  acid.  The  liquid,  mixed  with  excess  of  magnesia,  becomes  reddish,  and  gives 
off  ammonia  during  evaporation  to  dryness ;  boiling  alcohol  extracts  fiom.  the  residue 
a  body  which  crystallises  from  the  solution  in  rhombic  prisms,  is  soluble  in  alcohol, 
has  an  add  reaction,  and  does  not  precipitate  chloride  of  mercury,  nitrate  of  silver,  or 
tetrachloride  of  platinum.    (G I  a  s  s  o  n.) 
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2.  It  disBolTes  in  boiling  htuyta-^wiUT  -without  evolution  of  ammonia ;  tlie  aoliition, 
on  cooline,  Bolidiiies  to  a  white  jelly. 

3.  With  chhrme,  in  presence  of  water,  it  forms  amalic  acid  and  hydxioehloTHte  of 
methjlamine  (Rochleder  and  Hlasiwetz,  Wien.  Akad.  Ber.  1850,  L  266). — 
4.  Heated  with  potash,  it  gives  off  metbylamine. 

5.  The  silyer-compoimd  of  theobromine,  heated  to  100^  with  iodide  of  meth^,  yields 
silver-iodide  and  caffeine : 

C'H"AgN*0«  +  CHI     -     Agl  +   C"H"N<0«. 

Hence  caffeine  may  be  regarded  as  methylated  theobromine.    (Strecker.) 

Argentic  Theobromine,  CH'AgN^O*.— When  theobromine  is  dissolved  in 
ammonia  (in  which  it  dissolves  much  more  easily  than  in  water),  and  nitrate  of  silver  is 
added,  a  gelatinous  precipitate  is  obtained,  which  dissolves  easily  in  warm  ammonia. 
On  boiling  the  solution  for  some  time,  ammonia  escapes,  and  a  colourless  granular  pre- 
cipitate of  argentic  theobromine  is  formed,  which  is  nearly  insoluble  in  water.  The 
precipitate  contains  water,  which  is  given  off  slowly  over  oil  of  vitriol,  or  at  100<^,  more 
quickly  at  120^^130<>.  The  residue  may  be  heated  to  160°  without  alteration;  at  a 
higher  temperature  it  does  not  melt,  but  decomposes,  and  gives  off  vapours,  which  con- 
dense to  unaltered  theobromine.    (S  t  r  e  c  k  e  r^ 

Theobromine  Salts. — ^Theobromine  is  a  weak  base,  but  nevertheless  fonns 
salts  which  ciystairise  well,  though  they  are  somewhat  unstable,  the  neutral  salts  being 
decomposed  by  water,  and  converted  into  basic  salts. 

HydrocMoraU^  C'H'N^O*.HCL — ^Theobromine  dissolves  readily  in  concentrated 
hydrochloric  acid ;  and  as  the  warm  solution  cools,  the  salt  separates  in  crystals, 
which  may  be  dried  over  oil  of  vitriol  and  caustic  potash.  It  gives  off  all  its  hydro- 
chloric acid  at  100^,  and  decomposes  with  water,  forming  a  basic  salt  (Glasson). 
—The  chloroplatinate,  2(C*H"N*0*.HC1)  J>tCl*.4HH),  separates  fiom  a  mixture  of  the 
hydrochlorate  and  platinic  chloride,  in  monoclinic  pnsms,  exhibiting  the  feces  odP 
and  oP.  It  is  efflorescent,  ^ves  off  its  water  of  ciystallisation  at  100°,  decomposes  at 
a  stronger  heat,  and,  when  ignited  in  the  air,  leaves  pure  platinum. 

The  nitrate^  C'H"N*0*.HNO",  separates  from  a  solution  of  theobromine  in  warm 
nitric  acid,  on  cooling,  in  monoclinic  prisms,  which  give  off  their  acid  at  100°,  and  are 
easily  decomposed  by  water. 

The  argentic  nitrate,  C'H^*0*.AgNO",  separates  from  a  very  dilute  solution  of 
nitrate  of  theobromine  mixed  with  nitrate  of  silver,  in  shining  silver-white  needles, 
very  sparingly  soluble  in  water.  It  does  not  undergo  any  perceptible  loss  at  100°, 
but  at  a  higher  temperature,  it  melts  and  gives  off  nitrous  acid,  ana  on  ignition  leaves 
metallic  silver. 

THMBMOli  II  BOmxaiU  This  name  was  applied  byBellani  to  a  syphon-baro- 
meter having  its  two  wide  legs  united  by  a  narrow  tube,  so  that  it  could  be  used  either 
in  its  ordinary  position  as  a  barometer,  or  in  the  reversed  position  as  a  thermometer, 
the  wide  sealea  leg  of  the  barometer  then  serving  as  the  bulb  of  the  thermometer. 

The  same  name  is  sometimes  applied  to  a  thermometer  which  indicates  the  atmo- 
spheric pressure  by  the  boiling-point  of  water. 

TBBXMO-BXiBOTRZOITT.     See  Blrctbicitt  (ii.  412). 

THBXMOMBTaR  (B*pt»6s,  hot ;  fiirpoy,  measure). — ^The  thermometer  measures 
the  temperature,  or  degree  of  kotneas,  of  a  body ;  it  thus  determines  one  dimension,  so  to 
speak,  of  the  quantity  of  heat  within  the  body — the  spediic  heat  and  the  weight  of  the 
body  being  the  other  dimensions.  The  measurement  is  founded  on  the  law,  that  per- 
fect gases  tend  to  expand  with  equal  increments  of  volume  for  equal  increments  of 
heat.  Mercury,  being  compared  with  gases,  is  found  to  follow  nearly  the  same  law  at 
ordinary  temperatures.  It  is  likewise  almost  perfectly  adapted  for  thermometric  pur- 
poses, from  its  wide  range  of  liquidity  (890°  C),  its  low  specific  heat,  its  high  conducting 
power,  and  its  uniform  purity. 

As  the  thermometer  is  the  most  important  and  indispensable  of  all  instruments  in 
most  physical  researches,  too  much  attention  cannot  be  paid  to  attaining  perfection  in 
its  manufacture  and  use. 

Thermometer  Tube. — ^In  making  a  mercurial  thermometer,  a  capillary  glass- 
tube,  usually  of  flat  or  elb'ptical  bore,  is  first  to  be  selected,  as  free  as  possible  from  all 
visible  defects.  It  must  be  of  almost  perfectly  uniform  bore  throughout.  That  it  is 
so  is  to  be  ascertained  by  introducing  enough  mercury  to  fill  about  one  inch  of  the  tube, 
and  observing  if  the  length  of  this  mercurial  column  remains  almost  unchanged  as  the 
mercury  is  forced  through  the  tube.  If  the  tube  be  not  perfectly  clean  internally,  nitric 
acid  or  other  solvents  may  be  introduced,  tlie  interior  of  the  tube  being  afterwards 
thoroughly  washed  with  distilled  water,  and  dried  by  drawing  air  through  it  when 
hot. 
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Fig.  80*. 


Fig.  800.  Fig.  806. 


A  balb  is  DOW  to  hf  formed  bj  sealing  and  mftaning  iht  Mx  at  ona  ttx3,  In  the 
blowpipe-flflma,  iind  Ihen  forcing  dry  air  in  by  means  ofa  small  elaatie  bottle  iiad  (a 
the  oppQ  end,  and  compressed  by  tbe  Gngen.  Mneh  skill,  of  course,  is  required  in  this 
operation,  and  the  ultimate  character  of  the  instmment  will  vary  with  eveiy  particular 
manoer  of  hasting  the  glaaa. 

The  form  of  tie  bulb,  loo,  ia  a  martar  toe  mneh  consideration.    Its  enpadty  mnst 
have  Boeh  a.  ratio  to  the  capacity  of  the  tabe,  that  the  deerees  may  be  long  enough  to 
mod  itith  the  required  precision,  and  not  mnch  toBgET.     Thos,  thermometers  inteaded 
lo  show  the  ^  of  a  degree  (Fahr.),  should  hare  de^ees  not  lees  than  ,^  inch  in  lei^h. 
-nn    »     n„»    r.-     «.,,     ^-     .  ™    „■     ,..    ^^  required  eapacity  of  the  bulb 
|?.7B9.  Fig.m.  Ftff.eOl.  Fy.m.  F^ff.m.  ^j    S;    «l«]ated    u    afterwards 
shown.    The  ordinary  shape  of  the 
bulb  iB8pherical(/f.  790),  and  this  is 
the  best  suited  lo  bear  the  pressure 
of  Ihe  atmosphere  without  shrinking. 
But  an  elongated  bulb,  either  pftar- 
shaped  (jf^j.  800  and  801),  or  tnba- 
lar  (^i.  802  and  803),  eposes  a 
much  Limr  surface  for  the  conduc- 
tion of  heat,  in   proportion  to  ita 
capacity,  and  is  therefore  broorable 
to  scnsitireness.     A  bulb,  too,  of  no 

Cter  diameter  than  the  tube,  is 
liable  to  be  broken,  and,  for 
chemical  poTpowi  especially,  is  couTenient  and  neat.  The  thickness  of  the  glass  is  an 
Important  point ;  if  too  thin,  it  may  yield  to  the  atmospheric  pressure,  so  as  to  raJsa 
the  saio  of  tJie  instrument ;  if  too  thick,  the  instmment  will  be  insensitiTe.  In  all 
theae  points  a  IhermometCT  ihonld  b«  speciallj  adapted  to  its  intended  employment, 
utremely  Benaitive  and  yet  exact  thei> 
meters  hare  lately  been  prepued  by 
the  beat  London  makers.  In  thes<^  cdther 
the  bore  of  the  tube  is  rery  minut*,  and 
the  bulb  consequently  small  (as  in  j^.  804), 
or  the  bulb  is  made  to  contain  mudi  mer- 
coiy,  and  shaped  into  a  long  cylindrical 
tnbe,  bent  into  some  convanient  form,  ss  in 
I  the  Oridiron  thermometer  of  Negrrttj  and 
Zambra  (/g.  806).  In  fia.  808  is  shown 
a  suggestion  of  Mr.  Beokley,  of  the  Kew 
ObaerTatory,  for  increasing  the  snrfiice  of 
thermomelfir-bulbs  witlioiitimpBiriug  their 
infleiibUity.  The  mercury  is  contained 
between  two  eoneenlrio  giasa-cylinders,  of 
which  the  inner  one  is  open  at  the  bottom. 
I  the  most  perfect  mode  of  ailing  the  ther- 

,,..,.  , ^  of  the  tube,  a  6,  is  marked  off  to  form 

stem  of  the  thermometer,  and  a  second  bulb,  rather  lat^r  than  the  first,  is 
KV,,  ftni  roughly  bbwn  at  b.     When  the 

"'■  ""'■  bulb  is  half-cooled,  the  open  end 

of  the  tube  is  held  in  pure  and 
well-boiled  mercuiy,  which  gradu- 
ally rises  into  the  first  bulb.  By 
inTcrting  lie  position  of  the  tube, 
I  and  alternately  heating  and  cool- 
ing the  lower  bulb  (a),  sufficient 
!.!-.«-  .1....^.    an  T'.-i  .   -  'norctuymaybemadotopassfiom 

4  into  a,  almost  to  Alio,  a  httle  remaining  over  in  J.  The  whole  tcbe  is  now  h7ld  by 
the  wiro-handle  eho»n  in  /g.  807,  over  a  chai™at-flre  or  a  aeries  of  powerfol  gJ. 
Iramers,  so  as  to  be  strongly  and  uniformly  heated  throughout  its  whole  lencth  %« 
nereory  boils  MsUy,  and  its  vapour  drives  out  every  trace  of  air  or  moisture     When 

^>u™  V  ^  T' J""^.'"  .^^'^"V'S^'^'rt  a  piece  of  Bsaling-wax,  and  lien  at  onS 
withdrawn  from  the  heat.  As  the  hibe  cools,  a  little  wai  is  drawn  in.  and.  in  time 
^rfl'if,.?h  JTVt,,"'^  entrance  of  any  air.  When  q^ite  cool,  the  mer;ui7  p«- 
fectly  fills  the  wiiolo  of  the  lower  btdb  and  tube.  Let  the  tube  be  now  Inciined.  Wd 
u,.  lnw„  bnlo  raised  to  a  tempers Inro  rather  higher  than  the  Ihemiomeler  is 
n  to  indicate.    A  part  of  lie  mercttry  is  thus  tiMptOeA,  and  as  the  column 
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begins  to  retreat  again  on  cooling,  the  tnbe  is  to  be  melted  and  hermetically  sealed, 
just  below  the  bulb  b,  which  is  drawn  off.  The  perfection  of  the  Tacuum  thus  pro- 
duced within  part  of  the  tube,  may  be  known  by  the  mercury  running  freely  up  and 
down,  especially  if  the  tube  be  not  Tery  fine.  This  process  is  more  simply  but  less 
perfectly  performed  by  some  makers,  who  omit  the  second  bulb,  and  place  the 
mercury  in  a  little  funnel  of  glass  or  paper  affixed  to  the  open  end  of  the  tube. 

Graduation. — ^A  common  thermometer  is  usually  graduated  by  determining  two 
points  of  the  scale,  by  comparison  with  a  standard  thermometer,  tod  dividing  the  in- 
terval into  the  proper  number  of  e^ual  parts.  The  thermometrio  scales  usually  em- 
ployed are  well  known  to  be  three  in  number,  and  are  thus  defined : — 

Tflnpftramre  of  TnnMTmtart  of 

Boltinf  fee.  loltmL.       IxMltng  vatm-. 

Centignde  Bcale  (0.)     .       ^        .    O-QO  lOO-QO  lOO-O^ 

Fahrenheit/s  scale  (F.)  .        .        .  82-0»  ISOQO  fll2-0O 

Beaumur^s  scale  (K)    •        •        .    0(fi  80'0o  SO-O^ 

Of  these,  the  Centigrade  is  in  general  use  on  the  Continent^  and  is  so  feur  superior  to 
our  own  Fahrenheit's  scale,  that  all  scientific  chemists  should  at  once  adopt  it.  It  is 
already  adopted  in  many  English  scientific  treatises.  Beductions  from  one  scale  to 
the  other  are  easily  made  by  the  following  formtdtt  i*- 

Fahrenheit  to  Centigrade  •  .  .  {(F.^  -  82)  «  C.** 
Centigrade  to  Fahrenheit  •  .  .  fC.^  +  82o  «  F.o 
Keaumur  to  Fahrenheit       .        •        •    {R.^  +   82^  *-  F.^ 

The  Beaumur  scale  being  seldom  met  with,  the  numbers  6, 9,  and  82,  which  are  suffi- 
cient for  the  reduction  of  Fahrenheit  and  Centigrade,  may  be  easily  remembered  and 

applied^ 

Mounting  of  the  Thermometer. — "For  chemical  puiposee,  the  simple  tube- 
thermometer,  with  the  divisions  etched  upon  it,  is  by  far  the  best.  For  accurate  pur- 
poses, indeed,  divisions  upon  the  glass  are  alone  to  be  trusted ;  and  if  an  ivoiy  scale 
IS  attached  at  all,  it  must  only  be  used  to  show  the  whole  degrees  with  quickness  and 
security  from  mistake. 

For  meteorological  use,  the  degrees  should  still  be  etched  on  the  glass,  but  may  be 
repeated  on  the  metal  sode.  In  this  respect  the  Kew  Observatory  common  ther- 
mometer leaves  nothing  to  be  desired.  It  may  be  had  from  the  best  opticians,  with  a 
certificate  oflts  comparison  at  Kew,  at  the  price  of  about  half-a-guinea.  More  sensi- 
tive instruments  are  mentioned  in  describing  the  Dry  and  Wet  Bi^b  Hygrometer.  (See 
HTaBDMarsR,  ill.  228.) 

Standard   Thermometer. — ^We  shall  describe  the  graduatioB  of  a  standard 
thermometer  as  it  was  prM^tised  by  Mr.  Welsh  at  the  Kew  Observatory  of  the  British 
Association,  on  the  pnndples  proposed  by  Begnault,  and  described  at  considerable 
length  by  Pierre  (Ann.  Ch.  Phys.  [3],  v.  428).— Welsh.    {Report  to  Boyd  Society 
Phil.  Mag.  [4],  iv.  806.) 

Calibration  qf  the  lithe, — ^A  tube,  having  been  selected  as  tolerably  free  from  all 
visible  defects,  a  short  column  of  mercury,  generally  less  than  one  inch  long,  is  intro- 
duced. The  tube  is  then  attached  to  a  dividing-engine,  and  either  end  pot  m  commu- 
nication with  an  elastic  bag  compressed  by  a  screw,  by  which  means  the  mercury  can 
be  moved  at  wilL  Commencing  at  one  end  of  the  desired  scale,  the  mercury  is  made 
to  coincide  with  cross-wires  in  the  focus  of  a  microscope  carried  by  the  cutting  slide 
of  the  engine.  By  turning  the  screw  xmtil  the  wires  correspond  with  the  other  end  of 
the  column,  we  leam  the  length  of  the  column  in  revolutions  of  the  screw.  The 
mercury  is  now  moved  until  its  other  end  exactly  coincides  with  the  cross-wires 
which  haye  remained  stationary.  The  length  of  the  column  is  again  measured,  the 
difference,  if  any,  indicating  inequality  of  the  tube.  The  same  process  is  repeated, 
until  the  column  has  been  measured  for  each  length  of  itself  through  the  whole  extent 
of  the  proposed  scale.  Permanent  marks  are  made  on  the  glass,  at  the  points  of 
commencement  and  ending  of  the  calibration. 

Graduation. — The  measured  lengths  of  the  column  of  mercury,  in  its  successive 
steps  along  the  tube,  corresponding  to  equal  volumes,  we  may  assume,  unless  the  tube 
is  a  very  &ulty  one,  that  the  calibre  of  the  tube  is  uniform  throughout  each  length. 
Hence  we  may  divide  the  length  of  each,  as  expressed  in  revolutions  of  the  screw,  into 
any  convenient  number  of  parts,  and  proceed  to  the  graduation,  starting  frx)m  one  end, 
and  successively  adding  on  the  requisite  number  of  revolutions.  The  divisions  are 
cut  with  a  fine  needle-point  upon  a  coating  of  engravers*  wax,  and  afterwards  etched 
with  hydrofiuoric  acid.  By  weighing  a  mpasured  column  of  mercury,  we  have  data  to 
calculate  the  capacity  of  the  bulb  most  suitable  for  our  intended  thermometer. 


764  THEEMOMETEE. 

Dettrminatitm  qf  tie  Sealt-eotffioimi.—'Sht  thennotnelw  hkring  beM  flUed  witli 

nercurr,  Uie  diTuions  of  iLe  aeale  will  repreMmt  eqnnl  iocrementi  of  tempantom, 
but  nre  entirel;  urbitnuy  in  Taioe.  Aa  detcribad  below,  wa  now  detenniiie  the 
Irraziiig-paint  to  ba,  nj  n,  of  ths  iirbitnfj  ■caJe-readlnj;,  &iid  the  boiling-point  ta  be, 
m;  i.  Thea  tbe  tnis  tompenitnre  in  d«g.  Fahr.  comapoDding  to  an;  vbitnij  ■ckle> 
lesdJDg  n,  is  abnoaBl;  ?—  x  ISO"  -»■  S2°.  The  Tftloee  of  thiB  fbnatili  should  be 
tabtdaled  for  everj^  degree  of  t^e  arbitraiy  Bcale  which  is  likely  to  be  naed :  in  rtitr- 
eoee  to  the  table,  of  coone,  rroportJonBl  parts  of  the  difftaencea  of  these  Tilua  W* 
to  be  taken  foe  the  fractional  puis  of  the  Krbitnr;  eeBle-readingc. 

A  c&libr&ted  atondard  tberiDometor  ma;  br  gndnated  with  a  correct  Fahrenheit* 
■e&le,  as  described  b;  Welsh  (  Op.  cit.  p.  3 1 2),  but  the  nsouaoiy  calcolstions  are  i^her 
intriCBte.  It  is  needless,  too :  for  he  who  requires  great  aocuiacy  can  alwsja  use  an 
sTfaitraiy  aeale  with  its  fbrmuls,  or  table,  and  he  who  does  not  had  better  amploj  ai 


be  calf^olatad  and  applied,  while  instrumental  ail^aEtment  is  always  a  clumsy  and 

Fretting -point. — To  determine  the  melting-jmint  of  ioe,  which  is  32°  Fahr.,  and 
the  zero  of  the  Centigrade  scale,  the  thermometer  is  placed  upright,  in  fiDelj-pounded 
meltins  ice,  contained  in  anj  Tassel  which  will  allow  the  water  to  drain  away  &om  the 
ice  as  it  melts.  Snow  is  still  better  than  ice  for  this  purpose.  The  whole  of  tha 
mercury,  both  in  the  bulb  and  tube,  most  be  covered,  andhad  better  be  solait  for  at  least 
half  an  hoar.  The  ice  may  then  be  removed  just  sufficiently  \a  allow  a  mmi^  to  be 
made  at  the  top  of  the  mercurial  column,  or  (which  is  ia  better)  its  position  noted 
with  reference  to  ( 
as  elsewhere  statec 

BoUin^-pai 

of  distilled  water  in  rapid  ebullition,  the  whole  of  the  mercorisl  column  being  like- 
wise raised  to  the  same  temperature  as  the  bulb  bv  the  rising  vapour.    The  b<«t 
form  of  boiler  is  that  of  Kegnaalt's  {fig.  808),  with  double  side*,  between  which  the 
tvl.  BOS.  Taponr  circulates  before  isssing  into  the  open  air.    In  this  boiler 

the  cold  of  the  exterior  air  cannot  possibly  reach  the  thermome- 
ter. Care  must,  however,  be  taken  that  the  steam  may  issue 
with  perfect  freedom,  else  the  pressure  and  temperature  within 
the  boiler  will  rise  irregularly.  Thna  the  aperture  a  shoold 
have  B  diameter  of  an  inch  or  more,  and  a  smsJI  manometer  or 
syphon-gusge,  b,  containing  water,  and  commnaicating  with  the 
interior  of  the  boiler,  may  be  used  to  indicate  the  least  excess  of 
pressure  within.  The  water  having  been  thoroughly  boiled  tor 
a  length  of  time,  and  the  mercury  standing  quite  Btationarj,  the 
reading  of  the  upper  end  of  the  meicnrial  eolnmn,  which  may 
extend  jnst  above  tbe  cork,  is  to  be  noted  as  before,  while  the 
boiling  continues  aninterrapt>dly. 

A  common  flask,  with  a  glass  tube  fitted  to  its  month,  to  con- 

t    tain  the  etem  of  the  thermometer,  may  serve  for  the  toogh  detet- 

.    mination  of  the  boi line-point.     It  is  well  known,  however,  that 

wUer  does  not  readily  boil  from  a  vitreous  sui&ce,  so  that 

meicury,  scraps  of  platinum,  or  bits  of  charcoal,  most  be  placed  in 

the  HaA  to  prevent  any  irregular  rise  of  the  temperature. 

Owing  fo  the  displacement  of  ^e  wro  (see  p.  768),  Pierre 
directs  that  the  boiling-point  shonld  be  taken  before  tha  freering- 
point,  but  we  think  that,  for  most  porpoaea,  the  older  should  be 
rerersed.  It  is  best,  however,  to  tiue  the  freezing-  and  boiling- 
points  with  as  long  an  interval  between  aa  possible,  the  ther- 
mometer being  left  undintnrbed  at  the  ordinary  temperature  of  the 

air  before  each  determination. 

As  the  boiling-pcnnt  of  water  depends  entirely  on  the  preesure  of  the  air  at  the 
lime,  the  barometer  must  be  properly  read,  IF  it  stand  at  0760  millimetre  (or  30 
English  inches)  when  properly  corrected  (see  Bisohetkr,  i.  612),  tbe  temperatnre  of 
boiling  water  is  exactly  100°  C.  (212°  Fahr.}.  If  not,  the  temperature  must  be  calculated, 
allowing  a  change  of  ±  1°C.  for  every  divergence  of  pressure  equal  to  t  287  millime- 
tres (or  1-71°  Fahr.  for  every  inch  of  pressure).  It  is  bettor,  however,  to  use  the 
fiillowing  table,  which  gives  the  barometer  reading  (corrected)  corresponding  to 
every  teath  of  a  degree  near  100°  Centigrade: — 
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Boiling- 

Reading  of 

Boiling- 

Reading  of 

point 
OCeot. 

Barumeter. 

point 

BaronMer* 

Bfillim. 

<*CenU 

Milllm. 

98-8 

727-96 

99-5 

746-50 

98-9 

730-58 

99-6 

749-18 

990 

733-21 

99-7 

751-87 

991 

730-85 

99-8 

764-57 

99-2 

738-50 

99-9 

757-28 

99-3 

74116 

100-0 

76000 

99*4 

743-83 

1001 

762-73 

To  obtain  a  stiU  nearer  approximation,  proportional  parts  of  the  differences 
may  be  taken.  Thus,  suppose  a  thermometer  with  an  arbitraiy  scale  to  read  187-5 
in  the   boiler  with  the  barometer  at  755*03  ;    the  corresponding  temperature  is 

99-8  +  I^^'^f"If^.'^^    X  -1   -  99-82.    Suppose  the  freezing-point  on  the  arbitrary 
757*28  — 754*57 

scale  to  be  254:  then  187*5  —  25-4,  or  162*1  arbitrary  divisions,  are  equal  to  99*82^ 

Cent,  or  162-4diTisions  to  100^.  Thus,  25-4  +  162*4,  or  187*8,  is  the  true  degree  100,  or 

the  boiling-point  for  the  pressure  760  millim. ;  and  the  value  of  any  arbitrary  degree  n  is 

/       nr.x   100 
(n- 25-4)  3^^. 

Ex  aminationof  a  Thermomete  r. — ^Any  good  thermometer,  of  which  the  scale  eoc- 
tendsfrom  32^  to  212^,  may  be  made  to  serve  as  a  correct  standard  thermometer,  by  direct 
experiment,  if  it  be  worth  while  to  take  the  necessary  trouble.  We  will  suppose  the 
thermometer  to  be  already  graduated.  By  placing  it  in  melting  ice  and  above  boiling 
water,  with  the  precautions  already  described,  we  first  ascertain  the  errors  of  the  degree 
82°,  and  of  some  point  near  212^.  At  the  intermediate  points,  the  error  is  then  found 
by  the  following  process  of  Professor  Forbes  (Phil.  Trans,  cxxvi.  [1836],  p.  578), 
which  is  that  of  Bessel  (Tilloch's  PhiL  Mag.  [1824],  IxiiL  307)  simplified  and 
improved : — 

Detach  a  column  of  mercury  from  the  rest,  of  such  a  length  as  to  be  nearly  an 
aliquot  part  of  180°.  In  a  tube  of  moderately  wide  bore,  the  length  of  the  column 
ma^  be  a^usted,  with  great  accuracy,  by  bringing  it  just  into  contact  with  the  re^ 
mamder  of  the  mercury,  and  at  the  same  time  heating  or  cooling  the  bulb.  A  part  of 
the  mercury  will  then  slowly  pass  over,  one  way  or  the  other.  This  column  is  then 
caused  to  step  along  the  tube,  beginning  at  32^,  the  one  end  being  brought  to  the  exact 
point  which  the  other  had  previously  occupied,  this  point  being  carefully  noted  in 
respect  to  the  nearest  graduation-mark.  The  capacity  of  the  tube  is  thus  measured 
out  into  exactly  equal  portions,  just  as  a  length  is  measured  by  a  carpenter's  rule. 
Tlie  column  may  be  moved  and  adjusted  to  its  position,  with  any  degree  of  accuracy, 
by  tapping  one  end  or  other  of  the  tube  or  scale. 

The  end  of  the  measuring  column  will  finally  fall  near  to  212°.  Let  it  fall  at 
212  +  c,  in  which  c  is  either  +  or  — .  Also  let  the  number  of  intervals  measured  be 
«,  and  the  corrections  for  32°  and  212°,  already  determined,  be  a  and  b  {+  or  — ) 
Then,  neglecting  the  very  slight  error  which  may  exist  in  the  portion  of  the  tube 
by  which  the  small  quantity  o  was  measured,  the  true  interval  eorresponding  to 

the  length  of  the  column  wiU  be ^-^ »  I,  and  the  true  tempera- 
tures corresponding  to  the  divisions  noted  in  the  scale  at  the  successive  steps  will  be 
32°    +   a   +   I,  32°   +   a   +   21,  and  so  on  up  to  32°   +   a   +   «I. 

Several  determinations  may  be  made  in  this  way  with  columns  of  different  lengths. 
The  results  may  then  be  projected  into  a  curve. 

This  process  of  Professor  Forbes  may  be  performed  in  two  or  three  hours,  the 
freezing-  and  boiling-points  having  previously  been  determined,  and  the  Professor 
considers  it  easier  than  comparison  with  a  standard.  It  is  scarcely  applicable,  how* 
ever,  to  thermometers  of  very  fine  bore. 

Comparison  ef  Thermometers, — ^The  mode  in  which  thermometric  accuracy 
will  doubtless  be  most  generally  attained,  is  by  comparing  each  thermometer  used 
against  a  standard  one,  or  even  against  a  good  thermometer,  previously  carefully  com- 
pared with  a  standard.  This  comparison  is  very  easily  performed  at  all  ordinary 
temperatures,  as  follows : — The  standard  thermometer  and  that  which  is  to  be  com- 
pared, are  firmly  tied  to  a  cross-piece  of  wood  or  other  support,  in  such  a  manner  that 
the  bulbs  shall  hang  in  exactly  the  same  level  plane,  and  as  near  each  other  as  is 
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odrical  rUh  re  

B  poured  in  to  carer  the  iritole  of  the 
merrari&l  colamuB,  and  it  moM  be  of  tile  higliert  tcmpe- 
ratiofl  lit  which  it  is  d«nr«d  to  taake  the  comparioon.  As 
nlcF  tendi  to  smnge  itself  in  lajen  of  diKrmt  tem- 
jKratnre,  igitation  mnst  be  actiTcIy  insictAined,  bj  mor- 
ing  up  and  dovn  within  the  Te&Sfl.  the  Hng~ehiped  a^- 
tator  shoWD  in  fig.  809.  Thii  nmr  be  formed  of  stout 
wire,  with  ■  strip  of  calico  rooghlj  twisted  ronnd  tha 
rin);  part,  wbich,  being  mad*  nearlj  of  the  nme  dinins- 
ter  aa  thn  glass  vrasel,  cannot  touch  the  Ihemometer. 

After  brisk  agitation,  tha  readings  of  the  thdnnometrrs 
■re  rapidly  taken  throogfa  the  water,  almost  in  the  sane 
moment,  and  at  once  recorded.  In  doing  this,  tbe  obeeryer 
shonld  gire  his  chief  attention  to  the  decimal  parts  of 
degtsee.  for  the  nnnber  of  whole  iegnfe  can  be  takfa 
altarwarda  at  leisure,  and  an;  mistake  in  these  will  eesilj 
be  apparoDt  on  taking  the  difiarences.  The  pmpoee  of 
this  baste  is,  of  course,  to  avoid  any  bttot  fram  tha  cool- 
ing of  the  water  between  the  two  readinga.  This  anoi 
maj  be  farther  eliminated  by  iuTCtting  the  ordn  of  the 
readings  each  time.  The  water  haxing  been  allowed  ta 
cool  a  few  degrees,  it  innsb  again  be  briskly  agitated 
before  the  next  pair  of  leadings  are  taken,  and  so  on  with 
each  anccMsiTe  step.  Errto'  might  be  still  further  elimi- 
Bsted,  if  necessary,  b;  i^XAting  the  whole  opentioo  with 
mperature,  produced  either  by  anecsaare  additions  of  Itot 
placed  under  the  glass  veeseL 
....  i,  possible  to  compare  two  oi  moie  thermometeiB  with  the  standard  at 

tile  same  opeistion;  but  the  chances  of  mistake  and  error  from  cooling  iDcresee  in  such 
a  high  degree  with  the  number  compared,  that  we  strongly  recommend  tha  reader 
never  to  read  more  than  two  thennomelers  and  the  standaid  at  the  same  time.  In  tha 
K««  Obserratocj.  indeed,  where  large  nnmbers  of  tbermomsteia  are  constantly  com- 
paied  for  meteorological  purposes,  Mr.  Welsh  haa  devised  a  revolving  vessel  and  stand, 
by  which,  with  the  aid  of  an  assistant,  be  was  able  toiead  sis  thennameters  at  once, 
(FhiL  Hag.  [i],  iv.  SOS.) 

We  IJiink  that  the  results  of  (his  process,  performed  rigoronaly  as  we  have  described 
It,  are  capable  of  almost  any  degree  of  accniacj,  &om  the  boiling  point  of  water  down 
to  low  Cemperaturea,  aC  which  solutions  or  other  liquids  tipoled  by  &e«ing  miztorea 
may  be  nsed.  Profeaaor  Forbes,  however,  objects  to  it  (BriL  Assoc  R^ioit,  1810, 
p.  49),  and  remarks  that  vbctc  the  inveetigiition  le  an  important  one,  constant  sanrcea 
of  heat,  nator&l  or  artificial,  canaot  be  too  calffoll;  sought.  Bark-pita,  natnnl  hot 
springs,  waste  hot  water  of  steam-eogiaes,  and  the  boiling-points  of  some  liquids,  socb 
as  alcohol,  may  be  usafiil]^  employed. 

When  some  determi nations  of  especial  impoitance  and  exactness,  as  of  a  meltiug- 
<»  boiling-point,  have  to  be  made  at  or  about  a  particular  tsmpeisture,  the  beet 
mode  is  to  compare  the  thermometers  nsed  with  one  or  more  standards,  in  media  of  the 
Coosbuit  but  required  temperatore,  socb  aa  boiling  alcohol  diluted  up  to  a  cettain 
point.  Herschel  (Adminlt;r  Manual  of  Sdentific  E^airy,  p.  293)  Htat«s  that  the 
best  mode  of  ensuring  perfect  identity  of  tcmperatore  in  comparisons  is  long  rcM  of 
the  thermoneten  in  contact,  in  a  box  stufTed  with  cotton,  the  ports  of  the  scales  to  b« 
itad  off  being  occasionally  oncoTered  for  that  purpose.  This  process  would  be  a  veij 
slow  one,  but  otherwise  unexceptionable.  It  is  almost  needless  to  mention  that  com- 
pariMtis  of  thermometers  in  the  open  sii  are  useless  for  exact  parposet. 

Hr.  Welsh  gires  a  mode  of  examining  the  lower  part  of  a  thenoometerini&  without 
the  use  of  fteraing  mixtures,  but  it  is  open  to  eice^rtiioD. 

Change  of  t\»  Zero-poiul, — A  serious  difBculty  is  thrown  in  the  way  of  ther- 
mometric  accuracy  by  the  fact,  that  the  zero  of  the  instrument,  by  which  may  be 
meant  any  determinate  point  selected  for  verificalJan,  bnt  generally  the  position  of  the 
meicor^  in  melting  ico(  32  "  Fahr.),  can  seldom  be  considered  invariable  in  the  best  insUn* 
menta,  and  is  more  properly  described  b;  Desprq^  as  in  omtiHual  <nciitati<m.  These 
movements  am  of  two  kinds : — I.  AgraduHl,  continued,  and  permanent  rise  of  the 
loro-poiuL  This  phcQomenoD  bas  been  studied  by  Despreta  (Ann.  Cb.  Phys.  [2], 
Ixiv.  312),  who,  among  other  eipariments,  ftequenlly  determined  tie  freeiing-point  of 
■  thermometer  during  five  years.  We  have  shown  the  remits  graphically  in  fig.  810, 
■nd  in  spite  of  irregularities,  due  to  the  iact  that  the  thermometer  was  in  constant  and 
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▼arioufl  use  during  the  period,  the  ciure  produced  is  sensibly  a  paiabola.  Professor 
W.  H.  Miller,  in  correcting  the  readings  of  a  standard  thermometer,  fband  that 
the  rise  of  the  zero-point  vas  represented  with  sufficient  accuracy  by  a  formula. 

Fig,  810. 


(0*0044  X  m*),  which  would  giye  a  hyperbolic  curve.  It  is  generally  supposed  that  tha 
rise  of  the  seio-point  is  due  to  the  atmospheric  pressure,  although  I/egrand  (Ann. 
Ch.  Phys.,  &a,  [2],  bdii.  372)  disputes  this,  and  attributes  it  to  molecular  changes. 

In  consequence  of  this  rise  of  the  zero,  it  is  usual  for  thermometer-makers  to  keep 
the  tubes  of  standard  thermometers  for  a  year  or  more  before  graduating  them.  It  is 
obviously  necessary  that  all  thermometers  used  in  accurate  researches  should  be  yeri- 
fled  and  recompared  at  their  zero-points,  or  at  parts  of  their  scales,  fh)m  time  to  time. 

2.  The  second  kind  of  movement  of  the  zero  is  a  temporary  fiill  when  the  thermo- 
meter has  been  much  heated,  and  a  temporary  rise  when  much  cooled.  Legrand 
considers  that  at  the  temperature  of  boiling  mercury,  the  zero-point  remounts  tem- 
porarily to  its  position  just  after  the  thermometer  was  completed,  but  the  details  of  his 
observations  are  not  given.  Despretz  makes  the  curious  remark,  that  every  thermo^ 
meter  must  read  rather  too  low  in  summer,  and  too  high  in  winter.  Different  ther- 
mometers are  affected  in  very  different  degrees,  as  shown  in  the  following  observations, 
the  thermometer-makers'  names  being  enclosed  in  brackets.  The  degrees  are  Centigrade. 
Legrand  [Buntenl, 0*3^  to  0*6° ;  Despretz,  0'23^  toO'6^ ;  Lament,  9  thermometers, 
0-26O  to  0-46O,  and  one,  0-62°;  Forbes  [Troughton],  OS®  and  0-2*^,  [Adie]  0*23^ 
[Crichton]0-3®  [Collardeau]  0*2°;  Sheepshanks,  average,  017°  ;  Welsh,  average, 
0*09°  to  0*11^.  In  making  the  above  observations,  the  thermometers  were  boiled,  and 
soon  afterwards  placed  in  melting  ice. 

The  poeition  of  a  thermometer,  especially  a  very  long  one,  when  a  reading  is  taken, 
is  not  always  a  matter  of  indifiference,  for  at  a  high  temperature  the  column  of  mor- 
eury  may  exert  such  a  pressure  as  to  expand  the  bulb  slightly,  and  lower  the  reading. 
As  thermometers  are  generally  compared  and  graduated  when  vertical,  it  is  obvious 
that  the  vertical  reading  will  generally  be  the  correct  one.  Professor  Forbes 
(Phil.  Trans.  [1886],  p.  577)  detected  a  difference  from  this  cause  by  placing  the 
thermometer  in  a  cylindrical  vessel  filled  with  sand,  the  bulb  being  protected  from 
external  pressure  by  a  small  stiff  paper  tube,  and  the  upper  part  of  the  scale  pro- 
jecting out  of  the  vessel.  The  whole  having  been  very  gradually  raised  to  as  high  a 
t^unperature  as  is  thought  desirable,  readings  may  be  taken  many  times  in  succession, 
horizontally  and  vertically.  A  standard  thermometer  of  Troughton,  thus  tested,  gave 
a  difference  of  0'16°  Fahr.  If  in  making  a  standard  thermometer  it  be  known  that  it 
will  have  to  be  used  both  in  the  vertical  and  horizontal  positions,  it  will  be  best  to  take 
the  determinations  of  the  freezing-  and  boiling-points  in  both  positions. 

As  the  mercury  in  a  thermometer-tube  is  always  removed  some  little  distance  £rom 
the  scale  to  which  we  refer  it,  an  obvious  error,  called  parallax,  will  arise,  unless  the 
line  of  sight  be  perpendicular  to  the  scale.  With  a  little  care,  parallax  may 
be  avoided  by  moving  the  head  backwards  and  forwards  till  the  eye  is  oj^xMite  the 
rig^t  point.  But,  in  making  frequent  or  important  readings,  especially  comparisons, 
it  is  best  to  use  a  telescope,  fixed  or  moving  at  right-angles  to  the  plane  of  the  scale. 
M.  y  alz,  of  Marseilles,  ingeniously  proposed  to  plunge  two-thirds  of  the  thickness  of 
the  tube  into  the  substance  of  the  scale,  so  that  the  plane  on  which  graduation  is  made 
is  advanced  in  front  of  the  mercurial  column  to  the  amount  of  one-third  of  the  radius  of 
the  tube,  in  which  case  the  error  of  refraction  will  exactly  correct  the  error  of  parallax. 

A  light  frame  may  easily  be  contrived  to  slide  upon  the  scale  or  tube,  and 
prevent  parallax.  Thus  Professor  Miller  (Phil.  Trans.  [1866],  cxlvi.  779), 
describes  thermometers  with  arbitraiy  scales  divided  to  ^inch,  subdivided  by  a  sliding 
glass  scale  to  -^g  inch,  the  division  of  the  sliding  scale  which  is  brought  into  apparent 
coincidence  with  the  extremity  of  the  thread  of  mercury  being  viewed  through  a  nole  in 
a  plate  of  brass  attached  to  tne  very* light  brass  frame  which  carries  the  8(»le,  so  that 
the  line  of  sight  may  be  at  right-angles  to  the  axis  of  the  tube. 

Capacity  and  Dilatation  of  the  Bulb, — ^It  is  necessary  in  certain  researches  to 
determine  the  coefficient  of  dilatation  of  the  glass  employed.  This  may  be  found, 
after  the  method  of  Pierre  (Ann.  Ch.  Phys.  [3],  xv.  832),  by  constracting  a 
thennometer  of  the  same  kind  of  glass,  the  tube  being  calibrated  and  graduated  before 
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It  U  filled,  and  the  capacitj  of  ereiy  part  being  aaceitained  by  introducing  mercury 
seveml  times  into  the  tube,  and  oomptizing  the  weight  of  this  mercury  with  the  number 
of  degrees  occupied.  The  thermometer  having  been  completed,  we  eiuiily  determine, 
from  the  known  capacity  of  its  degrees,  and  the  coefficient  of  dilatation  of  mercury,  the 

capacity  of  the  bulb.    Taking  the  expansion  of  mercury  from  32^  to  212^  as  r^^  aft^r 

Dulong  and  Petit^  we  shall  find  ^,  the  coefficient  of  dilatation  of  the  glass  from  the 
equation: — 

r„(i  +  -j^)  =  r„,(i  +  180  K  *) 

in  which  V^  is  ^^^  actual  space  occupied  by  mercurr  at  the  temperature  of  32^  Fahr., 
and  Fgig  the  apparent  volume  at  the  temperature  of  boiling  water. 

The  coefficient.  A,  of  the  apparent  dilatation  of  mercury  in  the  glass  is,  then,  ap- 
proximately fbr  each  degree  Fahr. 

^    "    66-6  X  180     "" 

The  values  which  will  thus  be  generally  found  are,  for  k  about  *000012  for  each 
degree  Fahr ;  and  for  A  about  -000088. 

Spibit  Thbbmombtsbs  are  required  for  measuringtemperatures  which  approach 
or  sink  below  the  freezing-point  of  mercuiy  (  —  39°  Fahr.).  In  their  graduation  we  en- 
counter the  difficulty  that  the  increments  of  volume  of  alcohol  for  equal  increments  of 
temperature,  cannot  be  assumed  equal,  as  in  the  case  of  mercury.  Welsh,  however 
{Op.  cU,  p.  816),  shows  how  to  deduce  a  law  of  expansion,  by  which  an  approximately 
correct  sode  may  be  graduated. 

Alcohol  is  also  used  in  many  register  thermometers ;  but  it  is  an  objection  to  such 
that  the  spirit  often  distils  over  from  the  end  of  the  column,  collecting  in  the  other 
parts  of  the  tube,  leading  an  observer  who  is  not  veiy  vigilant  into  error. 

Kbgisteb  Thbbmokbtxbs  are  mercurial  or  spirit  instruments  furnished  with 
a  small  index  sliding  in  the  tube,  which  for  this  purpose  must  have  a  large  bore,  and 
thereforo  also  a  laige  bulb.    The  figures  (811  to  816)  will  sufficiently  exhibit  the 

various  registering  contrivances.    In  Jig,  811,  a  is  a  small 
Fiff.  811.  piece  of  steel  wire,  and  b  the  end  of  the  mercurial  column, 

y .       which  forces  it  forward,  and  then  leaves  it  at  the  maximum 

L^ — I       point.    The  tube  must  remain  nearly  horizontal,  and  the  steel 
pBI^^ — \     index  is  moved  back  by  means  of  a  small  magnet.    The  chief 

p g? ^    defect  of  this  maximum  thermometer  is,  that  a  quantity  of  air 

must  be  left  in  the  tube,  to  prevent  the  mercurv  flowing  about ; 
and  the  mercury  in  time  becoming  foul,  the  whole  is  thrown  out  of  order.    In/^.  812 
the  index  is  of  wire,  covered  with  enamel,  and  is  within  the  column  of  a  spirit  ther- 
mometer, the  end  of  which  column  carries  it  back  by  force 
Fiff.  812.  of  adhesion,  but  does  not  carry  it  forward.    It  thas  gives  a 

minimum  temperature.  This  thermometer  works  very  well, 
but  is  open  to  all  the  objections  against  a  spirit  thermo- 
meter. The  above  two  instruments  are  known  as  Bather- 
ford's,  and  have  till  lately  been  generally  used. 

8ix^8  Maximum  and  Minimum  Thermometer  consists  of  a  large  bulb  full 
of  alcohol  joined  to  a  tube  in  the  form  of  an  inverted  syphon,  in  the  lower  part  of 
which  lies  a  short  column  of  mercurv.  The  extreme  point  reached  either 
jfig.  510.  ^ay  by  the  mercury,  as  it  is  moved  by  the  expansions  and  contractions  of 
the  alcohol,  is  marked  by  a  small  enamelled  wire  index  sliding  in  the  leg  of 
the  bent  tube  {Jiff.  813),  but  secured  against  falling  from  its  own  weight  by 
a  small  spring.  This  instrument  is  very  convenient  for  many  purposes^ 
but  cannot  be  rendered  very  accurate  or  sure. 

The  Mercurial  Maximum  Thermometer  „.     . 

of  Negretti  and  Zambra  seems  to  be  the  best  yet  '^^' 

invented.    In  this  the  tube  is  horizontal,  and  but 

little  wide  in  bore  than  that  of  an  ordinary  thermo- 
meter.    The  bulb  is  bent  downwards,  and  at  the 

bend,    the  bore  of  the  tube  is  nearly  stopped  up 

with  an  enamelled  plug  {Jig.  814),  which  prevents 

the  mercury  from  running  back,  as  the  temperature 
falls,  provided  the  tube  remains  nearly  level.  The  maximum  reading  is  thus  given  by 
the  end  of  the  mercurial  column  remaining  in  the  tube,  and  the  instrument  is  reset, 
simply  by  inclining  it  until  the  mercury  runs  back  and  filla  the  bulb. 


\ 


THERMOMETBIC  ANALYSIS.  769 

Tie  Mercurial  Minimum  Thermometer,  invented  by  Casella,  is  a  hiehly 
ingenious  instmment.  The  bulb  is  pzonded  with  a  small  overflow-diamber,  into 
which  the  merciu^  freely  expands  during  a  rise  of  temperature.  When  the  tem- 
perature liEklls  again,  the  mercury  is  still  retained  in  the  chamber  by  adhesion  to  a 
flat  surface  of  glass  proTided  for  the  purpose.  The  minimum  reading  at  the  end  of 
any  period  is  given  by  the  extremity  of  the  mercurial  column  in  the  stem  of  the 
instrument  To  reset  the  tiiermometer,  it  is  inclined  until  all  the  mercui^f  runs  out 
of  the  overflow-chamber. 

A  very  similar  instrument  has  been  devised  by  Negretti  and  22ambra.  The  bulb  is 
shown  in  Jiff,  815,  in  which  a  is  the  overflow-chamber,  and  the  mercuiy  is  retained 
in  it,  after  once  entering,  bv  adhesion  to  a 

platinum-plug,  which  nearly  stops  up  the  ^-  S^^- 

narrow  communication  at  b.    These  instru-     a 
mants  are  so  recently  invented  that  their 
relative  excellence  is  yet  unknown,  but  they 
are  far  superior  to  any  of  the  old  spirit 
thermometers.    It  is  not  necessary  here  to 
describe  a  form  of  mercurial  minimum  thermometer  patented  by  Negretti  and  Zambra 
several  years  since.      Although  ingenious,  it  is  a  large  costly  instrument^  open  to 
several  important  objections. 

The  indications  of  a  registering  thermometer  can  never  be  quite  so  accurate  as  those 
of  an  ordinary  instrument.  The  usual  mrocess  of  comparison  is  scarcely  applicable  to 
many  such  thermometers,  and  Sir  J.  Herschel  directs  us  to  record  the  errors  thus 
determined,  but  not  to  apply  them. 

The  maximum  thermometer  of  Walferdin  is  well  adapted  for  taking  the  j^  o|0 
temperature  of  the  sea,  or  of  hot  springs.    It  consists  of  an  ordinary  tube-    ^' 
thermometer,  the  upper  end  of  which  is  furnished  with  an  overflow-bulb 
(Jiff.  816).    A  corresponding  but  less  satis&ctory  minimum  thermometer, 
containing  alcohol  instead  of  mercury,  is  also  described.     (Pouillet, 
EUments  de  Phyeique,  7me  ed.  tome  ii.  p.  689 ;  Compt.  rend,  xxxviii.  770.) 

A  number  of  Twa-rimiiTn  and  minimum  thermometers,  suited  for  taking 
the  temperature  of  the  sea,  are  described  by  Aimi.  (Ann.  Ch.  Phys.  [3], 
XV.  1.) 

Hemperature  of  the  Air. — To  place  a  thermometer,  so  that  it  shall  accu- 
ratelv  show  the  temperature  of  the  atmosphere,  is  an  exceedingly  difficult 
problem.  .  It  must  be  shielded  £rom  radiant  heat  of  the  sun,  sky,  and 
earth's  sur£ace ;  also  from  nocturnal  radiation,  from  rain,  and  the  influence  of  any  large 
nei^bonring  masses  of  matter,  and  yet  must  be  freely  exposed  to  the  air.  Meteoro- 
logists have  devised  various  kinds  of  screens  (Brew,  Practical  Meteoroloffy,  pp.  79 — 
81).  The  difficulty  mi^ht  always  be  quite  overcome,  however,  by  placing  me  ther- 
mometers (Ihy  and  \^  Bulb,  see  HTaBOMBTSB,  iii.  227  )i  in  a  Inri^t  metal  tube  or 
ease,  and  drawing  a  constant  stream  of  air  through  it  mechanically,  a  method  tried  by 
Welsh.    (Phil.  Trana.  [1868],  cxliii.  313.)  W.  a  J. 

TH  MWMOMMMFMtO  JkMAXTUMMm  This  term  is  applied  to  certain  approxi- 
mative methods  of  quantitative  analysis,  dependingon  the  observation  of  the  temperature 
at  which  a  phenomenon  takes  ^lace^  or  of  the  changes  of  temperature  accompanying 
chemical  reactions.  The  following  examples  will  be  sufficient  to  illustrate  the  nature 
of  these  methods : — 

1.  The  temperature  at  which  a  salt  begins  to  crystallise  from  solution  varies  with 
the  quantity  ox  salt  dissolved :  hence,  by  observing  the  tem^rature  at  which  crystalli- 
sation begins,  the  quantity  of  salt  present  in  a  given  quantity  of  the  solution  may  be 
inferred.  This  method  is  applied  in  Austria  for  the  purpose  of  testing  the  purity  of 
saltpetre.  A  known  weight  of  the  ammoniacal  salt  is  dissolved  in  a  certun  quantity 
of  water,  and  the  temperature  at  which  it  beeins  to  crystallise  f^m  the  solution  is 
compared  with  a  table  containing  the  crystallising  temperatures  of  solutions  of  pure 
nitrate  of  potassium  of  various  strengths.    (See  Nitbatbs,  iv.  102.) 

2.  Many  salts,  in  dissolving  in  water,  produce  a  demession  of  temperature,  the 
amount  of  refrigeration  being  different  for  eadi  salt.  Hence,  when  this  amount  is 
known  for  two  pure  salts,  the  proportions  of  them  present  in  a  mixture  may  be  found 
from  the  &11  of  temperature  which  takes  place  in  the  solution  of  that  mixture.  This 
method  has  been  applied  by  Gay-Lussac  (Ann.  Ch.  Phys.  [2],  xii.  14 ;  xxxix.  356) 
to  mixtures  of  the  chlorides  of  potassium  and  sodium. 

This  particular  application  is  based  upon  the  observation  that  60  grms.  of  chloride  of 
potassium,  on  being  dissolved  in  200  grms.  of  water,  contained  in  a  glass  vessel  whose 
weiffht  is  185  grms.  and  capacity  300  cubic  centimetres,  produce  a  f£ll  of  temperature 
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amounting  to  11*4^  C,  while  the  same  quantity  of  chloride  of  sodimn,  dinolved  viider 
exactly  aimilar  cizcnmstancesy  lowers  the  temperatme  only  1'9^  C. 

Now  let  a  miztnie  of  the  two  salts,  wei^^ng  50  gnns^  be  dissolred  in  water  andnr 
exactly  the  same  conditions ;  and  let «  be  the  qoantirf  of  chloride  of  potasshim  thexeiii 
contained,  and  oonaeqnantly  60— « the  qnantity  of  cUoride  of  sodiam.    Then  the  iail 

of  temperature  produced  by  the  x  parts  of  chloride  of  potassium  is  -r-p  x,  and  that 

1*9 
produced  by  the  50— x  grms.  of  chloiide  of  sodium  is  7rr(50  -x).    The  obserred  de- 

oU 

pression  of  temperature  (t)  is  the  sum  of  these  quantities ;  hence  the  equation : 

11-4  1-9  ,^^      . 

-go- '  +  "50  (^-')     '     '• 

which  giyesy  for  the  amount  of  diloride  of  potassium  in  the  mixture : 

/  -  1-9  60  <  -  950. 


»     50 
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To  obtain  good  results,  it  is  neoessaiy  to  use  a  delicate  thermometer,  capable  of 
indicating  tenths  of  a  degree ;  to  pulverise  the  mixture  rerjr  finely,  and  aocelerate  die 
solution  by  shaking  the  flask,  holding  it  only  by  the  neck  in  so  doing,  in  order  that 
as  little  extraneous  heat  as  possible  may  be  communicated  by  the  hand ;  and,  lastly, 
to  obsenre  exactly  the  preceiding  stipulations  as  to  the  weights  of  the  salt  and  the 
water,  and  the  weight  and  size  of  the  vessel.  The  original  temperature  of  the  water 
has  likewise  some  influence  on  the  result.  Gay-Lussac  used  water  of  20*4°  C.  With 
these  precautions,  the  method  may  be  depended  upon  for  giving  results  of  sufficient 
accuracy  for  manu^cturing  purposes — as,  for  example,  in  testing  samples  ofcommerdal 
chloride  of  potassium  used  for  the  preparation  oi  alum  or  of  saltpetre.  To  minute 
scientific  accuracy  it  has  of  course  no  pretensions. 

The  same  method  may  be  applied  to  other  mixtures  of  salts  which  depress  the  tempe- 
rature in  dissolving,  and  likewise  to  such  as  raise  it.  It  is  more  exact  in  proportion 
as  the  amounts  of  depression  produced  by  the  two  salts  differ  more  widely  fram  one 
another. 

3.  fixed  oils(e.^.,  olive-,  poppy-,  and  rape-oil)  evolve  different  degrees  of  heat  when 
treated  with  strong  sulphuric  acid,  and  the  temperatures  thus  produced  may  be  applied, 
in  like  manner,  to  determine  the  proportions  of  two  of  them  existing  in  a  mixture, 
especially  when  one  is  a  drying  and  the  other  a  non-drying  oil.  According  to  Mau- 
men^  (Compt.  rend.  xxxv.  572),  50  gnus,  olive-oil  mixed  with  10  cub.  cent,  sulphu- 
ric acid  of  60°  Baum^,  become  heat^  from  26°  to  67^  that  is  42® ;  and  60  grms. 
poppy-oil  similarly  tr^U«d  are  heated  from  26°  to  100°,  or  74°. 

According  to  Faisst  and  Knauss  (BinffL  polyt.  J.  cxxxix.  53),  15  grms.  of  difie- 
rent  fixed  oils  mixed  with  5  grms.  strong  smphuric  acid  (freed  from  excess  of  water  by 
boiling)  exhibited  the  following  degrees  of  heating : 

Olive-oil     from  160—64°,  therefore  88?.  ^ 
Abnond-oil    „    12°— 62°        „        40°.  * 
Bape-oil         „    14°— 69°        „        66°. 
Poppy-oU       „    17<*— 87<>        „        70°. 

With  linseed-oil  the  rise  of  temperature  was  more  than  100°,  but  not  constant, 
bacause  decomposition  took  place  at  the  same  time.  When  15  grms.  of  oil  were 
treated  with  7*5  grms.  of  sulphuric  acid  containing  90  per  cent  H*SO^  the  following 
rises  of  temperature  were  observed : 

Olive-oil  from  12° — 40°,  therofore  28° 
Bape-oU  „  17°— 64°  „  87« 
Linseed-oil    „     16^—91°        „         76°j ..  '  -  *  *    ' 

mixtures  of  olive-oil  and  poppy-oil,  and  of  linseed-oil  and  lape-oil  or  palm-oil,  eodiibtting 
a  rise  of  temperatuie  nearly  equal  to  the  means  of  the  numbers  given  by  the  individual 
oils.  This  method  mi^ht  therofore  be  applied,  in  default  of  a  better,  fbr  examining 
mixtures  of  fixed  oils ;  it  requires,  however,  that  the  pooess  be  always  conducted  in  the 
same  way,  and  especially  that  the  glasses  used  shall  be  of  the  same  sin  and  thickness. 
It  would  be  necessary  also  to  ascertain  whether  the  same  oil,  linseed-oil  for  example, 
exhibits  the  same  rise  of  temperaturo,  when  zeosotly  expressed,  as  when  old,  and  under 
other  conditions. 

TBBBMO-annbTIF&ISB.  A  thermo-electric  pile  connected  with  a  delicate 
galvanometer  for  indicating  slight  changes  of  temperature  by  the  thermo-electric 
currents  j^roduced  on  exposing  one  end  of  the  pQe  to  a  source  of  heat  or  cold.  (Es^ry 
TBioriT,  u.  413.) 
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Monohydrated  carbonate  of  aodium,  Na'CO'.HK).   (See 


Cabbonatbs,  i.  796.) 

TKBBMOVBT&ZilTa.  A  mineral  oecoirin^  at  Hopoovaara,  in  Finland,  in 
srains  or  rounded  indistinct  crystala,  deavinf^  eaaily  in  one  direction,  white  to  yellow- 
ish-brown,  8oft»  of  epecific  gnmtj  2*66  (Hermann).  When  heated,  it  exfoliates/ 
and  swells  t|P  to  a  greater  bidk,  but  melts  only  on  the  thin  edges.  It  is  decomposed, 
bnt  with  dimenlty,  by  snlphnric  add. 

AnalweB :  a.  By  Arppe  (Analyser  af.  finska  min.p.  27). — b.  By  Hermann  (J*  pr. 
Chim.  boiii.  218)1— <r.  By  Northcote  (tM.  IzxtL  268)  : 

SIO«.  Al«0».  FeO.  MgO.  K»0.  Na»0.  H«0.  fcJo. 

a.  41-20  1'71  1-20  89-68  3-19  046  1084  1-00*  «  9918 

6.  48-i2  4-91  1-79  84*87  .     .  1 33  18 14  .     .  -  9916 

c,  41-48  6-49  1*69  37*42  .     .  284  10*88  .     .  «  99*70 

According  to  the  first  analysis,  the  mineral  consists  essentially  of  2(3Mg0.2SiO').8H'0 ; 
that  is  to  say,  it  diO^  nom  serpentine  only  in  its  amonnt  of  water.  The  second 
analysis  leads  nearly  to  the  formnU  6Mg0.6SiO*.6H*0,  and  the  thiid  to  4Mg0.3SiO*. 
2H'&.  Aoeovding  to  this  last  formula,  the  mineral  is  related  to  hydrophite  and  gym- 
nite. 


An  appaiatos  serring  to  maintain  a  body  at  a  constant  tem- 
perature. ContriTances  of  this  sort  were  invented  by  Ure,  in  which  two  rods  of  dif- 
ferent metals  soldered  together,  being  bent  by  change  of  tempemtore,  were  made  to 
act  upon  a  valve  or  stopcock,  so  as  to  regulate  the  draught  of  a  fumaoe,  the  rate  of 
escape  of  steam,  or  the  influx  of  cold  water  into  a  boiler.  (8ee  Unfs  Bictionary  of 
ArU,  &e.,  ill.  880;  also  Handw.  d.  Chem.  viii.  129.) 


One  of  the  products  obtained,  according  to  Zeiss,  by  the 
simultaneous  action  of  ammonia  and  "tulphur  upon  acetone. 

AJWnO  ACn>.      0*R*OB  -  ^^(&    aulphydraU  of  AeeiyL     (Ee* 

kuU,  Ann.  Ch.  Pharm.  zc.  311. — Ulrich,  Urid.  eix.  272. — Eekuli  and  Lin- 
nemann,  ibid.  cxziiL  273.) — This  add,  discovered  by  Eekuli  in  1864,  is  related  to 
acetic  acid  in  the  same  manner  as  mercaptan  to  alcohol,  or  sulphydric  add  to  wnter. 
It  is  produced:  1.  By  the  action  of  trisulphide  or  pentasulphide  of  phosphorus  on 
glaeiia  acetic  add,  in  which  case  the  typical  oxygen  of  the  acetic  add  is  rephiced  by 
sulphur :  

3.  By  the  action  of  aeetio  chloride  on  sulphydrate  of  potasnum,  in  which  ease  the 
acetyl  takes  the  place  of  the  potassium : 

0«HK)C1  +  KHS     -     KCa  +  0»H«0.H.8. 

3.  By  the  action  of  water  or  alkalis  on  disulphide  of  acetyl  (K  ek  u  U  and  Li  n  n  em  a  n  n). 
— 4.  By  the  action  of  nascent  hydrogen  on  sulphacetylic  chloride  (Vi  set,  Ann. 
Gh.  Pharm.  czix.  142): 

CWH«C1S0*  +   4H«    -    CH^OS  +  HQ  +   3H»0. 

PrepttrMm. — 300  gmuL  pentaaolphida  of  phosphoroa  and  108  gnns.  glacial  acetic 
add  are  heated  in  a  retort  as  nearly  as  posdble  half-filled  with  the  mixture,  till  reac- 
tion commences ;  and  the  portion  of  the  product  dziyen  over  by  tiie  heat  resulting 
from  Uie  action  is  collected  apart.  660  gims.  acetic  acid  and  1 ,800  gnns.  pentasulphide 
of  phosphorus,  thus  treated,  yield,  after  one  rectification  of  die  product,  260  gnns.  of 
pure  thiaoetio  add.    (Kekul^andLinnemann.) 

Proftrtisi. — ^Thiaoetic  add  is  a  colourless  liquid,  which  becomes  yellow  by  keeping, 
has  an  unpleasant  odour  like  that  of  acetic  and  sulphydric  adds  together,  boils  at  96^, 
and  dissolves  in  alcohol  and  ether.  It  is  decomposed  by  strong  nUrie  acid  at  a  gentle 
heat  and  by  the  filming  add,  even  in  the  cold,  with  explosion. — ^With  pmtaehloride  of 
phoapicnu  it  yields  cmoriie  of  acetyl  and  sulphochlonde  of  phosphorus : 

C«HH>.H.S  +  PC1»    -    0*HKX3I  +  HQ  +  PSCl«. 

Th%aQ9taie$. — ^Thiacetic  add  is  monobadc,  the  general  formula  of  its  salts 
being  C^MOS  for  monatomic,  and  C^H*M"0'S'  for  diatomic  metals.  Most  of  the 
thiacetates  dissolve  eadly  in  water  and  in  alcohol,  and  may  be  obtained  by  dissolv* 
ing  an  oxide  or  carbonate  in  thiacetie  add,  or  by  decomposing  the  barium-salt  with 
soluble  sulphates.  The  lead-salt,  which  is  bnt  riightly  soluble  in  water,  is  obtained 
by  predpitation.     Thiacetie  add  dissolves  potassium,  with  evolution  of  hydrogen : 

3d2 
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%]ao  sine  vhen  heated    thetrewitli*     Thiacetates  are   decomposed  by  iodine^  with 
formation  of  metallic  iodide  and  acetic  disulphide  (Kekuli  andLinnemann): 

2C«H»M0S  +  P     -     2MI  +  (C»H»0)«S«. 

The  poiassium-aalt,  G^'KaOS,  the  aodium-«dt,  CK'NaOa^H^O,  the  barnem-^ait, 
C^H«Ba"S'0*.3H'0,  the  strontwm-MU,  C*B'Bif'&0*,2W^0,  and  the  caJciitmrsait, 
C<H«Ca'S*0'.2H*0,  are  crystallisable  (Ul rich).— The  Uad-salt,  C*H«Pb''0'S»,  ob- 
tained by  precipitating  acetate  of  lead  with  thiacetio  acid,  aystaUiBeft  from  hot  water 
or  alcohol,  in  colourless  silky  needles.  It  is  veiy  unstable,  decomposing  quickly,  botii 
in  the  dry  state  and  in  solution,  with  separation  of  lead-sulphide  (Kekul^).  The 
mercuric  salt  is  obtained,  by  double  decomposition  with  mercuric  chloride  and  potassie 
thiacetate,  as  a  white  precipitate  which  soon  turns  black. — ^The  silver-  and  copper-salts 
are  still  more  imstabie. — Recently  precipitated  ferric  kydraie  dissolves  in  thiaoetie 
acid,  forming  a  greenish  solution,  which  deposits  sulphide  of  iron  when  wanned. 

EthyUe  thia4!etate,  C*^^0^  »     CH^  1'^*  Obtained  by  the  action  of  phosphoric  pen- 

tachloride  on  eth^lic  acetate.    It  is  a  liquid  lighter  than  water,  and  insoluble  thersin ; 
smells  like  ethylic  acetate  and  sulphydric  add.    Boils  at  about  80®.   (Kekuli.) 

TBXACSno  AVWTVBXDm.  (C%PO)*S.  AeeHo  MonoaulpUde  or  Pn^Umd- 
ph  ide.  ( K  e  k  u  1  ^  loe.  cit. ) — Produced  by  the  action  of  phosphoric  pentasulphide  on  acetic 
anhydride.  On  gently  heating  the  mixture,  a  violent  reaction  takes  place,  and  thi- 
acetic  anhydride  distils  over.  When  purified  by  redistillation,  it  forms  a  colourlees 
liquid,  having  a  peculiar  odour,  and  boiling  at  l^l**.  It  sinks  in  water  at  first,  with- 
but  decomposition,  but  afterwards  decomposes,  yielding  acetic  and  sulphydric  acida. 

Acetic DisulphidSj (C"H"0)*S'.  (KekuldandLinnemann, loo, «*.)— Produced 
by  the  action  of  iodine  on  metallic  thiacetates  (p.  771  )•  Iodine  is  gradua^y  added  to 
the  slightly  acidulated  solution  of  a  thiacetate,  till  the  liquid  becomes  brown,  and  the 
excess  of  iodine  is  removed  by  adding  a  little  more  of  the  thiacetate.  Acetic  disul- 
phide  then  separates  as  a  yellow  liquid,  which  may  be  purified  by  washing  with  cold 
water,  drying  over  chloride  of  calcium,  filtering,  and  leaving  it  in  a  cold  place,  where- 
upon it  solidifies  in  the  crystalline  state.  The  last  trace  of  admixed  sulphur  may  be 
removed  by  dissolving  the  crystals  in  the  smallest  possible  quantity  of  carbonic 
disulphide,  and  mixing  the  well-cooled  solution  with  a  small  additional  quantity  of 
solid  acetic  disulphide;  the  liquid  then  gradually  deposits  the  pure  compound  in  Isige^ 
colourless,  well-defined  crystals. 

Pure  acetic  disulphide  melts  at  20^ ;  it  has  a  peculiar,  slightiy  hepatic  odour,  ia 
insoluble  in  watcTf  but  dissolves  readily  in  alcohol,  ether,  and  carbonic  disulphide.  By 
water  it  is  decomposed,  gradually  in  the  cold,  quickly  at  the  boiling  heat,  into  sulphur 
and  thiacetic  acia ;  with  alkalis  the  same  decomposition  takes  place  immediately.  It 
is  violently  attacked  by  strong  nitric  acid ;  with  more  dilute  nitric  acid,  it  yields 
sulphuric  and  acetic  acids.  When  distilled,  it  |;ive8  off  thiacetic  acid  at  98^;  after- 
wards, at  160^,  a  dark-coloured  distillate  resembbne  the  last  portion  of  liquid  obtained 
in  the  rectification  of  thiacetic  acid.  Acetic  disulphide  is  decomposed  by  mercury, 
even  at  temperatures  below  100^,  but  the  removal  <^  the  sulphur  is  not  complete. 

fC«H*.SH 
TBXA&Bnra.    C^>«NS*  «  N4CH'.SH.  (WohlerandLiebig  [1847],  Ann. 

iCTP 
Ch.Pharm.lzi.  1. — ^Hofmann,  ibid»tiiu  98. — ^Brusewits  and  Gatliander,  Bull. 
Soc  Ghim.  [1S671,  i.  450. — Sehiff,  Laboratory,  i.  404.^ — ^An  organic  base  obtained  by 
the  action  of  sulphydric  add  on  an  aqueous  solution  ox  aldehyd^  of  ammonium : 

3C^«(NH*)0  +  ZB?S    •    G^««NS«  +  (NH*)»S  +  8H?0. 

To  prepare  it,  aldehydate  of  ammonium,  firee  firom  ether  and  alcohol,  is  dissolved  in 
12  to  16  pts.  of  water;  10  or  15  drops  of  ammonia  are  added  to  every  80  grms.  of 
the  solution;  and  a  gentle  current  of  sulphydric  acid  gas  is  passed  throush  the 
mixture,  which  then  ^comes  milky  in  about  half  an  hour,  and  deposits  thialdine  in 
large  ciystals,  having  the  appearance  of  camphor ;  in  four  or  five  hours,  it  the  liquid 
becomes  dear  again,  and  tne  operation  is  finished.  The  crystals  are  collected  on  a 
filter,  washed  with  cold  water,  (uied,  and  dissolved  in  ether  mixed  with  a  third  of  its 
volume  of  alcohol,  which,  when  left  to  evaporate,  depodts  thialdine  in  rhombic 
tables  often  half  an  inch  in  diameter. — Sometimes  this  process  yields  no  crystals,  but 
a  colourless  fetid  oil,  consisting  for  the  most  part  of  thialdine  kept  in  the  liquid 
state  by  an  oily  body.  To  obtain  the  thialdine  ftom  this  liquid,  it  is  shaken  up  with 
half  its  volume  of  ether  in  a  stoppered  bottle,  and  then  mixed  with  hydrochloric  add, 
whereupon  the  mixture  solidifies  to  a  crystalline  mass  of  hydrochlomte  of  thialdine, 
which  18  to  be  washed  with  ether,  to  remove  the  last  portions  of  oil,  then  dried, 
moistened  with  a  little  ammonia,  and  redissolved  in  ether. 


THIALDINE.  TlZ 

Thfildme  is  likewise  obtained  hy  pattnng  ammonia^gas  into  the  compoiind  of 
acetyl-mercaptan  wiUi  sulphydric  acid  (L  107): 

Oissra*  +  8NH«     -     2CWB[>»NS»  +  8(NH«)«a 

Thialdine  forms  large,  strongly  refracting  crystals,  having  the  form  of  gypsom^and 
a  density  of  1*191  at  18^.  It  lias  an  aromatic  odour,  becoming  disagreeable  after  a 
vhile;  melts  at  43°,  and  volatilises  without  residue  at  ordinary  temperatures.  When 
distilled  with  water,  it  passes  over  without  alteration ;  but  when  distilled  alone,  it 
decomposes,  giving  off  a  fetid  oil,  which  partly  concretes,  after  a  while,  into  a  brown 
syrupy  residue  containing  sulphur. 

Thialdine  is  very  slightly  soluble  in  water,  but  dissolves  very  easily  in  ahoM  and 
ether.    It  does  not  act  on  vegetable  colours,  but  dissolves  easily  in  aeids. 

An  alcohoHe  solution  of  thialdine  is  not  immediately  precipitated  by  aeetate  qfUadf 
but,  after  some  time,  a  yellow  precipitate  is  fbrmed,  which  changes  to  red,  and  ulti- 
mately to  black. — Nitrate  ofeihfer  forms  a  white  precipitate,  changing  to  yellow  and 
blade ;  mereurie  chloride  a  white  precipitate,  changing  to  yellow ;  plailnic  chloride 
gradually  forms  a  dingy  yellow  precipitate. 

Thialdine  and  its  salts,  heated  with  a  solution  oieilver'-nitratey  axe  deoompoeed,  with 
formation  of  silver-sulphide.  Thialdine  calcined  with  calcic  hydrate,  yields  an  oilv 
alluili  having  the  characters  of  cfainoline.  It  is  quickly  decomposed  by  chloric  add. 
According  to  Qossmann,  thialdine  treated  with  iUveriside  and  water,  is  converted 
into  the  analogous  compound,  leucine,  C'^H'^O';  but  Hofmann  has  shown  that  in 
this  reaction,  the  whole  of  the  nitrogen  in  the  thialdine  is  converted  into  ammonis^ 
acetic  acid  being  formed  at  the  same  time. 

Salts  of  Thialdine. — ^Thialdine  unites  with  adds,  forming  soluble  and  crystal- 
lisable  salts.  The  add  salts  decompose  when  dried  in  a  vacuum  over  oil  of  vitriol,  the 
sides  of  the  vessel  becoming  covered  with  slender  needles,  perhaps  eonsisting  of 
allylic  sulphide,  formed  according  to  the  equation,  CH^^KS*  -  KH*  «  2C^%. 
(Brusewitz  and  GathanderO 

Epdriod^de  of  Thialdine,  OH*'KS^.HI,  separates  in  small  prisms  or  lamuue,  on 
mixine  the  solutions  of  potassium-iodide  andthialdine-sulphate.  It  is  slightly  soluble 
in  cold  water,  but  dissolves  easily  in  boiling  water,  alcohol,  and  ether. — ^The  hydro- 
bromate,  C'H^'KS^HBr,  crystallises  in  rhomboidal  prisms,  resembling  the  hydriodate 
(Brusewitz  and  Cat  bander).— The  hydrochlorate,  C*H>*NS'.HC1,  obtained  by 
dissolving  thialdine  in  hydrochloric  add,  ciystaUisea  in  fine,  colourless,  highly 
lustrous  prisms,  moderately  soluble  in  cold  water,  less  soluble  in  alcohol,*  insoluble  in 
ether,  decomposed  by  heat  (Wohler  and  Liebig). — The  hydrocyanate  is  formed 
on  adding  cyanide  of  potassium  in  sufficient  quantity  to  sulphate  of  thialdine,  partly 
as  a  white  precipitate,  partly  as  an  oil  which  floats  on  the  surface  of  the  liquia ;  the 
precipitate  and  the  oil  gradually  form  into  crystals,  which  may  be  purified  by  recrys- 
tallisation  from  ether.    (Brusewitz  and  Cathander.) 

The  nitrate,  C'H^NS^.HNO*,  is  easily  obtained  by  agitating  the  ethereal  solution  of 
crude  thialdine  with  moderately  strong  nitric  add,  the  mixture  solidifying  to  a  crys- 
talline pulp,  which  may  be  purified  by  recrystallisation.  It  forms  colourless  needles, 
more  soluble  in  water  than  the  hydrochlorate,  soluble  in  alcohol,  insoluble  in  ether. 
(Wohler  and  Liebig.) 

The  oxalate,  probably  an  acid  salt,  separates  from  a  solution  of  thialdine  in  oxalic 
add,  in  large  quadrangular  prisms,  which  are  easily  decomposed  by  evaporation. 
(Brusewitz  and  Cathander.) 

The  add  phosphate,  (]!*H"NS*.H70*,  is  obtained  like  the  sulphate,  and  its  solution 
18  decomposed  by  heat  nearly  in  the  same  manner.  It  crystallises  in  slender  needles, 
very  soluble  in  water,  alcohol,  and  ether,  and  melting  at  a  high  temperature.  Phosphate 
of  sodium,  added  to  a  solution  of  sulphate  of  thialdine,  th»>ws  down  a  white  precipi- 
tate, consisting  of  free  thialdine.    (Brusewitz  and  Cathander.) 

Acid  sulphate,  C*H*'NS'.H^SO^ — ^A  solution  of  thialdine  in  excess  of  sulphuric  add, 
is  deoomp<»ed  by  heat,  yielding  a  number  of  products,  among  which  are  sulphate  of 
thialdine  and  needle-shaped  crystals,  probably  consisting  of  sulphide  of  allyl  {supra). 
The  solution,  evaporated  in  a  dry  vacuum,  yields  the  acid  sulphate  in  large  prisms, 
soli^ble  in  water,  alcohol,  and  ether.  When  sulpho<nranate  of  potassium  is  a^ed  to 
the  solution  of  this  salt,  a  precipitate  is  formed,  and  a  gas  is  given  ofi)  not  consisting 
either  of  carbonic  anhydride  or  of  sidphydric  add.    (Bruse  wi  tz  and  Cathander.) 

Tartrate  of  thialdine  crystallises  in  large  prisms. 

Dtriffatwee  and  Analogues  of  Ihialdme. 

Ethyl-thialdine.Cm^^S'  =  C«H'«(C2H»)NS».— Obtained,  though  not  in  the 
pure  state,  by  «iatnrating  aldehyde  with  ethylamine,  and  treating  the  syrupy  liquid 
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viUi  mH^bydnctdii;  it  then  aspanteeM  a  neotivl,  eMS^deoouporildeoQ.  (Flfteki- 
ger,  Jahzesb.  1856,  p.  619.) 

Metkpl'tkiaidins,  G«H>*(GH*)NS*,  is  obtained  in  s  mmain  manner,  by  the 
Action  of  snlphydrie  acid  on  aldefaydate  ot  methjrlamine.    (Flnckiger.) 

Met hyl-thiald ammonium,  OH'^NS*. — ^Thialdine  nnitce  directlj  with  iodide  of 
aethyl  ^mized  with  en  e^oal  ▼olnme  of  ether),  fonning  the  oompoond  C*H"NS'.CH'I 
s  C'H.''NS'.I,  which  gobdifles  in  a  cryBtaUine  maae.  This  oompoond,  i^en  puified 
by  washing  witfi  ether,  and  reczystaUiaation  (avcMdiag  a  boiling  heat),  beharee  like 
iodide  of  tetramethylammoninm.  It  ib  inaolnble  in  ether,  eobible  in  aleohol,  eoma- 
what  soluble  in  water,  and  is  precipitated  therefrom,  without  deeonq^MMitioD,  by  eold 
canstic  potash;  by  boiling  potash,  however,  it  is  completely  decomposed,  fiimunff  a 
brown  xesinons  substance,  smelling  of  aldehyde,  which  is  likewise  produced  when 
thialdine  is  strongly  heated  with  io£de  of  methyL  The  acid-reacting  aqueooa  sohitian 
of  the  iodide,  tareated  with  recently  precipitated  silrer-ozide,  beoamee  alkaline,  and  giTee 
a  precipitate  of  silver-iodide ;  but  quiduT  undergoes  complete  decomposition,  yielding 
silver-snlphide^  aldehyde,  ammonia,  and  hydrate  of  tetzameLhylammonium : 

4Cm**Sen  +  10Ag>0  +  ZJPO    -    4AgI  +  ^A^^Q  +  12C^K)  +  snh* 

From  itsbehaTiour  with  iodide  of  methyl,  Hofiooann  infers  that  thialdine  is  a  nitrile 
base,  N(C^"S')'*.  But,  from  recent  experiments  by  SchiiT  (the  details  of  which  are 
not  yet  published),  it  appears  most  probable  that'  thialdine,  and  its  homolqgues  and 

fOH*J3H 
analogues,  may  be  represented  by  the  general  formula  N^  OH*"  J3H.    By  the  action 

lOH*^ 
of  ammoniumHralphide  on  aaylie  and  OBuaathic  aldehydes,  Schiff  has  obtained 

Cm*JSR,  and  osnanthothialdine^  C"fi*NS> 

-  \  CTH"  J3H. 
(CH'* 

SjB,  with  MWHTIrTHIAT.Pmn* 

C»«ff<SO*  =  C'*H»«O.H*SO».  (Stadeler  and 
Wachter,  Ann.  Ch.  Pharm.  cxyL  163.) — ^An  add  containing  the  elements  of  anethol 
or  anise-camnhor  (i.  297)  and  sulphurous  acid,  and  (according  to  Stadeler  and 
Wachter)  ioentical  with  liimpricht  and  IUtter*s  anisoie  acid  (i.  305).  To  prepare 
it,  anethol  is  boiled  with  zdtric  acid  of  specific  grayit^  1*1 ;  the  oil  thereby  produced 
(together  with  oxalic  and  a  small  quantity  of  anisic  acid)  is  rectified ;  and  the 
distillate,  which  passes  oyer  between  215^  and  245^,  is  left  for  some  time  in  contact 
with  a  concentrated  solution  of  acid  sodium-sulphite  and  a  small  quantity  of  aleohol ; 
the  sodium-salt  of  thianisoic  acid  then  crystallises  out. 

The  pure  acid  is  separated  from  the  barium-salt  by  addition  of  sulphuric  acid,  and 
remains  in  the  crystalline  form,  when  the  filtered  solution  is  left  to  evapprate.  It  has 
a  stzongly  acid  and  astringent  taste,  with  sweet  aftertaste,  dissolves  easily  in  water, 
alcohol,  and  ether ;  its  dilute  solution  may  be  boiled  without  decomposition. 

The  crystals,  which  contain  C**fl>«S0^2HH),  melt  below  200^  and  the  acid,  if  not 
more  strongly  heated,  solidifies  again  in  the  oystalline  form  on  cooling;  but  on 
raising  the  temperature  to  100^,  the  water  of  crystallisation  is  given  off,  and  the  add 
then  solidifies  in  the  amorphous  state  on  cooling.  At  a  stronger  heat,  it  blackens  and 
decomposes,  giving  off  sulphurous  anhydride,  with  an  odour  somewhat  like  that  of 
anise,  but  of  a  fetid  character. 

Thianisoates. — ^Thianisoic  acid  is  monobasic  and  mostly  forms  crystallisable 
salts,  easily  soluble  in  water,  sparingly  soluble  in  alcohol,  insoluble  in  ether. 

The  ammofUum'^alt  forms  crystals  resembling  those  of  the  sodium-salt,  and  contain- 
ing! at  water. 

The  harium-salt,  C**H*Ba''S'0*.3H*0,  separates  on  mixing  the  concentrated  solution 
of  the  sodinm-salt  with  barium-chloride,  in  delicate  lamina,  and  crystallises  fh>m  a 
hot  aqueous  solution  in  beautify  stellate  groups ;  it  may  be  recrystallised,  without 
alteration,  from  hot  hydrochloric  add.  It  dissi^ves  in  12  pts.  of  cold  water.  The 
OTstals  ffive  off  2  at.  water  at  103^,  and  the  remainder  at  130®. — The  ealcmm-salt, 
C*H^G^S*0*.2HK),  separates  from  a  mixture  of  the  concentrated  solution  of  the 
sodium-salt  with  chloride  of  caldum,  in  shining  needles,  which  dissolve  in  water  more 
readDy  than  the  barium-salt,  and  are  moderately  soluble  in  warm  alcohoL 
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The  Mipr^  Mft  OTftaUiBee  from  a  mi^ure  of  the  Bodium-salt  with  evprie  tni^liate, 
in  black  shining  laminsB. 

The  Uad-wU  ciystalliaee  from  a  solution  of  the  sodiiun-Balt,  mixed  with  neutral 
acetate  of  lead,  in  thick  well-defined  tables  and  prisms. — A  batie  Uad-Mit  separates,  as 
a  white  amorphous  precipitate,  on  mizingthe  sodium-salt  with  basic  acetate  of  lead. 

The  moffnenum-Mltf  &*E.^Mg'8^0^.6uH),  is  likewise  obtained  by  double  decompo- 
sition, and  erystallioes  in  rectangular  tables,  moderately  soluble  in  water  and  in 
alcohol.    They  give  off  3  at.  water  at  100^,  and  the  remaining  2  at  at  180^. 

The  tUvtT'MaU  forms  delicate  prismatic  lamin»,  moderately  soluble  in  water,  and  not 
decomposed  by  boiling  water. 

The  sodiufi^aii,  C'*H"SO^HK),  prepared  as  above  described,  cnrstallises  in  warty 
groups  of  shining  lamins,  or  in  thin  rhombic  tables.  It  dissolves  u  6'5  pts.  wstn  at 
mean  temperature,  sparingly  in  cold,  easily  in  boiling  alcohoL  The  crystals  are  slightly 
efflonseent,  and  give  off  their  water  at  100^. 


KO&.     C^^SO.    ffydride  of  Sidphanisyl, — ^A  white  pulverulent  sub- 
stance, formed  by  the  action  of  ammonium-sulphide  on  anishydramide  (i.  299). 


The  name  applied  by  Liebig  to  a  deposit  of  calde  oxalate 
found  on  some  parts  of  the  Parthenon  at  Athens.    (See  Oxai^tisi  iv.  264.) 

Eira.    8yn.  with  ErHTL-THULDiinB  (p.  773). 

A  reeinoTis  substance  used  as  a  varnish  by  the  Burmese.  It 
exudes  from  a  tree  in  the  form  of  a  light-brown,  veiy  viscid  liquid,  of  the  consistence  of 
treacle,  but  on  exposure  to  the  air  for  a  few  minutes,  becomes  quite  black,  and  hard 
on  the  surface.  The  same  change  takes  place  inetantJy  in  eontact  with  caustic  potaah. 
The  resin  spread  in  a  thin  layer,  on  wooa  or  other  sofid  bodies,  qtiickly  forms  a  hard 
deep-black  coating  of  great  brilliaaey. 

On  digesting  the  unaltered  substance  with  alcohol  of  80  per  cent,  at  a  gentle  heat, 
the  greater  part  graduallv  dissolves ;  and  on  decanting  the  clear  liquid  m>m  the  in- 
soluble resiaue,  and  distilling  off  the  alcohol,  there  remains  a  vexy  tenacious  gummy 
residue  of  a  ridi  brown  colour,  which  undergoes  no  change  of  colour  on  exposure  to  the 
air,  but  very  slowly  hardens.  In  contact  with  caustic  potash,  however,  it  blackens 
like  the  original  substance. 

The  residue,  insoluble  in  alcohol,  dissolves  for  the  most  part  in  ordinary  ether, 
forming  a  dark-brown  solution,  and  leaving  a  liffht-brown  solid  resin.  The  ethereal 
solution,  when  evaporated,  leaves  a  residue  whi<£,  on  exposure  to  the  air,  instantly 
becomes  quite  black,  and  after  a  short  time  nearly  solid.  This  then  is  the  portion  of 
the  original  substanee  to  which  the  property  of  blackening  on  exposure  to  the  air  is 
due. 

The  solid  resin,  insoluble  in  alcohol  and  ether,  which  forms  but  a  small  part  of  the 
original  substance,  is  quite  unalterable  in  the  air.  When  heated  with  nitric  acid, 
it  yields  a  ciystalline  sublimable  acid,  exhibiting  the  characters  of  succinic  acid. 
(H.  Watts,  unpublished  Experiments.) 

Syn.  with  HtI^bidb  of  StaFBAXOBnasoTL  (p.  481). 


TBIOaxarZOIO  AOXB.    C*H*OS  *^'h'^[s.  (01oez,Ann.Gh.Pharm.cxv. 

27.) — ^This  add,  analogous  to  thiacetic  acid,  is  produced  by  mizinff  an  alcoholic  solu- 
tion of  potassium-monosulphide  with  chloride  of  benzoyl  tUl  the  liquid  no  longer 
blackens  lead-paper.  A  brisk  action  then  takes  place,  chloride  of  potassium  is 
deposited,  and  thiobenxoate  of  potassium  remains  in  solution,  tooether  with  ethylic 
sulphide^  ethylic  bensoate,  and  ouer  products.  On  distilling  c^  the  alcohol  over  the 
water-bath,  and  mixing  the  aqueous  solution  of  the  residue  with  dilute  hydrochloric 
acid,  an  oily  liquid  separates,  which  smells  of  mercaptan,  and,  when  left  to  stand  in  a 
cool  ^lace,  deposits  thiobenaoic  acid  in  eolourless  crystals. 

Thiobenzoic  acid,  when  purified  by  reciystallisation  from  carbonic  disulphide,  forms 
small  rhombic  tables,  inodorous  and  tasteless.  It  melts  at  120*^,  becomes  rose- 
eoloured  and  gives  off  ralphvdrie  aeid  between  160^  and  180^,  and  decomposes 
further  at  800^,  yielding  an  oily  distillate  which  solidifies  on  cooling.  The  acid  is 
quite  insoluble  in  water,  slightlv  soluble  in  alcohol  and  ether,  easily  soluble  in  mer- 
captan, ethylic  sulphide,  anacarbonic  disulphide.  It  dissolves  without  decomposition 
in  alcoholic  potash,  soda,  or  ammonia,  and  forms  definite  salts  with  bases.  The  alka- 
line thiobenxoates  precipitate  ferric  sdUs,  —The  lead-salt  is  a  white  precipitate. — 
Ethylic  thiobenroate  appears  to  be  contained  in  the  oily  liquid  f^m  which  the  acid  is 
deposited  in  the  course  of  preparation  above  described. 

TRXOBSHXO&p  or  TBZOBBVXOn-STBBIBB.  See  BBBTVATrm  or  Bbn- 

XOTL-HTDBIDB  (i.  571). 
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nniBUT  I  lUiU  JlMXDm  C*H]"0£U- Jkn  add  homolagoni  with  thfaootie  aod, 
prodnced  by  Uieaction  of  pbosphorie  piotosiilplude  on  bntTzic  add  (i  694). 

moOAPBXVAXBZVa.  A  compound,  analpgons  to  thialdine,  formed,  accord- 
ing to  Wagner  (Fbarm.  Centr.  1861,  p.  32),  by  the  action  of  sulphydric  ackl  on  the 
ammonia-oomponnd  of  capric  or  mtic  atieh^e  (i.  742). 

raiOCBBOWXO  ACni.  A  product  of  the  action  of  salphmaiia  add  on  tetsa- 
chloroqninone  (p.  29). 

TKIOCmo&.  G^%. — ^A  palTemlent  snbatanee  fbrmed,  ti^gethar  with  enl- 
phide  of  ammoninm,  by  the  action  of  sulphydric  add  on  hydrodnnamide  (CahonrSy 
Compt.  rend.  zxv.  468) : 

C^m**]P  +  4H«S    «     8C»H«  +  (Nfl«)«. 

TBXOCnnKOX^  or  TBZOOmmro&a  C^H'^S. — ^A  body  piodnced  from  emni- 
nol  (cnminie  aldehyde,  C**H"0)  by  the  action  of  ammoninmHmfphide  (iL  183). 

TBIOCTAVmaSf  or  E^roikiocyanaUa, — Salts  Ibnned  by  boiling  peicsnlphocj»- 
nogen  with  alkalis.    (See  Fbbsuuphdctahogbm;  It.  881.) 

See  TmoDiGLTOoxxiG  Acid. 

H»     ^ 

WKD.  C^H^HSO-cj^gj: 

H 

JM,{(yR'&0^''VQ.  (R  Schulse,  Zdtsehr.  f.  Ghem.l866,p.  181;  Jahreab.  1866w 

p.8450~Thedan#ni-M2;Qf  this  add,  C^**BanBr^SK)'.HK),pvodiiced  by  treating  thi^ 
diglycollimide  with  cold  bazyta-water,  crystallises,  by  eTapoiation  orer  sulphuric  add, 
in  needles,  or  forms  a  gmnmy  mass  if  qnicUy  dried.  The  add,  OH'NSQ',  separated 
from  the  barinm-salt  1^  snlphnric  add,  or  obtained  by  heating  the  add  ammonium* 
salt  for  seyeral  days  to  146^,  cnrstallises  in  colonrless  prisms,  permanent  in  the  air, 
melting  at  126^,  and  converted  at  higher  temperatoxes  into  thiodiglyooUimide.  It 
dissolres  slowly  in  coM,  easily  in  boiling  water,  forming  an  acid  solution  which  is 
not  prMipitated  by  lead-  or  silyer^salts.— The  ealdwn-^aU,  C*HiH}a''K'S*0«J[*0, 
oystallises  from  a  sympr  solution  in  small  needles. — The  tUver-taii,  C^'AgNSO*, 
may  be  ezystaUised  from  not  water. 

I,    C*H^«SO'    -  (C»H«0)"'Vfl  ,  or    ThiodiaeetO' 

diamide,^     -ai    M  N*.  (S  c  h u  1  z  e,  2o0.  eU.) — ^This  compound  is  obtained  by  the  action 

of  neutral  sulphide  of  ammonium  on  chloraoetamide  in  alcoholic  solution.  The  reac- 
tion, which  consists  in  the  substitution  o/  1  at.  S  for  2  at.  Gl  in  a  double  molecule  of 
chloracetamide,  seems  to  show  that  the  second  of  the  above  formulsB  is  the  more  correct 
ezpresdon  of  the  composition  of  the  product : 

C'=;g*<'*JN.  +   pm^yS    -     2HHK31  +    (C'HJOTJN.. 

S  rool.  chloraco-  ThiodUceto- 

tamide;  dUmide. 

The  product,  after  washing  with  alcohol  and  reczystallisation  from  water,  forms  small, 
white,  quadratic  octahedrons,  whidi  melt  when  heated,  and  then  decompose,  giving  off 
the  odour  of  ammonium-sulphide. 

TBSOJDXO&TCOUUO  or  TBZOBZA.CRmZO  ACZB.    C*H«0«  »  C*H*0  yjL 

or  t^*^2«^*^|^'-    (Schulse,  Zeitschr.  f.  Chem.  1866,  p.  73;    1866,  p.  181; 

Jahresb.  1864,  p.  825;  1865,  p.  845.— Wislicenus,  Zeitschr.  f.  Chem.  1865, 
p.  621 ;  Jahresb.  1865,  p.  344.) — This  add,  which  has  the  composition  of  diglyooUie 
add  (ii.  912),  with  1  at.  oxygen  replaced  by  sulphur,  or  of  a  double  molecule  of  acetic 
add  (C^H*0*)  in  which  2  at.  hydrogen  are  replaced  by  1  at.  sulphur,  is  produced : 
I.  By  boiling  thiodiglycollamide  with  baiyta-water  as  long  as  ammonia  is  evolved : 

C^H'N'SO'  +   2H«0     -     2NH»  +   C*H«SO«. 

By  predpitating  the  solution  of  the  resulting  barium-salt  with  acetate  q£  lead,  decom- 
poBing  the  lead-salt  with  sulphydric  acid,  and  evaporating  the  filtrate,  thiodiglycollie 
add  is  obtained  in  crystals.    (Schulse.) 
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S.  Ethyliethiodigtyeollate,  C«HXG*H*)%0*,  is  ptodnoed  by  the  action  of  potassivm- 
•olphjidnitd  on  ethjUe  ehloraeetste: 

20^C^»)C10«  +  KHS    -    C«H*(Cra»)«0*  +  KQ  +  HG. 

This  ether,  treated  with  alooholie  potash,  yields  thiodip^lyoollate  of  potassinm,  which 
may  be  oonrerted  into  a  lead-  or  stlTer-Balt  by  precipitation,  and  from  this  the  add 
may  be  obtained.    (Wislicenus.) 

Thiodiglycollic  acid  crystallises  in  large,  thin,  rhombic  plates  (Schnlse).  It 
melts  at  129°  (SchnlzeX  at  126°  (Wi slice nns),  Tolatilises  completely  when  cau- 
tiously heated,  oissolyes  in  2'37  pts.  of  water  at  199,  and  is  soluble  in  alcohol.  The 
aqneous  solution  is  precipitated  by  lead-  and  silrer-salts.  The  acid  is  not  attacked 
by  fuming  hydrochloric  acid,  even  at  150^ — 180°;  but  when  heated  to  150®,  with 
excess  of  k^riodie  add  (boiling  at  125^),  it  is  reduced  to  acetic  acid : 

C*H«SO*  +  4HI     -     2C*H*0«  +   H«S  +  2P. 

The  thiodiglycollates  axe  mostly. soluble  in  water,  insoluble  in  alcohol,  and  easily 
oystallisable. — The  add  am/monium^^t,  obtained  by  treating  monochloraeetate  of 
ammonium  with  alcoholic  sulphide  f  ?  sulphydrate)  of  ammonium,  crystallises  in  octa- 
hedral forms,  mostly  prismatically  aistoited.  When  heated  to  180° — 200°,  it  gires  off 
water  and  *^mi«/wiiA,  and  leares  thiodiglyoollimide,  G^H'KSO*  f  Sc  h  u  1  z  e). — ^The  neutral 
jpotaBdum-taU  crystallises  in  broad  oolourless  prisms,  whicn  give  off  1  at.  water  at 
120°  (Schulie).  'Wislicenus,  by  the  action  of  alcoholic  potash  on  ethylic  thiodigly- 
coUate,  obtained  it  in  thin  needles,  containing  C^K*K*SO*MH), — The  aeid  patasnum-' 
gait  is  anhydrous,  permanent  in  the  air,  and  less  solubld  than  the  neutral  salt, 
(Sehnlse.) 

The  barimm'dalt,  C^H^Ba*SO*,  in  the  anhydrous  state,  forms  sparingly  soluble  ays- 
talline  crusts.  By  leaTins  it  for  some  time  in  contact  with  the  motner-liquor,  a  hydrated 
salt,  C*H*Ba'S0\6H^,  u  obtained  in  prismatic  aystals,  which  are  permanent  in  the 
air,  but  become  opaque  and  anhydrous  when  immersed  in  hot  water.    (Schulz  e.) 

The  ettprie  salt,  C*H^Cu'*80*.H'0,  is  finmed,  on  mixing  moderately  concentrated 
sections  of  the  ammonium-salt  and  cupric  sulphate,  as  a  bluish-white  crystalline 
preci|»itate,  which,  on  heating  the  liquid,  is  conrerted  into  blue  crystals  of  the  anhydrous 
salt.    (Sehnlse.) 

The  neuind  lead-salt,  CW^Fb'SO^,  is  crystalline,  soluble  in  hot  water  and  in  dihite 
nitric  add. — ^A  bade  lead-salt,  C*H^b''80*.Pb''0,  is  formed  when  the  ammonium-salt 
is  mixed  with  basic  lead-acetate  at  the  boiling  heat. — ^The  silver-salt  is  a  Hooculent 
precipitate. — ^The  dnc-salt  crystallises  with  4  at.  water  in  sparingly  soluble  rhombic 
plates.  

Etkylie  Tku)diglw!oUaie,  C^HVC^*)*SOS  is  obtained :— 1.  By  saturating  the  alcoholic 
solution  of  the  acia  with  hydrochloric  acid  (Schulze). — 2.  Together  with  other  pro- 
ducts, by  the  action  of  potassium-anlphydrate  on  ethylic  monochloracetatei  On  treating 
the  product  of  this  reaction  with  water,  a  fetid  oil  is  separated,  which,  when  rectified, 
yields  ethylic  thiodi^lycollate  between  267°  and  268°(Wi8licenus).  This  ether  is  a 
colourless  liquid,  which  has  a  faint  ethereal  odour,  is  insoluble  in  water,  distils,  for  the 
moet  part  undecomposed,  at  240° — 260°,  and,  when  treated  with  alcoholic  ammonia, 
yields  thiodiglycollamide.    (Schulze.) 

TSXOBIOXiTOO&XiXO  CH&OKOIB.  Thiodiglycollic  acid,  treated  with  penta- 
chloride  of  phosphorus,  forms  a  colourless  chloride^  difficult  to  pnrifjr,  which  yields 
with  alcohol  a  sulphuretted  oil,  insoluble  in  water,  and  apparently  not  identical  with 
ethylic  thiodiglycollate,  inasmuch  as  it  is  decomposed  by  ammonia,  with  formation  of 
ammonium-sulphide.    (Schulze.) 

TBXoaxo&TCOX&IO  MSWLMMm  Syn.  with  Eraruo  Tbxodigltooixatb  {dd, 
mip.). 


(C^BP)" 

TBZOBZO&TCOXiXJaiZBa,   C^H^SO*  -  (C^H))" 

H 


rs'  ^ 


If^  j£  ^  I K,  is  formed  by  the  dehydration  of  acid  thiodiglycollate  of  am- 
monium, and  is  deposited  from  a  hot  aqueous  solution,  decolorised  by  animal  charcoal, 
in  thin  prismatic  needles  or  laminse.  It  is  sparingly  soluble  in  cold  water,  melts  at  1 28°, 
and  sublimes  undecomposed  at  a  higher  temperature.  On  mixing  its  slightly  ammoniacal 
solution  with  nitrate  of  silyer,  argento-thiodislycollimide,  C^H^AgKSO',  is 
precipitated  in  white  flocks,  which  are  decomposed  by  boiling. — Bj  baryta-watery  at 
the  boilinfl  heat,  the  imide  is  conyerted,  with  eyolution  of  ammonia,  into  thiodigly- 
collate of  barium ;  in  cold  baryta-water,  on  the  other  hand,  it  dissolyos  as  thiodigly- 
collamate  of  barium  (p.  776).    (Schulze.) 
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Q-  Afi/S^ommon.— This  acid,  wbich 


[O  ACIB.  A  compound,  probably  homologofiui  with  thlacetie  add, 
produced  in  small  quantity  by  the  action  of  salphydric  acid  on  Ibrmate  of  lead,  at 
200^ — 800^.  It  forms  small  transparent  crystals,  which  hare  an  alUaceoas  odour,  are 
insoluble  in  water,  may  be  reci^rstallised  from  alcohol,  melt  at  120^,  and  sublime  at  a 
lower  temperature.  They  are  msoluble  in  sulphide  of  ammonium,  and  dissoWe  but 
slightly  in  boiling  potash-ley.  Their  alcoholic  solution,  which  does  not  redden  litmus, 
forms  with  acetate  of  lead  a  yellowish,  and  with  silver-salts  a  whitish  precipitaie, 
both  of  which  are  blackened  and  decomposed  by  heat.  (Limpricht,  Ann.  Ch. 
Pharm.  zovii.  361.) 

TBZOWCUSO&.  A  body  analogous  and  very  similar  to  thiofhrfurol,  pro- 
duced by  treating  fiicusol  in  alcoholic  solution  with  sulphydric  acid.  By  dry  distilla- 
tion, it  yields  a  product  of  decomposition  called  pyrofueusol,  ^dch  crystallises  in 
neodles,  and  has  probably  the  same  composition  as  pyrofhrfdrol,  CHK)'.  (Stenhouse, 
Ann.  Ch.  Pharm.  IzxiT.  298.) 

TSZOFinuro&y  or  TBZOnsru&Olta  C*H^OS. — ^A  compound  formed  by 
the  action  of  ammonium-sulphide  on  furfurol,  or  of  sulphydric  acid  on  furfiiranude 
dissolved  in  alcohol.     (See  Fuafubol^  ii.  753.) 

THZOannbAJfZC  acid*  The  black  mass  produced  by  heating  alcohol  witJi 
excess  of  sulphuric  add.  It  was  formerly  supposed  to  consist  of  carbon,  but,  according 
to  Erdmann  (J.  pr.  Ghem.  zzL  291),  it  is  a  sulphuretted  acid,  capable  of  forming 
salts  with  potash  and  other  bases.  It  has  not  been  obtained  in  a  sufficiently  definite 
state  to  enable  its  composition  to  be  determined  with  accuracy,  and  is  probably  a 
mixture.    (See  GmsUn^s  Handbook,  viii.  240.) 

TgXOMaTll  A lil>llfa>    Syn.  with  MsTHTi;.-TSULi>iini  (p.  774). 

H« 
TBZOVAMZC  ACZn.    NH*SO*  -  (SO)" 

H 

differs  from  acid  sulphite  of  ammonium  (NH*.H.SO*)  by  the  want  of  1  at»  water,  is  pro- 
duced b^  the  action  of  dry  amnumia-gaa  on  an  excess  of  sulphurous  anhydride.  It  is  a 
crystalline  volatile  substance,  of  a  yellowish  colour  (perhafM  due  to  impurity),  and  very 
soluble  in  water.  In  the  moist  state,  or  in  solution,  it  quickly  undergoes  a  complete 
decomposition  into  sulphate  of  ammonium^  trithionate  of  ammonium,  and  other  pro- 
ducts. When  sulphurous  anhydride  is  mixed  with  excess  of  dry  ammonia-gas,  two 
volumes  of  the  former  unite  with  four  volumes  of  the  latter,  forming  th  ion  a  mate  of 

H«  ]^ 
ammonium}(SO)''^^  which  is  an  amorphous,  volatile,  neutral,  deliquescent  salt, 

speedily  decomposing  in  solution.  (H.  Bose,  Pogg.  Ann.  TXTJii.  276;  xliL  425; 
G  m.  ii.  455.) 

TBIOWAMIBB.  NVH^SO)".— Produced  by  the  action  of  sulphurous  chloride 
on  dry  ammonia : 

4NH«  +  SOCl«    -     2NH«C1  +  N*H«0. 

The  sulphurous  chloride  should  be  well  cooled,  and  the  ammonia-gas  passed  in 
slowly.  The  product  is  a  white,  pulverulent,  non-crystalline  solid,  from  which  the  sal- 
ammoniac  may  be  extracted  by  cold  water.  Thionamide  is  converted  by  hot  water 
into  neutral  sulphite  of  ammonium,  from  which  it  differs  by  2  at.  water:  (NH*)'SO*— 
2HH)  »  N'H*SO.  It  is  instantly  decomposed  by  alkalis  with  evolution  of  ammonia, 
and  by  acids  with  evolution  of  sulphurous  anhydride.  (Schiff,  Ann.  Gh.  Pharm.  cii. 
111.) 

TTMZOWAYKTRA&ZO  ACZD.  Syn.  with  Nafhthilsulfjiumous  Acn>.  (See 
Sulphurous  Ethebs,  p.  560.) 

UkSno  AOXBf  more  properly,  VAPHTBT&smbPKAlKIO 

►,C»«H»NSO«  -     (SW    ^.    (Piria,  Ann.  Ch.  Phys.  [3],  xxxi.  217.)— This 

acid  is  produced,  together  with  naphthionic  acid,  with  which  it  is  isomeric,  by  the 
action  of  ammonium-sulphite  on  mtronaphthalene.  The  orange-yellow  crystals  ob- 
tained in  the  preparation  of  naphthionic  acid  (iv.  17),  consist  of  naphthylsulpham- 
ate  of  ammonium.  The  acid  has  not  been  obtained  in  the  free  state ;  on  attempting 
to  decompose  a  thionaphthamate  with  an  acid,  even  with  acetic  acid,  it  is  resolved  into 
naphthylamine  and  sniphuric  acid. 

The  naphthylsulphamates  are  generally  prepared  by  double  decomposition  from  the 
ammonium-salt.  They  are  all  soluble,  snd  resemble  each  other  in  appearance  and  colour. 
They  usually  crystallise  in  large  nacreous  laminse  of  an  amethyst  or  reddish  colour. 
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They  undeigo  doeomposition  by  exposure  to  ^e  air,  their  solutioiiB  beoomin^'veddisli- 
brown.  Heat  and  li^t  assist  this  deeompoeition,  vhile  the  presence  of  alkalis  confers 
stability  on  the  solutions.  Distilled  with  lime  in  excess,  the  naphthylsulphamateB 
yield  naphtliylamine  in  tlie  form  of  an  oil  which  crystallises  on  coobng. 

The  am7nonium'8€Ui  is  obtained  in  crystals  by  dissolving  the  crude  salt,  prepared  as 
above  described,  in  2  pts.  of  boiline  water  containing  a  few  drops  of  ammonia,  and 
cooling  the  solution.  It  forms  smaU,  reddish,  nacreous'laminse,  tne  solution  of  which 
becomes  more  rapidly  coloured  than  those  of  the  other  salts.  It  dissolves  veiy  easily 
in  water,  and  in  alcohol.  When  its  perfectly  neutral  solution  is  heated  between  80^ 
and  90"^,  the  water  being  replaced  as  it  evaporates,  it  becomes  coloured,  and  strongly  acid, 
deposits  a  brown  resin,  and  yields  sulphate  of  naphthylamine. 

The  potassium^saU,  C'*H*KNSO\  is  obtained  by  boiling  the  ammonium-salt  with 
excess  of  potasbiimi-carbonate,  tiU  it  ceases  to  evolve  ammonia.  On  cooling,  large 
nacreous  lamins  crystallise  out,  resembling  boric  acid.  The  salt  is  very  soluble  in 
water,  but  only  slightly  soluble  in  alcohol,  and  in  aqueous  potash  or  carbonate  of 
potassium. — ^The  mtdtum-talt,  C'H'NaSO',  prepared  in  like  manner,  forms  reddish 
Umintt,  easily  soluble  in  hot,  but  sparingly  in  cold  water,  especially  in  presence  of 
sodium-carbonate. 

The  barwm-salt,  C«»Il>«Ba'T^S*0«.6H«0  (?),  is  prepared  by  double  decomposition 
with  chloride  of  barium  and  naphtfaionate  of  potassium.  —  The  calcium'salt, 
C*H»H)a"N«SK)«,  and  the  fnas^erivm-iolt,  C"H»*Mg"««S»0«,  are  very  soluble. 

The  Uadsalt,  C**H*'Fb'N'S'0*,  is  prepared  by  decomposing  a  boiling  solution  of 
the  potasaium-mlt  with  nitrate  of  lead,  taking  care  that  the  potassium-salt  is  in  excess.' 
When  the  nitrate  of  lead  is  in  excess,  a  double  salt  is  produced,  which  appears  to  contain 
equal  numbers  of  atoms  of  thionaphthamate  and  nitrate  of  lead.  The  thionaphthamate 
of  lead  is  deposited  from  its  boiling  solution  in  ciystalline  grains,  which  may  be  purified 
by  a  second  cxystallisatbn.  It  then  forms  a  light,  crystalline,  reddish  powder,  very 
slightly  soluble  in  water,  and  almost  insoluble  in  alcohol. 

Jceiaio-tkUm^hamaU  of  lead,  C«H*Pb''0«.C*Hi^b'7ra>0*.— When  concentrated 
and  nearly  boiling  solutions  of  potassium-thionanhtbamate  and  lead-acetate  aro  mixed, 
the  latter  being  in  excess  and  acidified  with  acetic  acid,  there  is  deposited  on  cooling  a 
double  salt,  crystallising  in  reddish  micaceous  laminas  grouped  around  a  common 
centre.    It  is  very  slighUy  soluble  in  cold,  moro  soluble  in  hot  water. 

TBXOVa8aa&,  C^H^'S.  SehwefeUs&al.  SckwtfeUwl,  (Laurent,Ann.Ch.Fhys.^ 

[3]|,  i.  292). — ^A  compound  produced,  together  with  stilbene,  by  the  dry  distillation  of 

Uiiobenzol: 

8C»H«S     =    C»*ff»S  +  2C"H»  +  2CS«  +  8H»S. 
Tbiobensol.        Tbionesial.         Stilbene. 

It  is  obtained,  from  the  portion  of  the  distillate  insoluble  in  ether,  by  solution  in 
petroleum,  and  crystallises  from  the  hot  solution  in  silky  needles.  It  is  very  sparingly 
soluble  in  alcohol  and  ether,  moro  soluble  in  petroleum.  It  melts  at  178^  o&n 
remains  liquid  till  cooled  down  to  the  ordinary  temperaturo  of  the  air,  and  then 
solidifies  without  assuming  a  ciystalline  structure.  When  heated  to  238°,  it  crystallises 
as  soon  as  a  crystal  is  thrown  into  the  liquid  mass.  It  is  decomposed  by  potassium, 
with  formation  of  potassium-sulphide.  Alcoholic  f^otash-solution  does  not  decompose 
it,  even  at  the  boihng  heat  By  boiling  nitric  aeid^  it  is  slowly  converted  into  a  yellow 
crust  of  tetranitrothionessal,  C"H*X^O*)^S. — Bromine  attacks  it  violently, 
forming  a  solid  mass  of  tetrabromothionessal,  C^W*Bt%  insoluble  in  alcohol, 
ether,  and  petroleum. 

TBXOOTBZO  ACXB.  JilosanoMUpknroua  acid  (Laurent).  C^H^N'SO*.  (Li  eb  ig 
and  Wohler,  Ann.  Ch.  Pharm.  xxvi.  268,  814,  831.)— An  acid  formed  by  the  simul- 
taneous action  of  ammonia  and  sulphurous  acid  on  idloxan  (i.  187).  It  is  obtained  by 
decomposing  its  lead-salt  with  sulphurotted  hydrogen,  and  evaporating  the  filtrate  at 
a  gentle  heat  It  forms  a  crystalBne  mass,  consisting  of  fine  needles :  it  is  permanent 
in  the  air,  reddens  litmus  strongly,  and  has  a  very  sour  taste.  It  is  readily  soluble  in 
water;  when  the  solution  is  boUed,  it  is  decomposed  into  dialoramide,  which  separates 
out,  and  sulphuric  acid : 

It  is  a  dibasic  acid. 

The  normal  ammoniwm'Salt,  C^H'(NH«)*N*SO*.H*0,  is  obtabed  b^  boiling  for  soma 
time  a  mixture  of  aqueous  alloxan  and  sulphurous  add,  saturated  with  ammonia ;  or  a 
mixture  of  aqueous  sulphite  and  carbonate  of  ammonium,  and  alloxan ;  the  salt  crys- 
tallises,  on  cooling,  in  four-sided  tables,  which  lose  6  per  cent  (1  at.)  water  at  100°, 
assuming  a  rose-colour.  It  is  slightly  soluble  in  cold,  readily  in  hot  water ;  the  solu- 
tion reduces  metallic  silver  from  nitrate  of  silver,  in  the  specolAr  form.    When  fused 
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irith  solid  potesh,  it  Tields  siilphite  of  potassium.  Mineral  adds  deoompose  it  at  a 
boiling  heat  (not  in  the  cold),  into  dialnnimide  and  snlpbnxic  add.  By  prolongpd 
heating  to  200^,  it  is  for  the  most  part  resolved  into  sulphate  of  amTnoninm  and  zan- 
thinine,  C^ITH)*  (Finck,  Ann.  Gh.  Phaim.  czxxii.  298) : 

C*H«(im*)«N«SO«     -    (NH*)«SO«  +  C«H«N»0«. 

The  acid  ammonium-^alt,  rC«HXNH^>N«SO'],  is  obtained  in  fine  white  needles,  bj 
evaporating  in  a  water-bath  an  aqueous  solution  of  the  normal  salt  with  a  small 
quantity  of  sulphuric  add :  if  the  sulphuric  add  is  in  excess,  dialuramide,  uramilic 
add,  and  finally  cUaluric  add,  is  formed.  The  aqueous  solutbn  of  this  salt  is  deoom- 
posed  by  boilii^  into  sulphate  of  ammonium  and  dialuric  add : 

C*H«N*80«  +  2H«0    -     C*H*N«0*  +  (NH*)«SO^. 

Dlalorlc  add. 

The  harmm^BoU  is  obtained  as  a  flooculent  predpitate»  which  gradually  beeomas 
crystaDine^  when  the  ammoniam-salt  is  added  to  chloride  of  barium.  It  is  readily 
soluble  in  hvdzochloric  add ;  boiled  with  nitric  add,  it  yields  sulphate  of  barium,  but 
no  free  sulphuric  add. 

The  leaasaU  is  obtained  hj  adding  thionuxate  of  ammonium  to  neutral  acetate  of 
lead.  It  is  a  gelatinous  TOecioitate,  which,  on  cooling,  aggregates  into  tufts  of  white  or 
rose-coloured  needles.  J3y  dry  distillation,  it  yields  urea,  and  another  erystaltine 
product 

With  sulphate  of  copper,  thionuxate  of  ammonium  gives  a  yeUowish-bzowa  prce^tata^ 
whith  is  probably  a  cuprous  salt. 

Gregory  (Oranpt.  chim.  1845,  p.  118)  mentioiii  a  peeuliar  addt  eontaining  the 
elements  of  thionunc  add  minus  ammonia.  F.  T.  C. 


r]l  - 


SO. — ^The  radicle  of  the  sulphuoos  compounds :  s^.,  snlphuroaa 
diloride,  (80)'a*  -  chloride  of  thionyl  (p.  642). 

Syn.  with  Thiohamio  Acm  (p.  778). 

Syn.  with  Thionaiodb  (p.  778). 

H« 
TBZO»BOSPHAMXO  ACIB.   FH«NSO'   -    (PS)'"[q,     •     P(NH*)H*80' 

8nlnkaxypko»pkamio  JM.  (Gladstone  and  Holmes,  Chem.  Soe.  J.  xviiL  7.) — This 
ada  is  formed  by  the  action  of  aqueous  ammonia  on  sulphochloride  of  phoephorua. 
(Respecting  the  mode  of  formation  of  this  and  the  following  acid,  see  iv.  606.)  The 
sulphochloride  added  to  strong  aqueous  ammonia  diluted  with  an  equal  bulk  of  water, 
dissolves  slowly  on  sgitation,  and  forms  an  acid  liquid  containing  sal-ammoniac  and 
thioohosphamic  add.  The  ktter  has  not  been  isolated,  but  its  neutralised  solution 
yielasyWith  solutions  of  heavy  metallic  salts,  a  series  of  salts  resembling  the  thiophos- 
phodiamates  (in/ra),  and  represented  by  the  formula  PNH'M"SO'.  No  precipitates 
are  obtained  with  solutions  of  nickel,  cobalt,  iron,  aluminium,  barium,  calcium,  or  mag- 
nesium. A  solution  of  potassio-etannous  chloride  forms  a  white  bulky  precipitate, 
soluble  in  hydrochloric  acid.  Mercuric  chloride  throws  down  yellow  mercuric  sulpho- 
chloride, which,  in  presence  of  excess  of  thiophosphamic  acid,  turns  black — a  reaction 
which  may  serve  to  distinguish  this  acid  from  the  following. 

TBZOVBOSraOPIAMZO  AOZB.    FH»N«SO  -  (PS)*^  j^  a  P(NH«)*HSO. 

Sidphoxypkcmpkodiamic  Acid.  (Gladstone  and  Holmes, ioc. eU,y-A monobade  acid 
formed,  together  with  sal-ammoniac,  by  the  action  of  ammonia-gas,  or  of  the  strongest 
aqueous  solution  of  ammonia^  on  sulphochloride  of  phosphorus.  The  sulphochloride 
takes  up  about  4  at  ammonia  (40  per  cent  of  its  weight),  and  is  converted  into  a 
white  mass,  easily  soluble  in  water,  and  forming  an  acid  solution,  which,  when 
neutralised,  yields  thiophos phodiamates,  P(NH«)*M'SO  and  P«(NH«yM*S*0», 
by  double  decomposition.  These  salts  decompose  when  heated,  giving  off  ammonia 
and  sulphide  of  ammonium. — ^The  eupric  salt,  P«N*H"Cu"S*0«,  is  a  yellowish-white 
predpitate,  insoluble  in  dilute  hydrochloric  add  and  in  ammonia,  soluble  in  cyanide 
of  potasdum,  and  turning  brown  when  heated. — ^The  emcsalt,  P*N'H*Zn''S'0*,  is  a 
white  flocculent  precipitate,  easily  soluble  in  dilute  adds  and  in  ammonia. — The 
eadmium-Mlt,  P'N*H»Cd''S*0',  exhibits  similar  properties.— The  lead-soli  is  obtained, 
on  adding  chloride  of  lead  to  the  neutralised  solution  of  the  add,  as  a  white  precipi- 
tate, soluble  in  dilute  nitric  add,  and  turning  black  when  heated  with  water. — ^The 
gilver-talt  was  obtained,  mixed  with  silver-chloride,  as  a  white  predpitAte,  insoluble  in 
dilute  nitric  add,  turning  black  in  presence  of  excess  of  silver. — Stanrunu  chloride 
and  fnercuric  chloride  form  white  precipitates,  the  latter  of  which  quickly  passes 
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into  the  yellow  oompoiiiidy  HgSJE[gCl',  but  is  not  nnder  any  eucmnBtanoes  eonrerted 
into  blaek  sulphide  of  merenry — a  chazacter  which  distingoiBhes  thiophosphodiamic 
fiom  thiophoephamie  acid.  The  filtered  eolation  contains  an  acid  not  yet  examined.-— 
Cobalt-^aUs  giire  a  blnish-white,  niokd'^aitf  a  gieenish-white  precipitate,  both  of  which 
are  soluble  indilute  acids  andinanunonia. — ^£aW«m-,«aMM»-,fli<i$rN«nfim-ia/um«i2t«m-, 
and  ferric  salts  give  no  precipitate.  On  attempting  to  isolate  the  acid  from  its  silver- 
or  copper-salt*  a  liquid  was  obtained,  which,  when  evaporated  over  oil  of  yitriol, 
decomposed  with  separation  of  sulphur. 

THXMASIOO&.    C^*08.    BulfhosaUcylic  Hydride, — A  compound  produced 
by  the  action  of  sulphydric  add  on  hyorosalicylamide  (iii.  218). 

((CQY 
OSSVAMim.    CH'N'S  »  N* 


G*H'.  Aayl-sulpioearbamide.  BhodaUine. 
H« 

— This  compound  is  formed  by  the  union  of  the  elements  of  1  at.  allylic  sulphoc^anate 
with  1  at.  ammonia,  just  as  fulyl-carbamide  is  formed  by  the  union  of  ammonia  and 
aUylie  cyanate.  It  was  discovered,  in  1884,  bv  Bumas  and  Pelouze  (Ann.  Ch.  Phys. 
[21,  liii.  181),  afterwards  examined  by  Aschoff  (J.  pr.  Chem.  iv.  814),  Lowig  and 
Weidmann  (ihid.  xix.  218),  Robiquet  and  Bussy  (ibid.  xix.  232),  and  more  com- 
pletely by  Will  (Ann.  Ch.  Pharm.  Hi.  1). 

Preparation, — dy  saturating  oil  of  mustard  with  ammonia-eas,  or  mixing  it  with 
8  or  4i  times  its  bulk  of  strong  aqueous  ammonia,  and  leaving  the  mixture  to  stand  till 
it  is  converted  into  a  crystaUine  mass.  If  the  mother-liquor  filtered  from  these 
crystals  be  evaporated,  to  expd  the  excess  of  ammonia,  and  boiled  with  animal  char- 
coal, a  colourless  liquid  is  obtained,  which,  on  evaporation,  yields  crystals  of  pure 
thioeinamine  to  the  last  drop.  It  is  best  to  use  pure  mustard-oil  in  the  preparation, 
us  the  crude  oil,  when  treated  with  ammonia,  likewise  forms  a  yellow  resinous  sub- 
stance, which  cannot  be  removed  without  loss. 

Properties, — ^Thiosinamine,  purified,  if  necessary,  by  recrystallisation,  forms  white 
shining  prisms,  which  (according  to  Schabus)  belong  to  the  monodinic  system,  and 
are  deavable  paralld  to  +  Poo  and  oP.  It  is  inodorous,  but  has  a  bitter  taste.  Melts 
at  70'6^  (Dumas  and  Pelouze),  at  74^  (Wertheim),  forming  a  colourless  liquid, 
which  cannot  be  volatilised  without  decomposition.  In  moderate  doses,  it  does  not 
exert  a  poisonous  action  on  the  human  organism,  but  nevertheless  produces  sleepless- 
ness, palpitation  of  the  heart,  &c.  (Wohler  and  Frerichs,  Ann.  Ch.  Pharm.  Ixv. 
S42).  It  is  neutral  to  vegetable  colours,  but  nevertheless  exhibits  some  of  the 
characters  of  ammonia,  especially  in  the  &dlity  with  which  it  dissolves  oxide  and 
chloride  of  silver.  It  dissolves  in  hot  mndi  more  readily  than  in  cold  water,  and  is 
easily  soluble  in  alcohol  and  ether. 

Thioeinamine  exhibits  the  same  properties,  whether  prepared  from  natural  or  from 
artificial  mustaid-oiL 

DwomposiHons, — 1.  Thiosinamine  is  completely  decomposed  at  high  temperatures, 
■ulphocyanic  acid  and  other  volatile  products  being  formed,  and  charcoal  remaining 
behind. — 2.  By  dsofrolysis,  it  vields  sulphurous  and  hydro<7anie  adds,  and  a  yellow 
sulphuretted  orffanie  oomponnd,  which  is  deposited  at  the  negative  pole  (Schlagden- 
hanffen,  J.  Pharm.  [8],  xliv.  100)^^.  CSuonne  decomposes  it  in  aaueous  sohition, 
forming  huge  quantities  of  hydnehlorie  and  sulphuric,  but  no  sulpho<7anio  add 
(Aschoff).— 4.  Bromine  (according  to  Aschoff)  forms  a  white  predpitate  with 
thiosinamine;  but,  according  to  Ma  1^  (BulL  Soc.  Chim.  [1867],  ii.  129),  this  takes 
place  only  when  the  thiosinamine  is  impure.  An  alcohohc  solution  of  pure  thiosina- 
mine dissolves  bromine^  without  elimination  of  hydrobromie  add,  ana  the  solution 
yields,  by  evaporation,  crystals  of  hydrobromate  of  bromothiosinamine. — 
6.  lotUne  added  in  suffident  quantity  to  aqueous  thiosinamine  separates  a  brown  oil ;  the 
watery  liquid  then  exhibits  add  reaction,  and  when  boiled  deposits  a  white  substance 
contaming  iodine  and  sulphur. — 6.  Dilute  phosphoric  and  sulphuric  acids,  heated  with 
thiosinamine,  evolve  sulphocyanic  acid. — 7.  NUric  acid  oxidises  it. — 8.  Potassium, 
heiUted  with  it  to  the  melting-point,  decomposes  it  with  explosion. — 9.  Baryta-water 
decomposes  thiosinamine  at  the  boiling  heat,  forming  sulphide  and  carbonate  of 
barium.  But  little  ammonia  is  evolved,  and  the  filtrate,  when  evaporated,  leaves  a 
non-ciystaUine  and  scarcely  alkaline  syrup,  which  appears  to  be  a  base  different  from 
sinamine.  The  other  fixed  alkalis  act  like  baryta. — 10.  The  protoxides  of  lead  and 
meroury  abstract  from  thiosinamine  sulphur  and  hydrogen,  a  metallic  sulphide  and 
water  being  formed,  together  with  sinamine : 

C*H«N«S  +   Hg^'O     -     C*H«N«  +  Hg^S   +  H»0. 
ThioclDJunine.  Sinamliwr. 

11.  The  aqueous  solution  of  thiosinamine  forms  a  white  predpitate  with  mercurio 
ialt%  grey  with  menmrons  salts,  brownish-yellow  with  tricUoride  of  gold,  white  with 
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nitrate  of  nlTer,  fte.  It  mdnally  decolorises  ferric  chloride,  and  forms  a  floecnleDt 
precipitate  on  boiling.  It  likewise  decolorises  a  moderatelj  strong  solution  of  cnpric 
enlpluite,  the  liquid  wen  depositing  bine  flocks  on  addition  of  aloohoL  When  warm, 
it  mssolvee  Tecentlj  precipitated  cUoride  of  silyer,  the  liqnid  becoming  milky  as  it 
eools,  and  depositing  a  pitehy  substance,  containing  thiosinamine  and  cfal<Mnde  of 
tdlver. 

CombmatUma. — ^Thiosinamine  does  not  form  ciystallisable  salts  with  nUpkuric^  nUrie^ 
acetic,  or  oxalic  aeid» 

The  hydrochlorate^  OH'N^.HCl,  is  produced  by  passing  dxy  hydiochkrio  add  gas 
over  dry  thiosinamine  at  a  gentle  heat.  The  proda^  gives  off  Tapours  of  hydrochloric 
acid  when  exposed  to  moist  air.    (WilL) 

The  chloroplafinate,  2(G<H'N*S.HGl).Fta^  is  obtained  by  saturatinff  thiosinamine 
with  hydrochloric  acid  gas,  and  mixing  the  cold  aqueous  solution  of  the  resulting 
hydrochlorate  with  platinie  chloride.  It  is  a  yellowish-red  precipitate,  consisting  of 
needle-shaped  rhombic  crystals ;  melts  and  blackens  at  a  gentle  heat,  and  decomposea 
at  higher  temperatures,  leaying  sulphide  of  platinum.  If  the  liquids  are  mixea  hot» 
or  if  the  platinie  chloride  contains  nitric  acid,  or  if  a  dark-coloured  solution  of  thio- 
sinamine in  aqueous  hydrochloric  add  is  used,  precipitates  of  Tsriable  composition  aro 
formed,    (WilL) 

rCS" 

A  ekloromerewraie,  oontaimng  2Hg"Cl>.G«H>N'S,  or  Hg"Cl*  +  2HC1.N*^CH*  , 

lH.flg- 
is  obtained,  as  a  curdy  white  precipitate,  by  mixing  the  aqueous  solutions  of  mercuric 
chloride  and  hydrochlorate  of  thiosinamine.    It  is  soluble  in  acetic  acid.    (Wi  1 1.) 

A  compound  of  thiosinamine  with  nitrate  of  silver,  N0'Ag.OH'N'S,  is  produced, 
by  mixing  the  concentrated  aqueous  solution  of  thiosinamine  and  nitrate  of  silver,  as 
a  white  crystalline  precipitate,  which,  after  washing  with  water,  and  drying  at 
100°,  forms  a  greenisn- white  mass,  slightly  alterable  on  exposure  to  light.  Bouing 
water  decomposes  it  into  sidphide  of  silver,  and  other  products  not  yet  examined. 
Aqueous  sulphydric  acid  converts  it  into  thiosinamine  and  sulphide  of  silver. 
(WilL) 

JkrivatUMB  cf  Z^tastnamtn^ 

BrmmotliiMlnamlBap  C^H'BrN'S.  (Maly,  J.  pr.  Cbem.  c.  321 ;  BnlL  Soc.  (^m. 
[1867],  ii.  129.)— The  h^rdzobromate  of  this  base^  C«H'BrN>S.HBr,  is  formed,  as  al* 
ready  observed,  by  the  direct  addition  of  bromine  to  thiosinamine  in  alcoholic  solntion« 
1  at  thiosinamine  taking  up  2  at  bromine  without  evolution  of  hydrobromic  acid.  It 
separates*  on  evaporation,  as  a  crystalline  mass,  soluble  in  water  and  in  aloohoL  It 
melts  at  146° — 147°,  and  at  a  higher  temperature  gives  off  vapours  having  the  irritat- 
ing odour  of  aUyl-oompounds,  and  leaves  a  very  porous  cinder.  Its  aqueous  solution 
forms,  with  wtraU  ofSUver,  a  copious  precipitate  of  chloride  of  silver,  and  with  fHatimo 
chloride^  brilliant  orange-yellow  scales  of  the  chloroplatinate,  2(C*H'BrN'SJiBr)b 
PtCl*. 

Chloride  of  tUver  added  to  the  aqueous  solution  of  the  hydrobromate  removes  half 
the  bromine,  forminff  bromide  of  silver  and  hydrochlorate  of  bromothiosina- 
mine,  C^H'BrN'S.HCl,  which  is  soluble  in  water  and  in  alcohol,  and  is  deposited 
from  the  aqueous  solution  in  crystals  grouped  like  wavellite, — from  the  alcoholic  solu- 
tion in  more  bulkyczvstals,  apparently  belonging  to  the  monodinic  system.  It  melts 
at  129° — 180°. — yfim  idatimo  chhridet  it  forms  orange-yellow  shining  scales  of  the 
chloroplatinate,  2(C«HrBrN%LHGl).PtClS  insoluble  in  boiling  akohol,  soluble  in 
boiling  water,  and  Partly  decomposed  thereby ;  and  with  auric  chloride  a  dark  red- 
purple  precipitate  of  a  cnloroaurate,  together  with  bromide  of  gold. 

Hydrate  of  bronutthioniMnimommmi,  C^H'BrN*S  H.O. — ^A  solution  of  hydrobromate 
of  bromothiosinamine,  treated  with  oxide  of  silver,  yields  bromide  of  silver  and  a 
strongly  alkaline  bitter  liquid,  which  may  be  evaporated  to  a  syrupy  oonsistence ;  and 
when  treated  with  hydrochloric  add,  yields  hydrochlorate  of  biomothiosinamine. 

Ainyl"tlil<»slnaintiMi>  obtained  b^  the  cUreet  combination  of  allylic  sulphocya- 
nate  with  amylamine,  is  an  unciystallisable  syrup,  which  yidds  a  crystalline  chloro- 
platinate.   (fiinterberger,  Ann.  Ch.  Pharm.  fxrxiii.  846.) 

f(CS)' 
nett% 

BOiyl^^tbf— twamlw,  C^i<N*S  »  N*-  ^^^.—ThiosinethyUtmine,     (Hinter- 

l     H» 
berger,  loccit, — ^Weltzien,  Ann.  Ch.  Pharm.  xciv.  108.) — ^Formed  by  the  direct  com- 
bination of  allylic  sulphocyiuutte  or  sulphocarbimide,  N(CS)*(0*H*),  with  ethylamine^ 
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N(0*H*)H'  (Hint  erberger),  or  as  &  hydriodate,  by  the  action  of  etbjlie  iodide  on 
thiosiuamine.    (Weltsien.) 

Oil  of  mustard  absorbs  gaseous  ethvlamijie  with  considerable  rise  of  tmperature. 
Liquid  ethylamine  hisses  when  dropt  into  mustard ;  and  on  adding  the  oil  to  liquid 
ethylamine,  it  is  thrown  out  by  the  violence  of  the  action.  When  ethylamine  wns 
passed  in  excess  into  mnstard-oil  cooled  with  ice,  a  thin  syrop^  liquid  was  formed, 
having  the  odour  of  ethylamine,  and  a  bitter  aromatio  taste.  This  liquid,  after  stand- 
ing for  some  time,  became  red-brown,  but  did  not  yield  crystals,  or  form  ciystallisable 
salts  with  acids ;  when  heated,  it  gave  off  white  fbmes,  which  condensed  to  oily  alka- 
line drops,  exhibiting  a  blood-red  colour  with  ferric  chloride.    (Hinterberger.) 

The  Jl^driodate,  C*H''N*S.HI,  is  obtained  by  healing  thioeinamine  with  ethyUc  iodide 
in  alcoholic  solution,  and  evaporating,  as  a  white,  feathery,  crystalline  mass,  resembling 
sal* ammoniac.  It  dissolves  m  water,  alcohol,  and  ether,  and  turns  yellow  in  the  air 
from  separation  of  iodine  (Weltsien). — ^The  hydroeUorate  is  obtained  by  decom- 
posing the  hydriodate  with  oxide  of  silver,  precipitating  the  excess  of  the  silver  from 
the  filtrate  with  hydrochloric  acid,  and  evaporating  the  filtered  solution.  The  residue 
is  a  syrupy  unciystallisable  mass,  soluble  in  water  and  in  alcohol.    (Weltsien.) 

Ptatintm-wUi,  2(C*Hi*N*S.HCl).PtCl*.-~0n  saturating  the  ^rupy  liquid  obtained 
by  the  action  of  mustard-oil  on  ethylamine  with  dry  hydrochloric  acid  gas,  dissolving 
the  resulting  viscid  mass  in  absolute  alcohol,  and  adding  an  alcoholic  solution  of 
platinic  chloride,  yellow  needle-shaped  crystals  of  the  platinum-salt  quickly  separated  ; 
the  mother-liquor,  when  left  to  itself  for  some  time,  yielded  ciystals  of  more  definite 
shape  (H i  n  t e r b er ^er).  Weltsien's  hydrochlorate  mixed  with  chloride  of  platinum, 
yielded  a  yellow,  easily  soluble,  indistinctly  ciystalline  mass. 

Mrefl>yl«*t!lito»tiimintiif»,  obtained  like  the  ethyl-compound,  is  a  brown  uncrys- 
tallisable  syrup,  which  yields  a  crystalline  chloroplatinate.    (Hinterberger.) 

Vaplitliyl-'Cliioaliiamtiie,  C^^H'^N'S  » N*(CS''.C^H\Ci*H'.H*).  Thiosin-naphthi/l- 
amine,  (Zinin,  J.  pr.  (Them.  Ivii.  173.) — This  compound  is  produced  by  adding  30  pts. 
of  mustard-ofl  to  a  solution  of  48  pts.  of  naphthylamine  in  eight  times  that  weight  of  90 
per  cent,  alcohol,  and  separates  after  awhile  in  crystals,  groupied  in  small,  white,  radiated 
hemispheres,  the  mother-liquor  yielding  an  additional  quantity  when  evaporated.  It 
is  white,  insoluble  in  water,  sparingly  soluble  in  ether  and  in  cold  alcohol,  more  easily 
in  boiling  alcohol.  It  melts  at  130^,  forming  a  clear  liquid,  which  solidifies  again  in 
the  ciys^line  form.  By  careful  heating,  a  portion  of  it  may  be  distilled  without 
alteration. 

Naphthyl-thiosinamine  is  decomposed  by  Jurats  of  lead,  vieldine  sulphide  of  lead> 
together  with  a  substance  which  crystallises  from  boiUngsioond  in  siU^  grains,  and  an 
unctuous  substance,  still  more  soluble  in  alcohoL 

With  acidSf  naphthyl-thiosinamine  behaves  like  the  phenyl-compound. 

"  yn^oylNtfcl— tif  mtiMit  or  ThlortmimHne,  C"H'«iro  «  N*(CS''.C!^*.(>H*.H*). 
(Zinin,  toe,  eit,) — Obtained  by  pouring  oil  of  mustard  into  an  equivalent  quantity  of 
aniline  dissolved  in  about  four  times  its  weight  of  alcohol  of  90  per  cent.  The  mix- 
ture becomes  hot»  and,  on  cooling,  deposits  the  compound  in  foliated  crystals.  If  a 
weaker  solution  of  aniline  be  used,  the  ciystals  sometimes  attain  the  length  of  four 
millimetres,  and  exhibit  the  form  of  tables  with  four  or  six  ihces. 

Thiosinaniline  is  colourless,  transparent,  destitute  of  taste  and  smell,  insoluble  in 
water,  veiry  soluble  in  alcohol  and  ether.  It  melts  at  96^,  forming  a  colourless  liquid, 
which  solidifies  in  a  radiated  mass  on  cooling.  When  distilled  it  yields  an  oij,  which 
has  the  odour  of  leeks,  and  does  not  solidify.  It  is  desul^urised  by  hydrate  of  lead, 
yielding  a  substance  which  is  very  soluble  in  alcohol,  and  crystallises  in  silky  needles ; 
also  as  an  uncrystaUisable  resinous  body. 

Thiosinaniline  does  not  show  much  tendency  to  combine  with  acids.  It  dissolves  in 
hot  concentrated  hydrochloric  acid,  but  is  precipitated  by  water  in  its  original  state. 
It  likewise  ciystaUises  unaltered  from  an  alcoholic  scdution  of  sulphuric  or  hydro- 
chloric acid.    Heated  with  nitric  acid,  it  is  decomposed,  forming  a  resinons  substance. 

TMZOMtMJkMtMaWMm    Syn.  with  PssmrL-nnosmAMiNS  (see  above). 

TKIOgprOTAyMTH  1  !■  JIM  1 M B.  Syn.  with  KAPHTHVL-TBioenTAXiNB  (see 
above). 

TBZOTO&UZC ACXB, (TH'NSO',  morepioperly,  BOST&SirXiVKAMZO  or 

TO&TXAV&nAKXO    AOZB,     (SO**y  |q.    (Hilkenkamp,  Ann.  Ch.Pharm. 

xcv.  86.) — ^An  acid  related  to  toluene  (bensylic  hydride,  C^',  i.578),  in  the  same  manner 
as  naphthylsulphamic  acid,  C'*IPNSO*  (the  so-c»Ued  thionaphthamic  add,  p.  778),  is 
related  to  naphthalene,  CP*H'.    To  prepare  it»  60  grms.  of  nitrotoluene  are  boiled,  for 
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eight  or  ten  hous,  with  400  ffnoas.  of  a  ooocentrated  aoliition  of  ammoidiimHnilpliite^  a 
small  quantity  of  ammoninm-carbonate,  and  a  litre  of  absolnteakoholf  the  ammoniacal 
distillate  being  continually  ponred  back,  till  the  liquid  asenmee  an  acid  reaction ;  and 
the  cooled  Bolntion,  filtered  from  the  ciystils  which  separate,  is  concentrated,  with  ad- 
dition of  ammoninm-carbonate.  The  red  solution, on  cooling,  deposits  benzylsnlphamate 
of  ammonium,  in  radiate  groups  of  slender  needles,  which  may^  be  rendered  coloniiesa 
by  repeated  levigation  wiSi  euer.  This  salt  is  easily  soluble 'in  water  and  in  alcohol, 
insoluble  in  ether.  It  is  permanent  in  dry  air,  but  turns  red  in  contact  with  moist 
air.  When  heated  it  first  melts,  and  then  chars.  Its  aqueous  solntion  is  not  percep- 
tibly altered  by  acids,  eren  at  the  boiling  heat,  and  for  the  most  pfurt  does  not  yield 
precipitates  with  metallic  salts.  Chlorine  separates  from  it  yellow  oily  drops,  having 
the  odour  of  tetrachloroquinone. 

The  barwmsaUj  prepared  by  adding  the  ammonium-salt  to  baryta-water,  boiling 
till  all  the  ammonia  is  expelled,  precipitating  the  excess  of  barium  by  carbonic  acid, 
and  evaporating  the  filtrate,  forms  white  crystalline  crusts. — The  potassiumrfait^ 
C'H'ENSO',  obtained  by  boiling  the  ammomum-salt  with  <arbonate  of  potassium, 
evaporating  to  dryness,  and  ex^usting  the  residue  with  boiling  absolute  alcohol, 
separates  from  the  alcoholic  solution,  on  cooling,  in  small  nodular  groups  of  oystals, 
less  soluble  in  water  and  in  alcohol  than  the  ammonium-salt. — tS»  sodium-MU,  pn»- 
pared  in  like  manner,  forms  small,  white,  nodular  ciystals,  easily  soluble  in  water, 
sparingly  soluble  in  absolute  alcohoL 

The  acid  has  not  been  obtained  in  the  pure  state.  Neither  does  the  mother-Iiqnor 
of  the  crude  ammonium-salt^  when  treated  with  hydrochloric  add,  jrield  a  compound 
analogous  to  naphthionic  add. 

TBZOTO&VOKZO  AOZB,  CH'NSK)*  more  properly,  Bensyldisulpkamie 
or  Tolyldiaulphamio  aeid,  (SO')'>'q»  has  been  abready  described  (p.  480). 

TBZOVA&SAZO  JLCTUm  The  product  of  the  action  of  phosphoric  pentachloride 
on  valerianic  add. 

TBjd&BJL  ULVA.  A  lava  from  Hekla,  consisting  of  a  mixture  of  the  tme 
lava-mass  with  tluorsanite  (anorthite)  and  chrysolite^  both  of  which  minerals  oocor 
crystallised  in  distinct  cavities  of  the  lava.  The  ^^h-black  lava  contains  ailica^ 
alumina,  ferrous  oxide,  lime,  and  maffuesia,  as  prmcipal  constituents,  tocether  with 
small  quantities  of  soda  and  potash,  and  traces  of  manganese-,  nickel-,  and  cobaUnQxideB. 
(Oenth.) 

TM^OMMJkMTTMm  A  variety  of  anorthite  occurring  in  the  Tlyorsa  lava  on  Hekla, 
in  ciystallo-laminar,  brittle,  transparent  masses,  of  white  to  grey  colour,  and  vitreous 
lustre,  nacreous  on  the  cleavage-snrfiices.  Spedfic  gravity  «>  2*688  at  17^.  ff^^n^tm 
«  6.  Insoluble  in  hydrochloric  acid*  Melts  before  the  blowpipe  in  thin  splinten. 
Contains,  according  to  Genth's  analyses,  48*75  per  cent,  silica,  30*69  alumina,  1*60 
ferric  oxide,  17*22  lime,  0*97  magnesia^  1*13  soda,  and  0*62  potash. 

TMOXAira.  A  name  applied  by  Mayer  (Beii^iwerksfrennd,  viiL  6)  to  a 
quadratic  variety  of  feixoiis  carbonate  fnm  the  Siebengebirge. 

TKOXSOWITB.  MBMUte  (in  part).  Mesotype  (in  part).  Needle  ZeolUe  (in 
part).  CkymptomU.  CkalUUe.  JHpodate.  OzarhiU, — ^A  hydrated  silicate  of  alumininm, 
caldum,  and  sodium,  occurring  in  trimetric  crystals,  exhibiting  the  combination  ooP 
.  oD^oo  ,  oP.  2Pqo  .  oDJ^ao .  Axes  a  :  6  :  c  «  l  :  1-0117  :  0*7225.  Angle  ooP  :  coP 
«  9O04O';  oP  :  Poo  -  1440  9^.  deavage  easy  parallel  to  odPoo  and  oej^oo.  The 
mineral  likewise  occurs  columnar,  with  radiated  structure,  and  amorphous.  Hardness 
■V  6  to  6'5.  Specific  grayity  «  2*36  to  2*4.  Lustre  vitreous,  inclining  to  peariy. 
Colour  snow-white ;  brown  in  impure  varieties.  Streak  uncoloured.  Transparent  to 
translucent.  Fracture  uneyen.  Brittle.  Before  the  blowpipe  it  intnmeeoes,  becoming 
white  and  opaque,  the  edges  only  being  rounded  at  a  white  heat.  When  pulverised,  it 
gelatinises  wilji  nitric  or  hydrochloric  acid. 

Afudyeea: — a,  Lochwinnock,  Benfirewshire  (Thomson's  OiUlmee,  i.  316). — 
h.  Dumbarton  (Berzeli us,  Berz.  Jahresb. ii.  96). — c,  Seebezg,  near  Kaaden,  Bohemia : 
Comptoniie  (Zippe,  Verb.  d.  Ges.  d.  vat.  Mus.  in  Bohmen,  1836,  p.  3). — d,  Elbogen, 
Bohemia:  Comptonite  (Melly,  J.  pr.  Chem.  xiv.  611). — e.  The  Cydopean  Isles,  near 
Catania;  accompanied  by  analdme  and  mesolite  (Sart.  v.  Waltershausen,  Yulk. 
Gest.  pp.  272,  286).—/  Between  the  Bulandstind  and  the  Berufjord,  Iceland:  pale- 
yellow,  inteiipx)wn  with  scoledte ;  spedfic  gravity  «  2*862  (v.  Waltershausen). — 
ff.  Magnet  Cove^  Arkansas:  in  elsolite;  specific  gravity  »  2*24  (Smith  and  Brush, 
Sill.  Am.  J*  [23,  xvi.  41). — h,  Dalsmypen,  Faroe  Islands  (Betzius,  Berz.  Jahreeb. 
iv.  164). — L  Blauenstein,  in  Bohemia:  formerly  called  meeoUUi  ipedfie gravity » 2*367 
(Rammelsberg,  Pogg.  Ann.  xlvi.  286): 
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These  analyseB  lead  to  the  fonnnla : 

(Ca'';Na«)O.SiO«( 
Al«0«J3iO« 

.|HK), 

'■Ca'';Na« 

tsiw 

£B*Oi 

whence  thomeonite  may  be  rmcded  as  consisting  of  2  at.  of  a  sodiferons  anoithite 
with  6  at.  water.  The  mineraf from  Lochwinnoch  appearB^  firom  Thomson's  analysis,  to 
he  a  nearly  pue  hydrated  calcio-alnminic  silicate  (l  308). 

Thomsooite  occors  also  near  Kilpatrick,  in  Scotland.  The  variety  called  OfmpUmite 
is  met  with  in  the  lavas  of  Vesuvine,  as  well  as  in  the  localities  above  mentioned. 
Thomson's  Seoulerite  from  Portmsh,  in  Ireland,  is  near  thomsonite  in  composition,  but 
contains  less  •^ImninA  and  water,  and  3^  per  cent.  soda.  The  varieties  caUed  carphth 
sHlbitef  dkaUm^  MorkUe,  and  pwrotkomaaniU  are  described  in  their  alphabetical 
places. 

TKOSXWA*    See  I^obimttic,  Ozms  of  (p.  787)* 

TKOBZmm,  or  IVOBXVM.  Atonde  Weight,  115*72 ;  ^mbol,  Th.— A  very 
rare  element  belon^ng  to  the  group  of  earth-metals.  It  was  discovered  in  1828  by 
Berselins  in  thontefrom  Esmark,  on  the  Norwegian  island  Lovon,  and  has  since  been 
found  l^Wohler  in  ^yrochlore,  byKarsten  in  monante,bvBergemann  and  others 
in  the  variety  of  thorite  called  orangite,  by  Mosander  and  Chydenius  ^Bulh  Soc 
Ghim.  1866,  ii  488)  in  euzenitofrom  Arendal,  and  by  Bahr  (Pogg.  Ann.  czix.  572)  in 
gadoUnite,  orthite,  and  a  mineral  resembling  the  latter.  Bimr  at  first  regarded  the 
earth  obtained  from  these  three  minerals  as  the  oxide  of  a  new  metal,  wasium ;  but  he 
has  unce  recognised  its  identity  with  thorina.    (Ann.  Ch.  Fharm.  cxxxii.  227') 

MetaUie  ihorinum  is  obtained  by  heating  the  anhydrous  chloride  with  potassium  or 
sodium.  The  decomposition  takes  place  with  slight  detonation,  but  with  scarcely  visi- 
ble igniiaon,  and  may  therefore  be  performed  in  a  glass  vessel.  The  reduced  thorinum, 
when  freed  frrom  soluble  salts,  is  a  grey  metallic  powder,  which  may  be  easily  pressed 
together,  and  when  triturated  with  polished  agate,  acquires  an  iron-grey  metallic  lustre. 
Its  specific  gravity,  according  toCnydenius,is  7*657  to  7*796.  When  heated,  it  bums 
with  great  splendour,  producing  snow-white  thorina,  which  exhibits  not  the  slightest 
trace  of  fusion  or  aggregation.  Thorinum  is  not  oxidised  by  water,  either  hot  or  cold. 
According  to  Berzelius,  it  is  but  slowly  attacked  b^  nitric,  sulphuric,  or  hvdrofluoric 
acid,  but  dissolves  easily  in  hydrochloric  acid,  especially  when  gently  heated.  Accord- 
ing to  Chydenius,  it  disolves  easily  in  nitric,  slowly  in  hydrochloric  acid,  and  in 
sulphuric  acid  only  when  heated.  It  is  not  attacked  by  solutions  of  caustic  alkalis. 
(Berzelius.) 

TBOSIVVMCf  BSOmna  OV«  Obtained  by  dissolving  thorina  in  hydro- 
bromic  acid ;  dries  up  to  a  gummy  mass  on  evaporation ;  forms  a  double  rait  with 
bromide  of  potassium.    (B erce  1  ins.) 

TBOHZWUM,  OmSMaXUm  OV.  ThCl*.— PRipared  by  heating  an  inti- 
mate mixture  of  thorina  and  charcoal  in  a  stream  of  diy  chlorine-gas.  The  decom- 
position takes  place  slowly,  and  the  chloride  of  thorinum,  which  is  not  very  volatile, 
IS  deposited  on  the  cooler  part  of  the  tube,  as  a  white  crystalline  sublimate; 
by  renewed  sublimation,  it  may  be  obtained  in  white  shining  crystals  (Berzelius), 
^ich,  according  to  Chydenius,  are  rectangular  four-sided  tiu>les,  having  their  edges 
bevelled  by  planes  inclined  to  the  basal  feces  at  angles  of  129^  T  and  143^  8'.  They 
deliquesce  in  the  air,  and  dissolve  in  water  with  rise  of  temperature  (Berzelius). 
The  chloride  does  not  volatilise  at  440°.    (Chydenius.) 

Hydrate  of  thorinum  dissolves  easily  in  hydrochloric  acid,  and  the  solution,  when 
concoitrated  to  a  certain  strength^-especially  if  it  contains  excess  of  hydrochloric  acid 
— solidifies  to  a  radio-crystalline  mass  of  the  hydrated  diloride.  The  solution,  evapo- 
rated to  dryness,  leaves  a  deliquescent  saline  mass,  which  gives  off  hydrochloric  acid 
at  a  higher  temperature.    Chloride  of  thorinum  is  soluble  in  alcohol. 

Ammanio-tkimnio  chloride^  4NH*Cl.ThCl'.4HK),  is  obtained  b^  heating  a  dr^  mix- 
ture of  chloride  of  thorinum  and  saUammoniao  in  hydrochloric  acid  gas,  dissolving  the 
product  in  water,  and  evaporating  (Chydenius). — Ihtassio-ihorinis  chloride  is  very 
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soluble,  almost  deUqneseent,  but  may  be  dehydrated  by  ignition  in  hydrocUone  acid 
gas.  It  is  likewise  soluble  in  alcohol.  When  heated  with  potassium,  it  yields  metallic 
thorinum.    (Berzelius.) 

Oxychlcride, — In  the  preparation  of  the  chloride,  as  above  described,  this  componnd 
passes  over  with  the  excess  of  chloride  as  a  white  cloud,  which  condenses  to  a  whito 
amorphous  powder.  It  is  decomposed  by  water,  which  dis^lves  chloride  of  thorinomy 
leaving  the  oxide. 

«  « 

TBOBZinrM,  SBTBOTZOir  Asm  BBTZIKATXOir  OV.  Before  the  blow- 
pipe, thorinum  is  distinguished  rather  by  negative  than  by  positive  characters,  its 
oxide  being  unalterable,  infusible,  and  dissolving  with  great  difficulty  in  borax ;  the 
strongly  saturated  bead  becomes  milk-white  on  cooling ;  it  does  not  form  a  coloured 
glass,  either  with  borax  or  with  microcosmic  salt. 

Thorinum  is  precipitated  from  its  neutral  solutions  by  9tdphide  of  ammonium, 
by  ammoniOt  and  hf  potash,  as  a  white  hydrate,  insoluble  in  potash. — 'tlhe  Jixed  alkaline 
carbonates,  and  eauionate  of  ammonium,  precipitate  carbonate  of  thorinum,  soluble  in 
excess  Of  the  precipitant ;  ammonia  forms  no  precipitate  in  this  solution,  as  it  does  in 
the  corren>onding  solution  of  zircon i a. — ^A  solution  of  thorinum-chloride  is  precipi- 
tated hj/errocyanide  of  potassium,  which  does  not  form  any  precipitate  with  chloride 
of  zirconium. —  jMpAateo/*tH>^as8ttfmproduces,  with  thorinum -salts,  a  crystallinepn^cipi- 
tate  of  potassio-thorinic  sulphate,  soluble  in  boiling  water,  but  insoluble  in  excesss  of 
the  potassium-sulphate, — a  character  which  serves  to  distinguish  thorinum  from 
yttrium.  From  cerium  and  the  allied  metals,  thorinum  is  distinguished  by  thq 
reaction  of  its  solutions  with  hyposulphite  of  sodium,  which  precipitates  thorina,  but 
not  the  oxides  of  the  cerium-metals ;  from  cerium  and  didymium  also  by  not  giving 
any  coloured  reactions  before  the  blowpipe. — From  titanium,  tantalum,  and  nio- 
bium, it  is  also  distinguished  by  its  behaviour  before  the  blowpipe,  and  in  solution 
by  its  reaction  with  oxalic  acid,  which  forms  a  white  precipitate  of  thorinum-oxalate. 

Thorinum  is  estimated  as  oxide.  It  is  precipitated  by  ammonia  as  a  hydrate, 
which  on  ignition  yields  the  pure  oxide. 

The  methods  of  separating  thorinum  from  other  metals  are  indicated  in  the  preceding 
paragraph.  Precipitation  mOtsulithate  of  potassium  in  excess  serves  to  separate  it  from 
all  the  metals  contained  in  the  sulphide  of  ammonium  precipitate,  except  zirconium  and 
the  cerium-metals. — From  zirconiait  may  be  separated  by  treating  the  mixed  solution 
with  oxalic  acid,  which  precipitates  both  the  metals  as  oxalates ;  but  on  adding  a  slight 
excess  of  oxalic  acid,  the  oxalate  of  zirconium  dissolves  completely,  leaving  the  oxulate  of 
thorinum  behind  (H.  Hose,  Traiti  de  Chimie  AntUytigue,  li.  101). — ^From  the  cerium - 
metals  thorinum  may  be  separated,  as  already  observed, by  means  of  sodic  hyposul- 
phite, which  precipitates  the  thorinum  as  hyposulphite  (Chydenius).  The  precipita- 
tion, however,  is  not  complete,  and,  according  to  Hermann  (J.  pr.  Chem.  xciii.  106). 
every  1,000  pts.  of  water  retain  in  solution  0*86  pt.  of  thorina,  or  in  presence  of  salts 
rather  less.  To  effect  the  separation,  Hermann  converts  all  the  bases  into  neutral 
sulphates,  dissolves  10  pts.  of  these  mixed  sulphates  in  1,000  pts.  of  water,  and  heats 
the  solution  to  the  boilins-point  with  4  pts.  of  sodic  hvposulphite.  A  precipitate  of 
thorinic  hyposulphite  is  then  formed,  while  the  whole  of  the  cerium-metals  remain  in 
solution.  The  precipitate,  when  ignited,  leaves  pure  thorina,  which  must  be  weighed, 
and  its  weight  corrected  for  the  amount  remaining  in  solution,  amounting  to,  as  above 
stated,  0*86  pt  The  cerium  must  be  previously  brought  to  the  state  of  ceroua  salt, 
if  not  abeady  in  that  state. 

From  titanium,  tantalum,  and  niobium,  thorinum  is  most  easily  separated  by 
precipitation  with  oxalate  of  ammonium. 

Atomic  Weight  of  Thorinum. — The  atomic  weight  of  this  metal  has  been  deter- 
mined by  the  analysis  of  the  sulphate,  Th^SO*  or  ThO.SO*.  B  erzelius,  in  two  experi- 
ments, obtained  the  numbers  119*32  and  11775,  and  from  the  mean  of  fifteen  analyses 
of  potassio-ihorinio  sulphate,  Th'^'(SO*)^  not  agreeing  very  closely,  the  number 
118*2.  Chydenius,  partly  from  his  own  (not  veiy  accordant)  experiments,  and  partly 
from  those  of  Berseliua,  calculates  the  number  118'82.  Delafontaine  (N.  Arch, 
ph.  nat.  xviii.  343 ;  Jahresb.  1863,  p.  198)  found,  as  a  mean  of  a  considerable  number 
of  dosely-agreeing  analyses,  that  the  sulphate  crystallised  from  hot  solutions, 
4ThS0^9H*0,  contains  52*51  per  cent  ThO,  31-92  SO*,  and  15*80  HH);  and  that  the 
salt  crystallised  at  ordinary  temperatures,  2ThSO*.9H'0,  contains  45*06  per  eent  ThO, 
and  28*68  HK) :  hence  the  atomic  weight  of  thorinum  is  found  to  be  1 15*72,  the  num- 
ber now  adopted. 

TBOmzxnraKp  nwrnxom  of.  ThF^— Berzelius,  by  treating  hydrate  of  thori- 
num with  hydrofluoric  acid,  and  evaporating  off  the  excess  of  acid,  obtained  the  fluoride 
as  an  enamel- white,  heavy,  insoluble  powder,  not  decomposed  by  ignition,  and  only  im- 
perfectly when  heated  with  potassium. — The  hydratedjktoride,  ThF*.2H*0,  is  obtained. 
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by  double  decomposition,  as  &  white  gelatinous  |n«dpitate,  which  is  insolnble  in  water 
and  in  hydroflaoric  acid,  gives  off  only  part  of  its  water  at  200^,  and  is  converted  by 
ignition  into  thorina.    (0  hy den  ina) 

Potassio-tAormie  FtuorideB,^-^  The  eomponnd  KF.ThF'.2H^0,  is  produced  by 
boiling  recently  precipitated  hydrate  of  thorinum  with  hydropotassic  fluoride  and 
free  hydrofluoric  acid,  and  separatee  as  a  fine  heav^  powder. — fi.  The  compound 
2KF.4ThF'.H-0  is  precipitated  by  hvdropotassic  fluoride,  from  a  solution  of  thorina 
in  hydrochloric  acid.    (0  h y d e  n i u s.} 

TBOWarUMv  ZOUSDX  or.  Ciystallises  with  difficulty ;  turns  brown  on  ex- 
posure to  light.    (Chydenius.) 

TBOanruX,  oamia  or,  or  TBOSIVA.  ThO.— This,  the  only  known 
oxide  of  thorinum,  is  prepared  from  thorite  or  orangite,  or  from  euxenite. — 
a.  Thorite  or  orangite,  in  fine  powder,  is  decomposed  with  hydrochloric  acid;  the 
silica  is  separated  in  the  usual  way,  by  evaporating  to  dryness,  and  digesting  the  residue 
with  acidulated  water ;  the  filtered  sohttton  is  treated  with  sulphydric  acid  to  sepa- 
rate lead  and  tin ;  and  the  thorina  is  precipitated  by  ammonia,  together  with  small 
quantities  of  the  oxides  of  iron,  manganese,  and  uranium.  The  precipitate  is  redis- 
solved  in  hydrochloric  acid ;  the  nearly  neutral  solution  is  mixed  with  a  hot  saturated 
solution  of  neutral  potassic  sulphate,  whereby  the  thorinum  is  precipitated  as  potassio- 
thorinic  sulphate ;  aiid  firom  the  solution  of  this  salt  in  hot  water,  the  thorinum  is  pre- 
cipitated by  ammonia  as  a  hydrate,  which  on  ignition  yields  anhydrous  thorina.  Or  the 
thorinum  may  be  precipitated  from  the  nearly  neutral  hydrochloric  solution  by  oxalic 
acid,  and  the  oxalate  converted  into  thorina  bv  calcination. 

/}.  Euxenite,  from  Arendal,*  which  contains  about  6  per  cent  thorina,  is  cal- 
cined and  finely  pulverised,  then  heated  with  excess  of  strong  sulphuric  acid ;  the 
resolting  past^  mass  is  digested  with  cold  water,  in  wliich  it  is  almost  wholly  soluble ; 
and  the  solution  is  boiled,  whereupon  it  deposits  titanic  and  niobic  acias;  but  to 
ensure  complete  separation  of  these  acids,  the  ebullition  must  be  continued  for  several 
days.  The  cooled  and  filtered  li<|uid  is  then  treated  with  ammonia  to  precipitate  the 
bases,  the  predpitate  is  dissolved  in  hydrochloric  acid,  and  the  liquid  is  mixed  with  a 
hot  saturated  solution  of  potassic  sulphate  in  excess,  which  precipitates  the  thorinum, 
leaving  the  yttrium,  &c.  in  solution.  The  thorino-potassic  sulphate  may  then  be 
dissolved  in  hot  water,  and  the  thorina  precipitated  by  ammonia.     (Chydenius.) 

Propertut. — ^Anhydrous  thorina  is  white,  and  has  the  high  specific  gravity  9*402 
(Berselius).  Accofding  to  Chydenius,  the  oxide  obtained  by  ignition  of  the 
hydrate  is  greyish-yellow.  By  fusion  with  borax,  in  a  porcelain  furnace,  it  is  obtained 
in  quadratic  crystdbi,  probably  isomorphous  with  tinstone  and  rutile,  and  having  a 
density  of  9-077  to  9*20  (Nord en skj old  and  Chydenius,  Pogg.  Ann.  ex.  642; 
Jahresb.  1860,  p.  134).  The  ignited  oxide  is  insoluble  in  hydrochloric  and  nitric 
acids,  and  dissolves  in  strong  sulphuric  acid  onlv  after  prolonged  heating  to  the  boil- 
ing-point of  the  acid.  It  is  not  rendered  soluble  in  nitric  or  hydrochloric  acid  by 
ignition  with  alkalis  or  i^lkaline  carbonates. 

Hydrate  of  thorinum  is  precipitated  fsom  solutions  of  thorinum-salts  by  caustic 
alkalis,  as  a  gelatinous  mass,  which  soon  sinks  to  the  bottom  of  the  liquid.  When  left 
to  dry  in  the  air,  it  absorbs  carbonic  acid,  and  cakes  into  hard  vitreous  lumps ;  under  the 
air-pump  it  dri^s  up  to  a  white  powder  (B  er  z  e  1  i  u  s).  It  dissolves  readily  in  all  acids, 
excepting  oxalic,  molybdic,  and  nydrofluoric  acids.     (Chydenius.) 

THosnnnc*  oztcb&obxbx  or.    See  p.  786. 

TBOXXmnCt  oanrwnr-SA&XS  of.  These  salts  are  colourless,  and  have  a 
strongly  astringent  taste ;  those  which  contain  volatile  acids  give  up  their  acid  on 
ignition.  The  behaviour  of  the  solutions  with  reagents  has  l^n  already  described 
(p.  786). 

JcetaU  of  Thorinum,  Th"(C*H*0*)«  (at  100°),  forms  croups  of  fine  needle-shaped 
crystals,  insoluble  in  water,  and  only  slightly  soluble  in  dilute  acetic  acid. — The  car- 
bonatr^  Th''C0».3Th'BH)«.H*0,  is  obtained  by  treating  the  hydrate  suspended  in 
water  with  carbonic  acid,  or  by  precipitating  a  solution  of  the  chloride  with  an  alka- 
line carbonate,  as  an  amorphous  precipitate,  which  aggregates  together  in  drying. — 
The  chroTnaUf  Th*CrO*.4H*0,  crystallises  indistinctly  on  evaporating  a  solution  of 
thorina  in  chromic  acid.  A  solution  of  thorinum-chloride  gives,  with  acid  potassic 
chromate,  on  addition  of  ammonia,  a  yeUow  precipitate  of  a  basic  salt. — The  citrate 
and  tartrate  are  gelatinous  precipitates,  obtained  by  adding  citric  or  tartaric  acid  to  a 
neutral  thorinum-salt.— The  formate,  Th"(GH0*/.2iiK),  fbmui  tabular  efflorescent 

*  Thit  nlneral  conUini  (nccordiDg  toCbydenlus)  64*28  per  cent,  nloblc  and  titanic  oxides,  34*59 
jttria  and  erbia,  6*48  thorina,  with  small  qiiantitief  oi  ferrous  and  araoous  oxides,  and  3*60  matter 
Tolatiiised  by  ignition  (-i  97*74>« 
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crystalB^  irbich  pre  off  9*77  pet  l»nt.  WBter  in  drying. — ^The  molyhdate  is  «  white 
flocculent  precipitate,  soluble  in  hydrochloric  acid  (Chydenins). — The  niiraUt 
oxalate,  pk^phaU,  and  nUphaU  are  described  under  their  respective  aoda 

TBORZmiK,  OXTBtr&PSZBB  OV.     See  below. 

VBO&JJiUMv  VBOSVBZBB  OF.  When  thorinum  is  heated  in  phosphortifl- 
Taponr,  the  two  nnite  with  incandescence,  forming  a  grey  metallically  Instfotis  mdsvy 
which  is  not  attacked  by  Water,  and  bnms  to  phosphate  when  heated.  (Berse- 
lins.) 

TSO&UiUM« BVlbPRIllB  OF.  ThS. — ^Thorinnm,  heated  with  snlphnr,  bums 
in  the  vaponr  with  the  same  splendour  as  in  the  air,  forming  a  yellow  pulverulent  snl- 
phide,  which  acquires  metallic  lustre  by  pressure,  and  is  but  slightly  attacked  by  adds ; 
nitromuriatie  acid,  however,  oxidises  it  to  sulphate  (Berselius).  Chydenius,  by  i^t- 
ing  thorina  in  a  mixture  of  hydrogen-gas  and  vapour  of  carbonic  disulphidei,  obtained 
sulphide  of  thorinum  as  a  bbick  mass  of  specific  gravity  8*29,  becoming  ^rey  and  meta]« 
lically  lustrous  by  trituration.  It  is  converted  by  roasting  into  thorina,  is  not  attacked 
by  hydrochloric,  and  onlv  slowly  by  nitric  aci<^  but  dissolves  completely  in  nitromu- 
riatie add.  By  Aision  with  potassium-hydrate  it  is  converted  into  thorina,  and  by  heat- 
ing in  dilorine-gas  into  chloride  of  thonnum ;  it  is  not  altered  by  ignition  in  hydrpgen. 

VHien  thorina  is  heated  only  to  low  redness  in  the  mixture  of  hydrogen  and 
carbonic  disulphide,  an  oxysnlphide  is  formed,  probably  ThS.2ThO.  (Chyde- 
nius.) 

TBOXITBt  Oranatte. — A  hydrated  silicate  of  thorinum,  oocoiring  on  the  island 
of  Lovon,  not  far  from  iBrevig  in  Norway.  It  is  massive  and  compact,  of  black  coloor, 
with  vitreous  lustre,  opaque  to  translucent  on  the  edges ;  streak  greyish-red.  Brittle. 
Hardness  «■  4*5  to  5.  Spedfic  gravity  «■  4*03.  Before  the  blowpipe  it  becomes 
brown-red,  does  not  melt  when  heated  by  itself,  but  forms,  with  borax,  a  glass  coloured 
by  iron,  and  on  addition  of  soda,  exhibits  the  manganese  reaction.  In  its  natural 
state,  it  dissolves  in  hydrochloric  acid,  with  evolution  of  chlorine  and  separation  of 
gelatinous  silica,  but  after  ignition  it  is  scarcely  attacked  by  hydrochl(^c  add. 

The  variety  called  orcmgite,  found  in  the  siroon-syenite  near  Brevig;  is  yellowiah  or 
yellow  to  brown,  yields  an  orange-yellow  powder,  is  translucent  or  transparent  in  thin 
splinters,  has  a  specific  gravity  »  5*2  to  5*4,  and  hardness  ^  4*5. 

Analyses :—  a.  Thorite  (Berzelius,  Pogg.  Ann.  xvi.  885). — b.  Thorite,  black,  almost 
glassy:  spedfic  gravity  »  4*686  (Bergemann,  ibid.  Ixxiii.  561;  Ixxxv.  558). — 
<?,  d,  e,  Orangite:  e  by  Bergemann,  d  by  Damour  {ibid,  Ixxxv.  555),  e  by  Berlin 
(tM.  Ixxxv.  556) : 

SIOX.      Tha    m*.  ¥AOk  MbSOI.  Coa     IbO.  KIO.  HtfO.  FbO.  Snot.  AVOI.  BSa 
a.  19-81    &8  91    1-64    8'46     SMS     S-G9    0l6    0*15   0*11    0-8S    (hOl    0-06    9*66  s    99-M 
ft.    19*S1    5700 9*17  a 

c   17*69    71*15     .  .     0*31     0-Sl      4*04     .  .  0*10  €  90  -■  lOOTO 

tf.  17«5S    71-65    1-lS    0*31     0*88      1*50     .  .     0-14    0-SS    0-88     .  .     0*17    6*14  s  100*14 

o r— ' 

e.   17-78    73-89        0-96 •        .  .      OM 7*18  a  100*07 

The  analysis  of  thorite  by  Berselius  leads  to  the  formula  Th*SiO\2HK) ;  those  of 
orangite  to  the  formula  dTh*Si0^.4H'0 ;  but  the  difference  of  composition  is  most 
probably  onlj  apparent,  and  due  to  impurity  in  the  thorite ;  indeed,  orangite  frequently 
occurs  so  intimately  inter^wn  with  thorite  as  to  show  that  the  two  minerals  are  essen- 
tially identical,  tlie  orangite  being  merely  the  purer  variety. 

Syn.  with  Thobinxtx. 

A  variety  of  hisingerite  firam  Bodenmais  in  Bavaria  (iit.  102). 
(ftom  BpfSd^,  lettuce). — The  inspissated  milky  juice  of  the 
common  lettuce,  Lactuca  saliva  (that  obtained  from  L,  virosa  is  called  lactucarium 
(iii.  464).  It  is  a  grey-brown  or  yellow  bitter  substance,  having  an  odour  like  that 
of  opium,  and  forming  with  water  a  solution  which  has  a  brown-yellow  colour  and  add 
reaction.  Tannin  forms  in  it  a  copious  predpitate ;  ammonia  throws  down  phosphate 
of  caldum ;  nitrate  of  banum,  nitrate  of  silver,  oxalate  of  ammonia,  and  alcohol  pK>- 
duce  turbidity.  It  is  said  to  produce  a  sedative  action,  but  the  nature  of  the  active 
prindple  is  not  exactly  known.    (Handw.  d.  Chem.  viii.  821). 

A  cupric  phosphate  occurring  at  Belzbaaya  in  Hungary. 
[OA-XiIAO.    The  Chinese  name  for  a  eobaltiferous  aluminic  silicate 


used  in  the  manufacture  of  por6elain ;  also  applied  to  a  eobaltiferous  manganese-oreh 
used  for  produong  a  blue  ook>ur  on  porcelain. 


The  branches  of  T%i^'a  occidetUalis,  the  North-American  Arbor  vita, 
contain  an  essential  oil,  wax,  resin,  several  adds  (probably  induding  dtrie  add),  a 


•  With  tracet  of  stannic  and  vuitdlc  oxUm. 
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bittor  priAbiple,  tfugar,  and  two  peeoliar  yellow  oolouring'-mattefB,  called  thnjiii  asd 
thujigenin. 

When  the  green  branches  of  Tkiffa  oeeidentaUB  are  boiled  with  strong  alcohol,  ths 
decoction  on  cooling  deposits  a  waxy  sabstance  in  yellow  flocks*  becoming  white  when 
purified.  This  body,  whose  percentage  composition  is  represented  by  the  formula 
CII'*0,  is  a  mixture  of  a  more  soluble  and  a  less  soluble  substance ;  when  saponified 
by  lime,  it  yields  several  acids  n<^  yet  examined. 

When  the  alcoholic  extract  of  the  branches,  which  likewise  contains  Tolatile  oil,  is 
distilled,  there  remains  a  green  resinous  mass,  said  to  contain  kinovous  acid,  the 
acid  likewise  occurring  in  the  needles  of  the  Scotch  fir  (iv.  650).  The  wateiy  liquid 
separated  .from  the  resin  yields,  on  addition  of  neutral  lead-acetate,  a  yellow  precipi- 
tate containing  thujin,  t(>gether  with  pinitannic  acid  (iy.  661).  Hie  liquid 
filtered  from  this  precipitate  gives,  with  basic  lead-acetate,  a  precipitate  probably  con- 
taining a  little  citric  acid,  together  with  an  amorphous  tamiin,  and  thujigenin.  The 
filtrate  from  this  last  precipitate  contains  sugar,  and  a  bitter  principle,  sa^  to  bo 
identical  with  the  pinipicrin  of  the  Scotch  fir  (iv.  651). 

If  the  branches,  after  treatment  with  boiling  alcohol,  are  exhausted  with  water  con- 
taining a  small  quantity  of  alkali,  the  resulting  solution  deposits,  on  addition  of  an 
acid,  a  gelatinous  substance  having*the  composition  C*H*K)**, 

The  leaves  of  thtya  are  said  to  possess  medicinal  properties.  TSnetura  Tht^'a  has 
been  recommended  as  a  remedy  for  rheumatism,  gout,  intermittent  fever,  &c 

The  essential  oil  of  thuja,  which  passes  over  on  distilling  the  ends  of  the  branches 
and  the  leaves  with  water,  is,  according  to  Schweizer  (Ann.  Gh.  Pharm.  U.  398),  a 
mixture  of  several  oils,  and  contains  77  per  cent,  carbon,  10*9  hydrogen,  and  11*4 
oxygen.  It  is  colourless  when  fresh,  but  soon  turns  yellow  in  contact  wi3i  the  air ;  it 
has  the  odour  of  thiga,  is  lighter  than  water,  and  only  slightly  soluble  therein,  but 
dissolves  easily  in  alcohol  and  in  ether.  On  firactioiutl  distillation,  the  greater  part 
passes  over  between  190^  and  197^,  the  boiling-point  quickly  rising  to  206®,  and  ulti- 
mately a  brown  residue  is  left. 

Crude  oil  of  thuja  dissolves  large  quantities  of  iodine ;  and  on  heatinj;  the  solution, 
a  violent  action  takes  place,  hydnodic  acid  and  a  very  volatile  oil  being  given  off. 
The  residue,  when  fortner  heated,  gives  off  a  dark  viscid  oil,  then  vapour  of  iodine^  and 
leaves  a  residue  of  charcoal. 

When  the  volatUe  oil  just  mentioned  is  repeatedly  distilled  over  iodine,  then  over 
quicklime  and  potassium  in  succession,  it  becomes  colourless,  free  from  oxygen,  like 
turpentine-oil  in  taste  and  odour,  lighter  than  water,  and  boils  between  165®  and  176®. 
Thus  purified,  it  constitutes  Schweizar^s  thujeneor  thujone.  The  viscid  oil,  agitated 
with  potash-ley,  yields  to  that  liquid,  carvacrol  (i.  808),  separable  by  sulphuric  acid. 
The  portion  insoluble  in  potash  appears  to  be  colophene  (i.  1086). 

Oil  of  thijja  is  not  sensibly  altered  by  distillation  with  phosphoric  add, — ^By  oU  of 
iriitiol  it  is  immediately  resinised. — Commercial  nitric  acia  turns  it  dafk-yellow,  with- 
out settine  it  on  fire;  with  potassium  it  resinises  without  giving  off  hydrogen. — 
Hydrate  of  potassium  blackens  thi:ya-oil  immediately,  and  resinises  a  portion  of  it, 
whilst  another  portion  passes  over  unaltered.  Eepeated  distillation  of  the  portion 
which  has  gone  over  with  hydrate  of  potassium  diminishes  its  quantity,  but  does  not 
perceptibly  alter  its  external  characters ;  after  five  distillations,  the  distillate  contains 
78*87  per  cent.  C,  10*98  H,  and  10*16  O.  From  the  black  residue,  water  separates  a 
resin-soap,  soluble  in  pure  water,  while  carvacrol  remains  in  the  alkaline  solution. 
(Schweizer.) 

Syn.  with  Tatxjom. 


TBVJSno  AOIB.  0»H»0".  (Rochleder  and  Kawalier,  Wien.  Akad. 
Ber.  xxix.  14.) — ^This  acid,  which  contains  the  elements  of  8  at.  water  less  than 
thi\jetin  (tf^vi),  is  prepared:  1.  By  boiling  thi\jetin  with  baryta-water,  adding  sul- 
phuric aod  after  a  while,  then  alcohol,  and  filtering  the  liquid  while  hot ;  it  then  separates 
m  microscopic  crystals. — 2.  Together  with  crysteUieable  sugar,  by  boilinff  thigin  for 
some  hours  with  baryta-water  in  an  atmosphere  of  hydrc^en,  till  a  reddish-yellow 
precipitate  is  formed.  On  passing  carbonic  anhydride  through  the  liquid,  filtering,  and 
treating  the  washed  precipitate  with  acetic  add  to  dissolve  the  baryta,  thujetic  acid 
remains  undissolved.  It  forms  lemon-yellow  microscopic  needles,  soluble  in  alcohol,  and 
precipitated  by  water, 

THUJaxm.  C'lFH)".  (Boohleder  and  Kawalier,  Wien.  Akad.  Ber. 
xxix.  l2,y*^A  compound  obtained,  toother  with  crystallisable  sugar,  by  heating  thiyin 
with  dilute  acids ;  the  liquid,  whidi  is  green  at  fint,  becomes  yellow  after  8<»ne  time, 
then  colourless,  and  deposits  thujetin  after  evaporation  of  the  alcohoL  Thiyetin  is 
likewise  obtained  in  the  preparation  of  thujin  and  thujigenin,  in  the  manner  presently 
to  be  described. 
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Thijdfcm  b  neaiiy  imoliible  in  waitr,  bat  diflBolTW  in  dUoikai  and  in  dker.    It  is 

not  altered  by  dilate  J^droehlarie  or  wlpkurie  acid.  Its  aloobolie  solutioD  tmsamtm  m 
splendid  blue-green  ooloor  on  addition  of  itmmomia ;  green  with  wtaak,  beeomlw 
yellow,  and  finally  red-brown  on  standing;  and  then  yie]£nff  red  flottawith  adds.  S 
forms  red  predpitates  with  the  iMiftni^  and  Aoms  acetates  of  lead,  oolonrs/rric  eAforufo 
like  ink,  and  after  a  while  throws  down  a  daik-coloured  precipitate.  It  ooloiirs  stannie 
chloride  dark-yellow,  nitrate  of  tUver  blackish-grey,  and  ^kOkne  cUoride  gradually  yel- 
lo^sh-farown. 

By  boiling  with  barytOFwaUr,  it  is  oonTerted  into  thtgede  acid :  0*^*0^—  ZEPO  «> 


TKV7ZOBVXV.  C'*H*<0>«.  (Bochleder  and  Eawalier,  Wien.  Aksd.  Ber. 
^DX.  10). — ^A  compound  occurring  in  yerr  small  quantity  in  Fronde$  27^;<s,  the  green 
parts  of  T%mfa  ocadentalie,  and  produced,  together  with  sugar,  when  thigin  is  heated 
with  hydrochloric  add  (p.  791). 

PrepUrtUum. — Comminuted  Frondes  Thuja  are  boiled  with  alcohol ;  the  deeoctionia 
strained  and  left  to  cool ;  the  deposited  wax  is  separated ;  the  alcohol  is  distilled  from 
the  filtrate ;  and  the  residue  is  mixed  with  water,  a  few  drops  of  solution  of  neutml 
acetate  of  lead  being  added  to  fiicilitate  the  filtration.  The  filtrate  is  completely  pre- 
cipitated by  neutral  acetate  of  lead,  and  the  yellow  predpitate  (a),  containing  thi\|in  and 
thajetin,  is  used  for  the  preparation  of  these  substances.  The  filtered  liquid,  mixed 
with  basic  acetate  of  lead,  yields  a  second  predi|itate  {b)  containing  thi:gigenin. 

a.  J^eparatum  of  Thinin, — ^The  predpitate  a  is  washed  with  water,  and  dissdlTed  in 
dilute  acetic  add ;  the  liquid  is  filtered  from  undissolved  matter ;  the  filtrate  predpi- 
tated  with  basic  acetate  oil  lead ;  the  washed  pred]>itate  decomposed  under  water  bj 
sulphydric  acid ;  the  liquid  heated  with  the  sulphide  of  lead,  and  filtered  hot ;  the 
sulphide  of  lead  frashed  with  a  small  quantity  of  hot  water;  and  the  filtrate,  after 
being  freed  from  sulphydric  add  by  heating  it  in  a  stream  of  carbonic  anhydride,  is 
evaporated  in  a  yacnom  oyer  oil  of  vitriol.  The  liquid,  after  standing  for  some  days^ 
deposits  crystals  of  thujin,  which  are  collected,  dissolved  in  boiling  water,  with  addi- 
tion of  alcohol,  again  left  to  crystallise,  and  reciystallised  till  the  solution  of  the  sub- 
stance in  weak  spirit  no  longer  turns  sreen  on  addition  of  ammonia.  The  sulphide  of 
lead  still  retains  a  small  portion  of  tnujin,  which  may  be  obtained  by  boiling  with 
alcohol. 

b,  Preparation  of  Thujigenin, — ^The  precipitate  b,  formed  by  basic  acetate  of  lead, 
is  washed,  suspended  in  water,  and  decomposed  by  suljdiydric  add:  and  the  liquid  is 
heated  with  the  sulphide  of  lead,  and  filtered  hot  through  a  wanned  filter.  The  filtzate^ 
heated  as  above  in  a  stream  of  carbonic  anhydride,  and  evaporated  in  a  yacuum,  deposits 
flocks  of  thujigenin.^ 

e.  li  the  cMef  obiect  is  to  obtain  thigigenin,  the  liquids  obtained  by  decomposing 
with  sulphydric  add  the  two  predpitates  {a  and  b)  produced  by  neutral  and  basic  acetate 
of  lead,  are  eyaporated  till  thiyin  and  tnvgetin  separate  out  fnan.  them :  these  sub- 
stances are  remoyed,  and  the  fi.trate  is  mixed  with  hydroddoric  acid,  warmed  in  the 
water-bath  till  it  begins  to  show  turbidity,  and  then  quickly  cooled.  It  then  depodts 
thuiigenin,  which  must  be  collected,  dissolved  in  alcohol,  and  predpitated  by  water. 

By  further  heating  the  liquid  from  which  the  thi\jigenin  has  separated,  and  then 
cooling  it,  thujetin  is  obtained,  contaminated  with  a  red  substance,  from  which  it 
may  be  freed  by  repeated  solution  in  alcohol  and  predpitation  with  water. 

Propertiea  and  Reactions, — Thujigenin  forms  microscopic  needles  yery  slightly 
soluble  in  water,  but  soluble  in  alcohol,  and  predpitated  ahnoet  completely  by  water. 
When  boiled  with  chloride  of  acetyl,  it  turns  red,  and  after  prolongea  action,  is  eon- 
yerted  into  acetyl-thujigenin,  C'*H^O*H'0)H)'^  a  resinous  body  ptedintable  by 
water* 

The  inyestigation  of  thigigenin  is  still  incomplete ;  it  remains  to  be  determined 
whether  this  substance  can  be  formed  artifidaUy,  and  how  lar  it  differs  from  thijetin. 


r.  C*H**0".  (Bochleder  and  K a w al i e r,  fo<?.  «<.)— A crystallisable 
^luooside,  occurring  in  the  green  parts  of  Tht^a  occidentalism  The  mode  of  preparing 
it  has  just  been  described.  240  lbs.  of  Frondes  Tkujm  yidd  only  a  few  grammes  of 
thujin. 

Thujin  fbrms  shining  lemon-yellow  crystals,  appearing;  under  the  microscope  as 
four-sided  tables.    It  has  an  astringent  taste,  and  is  soluble  in  alcohol. 

The  alcoholic  solution  is  coloured  ydlow  by  ammonia  or  potash,  red-brown  with 
access  of  air,  and  yields  a  fine  ydlow  predpitate  with  neutral  or  basic  aeetats  of  lead. 
It  is  coloured  dark-green  hyferriechloiide,  does  not  precipitate  (TiMmc  stdpkaie,platimie 
chloride,  or  nitrate  of  silver,  but  the  silyer-solution  becomes  blackish-grey  on  addition 
of  ammonia. 

Decompositions, — 1.  Thujin  heated  on  platinum-foil  bums,  and  leaves  a  carbonsp 


THUJONE— THYMEID.  791 

eeotiB  robidne,  which  boms  away  elowly,  but  completely.— 2.  When  heated  in  alooholio 
solution  with  dilute  k^drookhrio  or  sidphttrio  adi^  it  tome  green,  then  yellow,  and 
is  resolved  into  thijetin,  which  separates  out,  and  sugar.  100  pts.  thigin  take  up 
7*3  pts.  water,  and  yield  40*48  pts.  sugar  and  66*78  pts.  thigetin : 

2C*^«0«  +  4HH)     =     20«H"0*  +  C«H«0««. 

Th^jigenin  appears  also  to  be  formed  when  thiyin  is  heated  for  a  short  time  with  hydro- 
chloric acid  (p.  790). — 3.  Thujin  dissolves  in  oarytartoater,  forming  a  yellow  solution, 
which,  when  heated,  deposits  an  orange-yellow  precipitate  of  thiyetic  add,  becoming 
dark  reddish-yellow  by  continued  boiling,  while  sugar  remains  in  solution : 

TMV^Ova.  A  volatile  hydrocarbon,  obtained  by  the  action  of  iodine  on  oil  of 
thija  (p.  789). 

See  Efidotb  (ii.  490). 
Syn.  with  AxnnxB  (i.  477). 

OfDenite, — A  silicate  of  iron  and  aluminium,  occuzring  as  an 
flggi^g&te  of  minute  scales,  which  are  distinctly  deavable  in  one  direction,  have  an 
olive-green  colour,  and  nacreous  lustre.  Hardness  »  2*5.  Spedfic  sravi^  «  8*18 
to  3'20.  Before  the  blowpipe  it  melts,  with  moderate  facility,  to  a  black  magnetic 
glass ;  gives  off  water  when  heated  in  a  tube ;  and  dissolves  in  hydrochloric  add,  with 
separation  of  gelatinous  silica. 

Jnalyaes. — a.  From  Beichmannsdorfl^  near  Saalfeld,  in  Thurixigia  (Bamme la- 
berg,  mineralchemiet  p.  8611 — b.  The  same  (Smith,  SilL  Am.  J.  [2],  xviii  872). — 
e.  S^miederbeig,  near  Saalfeld  (Genth  and  Keyser,  tbid,  zvi.  167;  zviii.  410).— 
d,  Potomac  river:  Owenite  (Smith). — «.  The  same  (Genth  and  Keyser): 
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0-40 
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M 
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These  analyses  lead  to  the  formula  2(2FeO.SiO').(Al*0*;re*0*)^0'.4H'0. 

TUlMJIp  OnL  OF.  The  herb  of  ^den  thyme  (I%ymu8  vulfforis,  L.)  yields,  by 
distillation  with  water,  a  volatile  oU,  which  in  the  fresh  state  is  colourless  or  yellowish, 
and  mobile;  the  oil  commonly  occurring  in  commerce,  however,  is  red-brown  or 
brownish-red,  and  becomes  thidker  and  darker  by  age.  It  has  a  pleasant  pungent 
odour  of  thyme,  and  an  aromatic  camphorous  taste.  Its  spedfic  gravity  is  between 
0*87  and  090.  It  dissolves  sparingly  in  water,  in  about  xts  own  bulk  of  alcohol  of 
specific  gravity  0*86,  and  easily  in  ether.  Iodine  acts  bat  slightly  on  oil  of  thyme ; 
eicoholio  potash  dissolves  it.  It  turns  the  plane  of  polarisation  to  the  lefit^  a  column 
100  milUmetzes  long  producing  a  deviation  of  —8^  to  —9°. 

Oil  of  thyme  is  a  mixture  of  at  least  two  hydrocarbons,  namely  thymene,  C'*£P', 
and  cymene,  C'*H",  together  with  an  oxygenated  camphor  or  stearoptene,  called 
thymol,  C^*H*^0  (which  is  said  to  constitute  about  half  of  the  crude  oil),  and  perhaps 
other  oxidised  products  of  the  hydrocarbons. 

On  submitting  the  crude  oil  to  fractional  distillation,  the  thymene  passes  over  be- 
tween 160^  and  166^,  and  the  cymene  between  170°  and  180*^.  This  latter  hydrocar- 
bon may  also  be  separated  from  the  thymene  by  treating  the  mixture  with  strong 
sulphuric  add,  washing  the  undissolved  portion  with  water,  and  rectifying.  The 
hydrocarbon  thus  obtained  has  the  composition  CH**,  and  appears  to  be  identical  in 
every  respect  with  cymene  obtained  &om  Roman  cumin-oil. 

On  continuing  the  distillation  of  the  thyme-oil,  there  passes  over,  between  186°  and 
226^,  a  mixture  of  thymene  (and  cymene)  with  about  j-  pt.  of  thymol,  and  between 
226°  and  336°,  pure  thymol,  which  may  be  separated  from  the  remaining  portions  of 
hydrocarbon  by  solution  in  potash-ley.  (Lallemand,  Ann.  Ch.  Pharm.  a.  119 ;  cii. 
J 19.) 

A  pound  of  thyme  yields,  according  to  different  statements,  from  20  to  90  grains  of 
oil,  the  quantity,  doubtless,  varying  with  the  locality  in  which  the  plant  is  grown. 

Wild  thyme  ( Thymvs  eerpyllum)  yields,  by  distillation  with  water,  from  0*08  to 
0'09  per  cent,  of  a  yellow  oil,  having  an  agreeable  odour  of  lemons  and  thyme,  and  an 
aromatic  bitter  taste.  Alcohol  of  specific  gravity  0-86  dissolves  it  in  all  proportions. 
(Herberger,  KeperL  Pharm.  xxxiv.  41 ;  Zeller,  Studien  ubcr  dthirieche  OeU,  Lan- 
dau, 1860.) 

See  under  Tuymoil  (p.  793). 
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mm™™.  C>*H".  (Lallemand,  Ann.  Ch.  Phys.  [8],  xUx.  166.)— A  hydw>- 
«»rbon  belonging  to  the  camphene-gronp,  and  constituting  Uie  most  ▼oJatile  portion  oi 
the  oil  of  gaiden  thyme,  diatiUing  between  160*>  and  ISS®  (p.  791).  It  may  be 
punfied  by  agitation  with  potaah-ley,  and  repeated  fractional  distillation  over  potas^ 
sinm-hydrate ;  after  this  treatment^  however,  it  usually  still  retains  a  small  quantity 
of  ^mene,  which  may  be  removed  by  fractional  distillation. 

Thymene  is  a  colourless  oil,  having  an  agreeable  odour  of  thyme,  boiling  at  160*» — 
166^  and  of  specific  gravity  0-868  at  20<».  It  deflects  the  plane  of  polarisation  to  ttie 
left,  but  less  strongly  after  repeated  rectification  over  caustic  potash  (Lall  e  m  and).  It 
dissolves  inoUof  vitriol,  with  rise  of  temperature,  and  yields  by  distillation  the  same 
products  as  oil  of  turpentine.— It  absorbs  hydroehlorio  acid  gas,  with  slight  rise  of 
temperature,  and  forms  a  compound  which  remains  liquid  at  —20**,  and,  after  puri- 
fication with  chalk  and  animal  charcoal,  contains  20  per  cent,  chlorine,  (Lalle- 
mand.) 

From  the  volatile  oil  of  the  seeds  of  Ptychotis  jfy'owm,  Stenhouse  obtained,  by  frac- 
tional distillation,  dehydration  with  chloride  of  calcium  of  the  portion  whidi  passed 
over  below  176°,  distillation  over  caustic  potash,  treatment  with  sodium,  and 
rectification,  a  colourless,  strongly  refracting  oil,  having  a  pungent  aromatic  odour, 
different  from  that  of  oil  of  thyme^  of  spe^c  gravity  0-864  at  12<*,  and  boiling  at 
172°.  It  formed  with  hydrochloric  add  gas  a  brown  thin  liquid.  It  contains  88-24 
per  cent  C  and  11-6  H,  and  is  therefore  C"H»«,  and  perhaps  identical  with  IaIIo- 
mand*s  thymene.  According  to  Haines  (Ann.  CJh.  Pharm.  xcviii.  816),  it  consists  of 
^ymene,  C"H". 


Syn.  with  Thixotio  Acid  (p.  796). 

.  This  name  was  applied  by  Gomp-Besanes  to  a   crystallisable, 

slightly  basic  substance,  obtained  from  the  thymus-giand,  which,  however,  he  after- 
wards found  to  be  identical  with  leucine. 


C»«H"0«     (Lallemand,   Ann.  Ch.  Phys.  xlix.  160;   Ann.  CJh. 
Pharm.  cii.  119.) — ^A  product  of  the  oxidation  of  thymol.   It  is  obtained  by  dissolvinir 

s  volume 
potassic 

,   _  ,  ^         -^ passes  over, 

together  with  formic  acid,  and  a  veliow  oil  which  soon  solidifies.    This  substance^ 
which  is  thymoil,  may  be  purified  by  recrystallisation  from  ether-alcohol. 

Hiymoil  forms  reddish-yeUow,  four-sided,  shining,  crystalline  Luminse,  having  an 
aromutic  odour,  recallinff  at  the  same  time  that  of  iodine  and  that  of  chamomile.  It 
is  heavier  than  water,  only  slightiy  soluble  therein,  sparingly  soluble  also  in  alcohol, 
easily  in  ether.  It  melts  at  48°  gives  off  copious  vapours  at  100°,  sublimes  at  a 
stronger  heat,  and  boils  with  partial  decomposition  at  about  236°,  leaving  in  the  retort 
a  dark-red  oily  residue,  which  solidifies  on  cooling  to  a  violet  metallically  lustrous 
mass. 

Thymofl  is  easily  altered  by  light ;  when  exposed  to  sunshine  for  some  days  in  a 
sealed  tube,  it  becpines  quite  black,  and  is  converted  into  a  mixtxuw  of  several  com* 
pounds,  from  whidi  alcohol  extracts  thymoYlol  and  thymeid,  togetiier  with  other 
substances,  and  leaves  a  small  quantity  of  a  yellowish  powder,  consisting  of  oxythy- 
m  oil,  C'*H»«0*.  This  body  is  insoluble  in  water  and  in  alcohol,  sparingly  soluble  in 
ether,  melts  without  decomposition  at  100^  is  insoluble  in  alkalis,  and  is,  on  the 
whole,  a  veiy  indifferent  substance. 

ThymoU  dissolves  in  strong  sulphuric  or  nitric  add  at  ordinary  temperatures,  and 
is  separated  therefrom  unaltered  by  water.  If  the  action  of  the  acids  be  long  con- 
tinued, or  assisted  by  heat,  decomposition  takes  pkoe,  but  the  products  have  not  been 
eoauninedi 

Chlorine  acts  slowly  on  ihymo3,  and  only  when  assisted  by  heat,  forming  chlorinated 
substitution-products. 

Fused  thvmoil  slo^rly  absorbs  dry  amTnof^ia-gaa,  forming  thymoXlamide, 
N.H«  C»"H»»0,  a  d*ffk-red,  uncrystallisable,  hard,  brittle  mass,  which  softens  at 
100°,  so  that  it  may  be  drawn  into  threads,  and  is  soluble  in  alcohol 

In  contact  with  potaek-lw,  thymoil  quickly  absorbs  oi^gen  from  the  ai?,  and  dis- 
solves to  a  farown-fred  liquid,  containing  the  potassinm-salt  of  thy  moilic  acid : 

40>*H»«0»  +  0"     wm     C«fl«0>»  +  H«0; 
ThymoIL  nijmollic 

add. 

The  thymoSIate  of  potussium  may  bf  obtained  by  saturating  the  liquid  witli  carbonic 
acid,  evaporating  to  dryness,  and  exhausting  the  residue  witii  alcohd ;  and  on  decom- 
posing the  solution  of  this  salt  with  hydrochloric  acid,  thymoilic  acid  is  obtained,  in 
dingy-yellow  uncrystalliaable  flocks,  sparingly  soluble  in  water.    All  the  tbymoSlates, 
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exMpt  the  flilTer-  and  lead-suits,  are  soluble  in  water.    The  lead-salt  has  the  composi* 

tion  C«H*>^1>*0»,  showing  that  the  add  is  tribasie. 

Thymoil,  under  the  influence  of  rtducing  aamts  (such  as  nascent  hydrogen^  sul- 
phurous acid,  fenous  sulphate,  and  stannous  duoride),  takes  up  2  at.  hydrogen,  and  is 
conyerted  into  thymoilol,  G**H**0',  a  compound  homologous  with  colourless  hydro- 
quinone  (iii.  213). 

Strong  aqueous  sulphurous  acid  colours  thymoil  dark-violet  at  first,  but  this  oolonr 
disappears  again,  and  after  a  few  days  the  thymoil  is  found  to  be  converted  into  white 
flocculent  thymoilol,  which  may  also  be  obtained,  in  a  similar  manner,  by  treating 
thymoil  with  stannous  chloride,  &c  By  zecrrstallisation  firom  alcohol,  it  is  obtained 
in  small,  ooXoorless,  four-sided  prisms,  which  are  inodorous  and  tasteless,  dissolTo 
sparingly  in  water,  easily  in  alcohol  and  ether,  melt  at  145^,  and  distils  without 
decomposition  at  290^. 

By  the  action  of  oxidiawg  <urmts,  thymoilol  is  reconverted  into  thymoil,  this  trans- 
fbnnation  being  produced  aunost  instantly  by  nitric  acid,  chlorine-water,  ferrie 
chloride^  silvei^nitxate,  or  potassic  dichromate.  In  the  oxidation  of  thymoalol,  however, 
as  well  as  in  the  action  of  reducing  agents  upon  thymoil,  a  transient  violet  coloration 
is  produced,  indicating  the  formation  of  a  body  intermediate  between  thymoil  and 
thymoflol.  This  bodv.  thymeid,  C**H"0*  =  C"H»«0«  (thymoil)  +  C"H'»(y» 
(thymoibl),  is  obtained  pure  by  mizinff  e(|ual  weig;hts  of  thymoil  and  thymoilol  in 
alcoholic  or  ethereal  solution.  The  liquid  then  immediately  assumes  a  blood-red 
colour,  and  yields,  on  evaporation,  violet  crystals,  which  exhibit  by  reflected  light  a 
greenish  metallic  lustre,  like  that  of  the  wing-cases  of  manv  insects. 

From  these  relations,  thymoil  may  be  regarded  as  nomologous  with  quinone^ 
thymoilol  with  colourless  hydroquinone,  and  thymeid  with  green  hydioquinone  or 
qmnhydrone ;  thus, — 

C»*H»H)«  +  C"BPH>»    -     C**H»*0«. 
Thymoil.        ThjmoiloL  Tbymeld. 

C^H)«   +   C«BW)«      «     C'«H>«0*. 
QuiDOoe.     Hydroqninoiie.       Quintajdnioe. 


TBTMOIUCC  JICIB.  V     See  under  Tetxoxl. 
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C"H»*0  =  ^**h"|o.       Thyrnylio    Hydrate.    Thymylie    Alcohol. 

IhymylieAcid.  Ckmipkor  or  SUaropUne  oflhyme^. — ^This  compound,  the  oxygenated 
constituent  of  thyme>oil  (p.  791),  is  isomeric  with  cymylic  alcohol  (ii.  298),  and 
homologous  with  phenoL  It  was  first  obtained  from  thyme- oil  by  Doveri  (Ann. 
Ch.  Pharm.  bdv.  874),  and  afterwards  examined  more  particularly  byLallemand 
(Ann.  Gh.  Phys.  [3],  xliz.  148 ;  Ann.  Ch.  Pharm.  cii.  119) ;  it  appears  to  be  identical 
with  the  stearoptene  of  the  volatile  oil  of  horsemint  (Monarda  punctata,  L.),  which 
was  examined  by  Arppe  (Ann.  Gh.  Pharm.  Iviii.  42),  and  witn  that  of  the  oil  of 
J*tyckotu  ^'owan,  an  East  Indian  umbelliferous  plant,  examined  by  Stenhouse  and 
by  Haines  (iv.  746). 

Preparation. — Thymol  is  obtained  from  thyme-oil,  of  which  it  forms  about  one- 
half,  by  fractional  distillation,  passing  over  chiefly  between  225°  and  235^.  The  more 
volatile  portion,  hpwever  (chiefly  consisting  of  thvmene  and  cymene,  p.  791), 
likewise  contains  considerable  quantities  of  thymol,  which  may  be  obtcuned  by  agitating 
.the  liquid  with  soda-ley,  separating  the  undissolved  oil,  diluting  the  alkaline  solution 
with  water,  and  supersaturating  it  with  hydrochloric  acid.  Part  of  the  thymol  some- 
times crystallises  spontaneously  from  the  thyme-oil  on  cooling.  Thymol  is  purifled 
by  crystallisation  ftom  alcohol. 

Thymol  is  likewise  obtained  from  the  volatile  oil  of  horsemint,  and  from  that  of 
PtydoUe  Ajowan  by  fractional  distillation  and  recrystallisation. 

Propertus. — Thymol  crystallises  in  transparent  rhomboidal  plates,  with  angles  of 
97^  30',  striated  parallel  to  the  lateral  fsfies,  and  often  aggregated  into  irregular  six* 
sided  tables  (Arppe).  Prom  the  oil  of  Ptychotis  jf^'owan,  it  crystallises  (acrarding  to 
W.  H.  Miller)  in  rhombohedral  crystals ;  from  alcoholic  solution  in  very  thin  plates, 
which  appear  monoclinic  in  consequence  of  the  great  development  of  two  parallel 
zhombobiMiral  fhces.  (For  the  angular  measurements,  see  Gfnelin*a  Handbook,  xiv.  410.) 

Thymol  has  a  mild  odour,  which  (according  toLallemand)is  quite  distinct  frt>m 
that  of  thyme-oil,  and  an  aromatic  peppeiy  taste.  In  the  solid  state,  it  is  somewhat 
heavier  than  water;  speciflc  gravity  »  1*0286;  in  the  liquid  state  rather  lighter. 
It  does  not  act  on  polarised  light  Its  melting-point  is  variously  stated.  According 
to  Lallemand,  it  molts  at  44°  to  a  colourless  liquid,  and  remains  fluid  for  a  long 
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time  after  eooling;  bnt  if  pure,  it  HQlidiflew  immediately  when  touched  hy  a  solid  hody^ 
Accoiding  to  Arppe,  it  melts  at  48^,  and  does  not  sohdifjr  till  cooled  to  27^.  ThjmH 
from  the  oil  of  PtyohoHs  Motoan  melts,  aeooidiDg  to  Haines,  at  63^ ;  according  to 
Btenhonse,  at  44^.  Thymol  boils  at  230^  (Doreri;  Lallemand),  at  231^ 
(Haines),  at  222^ (S t en h o u s e),  and  distils  without  decomposition.  Vaponr-densily, 
ohs.  ->  6'4;calc  »  5*2. 

Thymol  dissolves  in  about  300  pts.  of  toaier,  easily  in  alcohol,  ether,  and  strong 
acetic  acid,  and  is  not  precipitated  from  the  alcoholic  solution  by  water.  It  is  not 
altered  by  aqueous  ammonia,  but  takes  up  a  laige  quantity  of  gaseous  ammionia, 
becoming  liquid,  but  resolidi^ng  after  the  ammonia  has  escaped*  It  dissolTes  in 
aqueous  potash  and  soda,  forming  compounds  which  are  soluble  in  water  and  in  alcohol ; 
but  are  veiy  unstable^  beiog  decomposed  by  acids,  even  by  the  carbonic  acid  of  the  air, 
with  separation  of  thymoL 

When  thymol-vapour  is  passed  over  soda4iiM  heated  to  dull  redness,  no  gas  is 
evolved,  but  a  ciystallisable  thvmolate  of  sodium,  CH^'NaO,  is  formed,  which 
melts  when  heated,  and  when  dissolved  in  water  forms  precipitates  with  mercuric  chloride 
and  silver-nitrate.  The  mercurj-compound,  which  is  a  basic  8alt>  O*H"Hg^'0'. 
Hg^O,  has  a  greyish-violet  colour,  is  not  decomposed  at  ordinary  temperatures  by  (Slnte 
sulphuric  or  nitric  acid,  but  is  decomposed  by  hydrochloric  acid,  with  separation  of 
thymol.  Alcoholic  thymol  does  not  precipitate  the  alcoholic  solution  of  neutnd  lead- 
acetate;  neither  does  it  precipitate  silver-nitrate,  even  after  addition  of  ammonia. 

Decompositions  of  ThyTnal, — 1.  Thymol  is  somewhat  altered  by  repeated  disttllatioii, 
the  liquid  which  passes  over  containing  less  carbon  than  the  original  substance 
(S  ten  ho  use). — 2.  It  is  decomposed  \i^  phosphoric  anhydride,  but  the  products  have 
not  been  obtained  in  very  definite  form. — 3.  Strong  etdphwrie  acid,  at  50^ — 60^, 
converts  it  into  thy  my  1  sulphuric  acid  C**H''SO*;  but  when  heated  with  excess  of 
,  sulphuric  acid»to  240°,  ityields  sulphodraconic  acid  (p.  521). — 4.  It  dissolves  in 
glacial  acetic  add,  and  subsequent  addition  of  sulphnric  acid  forms  acetothymyl- 
sulphuricacid,  C"H»-SO»  »  (C«H«0)(C"H'»)SO*  (Lallemand).— 5.  Thymol  is 
easily  oxidised  by  chromic  acid,  or  by  a  mixture  of  sulphuric  acid  and  manganic  per- 
oxide, yielding  a  distillate  containing  formic  acid  and  thymoil,  C*'H**0'  (p.  792), 
and  a  residue  consisting  of  a  brown  acid,  solid  and  friable  at  ordUnary  temperatnree, 
and  dissolving  with  dark-red  colour  in  alcohoL — 6.  Nitric  acid,  whether  dilute  or 
concentrated,  acts  violentiy  on  thymol,  giving  off  nitrous  and  carbonic  anhydrides, 
and  forming  a  number  of  products,  chiefly  resinous  bodies,  and  a  Isige  quantity  of 
oxalic  acid. — 7.  Chlorine  in  di£fused  daylight  acts  with  great  violence  on  thymol,  with 
rise  of  temperature,  and  elimination  of  hydrochloric  acid  gas,  the  thymol  remaining 
liquid,  and  assuming  a  wine-red  colour  at  the  beginning  of  the  action.  If  too  great 
heat  be  avoided,  the  product  consists  of  trichlorothymol ;  then,  if  the  passage  of  the 
chlorine  be  continued  in  bright  daylight,  a  very  viscid  oil  is  farmed,  from  iriiich  penta- 
ehlorothymol  gradually  crystallises  (Lallemand). — 8.  Oil  of  ihgme,  distilled  with 
8  pts.  chloride  of  lime  and  24  pts.  water,  yields  chloroform  (Chautard,  Compt.  rend, 
xxxiv.  485). — 9.  Bromine,  in  sunshine,  converts  thymol  into  pentabromothymol 
(Lallemand). — 10.  Thymol  is  not  altered  by  hydrochloric  acid  (Stenhouse). 
When  hydrochloric  acid  gas  is  passed  over  thymol,  it  quickly  assumes  a  brown, 
and,  after  removal  of  the  excess  of  hydrochloric  acid,  a  purple-brown  colour,  but  does 
not  increase  in  weight  by  more  than  2  to  3  per  cent.,  even  when  heated;  on  distilling 
the  product,  unaltered  thymol  is  first  obtained,  then  a  red  substance  (Arppe). — 
11.  Thymol  gently  heated  with  sodium  in  a  stream  of  carbonie  anhydride,  takes  up  the 
elements  of  the  latter,  forming  thymyl-carbonicacid,  C"H»K)»  =:  C'»H»H).CO«, 
together  with  thymotic  acid,  an  acid  isomeric  therewith.  (Kolbe  and  Lautemann, 
p.  795.) 

Derivatives  of  Thymol. 

Pentabromofbymolf  0'*H'BrK). — ^Thymol  subjected  to  the  action  of  bromine, 
ultimately  in  snnshine,  is  completely  converted  into  a  solid,  white,  earthy  mass  of  penta- 
bromothymol, which  may  be  recrystallised  from  ether,  melts  at  a  rather  high  tempe- 
rature, with  incipient  decomposition  and  evolution  of  hydrobromic  acid,  but  apparently 
iiithout  simultaneous  formation  of  hydrocarbon.    (Lallemand.) 

Cldorotlijmols*— a.  Trichlorothymol,  C^'^H^Cl'O,  is  obtained  by  passing 
chlorine-gas  into  thymol  in  diffused  daylight  (taking  care  to  avoid  too  much  heating), 
till  the  thymol  has  absorbed  a  quantity  of  chlorine  equal  to  two-thirds  of  its  weight. 
On  leaving  the  product  to  stand,  long  yellow  needles  are  formed,  which  ultimately  cause 
it  to  solidify :  they  may  be  purified  by  expressing  the  remaining  liquid,  and  reerystal- 
lising  from  ether-alcohoL  . 
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TRchlorothyniQl  cfTstaUises  in  lemon-yellow,  obUqne  rhomlne  nrioiiB,  wUdk  melt 
at  61^,  and  haye  an  intoxicating  odour.  It  deoomposea  at  180^. — 'Meatrd  with  oU  of 
vUrM  to  100°,  it  is  oonrerted  into  a  colourless  liqnid,  which  floats  on  the  oil  of  Titriol, 
Bolidifles  on  cooling,  and,  after  solution  in  aqneons  potash,  precipitation  with  hydro- 
chloric acid,  and  drying,  fonns  silky  talc-Uke  flocks.  This  substance  has  at  fint  an 
agreeable  odour  of  benzoin,  melts  at  45°,  and  distils  without  decomposition  at  260°  ; 
it  disBolres  in  ammonia,  and  forms  a  salt  crystallising  in  slender  needles, — whence  it 
is  probably  trichlorophenol,  with  which  it  appears  to  agree  in  composition. 

/3.  Pentaehloroihymol,  G>*H*C1*0.  (Lallemand, /oc.  ei«.)— When  thymol  is 
exposed  for  a  considerable  time  to  the  action  of  dry  chlorine-gas  m  bright  daylight,  a 
reddish-yeUow  glutinous  oil  is  formed,  in  which,  after  a  while,  crystals  oS  penta^oxo- 
thymol  appear :  they  may  be  purified  by  reeiystaUisation  from  eUier. 

This  compound  fiMrms  colourless,  yery  hard  crystals,  baring  the  form  of  tricUoro- 
thymol  (according  to  another  statement  of  Lallemand,  it  lus  the  form  of  thymol), 
melting  at  98°.  It  decomposes  at  200°  giring  off  hydrochloric  add  gas  and  tritylene- 
gas,  G'H',  while  a  solid  product  (trichlorotoluenol,  C'H*G1'0)  ooUects  in  the  neck 
of  the  retort,  and  cfaazooal  remains  behind : 

2C^'H»C1»0     «     CH^Cl'O   +  C»H«  +  7HC1  +  CO  +  0». 

In  one  experiment,  in  which  very  pure  pentachlorothymol  was  heated,  the  carbome 
oxide  evolved  towards  the  end  of  the  process  was  mixed  with  marsh-ffas,  and  the  solid 
distillate,  melting  at  160*^,  and  crystallising  from  alcohol  in  needles,  bad  the  composi- 
tion of  tetrachlorotoluenol: 

4C'*H]K31K)     -     2C»H*C1*0   +  2C»H«  +   12HCa  +   CH*  +  200  +  C". 

Impure  pentachlorothymol  yielded  also,  by  distillation,  a  laige  quantity  of  liquid  pro- 
duct, which,  after  the  solid  products  had  been  remored  by  weak  potash-ley,  boiled  at 
265°  (or,  according  to  Lollemand's  first  statement,  at  365°),  and  nad  the  composition 
of  dichlorocumene,  C»H>"C1*. 

HitroUiymols* — These  compounds,  which  possess  acid  properties,  axe  probably 
formed  by  Uie  direct  action  of  nitric  add  upon  thymol,  but  they  are  more  easily  pre- 
pared from  thymylsulphuric  add.     (Lallemand,  Ann.  Ch.  Phys.  [3],  xlix.  162.) 

a.  Dinitrothymol,  or  Dinitrothymic  Acid,  C"fl"(NO*)«0.— When  nitric  add 
is  slowly  dropped  into  thymylsulphuric  acid,  or  into  the  solution  of  a  thymylsulphate,  the 
liquid  becomes  slightly  warm,  and  deposits  dinitrothymol  as  a  reddii^  oil,  which  soon 
solidifies  in  crystals.  This  compound  melts  at  55°,  is  sparingly  soluble  in  water, 
and  dissoWes  in  all  proportions  of  alcohol  and  ether.  It  is  conyerted,  by  a  mixture  of 
nitric  and  sulphuric  acid,  into  trinitrothymol,  and  by  alcohol  and  sulphuric  add,  into 
ethylic  dinitrothymolate. — ^With  bases  it  forms  salts,  which  czystallise  in  silky  needles, 
detonate  at  150°,  and  dissolye  sparingly  in  water,  to  which  howeyer  they  impart  a 
strong  colour. — ^The  potassiuTn-aali  is  orange-yellow  in  the  anhydrous,  red  m  the 
hydrated  state,  yery  slightly  soluble  in  water.— The  lead^salt,  C»H"Pb"(NO«),  is  wiy 
sparingly  soluble  in  water ;  so  likewise  is  the  silver-salt, 

fi.  Trinitrothymol,  or  7r  tut  ^ro^  Ay  mt<T^0t<;,C**H"(NO*)'O.— To  prepare  this 
compound,  dinitrothymol  is  dissolved  in  sulphuric  add,  and  a  small  quantity  of  nitric 
acid  is  gradually  added,  without  allowing  the  mixture  to  get  hot.  On  diluting  with 
water,  yellowish  fiocks  of  trinitrothymol  are  predpitated,  which  may  be  recrystallised 
from  boiling  water.  It  forms  beautiAil  yellow  needles,  which  melt  at  100°,  and 
decompose  suddenly  at  a  higher  temperature ;  dissolves  sparingly  in  cold  vfater,  easily 
in  aleokol  and  in  ether, — A  mixture  of  oil  of  vitriol  and  alcohol  readily  converts  it  into 
solid  trinitrothymic  ether. 

It  unites  with  bases,  forming  yellow  or  orange-yellow  salts,  which  detonate  at  160°, 
and  dissolye  in  water  more  readily  than  the  dinitrothymates.  The  aqueous  solution  of 
trinitrothymate  of  potassium  predpitatM  the  salts  of  the  heavy  metals. — Trinitrothy' 
mate  of  lead  contains  28*83  per  cent.  lead-oxide,  and  is  therefore  C*HTb'(NO*)H)*. 


C»'H"0»  «  C"H"O.CO».  (Kolbe  and  Lautemann, 
Ann.  Ch.  Pharm.  cxy.  206,)—Thla  acid,  isomeric  with  thymyl-carbonic  add, 
C'^H^.H.CO',  is  prepared  by  gently  heating  thymol  with  sodium  in  a  flask  through 
which  a  rapid  current  of  carbonic  anhydride  is  passed.  A  viscid  yellowish-brown  mass 
is  thereby  formed,  containing  thymvl-carbonate  and  thymotate  of  sodium ;  and  by 
decomposing  this  mass  with  hydrocnloric  acid,  sgitating  the  liquid  with  excess  of 
ammonium-carbonate,  and  boiling  down  the  liquid  separated  from  the  thymol  till  it 
exhibits  a  faint  acid  reaction,  a  dear  solution  of  sodic  thymotate  is  obtained,  from  which, 
on  addition  of  hydrochloric  add,  thymotic  add  separates  in  colourless  flocks,  containing 


796  THYMOXroE— THYMTTS-GLAND. 

ttlittlevesin.    KuporifiedbydutfllatioDwith  water, pacUj going OTWwUh  the i^ 
and  paiUj  lemainiiig  as  a  ciystalliiie  deposit  in  the  ocmdeneing  tube. 

Tbymotic  add  thus  prepared  is  a  white,  looselj  coherent,  crystalline  maee,  having 
a  sili^  lustre.  It  is  nearly  insoluble  in  cold,  and  only  slightly  soluble  in  boiling 
water ;  from  the  boiling  satmrated  solution  it  crystallises,  by  slow  cooling,  in  long  slen- 
der needles ;  when  boUed  with  water,  it  gives  off  pungent  irritating  Taponrs.  It  melts 
at  120^,  expands  in  solidifying,  and  may  be  sublimed  without  alteration. 

Thymotic  acid,  left  in  contact  with  a  warm  solution  of  ferrie  chloride,  dissolves  with 
fine  blue  colour;  the  neutral  solution  of  the  ammonium-salt  is  immediately  coloured 
deep  blue  by  ferric  chloride. — Thymotic  add  heated  with  caustic  baryta  is  xesolved 
into  thymol  and  carbonic  anhydride.    (Kolbe  and  Lautemann.) 

By  pcntachloride  of  phosphorus,  it  is  converted  into  thy  mo  tide  (Naquet) : 

c»H»*o»  +  pa»  =  Pci«o  +  2Hca  +  c"h>«o«. 

Thjmatie  ThTmcitlde. 

acid. 

The  thy motates  of  the  aUkali-^netals  are  soluble  in  water. — The  hariunirsalt  is  obtained 
in  large  tables  or  laminae,  by  dissolving  the  add  in  baryta-water,  and  separating  the 
excess  of  baryta  with  carbonic  add,  or  by  mixing  thymotate  of  ammonium  with 
chloride  of  barium,  and  evaporating.  The  lead-,  copper-,  and  silver-salts  are  flooculent 
predpitates. 

TBTKOTIBa.  C"H*'0*.  (Naquet,  BolL  Soe.  Chim.  [1865],  ii.  92.)— A  body 
produced  by  the  action  of  pentachloride  of  phosphorus  on  thymotic  add  {supra\  or  by 
heating  the  latter  to  200^  with  phoephoric  anhydride.  To  prepare  it,  1  at.  sodic  thy- 
motate isbeated  with2  at  phosphoric  pentachloride  (the  action  begins,  however,  in  the 
cold),  the  heat  being  ultimately  raisea  to  200^.  Hydrocliloric  acid  and  phosphoric 
oxychloride  are  then  given  off,  and  a  pasty  mass  remains,  which,  when  freed  from  the 
oxychloride  by  water,  dissolves  completely  in  ether.  The  ethereal  solution  leaves,  on 
evaporation,  a  gummy  residue  free  from  chlorine,  which  gives  up  to  boiling  water  an 
acid,  forming  a  white  precipitate  with  ferric  salts  (probably  thymyl-phosphoric  add) ; 
from  die  residue,  dilute  potash  extracts  thymotic  add.  The  portion  then  remaining 
undissolved  consists  of  thymotide  and  a  yeUowish  redn  having  nearly  the  same  com- 
position. 

Thymotide  crystallises  from  alcohol  in  white,  mostly  microscopic  needles^  which  melt 
at  187^,  are  not  altered  by  hot  potash-ley  or  by  heating  to  200^  with  water,  but  by 
fusion  with  potassium-hydrate  are  converted,  without  evolution  of  gas,  into  thymotic 
acid. 

See  THTiiB,  On.  of  (p.  791). 

lAVB.  (Gorup-Besanez,  Ann.  Ch.  Phann.  Ixxxix.  116 ;  xcviii. 
1. — Stadeler  andFrerichs,Miilley8  Archiv.  [1854],  p.  383 ;  Wiener  med.  Wochen- 
echr.  [1854],  No.  30 ;  Veriiandl.  d.  naturforsch.  Gesellsch.  z.  Ziirich,  Bd.  iii.  u.  iv. ;  J.  pr. 
Chem.  Ixxii.  48. — Scherer,  Ann.  Gh.  Phann.  evil.  814. — Friedleben,  Die  Physuy- 
logieder  Thymuedruse,  Fnmkfurt,  1858.) — This  gland,  called  *' sweetbread "  in  the 
calf  and  lamb,  is  an  organ  dtuated  in  front  of  the  pericardium  and  the  large  vessels 
arising  from  the  base  of  the  heart.  In  the  embryo  and  the  infant,  it  has,  in  pro- 
portion to  the  rest  of  the  body,  a  very  considerable  size,  but  in  afteivlife  it  becomes 
comparatively  smaller,  and  at  last  nearly  disappears.  It  has  been  found  to  contain, 
besides  water  and  the  chemical  constituents  of  its  solid  tissue,  the  following  organic 
compounds: — soluble  albumin,  leucine^  sarcine,  xanthine,  volatile  £&tty  adds  (in- 
cluding formic  and  acetic  acids),  also  lactic  add,  succinic  add,  sugar,  and  extractive 
matterSL  The  inorgamc  constituents  are  potash,  soda,  magnesia,  lime,  phosphoric 
acid,  sulphuric  acid,  chlorine,  and  ammoniacal  salts.  Gtnup-Besanez  found  in  the 
tbymus-gland  of  the  cal^  a  crystallisable,  slightly  basic  substance,  which  he  at  first 
regarded  as  a  peculiar  compound,  and  designated  as  thymine,  but  he  afterwards 
found  that  it  was  identical  with  leudne.  The  juice  of  the  fresh  gland  mostly  has 
a  slight  add  z^Miction,  rarely  alkaline  or  neutral. 

According  to  Friedleben,  the  quantity  of  fiiit  in  the  gland  increases  condderably 
with  the  age  of  the  animal,  whereas  the  amounts  of  gluten  and  albumin  exhibit  but 
small  differences  at  different  ages.  The  proportion  of  earthy  phosphates  gradually 
increases,  with  the  growth  of  the  animal,  up  to  a  certain  point,  and  c^rwuds  diminishes. 
The  amount  of  potash  exceeds  that  of  soda.  Friedleben  fonnd  the  quantity  of  potash 
at  all  periods  of  life  to  be  nearly  constant,  varying  only  from  31*8  to  82*8  per  cent., 
whereas  the  soda  in  a  calf  of  ten  days  to  three  weeks  old,  amounted  to  only  16  per  cent., 
while  in  young  oxen  of  twelve  to  eighteen  months  it  was  from  23  to  24  per  cent  The 
Ai^ueous  extract  of  the  thymus-gland  of  the  calf  leaves  an  ash  almost  wholly  soluble 
in  water,  and  containing  potash  in  large  quantity,  pyrophosphoric  add,  and  dbloride  of 
sodium,  together  with  small  quantities  of  magnesia  and  sulphuric  acid.  Gomp-Besanea 
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loand  the  proportioti  of  potiuh  to  sodn  in  one  case  to  be  2*18  :  0*60 ;  in  another, 
9*05  :  3*21.  The  quantity  of  phoephoricaeid  (anhydride  ?)  to  that  of  chlorine  was,  in  one 
experiment*  as  23*26 :14'34.  According  to  Fried le ben,  the  quantity  of  lime 
in  the  thymns  exceeds  that  of  magnesia;  Gornp-Besanex,  however,  fonnd  the 
contraiy  proportion.    (Handw.  d.  Ghem.  yiii.  886.) 

O^'H'*. — ^The  ndide  of  thymol  and  its  deriyatiyet. 


or.    C**H*'.H. — Cymene  (ii.  206)  may  be  snpposed  to 
be  thns  oonftitnted. 

(SO*)") 

TsnmuiviiVBimxo  acbd.  c>*h>«so«  -  (C*^")HSO«  -  c*«h»>0'. 

Sulpkothymie  And,  (Lallemand,  Ann.  Gh.  Phys.  [31,  xUz.  150<)--Thymol  dis- 
solves abundanUy  in  oil  of  yitriol  at  60^ — 60^,  and  soudifies  on  cooling  to  a  ayS'' 
talline  mass,  having  only  a  faint  red  oolonr.  By  dissolving  this  mass  in  water, 
and  satumting  the  solution  with  carbonate  of  barinm  or  carbonate  of  lead,  sul- 
phothymate  of  barium  or  lead  is  obtained,  from  which  the  suiphothymic  acid 
may  be  separated,  and  crystallised  by  evaporating  its  aqueons  solution  in  a  vacuum. 
It  ciTBtallises  in  translucent  pearly  tables  or  prisms,  which  contain  C**H**SO*.H'0« 
and  do  not  deliquesce  on  exposure  to  the  air,  but  are  veiy  soluble  in  water. 

Its  aaueoua  solution,  treated  with  nitric  acid,  forms  dmitrothymol ;  with  sulphuric 
acid  ana  peroxide  ofmanffonese,  or  diehromaie  ofpotauiumy  it  forms  thymoQ  (p.  792). 

With  bases  it  forms  the  thymyl^  sulphates,  C**H"MSO^  which  cnrstallise  in 
forms  of  the  monoclinic  system.  They  decompose  at  120^,  with  violet-red  colouringi 
and  volatilisation  of  thymoL — ^The  ammonium'eaUj  which  separates  from  its  aqueous 
solution  in  well-developed  cxystabi,  also  the  jpotasektm-  and  eodium-'eaUs,  leave,  when 
thus  treated,  anhydrosmphates.*  The  sulphothymates  dissolve  very  easily  in  water  and 
in  absolute  alcohol,  somewhat  less  in  ether. 

AeetotXymyleulphurie  Acid,  C>«H'«SO»  =  ^**^**(^2*^)|sO*.    SvJpluueiO' 

thymic  Acid.  (Lai  1  em  and,  loe.  cU.) — ^When  thymol  is  dissolved  in  glacial  acetic 
acid,  and  oil  of  vitriol  containing  a  little  anhydrous  sulphuric  add  is  added  to  the 
mixture,  combination  takes  place  at  a  gentle  heat ;  and  the  liquid,  on  cooling,  depoeits 
a  crystalline  mass,  which  must  be  dried  on  porous  earthenware,  and  freed  from  excess 
of  acetic  add,  by  leaving  it  over  quicklime  in  a  vacuum. 

The  add  is  soluble  in  water.  With  bases  it  forms  crystallisable  salts,  which  become 
anhydrous  without  decomposition  at  110^,  but  are  decomposed,  with  liberation  of 
acetic  add,  when  their  aqueous  solutions  are  boiled  or  quicUy  evaporated.  The  salts 
are  soluble  in  water  and  in  alcohoL 

StdphaeeUAhymate  of  Barium,  C^H^fBa^SK)**,  is  obtained  by  saturating  the  add 
with  carbonate  of  barium. 


C"H"SO*,    8yn.  with  CnnrLSULPHUROUs 
Acid  (ii.  299). 

TICIIWAS  V0X80V.  An  anow-poison,  used  by  the  Tecunas  (or  Ticunas)  and 
other  Indian  tribes  dwelling  near  the  Amason.  When  given  to  animals,  it  produces 
strong  convulsions,  lasting  for  hours.  It  probably  contains  pierotoxin,  like  other 
South-American  airow-poisons;  but  it  has  not  been  accuratdy  investigated* 

OSB.    The  earthy  variety  of  native  cuprous  oxide  (ii.  70). 

Selenide  of  lead  and  cobalt  (iii.  667)> 

A  genus  of  mooocotyledonous  plants,  belonging  to  the  natural 
order  Bromdiaces,  T.  ueneaidee  (called  Barbe  de  viAlard  by  the  French,  BaH>a  de 
Poo  by  the  Portuguese)  is  a  parasitical  plant,  growing  on  trees  in  Carolina  and  the 
West  Indies,  and  having  long,  wiry,  contorted  stems,  which  creep  along  the  trunks  and 
branches  of  old  trees,  and  sometimes  hang  down  in  a  bunch,  like  the  hairs  of  a  horse's 
taiL  These  stemF,  when  stripped  of  their  leaves  and  bark,  are  used  as  packing 
material  instead  of  horsehair.  Tillandsia  recwrvata,  growing  in  Pern,  is  also  used  for 
the  same  purpose. 

According  to  Avequin  (J.  Fharm.  [3],  xxxv.  95),  100  pts.  of  the  dried  plant  of 
T.  uemedidee  [at  what  temperature  ?]  yield  3*23  per  cent,  ash,  containing,  in  100  pts., 
36*4  carbonate,  phosphatet  sulphate^  and  chloride  of  potassium,  18*6  lime  and  carbo- 
nate of  caldum,  28-6  phosphates  of  caldum  and  magnesium,  and  17'4  silica,  with 
traces  of  lime  and  magneda. 

•  UnleM  tbe  wlu  contain  water  of  crjitallisatlon,  it  is  not  eacy  to  onderttand  how  thrmol  can  be 
formed  from  their  decompotitlon,  inaimuch  as  It  contains  14  at.  hydrogen,  whereas  the  anhydrous  sal- 
pbothymatetcootainonlyMat.:  2CioHisMSO«  s*  (SC^HHO  -  WO)  +  IfssO^.SO*. 
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TUlmtdiia  diamihndea  (L.),  an  air-plant^  which  does  not  grow  in  immediate  contnci 
with  the  soil,  nevertheless  contains  from  6  to  8  per  cent,  ash,  consisting  chiefly  of  silica, 
together  with  lime  and  magnesia,  and  traces  of  alkalis,  phosphoric  acid,  manganese, 
iron,  snlphnric  acid,  chlorine,  &e.    (De  Lnca,  Compt.  rend.  li.  176.) 

TIMA«  A  medicinal  preparation,  introdnced  of  late  years  as  a  remedy  for  phthisis. 
It  is  imported  &om  Tampioo,  and  is  said  to  be  prepared  as  a  syrup,  hy  houing  the 
irnits  of  Cresemtia  edulis  with  sugar,  and  mixing  the  product  with  almond-oil. 
(Arch.  Fharm.  [3],  evil.  375 ;  Handw.  d.  Cliem.  viii.  840.) 

TIMAZITB.  Breithaupt's  name  for  a  rock,  occurring  in  Eastern  Serna,  formerly 
regarded  as  belonging  to  the  tzachytee.  It  is  porphyritic,  and  related  to  dioritSb  or  to 
the  so-called  greenstones. 

Tnr»  EUdn.  Zinn,  Siannum. — Atomic  weight,  118;  Symboly  Sn.— This  metal 
has  been  known  ftom  the  earliest  times :  it  is  mentioned  by  Moses  (Numbers  zzxi. 
22).  The  Fhouddans,  long  before  the  Christian  era,  fetched  the  metal  Kae-o-frcpof 
from  the  British  Isles,  anciently  called  the  Cassiteiides.  The  word  Kaeaimpos 
appears,  howerer  to  hare  been  applied  in  very  ancient  ^mes,  and  the  Latin  word 
tii/tnwn  somewhat  later,  not  so  much  to  tin  as  to  certain  white  metallic  alloys; 
at  all  events,  tin  and  lead  were  regarded  as  similar  metals,  and  were  often  con- 
founded. £ven  Pliny  sometimes  does  not  use  the  word  stannum  for  tm,  but  desig- 
nates this  metal  as  Huimhum  atbum,  s.  candidum,  in  contradistinction  to  lead,  or 
Flumhum  migrum.  It  was  not  till  the  fourth  century  of  the  Christian  era  that  tten- 
num  was  applied  to  the  metal  now  called  tin  (Kopp's  Gesehiehte),  which  was  after- 
wards named  Jupiter  by  the  alchemists,  and  represented  graphically  by  the  sjmbol 
of  that  planet,  >^. 

Oeetirrtne$  and  JXttrHmiion, — ^Tin  occurs  much  less  frequently  than  many  other 
metals,  as  iron,  copper,  lead,  sine,  &c,,  as  the  commercial  supplies  of  it  are  drawn  from 
comparatively  few  localities,  Devonshire  and  Cornwall  yielding  by  &r  the  largeet  quan- 
tity. The  stream-works  of  the  peninsula  of  Malacca  and  the  Dutch  island  of  Banca  pro- 
bablv  rank  next  in  importance.  The  exports  from  Bolivia  are  now  very  consideraole, 
and  large  quantities  have  of  late  years  been  extracted  from  the  mines  of  Saxony 
and  Bohemia.  A  valuable  addition  of  the  metal  has  been  obtained  from  Australia* 
shipped  almost  entirely  fh>m  the  port  of  Melbourne.  The  Australian  tin  contains,  at 
times,  so  large  an  amount  of  gold,  that  the  latter  can  be  profitably  extracted.  No  other 
deposits,  of  sufficient  magnitude  to  be  the  object  of  mining  explorations  on  any  con- 
siderable scale,  are  at  present  known ;  but  oxide  of  tin  (Casaiterite)  has  been  found 
in  small  quantities  in  the  Isle  of  Man,  Ireland,  Greenland.  France,  Gallicia,  Spain* 
Silesia,  in  the  Fiditel  and  Biesengebiige  in  Germany,  in  Bussia,  the  United  Stetes, 
Mexico,  and  BraziL  No  mines  are  worked  in  Peru,  but  the  name  Peruvian  tin  haa 
originated  from  the  produce  of  the  mines  of  Oruro  and  Cacabuco,  in  Bolivia,  being  ex- 
ported from  Arica,  a  seaport  on  the  Peruvian  coast. 

Tin  occurs  in  the  metallic  state,  somewhat  more  frequently  as  disulphide,  in 
tin-pyrites,  but  most  abundantly  as  dioxide  or  stannic  oxide,  forming  the  ore  called 
'  tinstone,  or  cassiterite. 

Ifatiffe  7^  (metallic  tin)  has  been  described  by  Hermann  as  occurring  in  the  gold- 
sands  of  Siberia,  and  by  Forbes  in  the  auriferous  drift  of  Tipuani  in  Bolivia;  but  aa 
both  these  specimens  contain  lead,  a  metal  seldom  present  together  with  tin-ores,  it 
may  be  doubted  whether  the  tin  so  found  may  not  have  been  derived  from  artificial 
sources.  Native  tin  has  also  been  reported  from  Oruro,  in  Bolivia.  (Forbes,  PhiL 
Mag.  [4],  xxix.  133.) 

Tin-pyrite8  (stannine,  bell-metal  ore,  Zinnkies)  is  found  in  small  quantities  in  the 
tin-veins  of  Cornwall,  Saxony,  and  Oruro  (Bolivia).  It  has  the  composition  of  a  cuproeo- 

ferroussulphostannate,  p  Mg^SnS',  the  iron  being  generally  more  or  less  replaced  by 

zinc ;  it  contains  from  14  to  30  per  cent  of  tin. 

Casnterite  (tinstone,  stream-tin,  wqpd-tin),  the  dioxide  or  bioxide  of  the  metal, 
SnO*,  may  be  regarded  as  the  only  ore  of  tin  found  in  sufficient  quantity  to  bo  the 
subject  of  mineral  exploration ;  it  is  found  both  in  veins  and  in  alluvial  drift-deposits, 
accompanied  in  many  cases  by  tungsten,  generally  as  wolfram,  as  in  Cornwall. 
France,  Saxony,  Bohemia,  Boliria,  Sec  In  the  alluvial  deposits,  native. gold  is  gene- 
rally, if  not  invariably,  found  to  accompany  cassiterite,  as  is  the  case  in  Comw.iU, 
Ireland,  Virginia,  Bolivia,  Australia,  &c.  Although  tin  seldom  enters  into  the  compo- 
sition of  other  minerals,  it  seems  to  be  characteristic,  though  occurring  only  in  very 
minute  quantities,  in  some  of  the  compounds  of  niobic  or  columbic,  tantalic,  and 
titanic  acids:  thus  it  has  been  observed  in  columbitc,  pyrochlore,  tyrite,  tantalite, 
yttrotantalite,  fergusonite,  aeschynite,  polymignite,  &c.  Traces  of  tin  have  been 
reported  to  occur  in  meteorites,  and  also  in  a  variety  of  iron-pyrites  from  Spain. 
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Gasriterito  ia  fonnd  in  Cornwall,  in  veins  or  smaU  aCnta,  which  ti'iiterae  primitive 
xoekfl,  mixed  with  other  metala,  anch  as  copper,  sine,  araenic,  and  tungaten;  the  yeina 
aie  of  varying  thickness.  It  ia  aometimes  alao  found  in  nnmerons  xamiflcations  of 
amall  veins  or  **  Stoekweike^"  which  occur  in  felapar,  porphyry,  or  in  a  granite  which 
freqnently  has  ita  felspar  diaintegrated  into  kaolin,  or  china-clay.  -  Theee  little  veins 
seklom  exceed  aix  inchea  in  widui,  and  are  frequently  not  nearly  so  wide ;  they  ran 
generally  east  and  west,  with  a  dip  almost  vertical ;  this  description  of  ore  is  the  com- 
mon **  tinsUme." 

The  lodes  in  Oomwall  are  grouped  into  three  districts,  namely:  first,  in  the  south- 
west of  the  eountr,  beyond  IVuro,  near  Helston ;  secondly,  in  the  neighbouifaood  of 
St.  Austell ;  and  thirdly,  in  the  vicinity  of  Tavistock,  in  Devonshire. 

Many  of  the  lodes  traversing  granite  are  woxked  profitably,  as  the  rock  in  which 
they  occur  is  generally  softened  by  decomposition.  As  a  general  rule,  the  veins  having 
an  easterly  or  wester^  direction  are  those  which  have  the  ore  in  profitable  abundance, 
while  those  ranging  northerly  and  southerly  often  c<Hitain  other  metals. 

Although  there  are  numerous  exceptions,  yet,  as  a  whole,  the  distribution  of  this  ore 
is  somewhat  marked.  Gotain  combinations  of  rocks  appear  to  be  the  conditions 
which  may  have  assisted  in  rendering  the  ores  of  one  metal  more  abundant  than  those 
of  another  in  the  range  of  parts  of  the  same  mineral  lode.  For  instance,  it  is  often 
found  that  a  lode  is  cupriferous  amid  the  slate-country,  and  chiefiy  stanniferous 
towards  the  granite.  Some  of  the  copper-veins  in  Cornwall  have  been  worked  for  tin 
upon  their  baek$,  as  the  upper  part  oi  mineral  veins  are  often  termed  in  the  mining 
districts,  and  have  been  abandoned  when  copper-ore  was  obtained  beneath.  In  other 
vHaceB,  copper  has  betm  found  between  tin ;  at  Balcoath  mine,  Camborne,  tin  occurred 
m  profitable  quantities  in  the  depth,  aft^er  the  vein  had  been  worked  chiefly  for  copper, 
the  Maher  portions  having  formerly  ftimished  tin  as  the  principal  ore. 

If  tin  be  discovered  first,  it  sometimes  disappean,  after  sinking  a  certain  depth,  and 
is  succeeded  by  copper ;  in  others,  tin  is  found  to  the  depth  of  more  than  800  fathoms 
beneath  tiie  surface.  If  a  copper  lode  meets  one  of  tin,  it  usually  passes  through  it, 
and  heaves  it  out  of  its  course. 

MttaUur^  of  Tin. — ^Tin,  as  above  stated,  is  entirely  extracted  fh>m  the  dioxide. 
The  «etf»-tin  requires  much  care  in  dressing,  to  separate  mechanically  the  various 
foreign  substances  which  it  contains.    The  preliminary  operations  are : — 

1.  Cleansing  the  rough  ore  as  it  comes  from  the  mine.  This  is  sometimes  done  by 
placing  the  ore  on  a  grating,  allowing  water  to  fall  over  it  from  some  elevation,  or  by 
agitating  it  with  a  stream  of  water. 

2.  Sorting  the  deansed  ore  into  four  qualities : 

L  That  which  is  rich  in  tin. 
n.  That  containing  tin  and  other  metals. 
III.  That  containing  copper-ore. 
IT.  Stony  gangne,  or  useless  ingredients. 

3.  Stampingor  rolling  the  ores  No.  L  into  a  certain  fineness,  according  to  its  quality, 
which  is  ox  so  much  importance  that  it  is  regulated  by  a  copper  plate  pierced  witib  a 
certain  number  of  holes  m  the  squaro  inch,  placed  in  front  of  the  stamp-box,  through 
which  everythinff  from  the  stamping-mill  is  made  to  run  off,  with  a  constant  stream  of 
water  introduoed  for  the  purpose.  The  stamps  are  of  the  usual  description :  the  bars 
are  of  wood,  between  five  and  six  inches  square,  fastened  by  a  tail  to  a  cast-iron  head, 
of  about  280  lbs.  weight.  The  stamp-chest  is  open  behind,  so  that,  as  the  ore  is  pounded, 
it  slips  away  from  under  the  stamp-heads  by  its  own  gravity,  along  an  inclined  plane 
with  a  stream  of  water.  The  rolls  are  similar  to  those  for  other  ores ;  generally,  they 
consist  of  two  pairs  of  smooth  flinders,  turning  simultaneously  in  opposite  directions. 
Above  the  upper  pair  is  a  hooper,  which  discharges  down  between  tiiem,  by  means  of 
a  particular  mechanical  contnvance,  the  ore  which  is  brought  to  it  bv  waggons ;  these 
waggons  advance  upon  a  railway,  and  empty  their  contents  into  the  hopper  through  a 
trap-hole.  Below  the  hopper  is  a  small  iron  bucket,  which  receives  the  ore,  is  sh&en, 
and  throws  it  continually  upon  the  rolls  by  the  constant  jolts  given  to  it  by  a  crank- 
rod.  This  bucket  is  so  contrived,  that  too  much  ore  can  never  fall  upon  the  rolls  and 
obstruct  their  even  movement.  A  small  stream  of  water  is  often  led  into  the  bucket, 
spreading  over  the  rolls  and  preventing  them  from  heating.  After  the  ore  is  reduced 
to  powder,  it  next  und6i]p)es  tiie  very  important  operation  of  washing. 

This  operation  is  earned  on  under  very  advantageous  circumstances  compared  with 
the  similar  operation  with  moat  other  metals,  in  consequence  of  the  high  specific  gravity 
of  the  cassiterite,  which  enables  the  washing  to  be  profitably  applied,  even  when  the  ore 
contains  only  0*6  to  1*0  per  cent,  of  tin.  The  ore  is  washed  either  in  a  huddle  and 
tossing- tub  or  doUy  (in  the  German  chest  or  rack),  or  in  the  trunking-box,  which  are 
employed  according  to  the  different  conditions  of  the  pulverised  ore.    As  the  process 
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of  wMhing  does  not  diftr  materially  firam  that  ad<^ited  for  the  okb  of  other  metaU^  it 
is  muieoesBaiy  to  enter  into  a  description  of  the  various  machines  employed  in  GomwalL 
The  rich  pcodocts  of  the  washings  consist  principally  of  stannic  oxide  and  the  heavy 
metaUifttroos  ores,  sach  as  arsenics,  disolphides  of  iron,  and  wolfram  mixed  with  sands 
and  slimes.  The  sands  from  sereral  of  the  tin-mines,  after  washing,  haye  a  white  me- 
tallic colour,  arising  from  the  presence  of  arsenical  pyrites  (mitpiekel) ;  the  woriunen  call 
them  tin-MlB.  After  the  ores  are  washed,  thev  are  removed  to  the  bumina'kousff 
to  be  calcined  in  a  rererberatoiy  calciner,  which  differs  but  sliehtly  from  £hat  em- 
ployed for  coppef^ores,  ezeepting  that  it  is  smaller,  and  has  omy  one  door.  The 
chimney  genmlly  leads  to  flues,  in  which  the  arsenious  add  is  condensed.  At  Par 
Consols  the  caldnen  have  the  following  dimensions : — 

The  bottom,  frtnn  the  bridge  to  the  front-door,  is  7  ft.  4  in.  long,  5  in  the  centre, 
18  in.  wide  at  the  fh>nt-door,  8  in.  high  over  the  bridge,  16  in.  in  the  centre,  and  10  in. 
high  at  the  sides.  The  ores  are  charged  in  the  usual  manner  from  a  bin  or  hopper, 
the  caldne-man  extending  them  Hat  over  the  sarfiice  near  the  bridge.  They  are  rabbled 
evezy  20  or  30  minutes,  according  to  the  nature  of  the  ores;  and  are  divided  into  three 
heaps  across  the  furnace^  to  expose  their  sides  to  the  direct  action  of  the  heat^  When 
some  bright  points  are  seen  on  tJie  surface  of  the  ores,  and  there  is  no  longer  any 
escape  of  white  frmies,  the  work  is  finished.  At  the  commencement  of  the  calcination, 
only  a  moderate  heat  is  applied,  which  is  gradually  increased  until  the  sulphur  (from 
the  sulphides  of  iron,  &c)  is  nearly  expelled.  When  the  operation  is  conducted  care- 
lessly, and  the  heat  applied  too  rapidly,  a  fusible  sulphide  of  tin  is  formed,  and  the 
mass  agglutioates,  which  is  termed  kerming:  if  this  accident  should  happen,  it  is 
necessaiy  to  grind  tlie  ores  over  again. 

When  the  charge  is  sufficiently  calcined,  it  b  removed  from  the  calciner,  and  exposed 
in  small  heaps  to  the  action  of  the  atmosphere  for  a  few  days,  to  promote  the  oxida^ 
tion  of  any  remaining  sulphides  into  sulpmites.  When  thus  oxidised,  it  is  thrown  into 
a  laige  tub  filled  with  water,  stirred  with  a  wooden  rake,  and  left  to  settle,  by  which 
means  the  sulphates  of  iron  and  copper  are  dissolved.  The  water  is  afterwards 
transferred  into  a  large  tank,  and  the  copper  which  may  be  in  the  solution  is  recorered 
by  precipitation  with  metallic  iron.  The  ore  thus  calcined,  oxidised,  and  lixiviated,  is 
washed  once  more  on  the  rack-table^  and  the  lighter  parts  rcmoveid.  The  heaviest 
parts  necessarily  contain  the  most  metal,  and  are  sold  to  the  smelters  under  the  name 
of  black  tin.  That  which  remains  in  the  middle  of  the  table,  being  much  mixed 
with  wolfram,  is  called  mock-lead,  and  sent  once  more  to  the  stamps  to  be  crushed  and 
washed,  after  which  it  is  sold  as  black  tin. 

The  rotary  calciners  calcine  well,  and  do  much  work ;  but  they  must  be  put  in 
motion  either  by  water  or  steam-power,  and  the  cost  of  their  erection  is  much  greater 
than  that  of  the  ordinarv  reverberatory  calciner,  which  can  be  put  up  for  about  £30. 

The  usual  cost  of  calcining^  per  ton  of  black  tin,  is : 

8.    d. 

For  labour 4    0^ 

1714  lbs.  of  coal,  at  13*.  per  ton  .        .    9    0 

13    ej: 

to  which  must  be  added  the  wear-and-tear  of  utensils,  &e.  Some  calculate  that  the 
average  cost  is  greater,  amounting  to  205.  per  ton :  firom  this  is  to  be  deducted,  however, 
the  v^ue  of  a  large  quantity  of  arsenious  acid  obtained.  The  mean  yield  of  tin-ores 
prepared  in  Cornwall  may  be  estimated  at  2  per  cent. — that  is  to  say,  60  tons  of 
ore  will  give  1  ton  of  blade  tin.  The  cost  of  the  mechanical  preparation  of  the  ores 
varies  greatly  in  proportion  to  their  yidd,  the  hardness  of  the  gangue,  &c,  but  those 
of  the  usual  produce  and  hardness  may  be  reckoned  at  4«.  lOd,  per  ton  of  ores,  or 
about  £12  per  ton  on  black  tin.  There  are,  however,  many  ores  which  do  not  contain 
m^PB  than  0*5  per  cent,  of  metal,  but  they  are  eamly  dressed,  as  the  grain  is  laige  and 
pure,  and  they  require  no  calcining:  their  coet  of  caldnation  may  be  calculated  as 
follows : 

8,    d. 
Bugging  and  spelling .        .        .        .10 

Stamping 0    4 

Washing 10 

2    4  pe^  ton  of  ore, 

equal  to  £23  6<.  8(2.  per  ton  of  black  tin.  This  estimate  does  not  take  account  of  the 
loss  in  washing,  which  is  supposed  to  average  fully  20  per  oent.^  and  in  the  assay,  which 
is  less  than  the  actual  product 

The  smelting  of  tne  black  tin  is  effected  in  reverberatory  furnaces.  When 
only  an  impure  metal  is  required,  it  undergoes  two  different  processes — ^first^  in  a  reduc- 
tion frimace,  and  then  in  a  refining  furnace.    When  a  very  pure  tin  is  wanted,  called 


omiH'lM,  tha  it»am-(ia  U  ftuod  in  a  blart-faniaM  anpplied  with  chaicoaL  It  will 
ba  Bean  (b7yu(.BlT,ai3,ftDdS19),lh&t  the  nrerbentorrfiiniiten  employed  sn  not 
Mi«ntia%  different  from  those  ftw  copper,  except  in  the  addition  of  the  tiro  round 
bauBi  (/^.  Sir),  J)  D,  into  which  the  melled  tin  it  diawn  off  and  ladled  into  monlda 


Whan  the  Amacs  ii  properly  hrated,  it  is  charg;ed  with  ahont  a  ton  of  ealdned  ore, 
which  is  intiniAtelf  miied  with  fine  charcoal  or  anthracite-coal,  to  the  amount  d 
about  20  per  cent  of  ite  weight ;  also  with  tome  akked  lime  or  fluor-spar  aa  a  flax 
When  Uie  chuge  is  let  down,  tiia  aperture  C  (/ji.  818)  >n  the  roof  of  the  bridge  ia 
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riz  oi  dght  boaHL  vben  ths  dooi  ia  opened,  and  it  ii  UtoroDglilj  itirral  wfUi  an  ittm 
nbbla,  to  eflfoct  tlM  aepAntitni  of  the  metal  utd  the  iltg.  After  waiting  &  ibort  tima, 
to  allow  the  metal  to  aabdde,  the  al^  or  aeoiia  which  fioats  on  the  mrfuse  ie  ikimmed 
off  with  a  ikimming  nbble,aiid  preMjrred;  the  nroec  pwt  of  the  aUg  is  poor  in 
metal,  bat  the  lower  ii  rich  ;  it  i>  Uierafore  re-8me1(«a.  Whrn  the  metal  is  pRfectlj 
•kimmed,  the  tap-hole  (which  is  atopped  with  a  plug  of  dir  wood)  at  the  aide  of  tli« 
hniace  is  opened,  and  the  tin  allowed  to  flow  ioto  the  circular  baBins. 

The  tin,  liiiurednnd,  ia  b;  no  meoDB  pure:  it  la  necesaatj  that  it  should  nndeigo  the 
refining  proceea,  which  ie  performed  hy  liqoatioa  and  FefiniDg  proper  (lixiri^ionj. 
Liquation  iaaccomplisheil  inareverberaUirjfamace.TerjsiniiUrtothatiD  which tli* 
Btnelting  ia  effected  ;  bnt  it  ia  prorided  with  a  more  sloping  bottom,  similar  to  that  for 


refining  copper.    The  pisa  of  tin  ore  piled  np  on  the  bottom,  cloae  Co  the  bridge,  and 
"  ,  when  moderalalYheatcd.  gTadnallymdta,  and  flow  down  into  the  refining-basin 
n  the  bottom.     When  the  blocka  are  e^iausted  of  pure  tic,  skeletona  of  the 


I  a  rebactoiy  residnum,  consiBting  chiefly  of  oxides  of  iron  and  other 
IbrBign  metals.  More  pigs  are  placed  over  the  remaine  of  the  Gret,  and  the  metal  is  then 
nn  oom  the  furnace  into  a  large  iron  pan  or  kettle,  which  holds  about  five  tons. 

The  OKXtproettt  ia  refining  proper,  or  liiiviation. — The  kettle  ot  refining^- 
bamn  !■  placed  over  a  flr»«rate,  and  heated  so  as  to  preKTre  the  metal  in  a  fluid 
■tata.    Into  thia  meUJ  bMb,  biUet*  of  greenwood  ore  plunged,  and  Mt  in  a  ro«ai7 

Fig.  819. 


notion  by  a  machine  called  a  ^tMff.  placed  over  the  kettle ;  the  diaengagemmt  of  gM 
trom  the  wood  causes  aconatant  eballition  in  thii  tin,  and  a  froth  on  the  nu&ce,  which 
ia  composed  chiefly  of  the  oxides  of  foreign  metals  and  tin ;  this  is  skimmed  off  the 
■nrfaee,  sad  reserved  for  re-smelting. 

In  aboDt  three  or  four  honrs,  the  boiling  is  finished ;  the  greenwood  is  remored,  and 
the  tin  allowed  to  settle.  On  cooling  sluirty,  the  metal  separates  into  different  atnta, 
of  which  the  upper  in  the  parest,  the  middle  slightly  chargtid  with  foreign  metals,  Sintl 
the  lowest  rny  impure.  After  a  connle  of  houra,  it  is  gently  ladled  out  into  moulds. 
The  quality  of  the  tin  dependa  on  uu  order  in  which  it  has  been  ladled  ;  the  SraC 
blocks  contain,  of  course,  the  purest  metal,  and  the  last  are  so  impure  as  to  require  to 
be  again  subjected  to  liquation  and  refining.  The  whole  operation  requires  from  Bre 
to  ail  hours,  including  &om  one  to  two  honrs  for  the  aolwidence  of  Ibe  metaL  The 
moulds  into  which  Ibe  tin  is  cast  are  gencraltj  made  of  granite,  and  are  of  a  siie 
■ufflcient  to  contain  three  hundredweight  of  block  Ciu. 

TiuKire  melted  in  the  blast-furnace  produces  the  purest  metal.  When  tbe  fiunace 
il  thonughl;  heated.  It  is  charged  with  ore  and  cburooal,  damped  to  causa  an  adhaison 
between  the  two,  and  the  furnace  is  constantly  kept  full  while  the  operation  is  going 
on.  Tbe  tin  ig  allowed  to  run  into  the  firxt  basin,  and  then  into  tbe  second,  where  it 
is  left  to  settle  for  some  time.  The  tin  iu  the  mcfidlic  ba^  fnlla  into  strata  similar  to 
those  troia  the  refining  furnace,  the  impore  part  settling  to  the  bottom,  which  is  again 
re-smelted. 
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O rain-tin  isfbnned  from  the  flnost  blocks;  these  are  heated  to  nearly  melting- 
pointy  when  they  become  brittle ;  they  are  then  dropped  from  a  oonBiderable  height ; 
the  metal  is  thns  broken,  and  forma  elongated  grains  or  tears. 

The  reverberatory  fomace  consumes  abont  two  tons  of  coal  for  one  ton  of  metal ; 
the  blast-furnace  about  thirty-one  hundredweight  of  charcoal  for  one  ton  of  metal. 

It  is  yeiy  difficult  to  find  out  the  exact  loss  of  metallic  tin  in  smelting  by  the  rerer- 
beratory  and  blast-fumaoes.  It  has,  however,  been  found  that  black  tin,  which 
gave  78  per  cent*  of  tin  by  assay,  yielded  66*5  per  cent,  of  pure  tin  when  smelted  and 
refined,  having  a  large  quantity  in  the  state  of  silicate,  most  of  which,  no  doubt, 
eonld  be  recovered.  In  the  blast-furnace  the  loss  is  considered  to  be  about  16 
percent 

ProperHea  of  Tin, — The  tin  of  conunerce  is  never  pure ;  the  metal  from  Banca  con- 
tains, periiaps,  the  smallest  amount  of  impurity.  Tin  is  generally  associated  with 
small  quantities  of  arsenic,  lead,  iron,  copper,  and  occasionally  tungsten,  manganese, 
antimony,  zinc,  bismuth,  and  molybdenum.  To  obtain  it  chemically  pure,  the  tin  of 
eommerce  is  sranulated  and  dissolved  in  strong  hydrochloric  acid ;  a  small  quantity  of 
water  is  cautiously  poured  into  the  solution,  so  as  to  form  two  strata ;  and  a  plate  of 
tin  is  then  introduced,  traversing  the  two  liquids.  After  some  time,  crystals  of  pure 
tin  are  deposited  upon  the  plate,  owing  to  the  feeble  galvanic  current  which  is  excited. 
Or  tin  may  be  digested  in  nitric  acid,  the  white  insoluble  residue  (metastannic  acid) 
digested  in  dilute  hydrochloric  add,  and  the  resulting  powder  reduced  by  charooaL 

Tin  is  a  white  metal,  having  however  a  peculiar  yellowish  tinge.  When  warm,  it 
emitB  a  characteristic  smell,  and  a  bar,  when  bent,  gives  a  singular  crackling  sound 
{icri  d^Hain),  owing  to  the  interior  crystals  breaking  against  each  other.  It  is  soon 
tarnished  by  the  air  of  laige  towns,  owing  probably  to  a  film  of  sulphide,  as  it  is  not 
sensibly  affected  by  the  combined  presence  of  air  and  moisture.  Tin,  with  the  excep- 
tion of  lead  and  thidlium,  is  the  least  tenacious  of  the  well-known  metals.  A  wire  ^ 
of  an  inch  in  diameter  wiU.  support  only  about  81  pounds :  a  bar,  a  quarter  of  an 
inch  in  diameter,  will  not  support  more  than  294  poimds  weight.  The  malleabilitjr  of 
tin  is  very  considerable  ;  it  is  expanded,  by  combined  hammering  and  heating,  into 
sheets  or  leaves  called  tinfoil,  barely  y?^^  P<^  of  an  inch  in  thickness.  It  is  tinfoil 
that  is  laid  upon  the  back  of  glass  mirrors,  and  there  amalgamated  with  mercury, 
forming  what  is  called  the  silvering. 

Tin  can  be  easily  obtained  in  crystals,  in  the  same  manner  as  bismuth.  The  best 
method  is  to  fuse  some  pounds  of  the  metal,  and,  when  it  is  nearly  solidified,  to  pierce 
the  centre  of  the  mass  with  a  stick  of  incandescent  charcoal,  and  pour  off  the  portion 
which  still  remains  liquid ;  fine  crystals  of  tin  are  then  found  upon  the  sides  of  the 
interior.  Tin,  indeed,  has  a  remarkable  tendency  to  crystallise,  as  may  easily  be 
shown  by  washing  the  surface  of  the  metal  with  warm,  diluted,  nitro-hydrochforic 
acid,  when  it  becomes  covered  with  a  mass  of  crystalline  forms,  having  a  very  beautiful 
appearance  something  like  watered  silk,  and  formerly  much  used,  under  the  name  of 
moirie  meteUiiauey  for  the  manufacture  of  workboxes,  tea-caddies,  &c.  The  appearance 
is  caused  by  tne  unequal  refiection  of  light  by  the  fncets  of  the  crystals  exposed  to  the 
action  of  the  acid.  Louis  Vallet,  in  1 817f  obtained  a  patent  for  the  production  of  these 
crystals,  or,  as  he  expressed  it,  for  the  manufacture  of  a  new  ornamental  surface  of 
metal  or  metallic  composition.  The  surfaces  of  tin,  or  of  metals  coated  with  tin,  are 
washed  with  a  mixture  of  10  pts.  of  sulphuric  acid  diluted  with  five  times  its  bulk 
of  water,  together  with  1  pt.  of  nitric  acid  diluted  with  its  own  weight  of  water. 
In  the  following  year  (1818),  Mr.  M.  Isambard  Brunei  obtained  a  patent  for  a 
somewhat  similar  application  of  acids  on  the  surface  of  tin.  The  process  is  thus 
described :  "  A  new  species  of  tinfoil,  capable  of  being  crystallised  in  large,  varied,  and 
beautiful  crystallisation."  A  sheet  of  tin  or  tinfoil  is  laid  evenly  upon  a  fiat  plat  of 
metallic  or  vitreous  substance,  which  may  be  heated  from  below  by  a  bath  of  melted 
alloy,  as  of  two-thirds  of  tin  and  one-third  of  lead :  heat  is  then  applied,  by  means  of 
common  gas-jets  and  flexible  tubes,  to  those  parts  to  which  it  is  desired  to  give  an 
ornamental  crystalline  conformation.  Sulphuric  acid  diluted  with  6  pts.  of  water, 
and  nitrous  (?)  acid  diluted  with  1  pt.  of  water,  are  mixed  in  the  proportion  of  10  pts. 
of  the  former  to  1  pt.  of  the  latter,  and  applied  by  a  brush  to  the  surface  of  the  tin ; 
it  is  then  washed,  and  may  be  varnished  or  japanned  in  the  usual  way. 

The  specific  gravity  of  tin  is  7*29,  and  is  not  sensibly  increased  by  rolling. 
That  of  the  crystals  was  found  by  Miller  to  be  7*177  :  according  to  Deville,  the 
specific  gravity  of  slowly -cooled  tin  is  7*373 ;  that  of  tin  rapidly  cooled,  by  pouring 
into  water,  7*239.  Its  cubical  expansion  for  PC.  (between  9°  and  72^)  is  0000070. 
(Kopp.) 

Tin  melts  at  222<*  (Crichtonand  Rudberg),  at  230®  (Kuppfer),  at  237-2<> 
(Person).  Its  specific  heat  in  the  solid  state  is  0*0562,  in  the  liquid  state  0*0637 ;  its 
latent  heat  of  aision,  between  250^  and  350^  is  14*252  (Person).  It  boils  at  a  white 
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hmt  It  hai  but  a  raiall  heat-oondnctuig  power  (aoocnding  to  GaWert  »  422,  tliafc 
of  siWer  being  1000).  It  takes  a  fioe  polish,  and  baa  then  bat  little  ladiating  powor: 
hence  TeBsels  of  polished  tin  are  well  adapted  for  keeping  liquids  warm. 

Tin  does  not  oxidise  at  ordinary  temperatures  in  the  air,  even  when  moists  and  but 
very  slightly  in  water,  retaining  its  metallic  lustre  for  a  long  time :  henoe  iron  whidt 
is  to  be  exposed  to  the  air  is  often  tinned,  to  prevent  it  from  rusting.  When  tin  is 
fused  in  the  air,  its  surface  becomes  covered  with  a  thin  grey  film,  containing  both 
protoxide  and  dioxide  of  tin.  If  the  film  be  removed,  it  is  again  formed,  and  if  this 
grey  powder  be  continuously  heated,  it  becomes  white.  It  is  used  for  polishing  plate 
in  the  same  way  as  piUty^ptnoder,  which  is  obtained  by  the  action  of  nitric  acid  upon 
the  metal. 

If  tin  be  kept  at  an  ordinary  red  heat,  it  giyes  out  vapours,  but  they  haTe  little 
tension,  and  there  is  but  small  loss  of  weight ;  at  a  strong  white  heat,  it  bums  in  the 
air  with  a  bright  flame.  At  a  full  red  heat  it  will  decompose  steam,  with  evolutioii 
of  hydrogen. 

Strongni^r^ATttf  of  specific  gravity  1*5  does  not  act  upon  tin,  the  metal  eren  preaerr- 
Ing  its  characteristic  brilliancy ;  but  if  the  add  is  diluted,  it  attacks  the  metal  with 
extreme  violence,  the  tin  being  entirely  converted  into  metastannic  add. 

Tin  dissolves  slowly  in  dilute  or  cold  hydroch/orie  acid,  but  rapidly  when  the  latter 
is  hot  and  concentrated,  evolving  hydrogen-gas,  and  yielding  dichloride  of  tin. 
Dilute  sulphuric  acid,  when  heated,  attacks  tin  slowly,  with  emission  of  hydrogen,  but 
the  hot  concentrated  add  acts  more  energetically,  with  piuduction  of  sulphuroius 
add.  Fused  nitre  and  the  hydrate  of  potassium  and  sodium,  at  high  temperatures,  act 
upon  tin.  It  combines  directly  with  sulphur,  phosphorus,  chlorine,  iodine,  itc,  and  forms 
alloys  with  many  metals,  particularly  witii  copper,  to  which  it  gives  a  hardness 
approaching  to  that  of  steel. 

Tin  in  a  state  of  fine  division  is  violently  acted  upon  by  chloride  of  snUphmr^ 
the  heat  erolved  being  so  great  that  the  sulphur-compound  (which  must  be  retonied) 
passes  oyer  with  the  tetrachloride  of  tin.    (Wohler,  Ann.  Ch.  Pharm.  Ixziii.  374.) 

Compounds  of  Tin, — ^Tin  forms  chiefly  two  classes  of  compounds  :  namely,  the 
stannous  compounds,  in  which  it  is  diatomic — e^,,  SnCl',8nO.  SnS,  8n(S0*),  &c. ;  and 
the  stannic  compounds,  in  which  it  is  tetratomio — e,g,,  SnCl*,  SnO*,  SnS',  Sn^SO*)*,  &c 
There  are  also  a  sesquioxide,  SnH)',  a  sesquisulphide,  Sn^*,  and  several  compounds  of 
tin  with  alcohol-radicles,  in  which  it  is  triatomic  F.  F. 


r,  jUXAOTS  or.  Tin  unites  with  most  other  metals,  forming,  in  man^  cases, 
hard  ductile  alloys.  Small  quantities  of  tin  are  often  sufficient  to  impart  peculiar  pro- 
perties to  an  alloy. 

Many  of  the  alloys  of  tin  have  been  already  described  in  connection  with  the  other 
metals.  For  Matthiessen's  determinations  of  the  specific  gravities  of  tin-alloys,  see 
Fogg.  Ann.  ex.  21 ;  Jahresb.  1860,  p.  Ill ;  also  the  artide  Mxtals  in  this  Dictionary 
(iii.  948). 

Tin  and  Antimony  (i.  317). — ^According  to  Chaudet,  10  pts.  tin  and  1  pt.  anti- 
mony form  a  perfectly  ductile  alloy. 

Tin  and  Arsenic  unite  easily  when  heated  together,  forming  a  hard,  brittle,  lami- 
nar mass,  less  ^ible  than  tin.  When  the  proportion  of  arsenic  is  laige,  the  alloy  is 
insoluble  in  hydrochloric  acid ;  with  a  smaller  amount,  it  dissolves,  with  evolution  of 
arsenietted  hydrogen,  leaving  an  alloy  richer  in  arsenic.     (Soubeiran.) 

Tin  and  Bismuth. — An  alloy  of  177  pts.  (3  at.)  of  tin  and  213  pts.  (2  at)  of 
bismuth,  when  cooled  from  a  state  of  fusion,  exhibits  but  one  solldifying-point ;  inas- 
much as  it  first  cools  regularly  down  to  143^,  and  then  remains  at  that  temperature 
for  a  considerable  time,  till  the  latent  heat.,  set  free  in  the  solidification  of  the  alloy, 
has  had  time  to  escape.  But  all  other  alloys  of  these  metals  likewise  exhibit  a  higher 
solidifying- point,  the  excess  of  one  or  the  other  metal,  or,  rather,  another  definite  idloy 
containing  an  excess  of  one  of  the  two  metals,  solidifying  first,  and  afterwards  at 
143^,  the  hitherto  fluid  alloy  containing  Sii'Bi*.  The  higher  solidifying-point,  or 
point  of  separation,  is  190<>  for  8n<Bi,  160"^  for  Sn*Bi,  n(P  for  SnBi,  170''  for  Sn*Bi*, 
and  190°  for  SnBi*.    (Rudberg,  Fogg.  Ann.  xviii.  240.) 

a.  40  pts.  tin  to  1  pt.  bismuUi :  perfectly  ductile ;  the  addition  of  1  pt.  of  lead 
diminishes  its  extensibility. — b.  25  pts.  tin  to  1  pt.  bismuth :  slightly  ducble  (Chau- 
det).— c.  8  pts.  tin  to  1  pt  bismuth  :  melts  at  199^ (Lewis). — d,  3  pts.  tin  to  1  pt 
bismuth :  pulyerisable ;  of  dull  grey  fracture,  and  specific  grayity  7*776  ;  gives  up  all 
its  tin,  with  a  small  quantity  of  bismuth,  to  heated  hvdrwhloric  acid  (Chaudet). — 
e,  8  pts.  tin  to  1  pt.  bismuth :  melts  at  166^ (Lewis).—/.  236  pts.  (2  at)  tin  to  213  pts. 
(1  at.)bismuth:  specific  gravity  =  8'<*8d  (Regnault). — g,  1  pt.  tin  to  1  pt  bismuth: 
perfectly  brittle;  pulverisable;  of  fine-grained  fracture;  specific  gravity  ^-  8-345 
(Chaudet).  Melts  at  138^  (Lewis).  Expands  strongly  in  solidifying  (Marx). 
With  hydrochloric  add  it  behaves  like  d  (Chaudet,  Ann.  Ch.  Phys.  [2],  y.  142). — 
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A.  177  pts.  (3  at.)  tin  to  213  pts.  (2  at.)  bismnth :  melts  between  181^  and  187°  (Do« 
bereiner,  Kastn.  Arch.  iii.  90). — t.  118  pts.  (1  at.)  tin  to  213  pts.  (1  at)  bismuth: 
specifte  gravity  «  8*759.    (Begnanlt.) 

236  pts.  (2  at.)  tin  to  213  pts.  (1  at)  bismuth,  and  129  pts.  (1  at.)  antimony, 
form  an  alloy  of  specific  gravity  7*883  at  20^.  (Regnault,  Ann.  Ch.  Phys.  [2], 
Izxvi.  186.) 

Bespecting  the  alloys  of  tin,  bismuth,  and  lead,  see  i.  591,  and  iii.  686. 

Tin  and  Cadmium.— The  alloy  Sn*Ckl  melts  at  1738^.    (Rudberg.) 

Tin  and  Cobalt  form  a  somewnat  malleable  alloy. 

Tin  and  Copper  (see  Cofpkb,  ii.  43).  Eieffel  (Compt  rend,  zzxvii.  464; 
Jahresb.  1863,  p.  376)  gives  the  following  list  of  alloys,  which  he  regards  as  chemical 
compounds  of  copper  and  tin  :— 

Sa«  Colour. 

98*89^ 
97-81 1  ^^^*  ™^^  ^'  ^^^  approaching  to  that  of  tin. 

65-02  Iron-grey. 

7-19  Golden-yellow. 

3-73  Orange-yellow. 

2*52  Yellowish-rose* 

1-90  Rose. 

In  the  alloy  SnCu,  which  crystallises  in  large  steel-grey  laminae,  hard,  bulky,  and 
meltiuff  at  about  400^^,  the  properties  of  both  the  constituent  metals  are  said  to  be  nearly 
masked ;  the  otiier  alloys  exhibit  the  characteristics  of  the  predominant  metaL  The 
formation  of  all  these  compounds  is  attended  with  condensation. 

The  alloy  CuSn'  (21-3  pts.  copper  and  7 7 '6  pts.  tin)  has  been  found,  as  a  ftimace- 
product,  in  white  six-sided  prisms,  of  specific  gravity  7*63  (Miller,  Pogg.  Ann.  cxx. 
56). — ^Another  fiimace-product  from  Schlackenwald,  Cu'Sn'  (18*9.  pts.  copper  and 
80*8  pts.  tin),  forms  semi-malleable  six-sided  prisms,  of  specific  gravity  6*994,  having  a 
white  colour,  with  golden-yellow  tarnish.    (Rammelsberg,  ibid,  cxx.  64.) 

According  to  Calvert  and  Johnson  (Jahresb.  1858,  p.  Ill),  the  heat-conducting 
power  of  SnH:hi  »  396;  ofSnCu  -  415  (silver  »   1000). 

Calvert,  Johnson,  and  Lowe  (Jahresb.  1861,  p.  1)  have  determined  the  relative 
expansions  of  several  alloys  of  copper  and  tin  to  be  as  follows :  SnCu  »  138*1 ; 
SnCu  -  1181;  SnCu*  -   111-8;  SoCu»*  -  98*3;  SnCu«  «   1050. 

Alleys  of  tin  with  copper  and  antimony  constitute  several  varieties  of  Britannia* 
metal,  also  Beurance's  alloy  for  fractional  bearings  (ii.  46). 

Tin  and  Gold. — Tin  considerably  diminishes  the  extensibility  of  gold.  The  alloy 
of  11  pts.  gold  and  1  pt  tin  is  pale-yellow,  fine-grained,  only  .slightly  malleable,  and 
has  a  speofic  gravity  of  17*307  (Hatchett).  Alloys  of  tin  and  cold  are,  for  the 
most  part,  easily  crystallisable.  The  compounds  SnAu  and  Sn'Au*  do  -not,  however, 
appear  to  crystallise ;  but  on  addition  of  more  tin,  in  such  proportion  as  to  form  the 
compound  Su*Au,  the  fused  mass  separates  into  a  less  fusible  portion,  having  a 
vitreous  fracture,  and  an  easily  fusible  crystalline  mass.  (Matthiessen  and  v.  B  o  s  e, 
PhiL  Trans.  1860,  p.  170.) 

Iridium  melts  with  4  pts.  of  tin,  at  a  bright-red  heat,  to  a  dull-white,  hard,  crys- 
tallisable alloy  (Berzelius).  The  alloy  IrSn*  (45-4  pts.  iridium  and  64-6  pts.  tin) 
Gzystallises  in  cubes,  which  are  not  altered  by  nitromuriatic  acid. 

Bespecting  the  idloys  of  tin  with  iron,  lead,  and  mercury,  see  iii.  370, 634» 
870;  with  palladium  and  platinum,  iv.  327,  667. 

T  in  and  Nickel  form  a  hard  brittle  alloy. 

Tin  and  Potassium  melt  easily  together.  Stanniferous  potassium,  obtained  by 
igniting  tin  or  stannic  oxide  with  cream  of  tartar,  is  brittle,  and  decomposes  water. 

Tin  and  Bh odium  form  a  black,  shining,  crystalline  mass,  containing  BhSn, 
47-3  pts.  tin,  82*0  platinum,  12 '5  iridium,  and  1*9  rhodium,  form  a  crystallisable  alloy, 
(PtIrRh)*Sn',  which  is  not  altered  by  hydrochloric  acid. 

Tin  and  Buthenium. — ^When  1  pt.  of  ruthenium  is  fused  with  10  to  16  pts.  tin 
in  a  crucible  lined  with  charcoal,  and  the  cooled  mass  is  treated  with  hydrochloric  acid, 
a  crystallisable  alloy,  BuSn',  remains,  containing  33  pts.  ruthenium  to  67  pts.  tin. 

Ti  n  and  Silver  (p.  287). 

Tin  and  Sodium  may  be  alloyed  together  by  direct  Vision,  or  by  igniting  tin  with 
soda-soap.    The  alloy  resembles  that  of  tin  and  potassiunu 

Tin  and  Zinc    See  Znra. 

TXir,  BSOlKZBaS  or.  stannous  bromide,  SnBr*,  is  formed  by  heating 
metallic  tin  in  hydrobromic  acid  gas,  or  with  mercuric  bromide.  It  is  a  greyish- white, 
shining,  crystalline  mass.  It  dissolves  in  water,  and  the  resulting  solution,  as  well 
as  that  obtained  by  dissolving  tin  in  aqueous  hydrobromic  acid,  yields,  on  evaporation, 
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a  galatinous  mass ,  but  no  crystals.  Stannous  bromide  melts,  at  a  high  temperatare,  to 
an  oily  liquid.  When  heated  in  the  air,  it  gires  off  stannic  bromide  and  leaves  stannic 
oxide. 

Stannic  bromidSf  SnBr*,  is  piodncedy  with  incandescence,  when  tin  or  stannous 
bromide  is  heated  in  bromine-Tapour.  It  is  a  white  crystalline  mass,  of  8pe6ific  gravity 
3 '322,  fumes  in  the  air,  melts  easily,  and  sublimes  in  needles.  It  dissolves  in  watcsr 
without  perceptible  rise  of  temperature ;  melts  under  oil  of  vitriol  without  seosiblo 
alteration.  Nitric  add  oxidises  it  to  stannic  hydrate,  with  separation  of  bromine. 
(Balard.) 

A  stannic  oxybromide  is  formed  by  the  action  of  bromine  on  stannous  oxide. 

Stannic  bromide  unites  with  etheTf  forming  the  compound  SnBr^(CH*)'*0,  in  deli' 
quescent  crystals,  which  rotate  on  water  before  dissolving  in  it,  and  are  easily  disin* 
tegrated,  especially  when  heated,  yielding  hexagonal  prisms  of  stannous  bromide. 
(NickUs,  Compt  r«nd.lii.  869.) 

TlVf  BUTTBR  OF.  Buiyrum  stanni, — ^An  obsolete  name  forhydrated  tetrm- 
chloride  of  tin ;  also,  according  to  Gmelin's  Handbook  (v.  84),  for  the  anhydrous  dti- 
chloxide. 

TXVf  OB&OBZBBB  OV.  Three  chlorides  of  tin  are  known,  corresponding  to 
the  oxides— namely,  SnCl*,  SnCl«  and  SnCl*. 

BieUoridef  or  StaniMras  Oblmrldef  SnCl*,  (commonly  called  Protoeklorufe  of 
Tin,  and  represented,  according  to  the  old  atomic  weight  of  tin,  by  the  formula  SnCl.) 
—The anhydrous  didiloride  is  prepared: — 1.  By  gr»iually  heating  tin,  or  tan-ansal- 
gam,  with  mercurous  chloride,  or  with  at  most  2  pts.  of  mercuric  chloride,  the  mercury 
then  YolatiHsing. — 2.  By  heating  tin  in  hvdrodiloric  acid  gas,  hydrogen  being  set 
free. — 3.  Bj  heatina  hydrated  stannous  chloride  in  close  vessels,  whereupon,  when 
the  heat  is  gradually  raised  to  redness,  and  the  receiver  changed,  the  anhydrous 
chloride  passes  over  after  the  water.  Oapitaine  (J.  Pharm.  xxv.  552^  gently  heats 
commercial  tin-ifalt  in  a  capacious  cniable  (to  prevent  frothing  over),  as  long  as  it 
froths  up,  and  gives  off  water  and  sulphuric  acid ;  pours  the  mass,  as  soon  as  it  is 
brought  to  a  state  of  tranquil  Aision,  into  a  small  crucible ;  then  pounds  it  up  coarsely, 
and  distils  it  from  a  coated  glass  retort.  The  first  portions  of  stannous  chloride  whidi 
pass  over  are  perfectly  pure ;  the  last  portions  contain  a  small  quantity  of  iron,  from. 
which  they  may  be  freea  by  a  second  distillation. 

Stannous  cmoride  is  translucent,  almost  pure  white  (frequently  grey),  with  a  iatty 
lustre  and  conchoidal  fracture ;  soluble  in  water  and  in  alcohol.  It  melts  at  250^  to  an  oil  j 
liquid,  which  penetrates  the  crucibles  and  makes  them  crack ;  boils  at  a  heat  near  red- 
ness, but  always  with  some  degree  of  decomposition.  When  cooled  after  fusion,  it 
remains  liquid  for  a  long  time,  but  afterwards  becomes  syrupy  and  solidifies.  When 
heated  to  bright  redness,  it  gives  off  tetrachloride  of  tin,  and  afterwards  unaltered  di- 
chloride,  leaviiig  a  black  shining  mass,  which  dissolves  in  aqueous  hydrochloric  acid 
with  evolution  of  hydrosen-eas,  and  forms  a  solution  of  stannous  chloride  (A.  Vogel, 
Schw.  J.  xxiv.  66).  When  heated  to  the  boiling-point,  it  passes  over  in  company  with 
tetrachloride  of  tin,  and  leaves  yellow,  earthy,  stannous  oxychloride,  SnCl'.BnO 
(Capitaine). — ^When  heated  with  sulphur,  it  yields  tetrachloride  and  disulphide  of 
tin:  2SnCl«  +  S«  «  SnCl*  +  SnS*  (Proust).— When  heated  in  the  air,  or  with 
nitre,  chloride  of  potassium,  or  mercuric  oxide,  it  gives  off  tetrachloride  of  tin,  and 
leaves  stannic  oxide.  At  ordinary  temperatures,  it  does  not  suffer  much  alteration  bj 
exposure  to  the  air;  in  the  course  of  three  weeks,  however,  it  becomes  somewhat 
disintegrated,  but  still  dissolves  completely  in  water. 

Stannous  diloride  absorbs  dry  ammonia-ffai,  and  when  heated  with  it»  forms  the 
compound  SnCl«.NH». 

Hydrated  stannous  chloride,  commonly  called  tin-salt,  is  obtained  by  dissolving  the 
anhydrous  chloride  in  water,  or  by  the  solution  of  metallic  tin  in  hydrochloric  acid. 

The  preparation  on  the  large  sode  is  performed  in  copper  vessels,  which,  so  long  as 
any  portion  of  tin  remains  undissolved,  are  not  attacked  by  the  add.  If  granulated 
tin  be  covered  with  hydrochloric  add,  then  the  add  poured  off,  and  the  tin  exposed  to 
the  air — afterwards  the  acid  poured  on  again,  and  so  on  alternately — ^the  tin  tak^s  up 
oxygen  from  the  air,  whereby  it  becomes  heated,  and  dissolves  much  more  quickly  than 
by  the  simple  action  of  the  acid  (Berard).  In  the  preparation  of  tin-salt  on  the 
large  scale,  NoUner  (Arch.  Pharm.  Ixiii.  120)  recommends  that  the  hydrochloric 
acid,  as  it  is  evolved  from  the  retorts,  be  made  to  act  directlv  upon  granulated  tin  con** 
tained  in  stoneware  receivers  adapted  to  the  retorts,  and  that  the  concentrated  solu- 
tion of  tin-salt  thus  formed  be  afterwards  evaporated  in  tinned  pans,  with  addition  of 
granulated  tin. 

The  solution,  when  evaporated  and  cooled,  yields  large,  transparent,  colourless  prisms 
(monoclinic  according  to  Marignac),  having  a  disagreeable  metallic  taste.  Ac- 
cording to  Berzclius,  their  composition  isSnCP.H'0:  according  to  Henry,  thej 
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contain  SnCl*.2H*0.  The  czystals,  when  heated,  erolye  water  and  hydroehlorio  acid 
containing  a  small  quantity  of  tin,  and  leave  stannous  chloride  and  oxide.  Cold  oil 
of  vitriol  separates  from  them  but  a  small  quantity  of  hydrochloric  acid ;  heated  oil 
of  vitriol  separates  hydrochloric  acid — together  with  small  quantities  of  stannous 
chloride,  sulphurous  acid,  and  sulphuretted  hydrogen  (the  two  latter  substances  partly 
decomposing  each  other,  and  yielding  a  precipitate  of  sulphur) — and  forms  stannic  sul- 
phate.   (A.  Vogel.) 

The  pure  crystals  of  tin-salt  dissolve  completely  in  a  certain  quantity  of  de- 
aerated  water,  a  litre  of  the  solution,  saturated  at  15°,  having  a  specific  gravity  of 
1*827»  and  containing  1,333  ^rms.  of  stannous  chloride  to  494  grras.  of  water  (Michel 
and  Kraft).  A  laiger  quantity  of  water  produces  partial  decomposition,  hydrochloric 
add  being  dissolved,  and  a  hydrated  stannous  ozychloride,  Sn'0Gl'.2H'0,  being  de- 
posited in  the  form  of  a  milk-white  powder: 

2SnCl«  +  H«0     -     8nK)a«    +   2HC1. 

The  dear  neutral  solution  also  becomes  turbid  on  ezposure  to  the  air,  likewise  from 
formation  of  ozychloride,  while  stannic  chloride  remains  in  solution : 

8Sn"Cl«  +  O     -     Sn«OCl«  +  Sn«-Cl«. 

In  either  case  the  decomposition  may  be  prevented,  and  the  solution  kept  clear,  by 
addition  of  hydrochloric  or  tartaric  acid,  or  of  sal^ataxmoniac,  with  which  stannous 
chloride  forms  a  double  salt  not  decomposible  by  water  or  by  exposure  to  ^e  air. 
The  crystals  of  tin-salt  likewise  decompose  on  ezposure  to  the  air  in  the  manner  above 
mentioned. 

A  hydrated  stannous  chloride^  containing  SnCl'.4H*0,  is  obtained  in  needle-shaped 
deliquescent  crystals,  melting  at  60®,  by  dissolving  stannous  ozide  in  an  equivalent 
quantity  of  stannic  chloride,  and  evaporating,  the  mother-liquor  then  retaining  stannic 
oxide  dissolved  in  stannic  chloride : 

2SnO  +  2SnCl*  +   8H*0     -     2(SnCl«.4H"  O)  +  SnO«  +  SnOT. 

Stannous  chloride  is  a  powerful  deoxidising  agent,  reducing  gold-^  stiver'^  and  msr- 
ettfy-salts  to  the  metallic  state ;  converting  ferric,  manganiOf  and  cupric  ekUmdsB 
into  ferrous,  manganous,  and  cuprous  chlorides  respectivelv ;  the  trioxide  of  chromium 
(chromic  anhydride)  into  sesquioxide;  iungstio  and  maiybdic  anhydrides  into  the 
corresponding  blue  oxides ;  the  higher  oxides  of  lead,  biemuthf  &c.,  into  lower  oxides, 
and  indiffo-bine  into  indigo-white. — Arsenic  acid  forms  with  stannous  chloride  a  pre- 
cipitate consisting,  according  to  Schiff,  of  stannic  arsenite,  2SnO*As'0' ;  an  excess  of 
stannous  chloride,  however,  reduces  the  arsenic  acid  to  metallic  arsenic  Stannous 
chloride  also  reduces  nitric  acid  to  nitric  or  nitrous  oxide,  hypochlorous  acid  to  chlo- 
rine, &c.  With  sulphurous  acid  in  presence  of  hydrochloric  acid,  it  forms  stannic 
sulphide  together  with  stannic  chloride,  a  reaction  wnich  may  be  used  for  the  detection 
of  sulphurous  acid  (p.  541) : 

6SnCl«  +   8HC1  +   2H«S0«     -     SnS^  +  6SnCl«  +  6H«0. 

Stannous  chloride  is  often  used  as  a  reagent  in  volumetric  analgia  for  the  estima- 
tion of  indigo,  &c  Tin-salt  is  extensively  employed  as  a  mordant  m  dyeing  and  calico* 
printing,  sometimes  also  as  an  antichlore. 

Stannous  chloride  forms  dystalUsable  double  salts  with  several  other  metalUo 
chlorides* 

Am7noni(hstannous  Chhridss.-^a.  The  compound  2NHK71.SnCl' is  formed  by  heating 
tin-filings  with  sal-ammoniac,  more  easily,  however,  by  evaporating  a  mixed  solution  of 
the  component  chlorides ;  the  crystals  thus  obtained  are  sometimes  anhydrous,  some- 
times they  contain  2  at.  water  (Graham).  Apiohn  obtained  octahedral  crystals, 
2NH^Cl.SnGl*.H'0»  which  were  permanent  in  the  air,  had  an  acid  reaction,  and 
dissolved  in  water,  forming  a  solution  which  became  cloudy  on  boilins.  Bammelsberg 
obtained  rhombic  crystals  naving  the  same  composition. — 0,  The  salt  4NH^Cl.SnCl'. 
8H*0  forms  tufts  of  needles  permanent  in  the  air,  but  decomposed  by  water.  (Pog- 
giale,  Compt.  rend.  zz.  1180.) 

The  bariitm-  and  strontium-^alts  are  represented  by  the  formuXae  BaCl*.SnCl'.4lP0 
and  SrCl«.SnCl«.4H«0. 

Potassio-stannous  Chlorides. — a.  The  salt  2ECl.SnCl*  is  preparedlike  the  corresponding 
ammonium-salt,  and  is  said  to  form  anhydrous  crystals,  as  well  as  crystals  with  1, 2, 
and  3  at.  water.  The  mouohydrate  forms  rhombic  crystals.  (Marignac,  Compt. 
rend.  Iv.  650. — ^B ammelsberg,  Kiystall.  Chemie,  p.  2 1 1 .) 

A  compound  of  stannous  chUmde  with  potassio-etannous  sidphate,  SnCl*.4SnK^S0*)*, 
separates  from  a  mixture  of  the  hot  concentrated  solutions  of  stannous  chloride  and 
potassium-sulphate,  in  small,  shining,  hexagonal  crystals,  which  may  be  recrystallised 
from  water  without  decomposition. 

Sesquichloride  of  Tiu,ov Stannoeo-etannic  ChlorideySxi}0\*^^n(Jl'.^nf^^ 
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— Thif  eonteoiiiid,  loKmn  onlT  in  BohilioD,  k  prodaoed  by  diBSolriiig  sUumoso-Btannie 
hydrate  in  nydroehloric  acid,  m  a  Teasel  from  which  the  air  ia  ezdnded.  The  aolation 
leaeta  like  a  mixture  of  atannona  and  atannic  chloridee. 


VetMifililoiide  of  Vtai,  or  Btaaaie  Clilnlda,  SnCl^ — Thia  onmpoimd 
known  to  the  older  chemiata,  having  been  mentioned  by  LibaTina,  in  160d,nnder  tlia 
name  of  lAquor  a.  Spiritut  argenti  vM  gublimaii  (from  the  mode  of  preparation  with 
mercuric  chloride) ;  afterwarda  it  waa  commonly  called  Spiritus/umana  IA  avU,  8om»- 
timea  alao  Fumiffoiarium  perpeiuumJotnaU, — ^The  anhydroua  tetrachloride  m«y  be 
obtained  by  diaolling  atannic  snlphate  with  aodinm-diloride,  or  by  distilling  the 
hydrated  tetrachloride  with  oil  of  vitriol.  It  ia  nanally  prepared  by  diatiUiog  m 
mixtore  of  1  pt.  tin-filings  with  4  or  6  pta.  menmrie  chloride,  or  by  heating  tin-filings 
or  atannona  chloride  in  dry  chlorine-gaa,  the  tetrachloride  then  collecting  in  the 
zeceiver,  which  mnat  be  kept  cooL  In  preparing  it  by  the  last-mentioned  method, 
the  free  chlorine  most  be  removed  by  agitating  the  distillate  with  tin-filinga,  and  then 
rectifying  it 

Stuinie  chloride  is  a  colourless  mobile  liquid,  of  specific  gravity  2'267  at  0^.  It 
fames  strongly  in  moist  air;  boils  at  115^  (at  120^  according  to  Bnmas,  at  112^ 
according  to  A  n  d  r  e  ws).  Vi^Kmr-density,  according  to  Ihimas'  determination, »  9*20 ; 
by  calculation  s  9:01.  Its  specific  heat  for  the  unit  of  volume  is  0*8639  ;  for  the  unit 
of  weighty  0*0939  (Begnault).  It  does  not  conduct  electricity.  It  is  highly  caustic, 
decomposes  alcohol,  with  formation  of  ether;  in  contact  with  oil  of  turpentine,  it 
produces  great  heat,  sometimes  setting  fiire  to  the  turpentine.  It  converts  mercury  into 
calomeL  Strong  nitric  add  decomposes  it,  with  formation  of  metastannic  acid ;  heated 
in  Bulphydric  acid  gas,  it  is  partially  decomposed,  with  formation  of  stannic  sulphide. 

Hyaraied  Stannic  Chloride. — ^The  anhydrous  tetrachloride  absorbs  water  rapidly  fiom 
the  air,  and  forms  crystals  of  a  trihydrate,  SnCl'.SH'O  (Gasselmann).  Mixed  with 
one- thud  of  its  weight  of  water,  it  solidifies  to  a  soft  fusible  masB,  called  Butter  of  ttn,  or 
Butyrum  atanni,  which  dissolves  in  excess  of  water,  the  solution  yielding,  by  evaporation, 
deliquescent  crystals  of  a  pentahydrate,  SnCl*.6HK),  which  give  off  3  at.  water  over  oil 
of  vitriol  (Lewy,  Compt.  rend.  xxi.  369).  A  solution  of  stannic  chloride  may  be  pre- 
pared by  dissolving  ordinaiy  stannic  hydrate  in  hydrochloric  acid,  by  treating  a  solution 
of  stannous  chloride  with  chlorine-^as,  or  by  mixing  stannous  chloride  with  hydro- 
chloric acid  and  treating  it  with  nitnc  acid.  The  salt  generally  known  in  commerce  as 
nitromuriate  of  tin,  is  prepared  by  dissolving  tin  in  nitromuriatic  acid,  which  must 
be  kept  cool,  and  must  not  contain  too  much  nitnc  acid — otherwise  metastannic  acid  ia 
likely  to  be  produced.  This  solution  is  used  in  dyeing  for  the  brightening  and  fixing 
of  red  colours,  and  is  sometimes  designated  bv  the  old  names,  "composition,  physic,  or 
tin-solution.''  The  same  solution  is  obtained  by  dissolving  tin  to  saturation  m  hydro- 
chloric acid,  then  adding  half  as  much  hydrochloric  acid  as  was  required  to  dissolve 
the  tin,  together  with  a  certain  quantity  of  sulphuric  acid  and  nitre.  Stannic  chloride 
may  also  be  prepared  by  oxidising  stannous  chloride  with  chlorate  of  potassium  ;  and 
on  evaporating  the  liquid,  or  the  solution  of  stannous  chloride  mixed  with  nitric 
acid,  the  trihydrate,  SnC1^3H*0,  is  obtained  ^whidi,  when  dried  in  a  vacuum,  leavea 
the  dihydrate,  SnCl*.2H'0),  while  the  mother-liquor  contains  stannic  hydrate  diaaolved 
in  stannic  chloride.  (Scheurer-Kestner,  Compt.  rend.  1.  60.) 

The  solution  of  stannic  chloride  exhibits  all  the  reactions  of  ordinaiy  stannic  salts 
(p.  810).  When  evaporated,  it  first  gives  off  water,  then  stannic  chloride.  The 
concentrated  solution  does  not  alter  perceptibly ;  but  the  dilute  solution  gradually 
decomposes,  yielding  hydrochloric  acid  and  metastannic  hydrate  (p.  817),  which 
remains  behind  when  the  hydrochloric  acid  is  evaporated.  According  toCassel- 
mann,  a  solution  diluted  to  a  certain  point  deposits  ordinary  stannic  hydrate  as 
well  as  metastannic  hvdrate.  When  stannic  chloride  is  heated  with  a  small  quantity 
of  water  in  a  sealed  tube,  pure  amorphous  stannic  oxide  separates.    (Senarmont.) 

Aqueous  stannic  chloride  easily  dissolves  stannous  oxide,  forming  stannous  chloride 
which  on  evaporation  crystallises  as  a  tetrahydrate,  SnCl*.4H*0  (p.  807),  while  the, 
liquid  retains  stannic  hydrate  dissolved  in  stannic  chloride.  When  an  excess  of 
stannous  oxide  is  dissolved  in  stannic  chloride,  the  mass  solidifies  to  a  pulp  of  stannic 
hydrate,  and  the  liquid  which  runs  off  yields,  on  evaporation,  the  dihydnite  of  stannous 
chloride,  SnCl*.2H<0.    (Scheurer-Kestner.) 

Compounda  of  Stannic  Chloride, — Stannic  chloride  unites  with  a  considerable 
number  of  bodies,  both  organic  and  inorganic.  It  dissolves  crystallisable  (not  amor- 
phous) atdphur,  when  heated  with  it ;  also  ordinaiy  phoaphoruSt  iodine,  and  other 
Dodies,  in  larse  quantity;  it  mixes  in  all  proportions  with  bromine  and  carhonie 
diandphide,  and  like  the  latter  is  a  solvent  for  many  bodies.  Sulphur  crystallises  from 
the  hot  saturated  solution  in  rhombic  prisms.     (Girardin,  Compt  rend.  li.  1057.) 

Anhydrous    stannic     chloride    absorbs    ammonia-gas^    forming     the    compound 
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Sn01^2NH*,  which  is  a  white  powder,  snhlimable  without  deoompMition,  and  perfectly 
soluble  in  water  after  Bablimation.    (H.  Bose.) 

Vapour  of  sulphurio  ankudride  is  easily  absorbed  by  stannic  chloride,  forming  a 
solid  mass.    (Rose,  Fogg.  Ann.  xUt.  320.) 

Stannic  chloride  also  quickly  absorbs  mdphydrie  acid  gaa,  giving  off  hydrochloric 
add,  and  forming  a  stannic  sulphochloride,  SnS'.2SnCl^ : 

8SnCl«  +   2H«S     -     SDS*2SnCl«  -I-  4HGL 
The  compound  obtained  by  perfect  saturation  with  sulphydrie  acid,  is  a  yellowish  or 
reddish  liquid,  heayier  than  water.    When  heated,  it  gires  off  tetrachloride  of  tin,  and 
leaves  the  disulphide.    (Duma s.) 

A  compound  of  stannic  chloride  with  tetrachloride  of  gulphur,  SnCI^.2SCl^  is  pro- 
duced by  the  action  of  chlorine-gas  on  sulphide  of  tin  at  orunary  temperatures : 

SuS*  +   6C1*     -     Sna*.2SCl*. 

It  forms  laige  yellow  crystals,  which  melt  when  heated,  and  sublime  without  decom- 
position ;  they  fume  in  die  air  more  strongly  than  tetrachloride  of  tin. 

Tetrachloride  of  Tin  toith  Pmtachloride  of  Phosphorus,  SnCl*.PCl*.--When  a  mixture 
of  the  lastpdescribed  compound  with  trichloride  of  phosphorus  is  moderately  heated 
in  a  stream  of  hydrochloric  add  gas,  a  rapid  action  takes  place,  and  this  compound  is 
Ibnned,  together  with  other-products : 

SnCP.2Sa*  +   3PC1«     -     SnCl*JPCl»  +   2PCI»  +  S»C1«. 

If  the  retort  in  which  the  action  takes  place  is  connected  with  a  receiver  surrounded 
with  ice,  a  pasty  yellowish  mass  collects  in  the  receiver,  and  an  amorphous  white  body 
remains  in  the  retort.  On  heating  the  yellowish  mass  between  100°  and  120^,  disul- 
phide of  chlorine  escapes,  and  there  remains  a  mixture  of  pentachloride  of  phosphorus 
with  the  double  chloride,  identical,  in  fact,  with  the  amorphous  white  mass  in  the 
retort.  On  heating  this  mixture  to  a  temperature  between  140°  and  160",  the  penta- 
chloride of  phosphorus  is  also  driven  off,  leaving  the  double  chloride,  which  sublimes, 
between  200^  and  220^,  in  highly  lustrous  colourless  needles,  which,  however,  soon 
crumble  to  an  amorphous  powder,  even  when  kept  in  dose  vessels.  The  compound 
Aimes  strongly  in  air,  and  rapidly  absorbs  water,  being  thereby  converted  into  trans- 
parent colourless  crystals  containing  water  of  crystallisation.  (Gasselmann,  Ann. 
Gh.  Pharm.  Ixxxiii.  267.) 

Tsiraehloride  of  Tin  with  Oxychhride  of  Phosphorus,  SnCl^POCl^— Obtained  by 
the  action  of  oxychloride  of  phosphorus  on  tetrachloride  of  tin:  if  an  excess  of 
either  substance  is  present,  the  compound  separates  in  large  isolated  crystals.  It  has 
a  peculiar  odour,  melts  at  66^,  boils  at  180^,  and  distils  without  alteration  if  kept 
from  contact  with  moist  air.  It  fomes  in  the  air,  and  is  decomposed  by  water.  When 
oxychloride  of  phosphorus  comes  in  contact  in  a  close  vessel  with  the  compound 
8nGl*.2SCl*,  the  whme  dissolves,  forming  a  yellowish  liquid,  from  which,  after  a  while, 
the  compound  8nCl^.P0Cl'  crystallises;  and  above  the  crystals  there  remains  a 
yellow  liquid,  probably  SCK     (Casselman  n.) 

Taraehloride  of  Tin  with  Phosphoretted  Hvdroffsn,  8Sna\2PH'.— The  two  bodies 
unite  without  production  of  hydrochloric  add ;  the  compound  is  solid.    (Rose.) 

Nitrio  oxide  is  abtindantlv  absorbed  by  tetrachloride  of  tin,  forming  a  crystallisable 
compound,  which  may  be  distilled,  but,  in  contact  with  water  or  with  moist  air,  is 
resolved  into  nitric  oxide  and  stannic  chloride  (Kuhlmann,  Ann.  Ch.  Pharm.  xxxix. 
819).  According  to  Hampe  {ibid,  cxxvi.  48),  nitric  oxide  does  not  act  on  stannic 
chloride  except  in  presence  of  oxygen ;  but  nitric  peroxide  and  nitrons  anhydride  are 
absorbed  by  stannic  chloride,  forming  a  yellow  mnss,  which  contains  stannic  oxide 
together  with  a  crystalline  sublimable  compound,  3SnCl*.4NO*Ci. 

With  ethyHo  oxide^  stannic  chloride  forms  the  compound  SnC1^2(C^H')'0,  crys- 
tallising in  shining  rhombic  plates,  which  melt  at  80°,  volatilise  without  decomposi- 
tion, dissolve  in  euer,  but  are  decomposed  by  water. — ^With  ethylic  oxalate  it  forms  a 
crystallisable  compound,  SnCl^.C'H^'^O^,  which  is  also  decomposed  by  water  (Lewy, 
Compt.  rend.  xxi.  371  )•  It  also  forms  crystallisable  compounds  with  several  nitriles, 
as  with  acetonitrile,  propionitrile,  caproniirile,  bensoniirile,  &c. 

Double  Salts. — Stannic  chloride  unites  with  the  chloride  of  the  alkali-metals  and 
alkaline  earth-metals,  formios  double  salts,  sometimes  called  chlorostannates: 
they  are  prepared  by  evaporating  the  mixed  solutions  of  the  component  chlorides,  and 
■QOie  of  tnem  form  well-defined  crystals. 

The  ammonium-salt,  2NHKn.SnCl*,  8^>arates,  on  mixing  the  concentrated  solutions 
of  the  constituent  chlorides,  as  a  crystalline  powder :  from  less  concentrated  solutions, 
it  separates,  on  evaporation,  in  regular  octahedrons  or  cubo-octahedrons  of  larger  size 
and  permanent  in  the  air.  This  salt  is  also  formed  in  the  preparation  of  stannic 
sulphide^  or  mosaic  gold,  from  tin,  sulphur,  and  sal-ammoniac,  in  which  case  it 
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Bublimes  in  transparent  octahedrons.  The  ciTBtals  dissolre  in  3  pts.  water  at  14^. 
The  concentrated  solution  is  not  decomposed  by  boiling ;  a  more  dilute  solution  deoom- 
poses  at  the  boilingheat,vith  separation  of  stannic  hydrate,  which  unites  with  any  eolour- 
ing-matter  contained  in  the  solution,  so  that  the  salt  acts  as  a  mordant.  It  is  used  In 
caiico-priniing,  under  the  name  of  pink  salt,  for  the  production  of  red  colours.  The 
dry  salt  decomposes  when  strongly  heated,  giving  off  stannic  chloride,  and  yielding  a 
sublimate  of  white  laminar  crystals. 

The  barium^,  calciuff^,  and  strontwm^<Ut8  are  czystallisable,  and  their  oompositioiL 
(according  to  Lewy)  is  represented  by  the  formula  M"Cl*.SnC1^6H.'0. — ^The  magne- 
sium-saltf  MgCl'.SnC1^.5H^0,  crystallises  in  rhombohedrons. 

The  potassiuTn-saltt  2KCl.SnCl^,  is  prepared  like  the  ammonium-salt,  or  by  fusing 
1  at.  stannic  oxide  with  2  at  potassium-hydrate,  and  dissolving  in  hydrochloric  add. 
It  crystallises  in  octahedrons,  which  are  permanent  in  the  air,  soluble  in  water,  and 
decomposed  by  heat  (Bolley ;  Lewy). — ^The  BodUim^^aU,  prepared  like  the  potas- 
aium-mlt,  crystallises  in  rhombic  laminae,  permanent  in  cold,  efflorescent  in  WBim 
air  (Bolle^r,  Ann.  Ch.  Pharm.  zzxiz.  100).  Wittstein  (Bepert.  Phaim.  Iziy.  7) 
obtained  it  in  anhydrous  deliquescent  crystals. 

TUr,  cnrAVma  or.    See  Ctakidbs  (ii.  273). 

TXXr,  BBTBCTZOV  AV1>  BSTZMATZOV  OP.  1.  Blowpipe  Reaeiion  9, 
— All  tin-compounds,  when  heated  on  charcoal  with  carbonate  of  sodium  or  cyanide  of 

¥3tassium,  yield  a  malleable  metallic  globule,  without  any  incrustation  on  the  charcoal, 
his  globule,  when  dissolved  in  hyiuochloric  acid,  gives,  with  mercuric  chloride,  a 
white  precipitate,  becoming  grey  when  heated. 

2.  Seaetions  in  Solution,-— a.  Stannous  salts, — Stannous  oxide  has  no  acid 
properties,  tin  being  basylous  in  all  stannous  salts.  These  salts  are  obtained  by  dis- 
solving stannous  oxide  in  acids,  the  hydrate  dissolving  much  more  easily  than  the 
anhydrous  oxide.  They  are  colourless,  and,  in  neutral  solution,  are  partially  decom- 
posed by  water,  with  precipitation  of  a  basic  salt.  They  absorb  oxygen  from  the  air, 
forming  stannic  oxide,  which  is  precipitated  if  there  is  not  enough  f^  acid  present  to 
hold  it  in  solution.  The  reactions  of  stannous  salts  are  most  readily  studied  in  the 
solution  of  the  chloride.  They  exert  a  powerful  reducing  action,  converting  ferric 
oxide  into  ferrous  oxide,  and  precipitating  silver  and  platinum  in  the  metallic  state 
from  their  solutions. — WithmerctiriccMciride  a  white  precipitate  of  mercurous  chloride 
is  formed,  which,  if  the  stannous  salt  is  in  excess,  is  further  reduced  to  metallic  mereurj. 
— Trichloride  of  gold  produces  a  purple  precipitate  in  stannous  salts,  consisting  pro- 
bably of  sesquioxide  of  tin  in  combination  with  protoxide  of  gold,  a  test  by  wnidi 
stannous  salts  may  always  be  distinguished. — Sidphydric  acid  produces,  in  neutral  or 
acid  solutions  of  stannous  salts,  a  brown-black  precipitate  of  stannous  sulphide,  which, 
when  gently  heated  with  a  considerable  quantity  of  sulphide  of  ammonium  containing 
excess  of  sulphur,  is  converted  into  stannic  sulphide  and  dissolved ;  acids  added  in 
excess  to  this  solution,  precipitate  yellow  stannic  sulphide. — Caustie  alkalis  and  oUm-' 
line  carbonates,  added  to  stannous  saltc,  throw  down  a  white  precipitate  of  hydrated 
stannous  oxide,  soluble  in  caustic  potash  or  soda,  but  not  in  ammonia. — Ferfwfyanide 
of  potassium  produces  a  white  precipitate,  soluble  in  hydrochloric  acid.  Stannous  saltan 
heated  with  iiUphurous  add,  yield  yellow  stannic  sulphide  and  white  stannic  oxide.    - 

iS.  Stannic  salts, — Stannic  oxide  in  the  anhydrous  state  is  insoluble  in  all  acids, 
even  in  nitromuriatie  acid.  It  forms  two  hydrates,  distinguished  as  stannic  and 
metastannic  hydrates,  the  former  of  which  is  an  amorphous  gummy  substancei 
soluble  in  hydrochloric,  sulphuric,  and  nitric  acids,  and  in  caustic  alkalis,  whereas  the 
latter,  formed  from  by  it  the  action  of  stronff  nitric  acid,  is  distinguished  by  its  insolu- 
bility in  adds,  especially  in  nitric  acid  and  in  concentrated  hydrochloric  acid. 

The  solution  of  stannic  hydrate  in  hydrochloric  acid  is  identical  with  the 
aqneous  solution  of  stannic  chloride.  It  is  distinguished  from  stannous  soluticms  by 
not  exerting  any  reducing  actJon.-^Metallic  zinc  and  cadmium  immersed  in  stannic 
solutions  tlm>w  down  metallic  tin  in  an  arborescent  form. — Sidphydric  acid  and  mi^ 
pkide  of  ammonium  throw  down  the  yellow  disulphide,  soluble  in  alkalis  and  in  sulphide 
of  ammonium. — Ammonia  throws  down  a  white  bulky  hydrate,  soluble,  with  some  tur- 
bidity, in  a  large  excess  of  ammonia.  The  presence  of  tartaric  acid  prevents  the 
precipitation. — Potash  throws  down  a  white  bulky  hydrate  (probably  containing 
potash),  easily  soluble  in  excess. — Carbonate  of  potassium  gives  a  white  precipitate, 
consisting  (according  to  Fr^my)  of  potassic  stannate,  which  dissolves  in  excess  of  the 
reagent,  but  separates  completely  after  a  while. — Bicarbonate  of  potassium  and  ses- 
guicarbimate  of  ammonium  throw  down  the  hydrated  oxide,  insoluble  in  excess  of  the 
Tesgent.^  Chlorids  ofaofd  gives  no  precipitate  with  stannic  salts. 

Metastannic  hyarate,  as  already  observed,  does  not  dissolve  in  strong  hydro- 
chloric acid,  but  forms  with  it  a  compound  insoluble  in  acids,  but  soluble  in  pure  water. 
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The  resnlting  Bolutioo  is  precipitated  by  dilute  sulphnric  acid,  ako  by  nitric  and 
strong  hydrochloric  acid. — PotOBh  throws  down  metastannic  hydrate,  soluble  in  excess 
of  the  idkali,  and  reprecipitated  by  excess  of  acid,  also  by  the  chlorides  of  the 
alkali-metals,  chloride  of  ammonium,  and  sulphate  of  potassium.  The  alkaline  solution 
of  metastannic  hydrate  solidifies  to  a  transparent  jelly  on  cooling. — Ammonia  precipi- 
tates metastannic  hydrate  from  its  solution  in  Tory  dilute  acid ;  the  precipitate  is 
insoluble  in  excess  of  strong  sulphuric  acid,  and  in  tartaric  acid :  hence  metastannic 
hydrate  is  precipitated  by  ammonia  even  in  presence  of  tartaric  Acid. — Alkaline  carbo^ 
nates  precipitate  the  hydrochloric  acid  solution,  the  preci^tate  being  insoluble  in 
excess  of  the  reagent — Nitrate  of  silver  forms  a  white  precipitate,  which  dissolves  but 
partially  in  ammonia,  leaving  metastannic  hydrate. — Tincture  of  palls  forms,  after  a 
while,  a  yellowish-white  precipitate. — Stawnotts  chloride  forms  a  yellowish  precipitate 
of  stannous  metastannate. — Sulphydrio  acid  and  sulphide  of  ammomum  react  with 
metastannic  in  the  same  way  as  stannic  solutions. 

Stannic  and  metastannic  hydrates  may  be  distinguished  one  from  the  other  by 
their  reaction  with  ferrocyanide  of  potassium,  inasmuch  as  1  at.  stannic  hydrate 
completely  precipitates  1  at  ferrocyanide  of  potassium,  whereas  metastannic  hydrate 
does  not  decompose  that  salt 

Both  stannic  and  metastannic  hydrates  react  as  adds,  forming  definite  salts  with 
bases.  The  solutions  both  of  stannates  and  metastannates,  when  decomposed  by 
acids,  yield  precipitates  consisting  of  the  particular  modification  of  stannic  acid 
contained  in  them,  which  may  then  be  distinguished  by  its  behaviour  with  hydro- 
chloric acid,  &c 

Metastannic  hydrate  fused  with  a  sufficient  quantit]r  of  caustic  alkali,  forms  a 
stannate  from  which  acids  precipitate  ordinary  stannic  acid. 

3.  Quantitative  Estimation.— Tin  is  estimated  in  the  state  of  stannic  oxide^ 
SnO',  which  contains  78*02  per  cent,  of  the  metal.  If  the  tin  is  united  with  other 
metals  in  the  form  of  an  alloy,  the  alloy  must  be  treated  with  nitric  acid  of  specific 
gravity  about  1*3.  The  tin  is  then  converted  into  insoluble  metastannic  hydrate,  while 
the  other  metals  (with  the  exception  of  antimony,  gold,  and  the  platinum-metals)  are 
dissolved  by  the  acid.  The  insoluble  residue  must  then  be  thoroughly  washed,  after- 
wards dried,  ignited,  and  weighed  as  stannic  oxide.  To  insure  complete  oxidation, 
the  alloy  should  be  finely  divided. 

When  the  tin  is  in  solution  in  hydrochloric  acid  (which  is  its  usual  solvent),  it  may 
bo  precipitated  as  a  sulphide  by  sulphydric  acid,  and  the  sulphide  then  converted  into 
stannic  oxide  by  roasting  in  an  open  porcelain  crucible,  a  small  quantity  of  nitric  acid 
being  added  to  complete  the  oxidation. 

From  solutions  of  stannic  salts,  tin  may  be  completely  precipitated  as  stannic  or 
metastannic  acid  by  dilute  sulphuric  acid.  The  solution  is  first  neutraUsed  with 
ammonia,  so  as  to  cause  a  slight  precipitate ;  hydrochloric  acid  is  then  cautiously  added 
till  the  precipitate  is  redissolved,  care  being  taken  to  avoid  any  great  excess  of  add. 
This  solution  is  then  mixed  with  sulphuric  add.  If  the  liquid  contains  <nrdinary 
stannic  add  (or  the  corresponding  chloride),  it  must  be  largely  diluted  to  insure  com- 
plete precipitation ;  if,  on  tne  other  hand,  the  tin  is  present  as  metastannic  add,  it  will 
be  completely  predpitated  by  sulphuric  acid  from  less  dilute  solutions.  In  all  easee 
the  precipitate  must  be  left  to  settle  for  some  hours,  the  time  required  being  longer 
as  the  quantity  of  free  acid  present  is  greater.  It  is  then  to  be  thoroughly  washed, 
and  iffnited,  to  convert  it  into  stannic  oxide.  To  ascertain  whether  the  predpitation  is 
complete,  it  is  advisable  to  test  the  wash-waters  with  sulphuretted  hydrogen. 

SStlphate  of  sodium  and  nitrate  of  potassium  or  ammonium  are  sometimes  used, 
instead  of  sulphuric  acid,  to  predpitate  tin.  Sulphate  ot  sodium  does  not  appear, 
however,  to  possess  any  advantage  over  sulphuric  acid  in  this  respect.  The  nitrates 
may  be  advantageously  used  when  the  solution  contains  bases  which  form  soluble 
sulphates. 

The  mode  of  predpitation  just  described  is  very  accurate,  and  affords  a  means  of 
separating  stannic  from  stannous  salts,  the  whole  of  the  latter  remaining  in  solution 
after  the  predpitation  of  the  stannic  oxide  by  sulphate  of  sodium.    (Lowenthal.) 

Another  method  of  determining  the  proportions  of  stannic  and  stannous  salt  in  a 
mixed  solution  of  the  two,  is  to  divide  the  solution  into  two  equal  parts,  convert  the 
whole  of  the  one  into  stannic  salt  by  treatment  with  chlorine  or  cnromate  of  potas- 
sium, and  precipitate  with  sulphuric  acid,  as  above;  this  determines  the  total  amount 
of  tin  present  The  other  portion  is  dropped  into  a  solution  of  mercuric  chloride,  and 
the  mercurous  chloride  thereby  precipitated  is  collected  on  a  weighed  filter,  washed, 
dried,  and  weighed.  From  its  weight,  the  quantity  of  tin  present  as  stannous  salt 
may  be  calculated,  2  at  mercurous  chloride  (471)  corresponding  to  1  at  tin  (IIS)^ 
present  as  stannous  chloride,  according  to  the  equation: 

2HgCl«  +  SnCl»    «     2HgCl  +  SnCK 
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Vdumetrw  EgHmatum. — Tin  ma/  be  estimated  Tolvmetricallj  bj  euuTwUng  m 
stannoiu  into  a  stannic  salt  with  oxidising  solutions*  of  known  strength.  One  at. 
Btannons  oxide,  SnO,  by  taking  np  1  at.  oxygen,  is  oonreited  into  stannic  oxide,  8nO* : 
consequently,  1  at.  oxysen  (16)  is  equivalent  to  1  at.  tin  (118).  The  quantity  of  t'.ie 
oxidising  solution  required  to  effect  the  conTersion  is,  howerer,  materially  affected  \jj 
the  greater  or  less  dilution  of  the  solution,  the  greater  or  smaller  amount  of  free  acid 
present,  aod  the  quantity  of  oxygen  dissolTed  in  the  water.  Penny  (Chem.  Soe.  Qu.  J. 
IT.  239  ;  Tii.  50),  and  alterwaras  Streng  (Ann.  Ch.  Pharm.  xc  411),  used  a  solution 
of  acid  potassic  chromate  for  the  titmlion  of  tin;  Schlagdenhanffen  (J.  Pharm. 
[81  xxxi.  96)  uses  manganate  of  potassium. 

Strene  mixes  the  acid  solution  of  stannic  chloride  with  a  little  stareh-paste  con- 
taining iodide  of  potassium,  and  then  adds  a  graduated  solution  of  acid  potassium- 
chromate,  till  a  blue  ocdour  is  developed  by  the  separation  of  iodine.  The  reaction 
takes  place  as  shown  by  the  equation,  ZSn(X  +  Ci*0*  -  SSnO*  +  Ci'O*,  so  that 
1  at  tin  (118)  corresponds  to  |  at.  acid  potassium-chromate  (K'CVO'  a  230*6). 
Streng  and  Pennv  found  that  100  pts.  tin  required  83*2  pts  of  the  acid  chromate ;  the 
calculated  quantity  is  83-4.  According  toKessIer (Pogg.  Ann.  xcvi  129X  the  titra- 
tion by  this  method  generally  gives  inaccurate  results,  for  the  reasons  above  mentioned. 
According  to  Mulder,  the  chromic  acid  solution  ought  to  be  titrated  with  pure  tin, 
and  the  process  conducted  as  &r  as  possible  under  similar  circumstances.  According 
to  Ldwenthal(J.pr.Chem.  Ixxvi.  484 ;  Ixxviii.  384),  stannous  chloride  in  acid  solution 
maybe  more  exactly  titrated  after  addition  of  ferric  or  cupric  chloride.  Strom eyer 
(Ann.  Ch.  Pharm.  cxvii.  261)  oxidis^^  metallic  tin,  or  stannous  chloride,  by  dissolving  it 
m  ezoess  <tf  ferric  chloride,  whereby  stannic  and  ferrous  chlorides  are  produced : 

Sn   +  4FcCl«     -     Sna«  +   4FeCl*, 
and  SnQ*  +   2FeCl»     -     8nCl«  +  2FeCl«. 

The  quantity  of  ferrous  salt  thus  formed  is  determinerl  by  titration  with  perman- 
ganate, the  ferrous  salt  being  less  susceptible  to  the  action  of  free  oxygen  tnan  the 
stannous  salt — and  the  quantity  of  tin  is  thence  determined  by  calculation.  In  the 
first  case,  4  at.  iron  (224  grms.),  or  2  at.  oxygen  added  (32  grms.)  correspond  to 
I  at  tin  (118);  in  the  latter,  2  at  iron  (112)  or  1  at  oxygen  (16),  correspond  to  1 
at.  tin  (118)  or  1  at.  stannous  chloride  (189).  If  the  tin  is  in  the  state  of  stannic 
oodde  or  chloride,  it  must  first  be  reduoea  by  introducing  a  plate  of  zinc  into  the  solu- 
tion, and  the  precipitated  tin  then  dissolved  in  ferric  chloride,  with  addition  of  hydro- 
chloric acid.  If  it  has  been  precipitated  from  an  add  solution  as  sulphide,  this  preci- 
pitate is  also  to  be  dissolved  in  ferric  chloride,  a  reaction  which  is  attended  with 
Separation  of  sulphur : 

SnS*  +  4FeCl«     «     BnO*  +   4FeCl«  +  S«. 

The  solution  is  then  to  be  titrated  as  above,  4  at  iron  corresponding  to  1  at  tin.  If 
the  tin  has  been  precipitated  from  an  alkaline  sulphostannate  by  an  acid,  the  precipitate 
consists  (aoeozding  to  Kuhn),  not  of  pure  stannic  sulphide,  but  of  stannic  sulphydrate 
Sn^'H'S'.  The  decomposition  by  ferric  chloride  then  takes  place  as  shown  by  the 
equation: 

SnH«S»  +  6FeCl»     -     SnCl«  +  6FeCl«  +  2Ha  +  S». 

In  this  case  6  at  iron  are  equivalent  to  1  at  tin. 

Lenssen  ^Ann.'Ch.  Pharm.  cxiv.  113)  titrates  stannic  chloride  with  iodine  in 
alkaline  solution.  The  tin  or  stannous  salt  is  dissolved  in  hydrochloric  acid  in  an 
atmosphere  of  carbonic  anhydride,  and  sodio-potassic  tartrate  (Rochelle  salt),  or  add 
■odic  carbonate,  is  added  in  excess ;  the  solution  is  then  mixed  with  starch-paste,  and 
a  titrated  solution  of  iodine  in  iodide  of  potassium  is  added,  till  a  permanent  blue 
Golouz  is  produced.  Stannic  iodochloride  is  then  formed,  according  to  the  equatiun 
8n"Cl*  +  P  -  Sn**Cl*P,  so  that  2  at  iodine  (254)  correspond  to  1  at  tin  (118). 

To  determine  volumetrically  the  relative  quantities  of  stannous  and  stannic  salt 
existing  toeether  in  a  solution,  the  liquid  is  fii«t  titrated  directly  by  either  of  the  pre- 
ceding meuods,  whereby  the  quantity  of  tin  existing  as  stannous  salt  is  determined ; 
and,  secondly,  after  the  stannic  salt  has  been  reduced  to  stannous  salt,  which  gives  the 
total  amount  of  tin. 

4.  Separation  of  Tin  from  other  Meials.^ln  metallic  alloys  tin,  as  already  observed, 
may  be  separated  from  most  other  metals  except  antimony,  gold  and  the  platinum-metals, 
by  oxidisine  the  alloy  with  ntirie  acid,  whereby  the  tin  is  converted  into  insoluble  meta- 
stannic  ado,  while  silver,  copper,  lead,  cadmium,  iron,  manganese,  cobalt,  nickel,  and 
line — and  likewise  bismuth,  if  a  sufiident  quantity  of  dilute  nitric  acid  is  used — are 
dissolved.  Tin,  alloyed  with  metals  which  form  volatile  chlorides,  mny  be  Beparatfd. 
by  heating  the  finely-divided  alloy  in  a  current  of  chlorine  gat ;  stannic  chloride  then 
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volatilises,  and  may  be  condensed  in  water.  This  method  serrcs  to  separate  tin  £com 
gold  and  the  platinum-metals,  which  do  not  dissolve  in  nitric  acid. 

Frecipitati(m  with  sulphuric  acid  serves  to  sepckrate  tin  from  all  metals  whose  sul- 
phides are  not  thrown  down  by  that  reagent  fe)m  add  solutions.  From  bismuth, 
cadmium,  copper,  lead,  mercury,  palladium,  and  silver,  which  are  precipitated  in  the 
same  manner,  it  may  be  separated  by  digesting  the  precipitate  in  sulphide  of  amTno- 
nivm  containing  excess  of  sulphur.  Stannic  sulphide  then  dissolves,  and  may  be 
precipitated  by  hydrochloric  add. 

Sulphide  of  ammonium  also  dissolves  the  sulphides  of  arsenic,  antimony,  gold,  plati- 
num, molybdenum,  selenium,  and  tellurium.  The  methods  of  separating  tin  from 
antimony  and  arsenic  have  already  been  fully  described  (i.  322, 369).  From  a  solution  of 
stannic  chloride  containing  also  the  chlorides  of  gold  and  platinum,  the  latter  metals 
may  be  fo^cipitated  in  the  metallic  state  hy  ferrous  acetate,  the  tin  then  remaining  in 
solution.  If  tin  is  mixed  with  these  metals  in  the  fonn  of  oxide  or  other  insoluble 
compound,  the  three  metals  may  be  reduced  by  igniting  the  compound  in  hydrogen- 
gas,  and  the  reduced  alloy  heated  in  chlorine  gas,  as  above  described. 

From  molybdenum,  selenium,  and  tellurium,  and  from  all  metals  which  form 
soluble  sulphates,  tin,  after  being  brought  to  the  state  of  stannic  chloride  by  treat- 
ment with  chlorine  or  chlorate  of  potassium,  may  be  separated,  by  precipitation  as 
stannic  or  metastannic  add,  with  sulphuric  acid.  From  barium,  strontium,  or  caldunv 
it  may  be  separated,  in  like  manner,  by  niiraie  of  ammonium  or  potassium, 

5.  Atomic  Weight  of  Tin. — Berzelius  (Gilb.  Ann.  x.  235)  found  that  100  pts. 
tin,  oxidised  by  nitric  acid  and  ignited,  yielded  127*2  pts.  stannic  oxide,  SnO' :  hence 
the  atomic  weight  of  tin  should  be  117*64.  Mulder  (Ann  Ch.  Pharm.  Ixxii.  212)  ob- 
tained, in  like  manner,  127*56  pts.  of  stannic  oxide,  giving  Sn  »  116'1.  Ihimas  {ibid, 
cv.  104 ;  cxiii.  26),  on  repeating  this  experiment,  obtained,  as  a  mean,  Sn  a  118*06 ; 
and  by  determining  the  quantity  of  silver  required  for  precipitating  a  known  wdght  of 
stannic  chloride,  the  same  chemist  obtained  Sn  »  118*09.  The  atomic  weight  of  tin 
may  therefore  betaken  at  118^. 


r«  m  Mww«MKV«l8  OV«  Tin  forms  two  fluorides— viz.,  a  difluoride  and  a  tetra« 
fluoride. 

The  Difluoride,  or  Stannous  fluoride,  SnF*,  is  obtained  hj  evaporating  the 
solution  of  stannous  oxide  in  hvdrofluoric  acid,  and  crystallises  m  small,  shining, 
opaque  prisms,  having  a  sweetish  astringent  taste.  When  heated  in  the  air,  it  takes 
up  oxygen,  and  forms  stannic  oxyfluoride,  Sn'^'OF*  or  SnO'.SnF*. 

Ammonio'^tannous  fivaride, — Stannous  chloride  yields,  with  fluoride  of  ammonium, 
a  precipitate  composed  of  metallically  lustrous  micaceous  laminae,  soluble  in  potash. 
(Unverdorben.) 

The  Tetrafluoride,  or  Stannic  fluoride,  has  not  been  obtained  in  the  free 
state  as  a  definite  compound,  but  it  forms  crystallisable  double  salts  with  other 
metallic  fluorides.  A  solution  of  stannic  hydrate  in  aqueous  hydrofluoric  acid  coagu- 
lates like  albumin  when  heated,  but  does  not  yield  any  crystals  by  evaporation ;  when 
evaporated  in  contact  with  the  air,  it  gives  off  hydrofluoric  add,  and  leaves  the  oxy- 
fluoride above  mentioned. 

The  fluostannates,  2MF.SnF^  and  M''F'.SnF^  are  analogous  in  composition  to 
the  stannates,  MH).SnO',  and  isomorphous  with  the  corresponding  fluosilicates  and 
fluotitanates.     (Marignac,  Ann.  Min.  [5],  xv.  221 ;  Jahresb.  1859,  p.  110.) 

The  ammonium-salt,  2NH^F.SnF\  is  obtained  by  the  action  of  hydrofluoric  acid  on 
stannate  of  ammonium,  or,  better,  by  double  decomposition  of  the  lead-  or  silver-salt 
with  sulphate  or  chloride  of  ammonium.  The  crystals,  which  are  seldom  distinct,  are 
rhombohedral  combinations,  united  in  twins,  or  complex  aggregates. — ^When  evapo- 
rated with  fluoride  of  ammonium,  it  yields  the  salt  4NH^F.£f*,  in  distinct  rhombic 
combinations. 

The  barium-sait,  Ba'T'.SnF*,  is  obtained,  as  a  sparingly  soluble  predpitate,  by  de- 
composing the  zinc-salt  with  chloride  of  barium.  By  slowly  cooling  a  slightly  concen- 
trated solution  of  this  precipitate,  or  by  spontaneous  evaporation,  a  hydrate,  BaTF*. 
SnF*.3H'0,  is  obtained  in  monoclinic  crystalline  laminse,  but  on  evaporating  the 
solution  near  its  boiling-point,  the  anhydrous  salt  separates  in  microscopic  indistinct 
crystals. 

The  cadTmum-salt,  CdT'.SnF'.6HK),  is  isomorphous  with  the  magnesium-salt. 

The  calcium-  and  strontium-salts  form  monoclinic  crystals  containing  2  at  water. 

The  ettpric  salt,  Cu''F'.SnF*.4H'0,  forms  blue  monoclinic  crystals,  permanent  in  the 
air. 

The  lead-salt,  PbF'.SnF^.3H*0,  crystallises  with  difficulty  in  thin  nacreous  lamin», 
isomorphous  with  the  trihydrated  barium-salt.  It  has  a  great  tendency  to  form 
supersaturated  solutions,  which  ultimately  solidify  in  nodular  crystalline  masses. 
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By  recrystallisation  from  water  the  salt  is  decomposed,  with  separation  of  lead-flno- 
ride. 

The  lUhium-salt,  2LiF.SnF*.2H'0,  rarely  forms  distinct  moDoclinic  crystals :  gpne- 
zally  only  crystalline  crusts,  or  indistinct  microscopic  crystals. 

The  magnenum-saltf  MgT'''.SnF^.6H*0,  crystallises  in  hexagonal  combinations, 
permanent  in  the  air. — ^The  manaanesesalt,  Mn"F*.SnF\6H'0,  forms  pale-red  shin- 
ing ciystals,  isomorphous  with  the  last,  and  gradually  becoming  dull  on  exposure 
to  the  air. — The  nickel-scUtt  NiP*.SnF'.6H^0,  is  likewise  isomorphous  with  the  magne- 
sium-salt 

The  potassmmrsalt^  2KF.SdF*.H'0,  is  obtained  by  saturating  a  solution  of  potas«io 
stannate  with  hydrofluoric  acid,  and  evaporating,  in  laminar  crj'stals,  which  dissolve 
in  2*3  pts.  of  boiling  water,  and  in  16  to  16  pts.  water  at  18^.  Sometimes,  espe^ 
cially  on  recrystallising  with  addition  of  a  drop  of  hydrofluoric  acid,  a  salt,  identical  in 
composition  with  that  just  described,  is  obtained  In  granular  crystals  having  the  form 
of  rhombic  pyramids,  soluble  in  3  pts.  boiling  water  and  in  27  pts.  water  at  18^.  The 
crystals  of  both  kinds  retain  their  water  till  heated  above  100°,  and  melt  at  a  red 
heat,  with  loss  of  hydrofluoric  acid. — ^An  acid  potassium-saltf  2'(2EF.SnF*).(EF.HF), 
or  2K'Sn'*F*.EHF',  crystallises  in  needle-shaped  monodinic  combinations. 

The  sUner-salt,  2AgF.SnF*.4H"0,  forms  indistinct  crystals,  which  melt  below  100<*, 
but  do  not  give  off  their  water  till  heated  to  a  higher  temperature,  at  which  also 
hydrofluoric  acid  is  given  off. 

The  sodium-Mlif  2NaF.SnF*,  has  not  been  obtained  in  distinct  crystals :  it  dissolves 
in  18  to  19  pts.  of  water  at  20^. 

The  eme-Mlij  ZnF'.SnF^6H'0,  is  isomorphous  with  the  magnesium-salt,  and  easily 
soluble  in  water. 


\  IODZBB8  OF.  There  are  two  iodides  of  tin  analogous  to  the  protoxide 
and  dioxide.  The  existence  of  a  sesquioxide,  Sn^P,  is  doubtful.  A  solution  of  iodine 
in  io£de  of  potassium  (1  at  iodine  to  2  at.  KI)  does  not  precipitate  a  solution  of 
stannic  chloride,  but  on  evaporation  a  yellow  powder  is  deposited,  which  may  possibly 
be  the  sesqui-iodide.    (B  o  u  1 1  a y.) 

Di-iodide  of  Tin^ot  Stannous  Iodide, — This  eompound  is  produced : — 1.  By 
heating  Ipt.  of  tin  with  2  pts.  of  iodine  till  the  iodine  melts.  A  violent  action  then  takes 

{»lace,  and  a  brown  mass  is  formed,  consisting  of  stannous  and  stannic  iodides,  the 
atter  of  which  mav  be  separated  by  sublimation,  while  the  stannous  iodide  remains 
in  the  form  of  a  red  crystalline  mass. — 2.  By  adding  iodide  of  potassium  in  slight 
excess  to  a  warm  concentrated  solution  of  stannous  chloride,  the  liquid,  as  it  cools, 
depositing  stannous  iodide  in  yellowish-red  needles. — 3.  By  the  action  of  hydriodic 
add  on  tin  or  the  dichloride.  When  moderately  concentrated  hydriodic  acid  is  placed 
in  contact  with  strips  of  tinfoil,  or  with  tin-filings,  in  a  long  glass  tube,  and  kept  in 
gentle  ebullition  for  several  days,  or  heated  in  a  sealed  tulie  to  120^ — 150°  for  some 
hours,  stannous  iodide  is  formed,  in  shining  yellowish-red  prisms  (Wohler  and 
Dunhaupt,  Ann.  C!h.  Fharm.  Ixszvi.  374).  Tin,  heated  with  iodide  of  amy  1  to  180°, 
in  a  sealed  tube  for  some  time,  is  converted,  partly  into  yeUowish-red  quadratic  octa- 
hedrons, partly  into  sulphur-yellow  prisms,  which  quickly  turn  red  in  contact  with  the 
air :  these  oom|x>imds  have  not  been  analysed. 

Stannous  iodide,  heated  in  a  close  vessel,  melts  to  a  dark-red  crystalline  mass,  yield- 
ing a  cinnabar-coloured  powder.  When  heated  in  contact  with  the  air,  it  is  decomposed, 
stannic  iodide  subliming,  and  stannous  oxide  remaining.  It  is  slightly  soluble  in 
cold,  somewhat  more  soluble  in  hot  water,  and  is  not  decomposed  thereby.  A  solution 
of  stannous  iodide  is  likewise  formed  by  heating  tin  with  water  and  iodine.  Stannous 
iodide  dissolves  also  in  aqueous  stannous  chloride. 

Compounds  of  Stannous  Iodide  — a.  Withstannouschloride.  — An  aqueous  solu- 
tion of  stannous  chloride  mixed  with  iodine,  deposits  stannous  iodide ;  and  on  evapo- 
rating the  remaining  liquid  (which  contains  stannic  chloride,  stannous  chloride,  and 
stannous  iodide),  stannous.chloriodide,  SnClI  or  SnCl*.SuI',  separates  in  straw- 
yellow,  non-volatile  crystals,  which  are  decomposed  by  water,  with  sepai'ation  of  stan- 
nous iodide.    (Henry.) 

/3.  With  stannous  oxide. — Stannous  iodide  is  decomposed  by  a  large  excess  of 
water,  forming  hydriodic  acid  which  dissolves,  and  stannous  oxide  which  unites  with 
the  undecomposed  iodide,  forming,  accoitiing  to  Personne  (Compt  rend.  liv.  216), 
insoluble  oxyiodides  of  variable  composition,  which  are  yellow,  pulverulent,  and  are 
decomposed  by  a  large  quantity  of  water.  Personne  analysed  four  of  these  compounds, 
containing  Sn*IO«  «  SnI'.2SnO  ;  Sn'PO  -  SnP.SnO  ;  Sn'I^O  =  2SnP.SnO ;  and 
Sn^I«0    =   SSnl^SnO. 

y.  With  ammonia. — 100  pts.  stannous  iodide  absorb  20  pts.  ammonia-gas,  form- 
ing a  white  compound,  which  in  the  pure  state  is  probably  2NH'.SnP,  or  iodide  of 
Btannammonium  (N-lI*Sir)I*.     (Ram  me  Is  berg,  Pogg.  Ann.xlviii.  ir.p.) 
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9.  With  other  metallic  iodides. — Stannous  iodide  unites  with  the  iodides  of  the 
alkali-metals  and  alkaline  earth-metals,  forming  double  salts,  which  may  be  obtained 
either  by  direct  mixture  of  Uie  solutions  of  ue  constituent  iodides,  or  by  mixing  a 
solution  of  stannous  chloride  with  excess  of  a  metallic  iodide.  They  must  be  crystal- 
lised from  alcohol,  as  they  are  decomposed  by  water,  forming  stannous  oxyiodidos, 
similar  to  those  produced  &om  stannous  iodide  and  water. 

The  ammonium^salt^  2NH*I.SnI*,  forms  greenish-yellow  needles  (BouUay).  Ac- 
cording to  Personne,  there  is  also  a  salt  containing  NH^LSnP.fHK). — The  poiaasium- 
ttUty  2KLSnI',  forms  yellowish  silky  needles,  which,  when  heated  in  chlorine  gas,  yield 
stannic  chloride,  chloride  of  potassium,  and  free  iodine  (Boullay).  Personne  like- 
wise obtained  the  hydrated  salt,  KLSnI*.|H*0.— The  sodium-salt,  NaLSnP,  forms  pale- 
yellow  crystals. 

Stannous  iodide  also  forms  crystallisable  double  salts  with  the  iodides  of  barium  and 
sinmtium, 

Tetraiodide  of  Tin,  or  Stannic  Iodide,  SnV,  is  formed,  together  with  stan- 
nous iodide,  by  heating  tin-filings  with  iodine  in  a  sealed  tube,  combination  taking 
place  with  incandescence  at  60^.  It  may  be  separated  from  the  stannous  iodide  by  its 
greater  volatility.  It  is  also  produced  bv  the  action  of  iodine  on  stannous  chloride,  or 
by  dissolving  stannic  hydrate  in  hydrioaic  acid.    (Berzeli us.) 

Sublimed  stannic  iodide  forms  vellowish-red  octahedrons,  of  specific  gravity  4*696. 
It  melts  at  146^  solidifies  at  142^,  sublimes  at  180^  and  boils  at  296°.  It  is  decom- 
posed bv  water,  completely  at  the  boiling  heat,' into  hydriodic  acid  and  stannic  hydrate. 
It  dissolves  in  alcohol,  ether,  and  benzene. 

Stannic  iodide  does  not  combine  either  with  stannic  hydrate,  or  with  the  iodides  of 
the  alkali-metals.  It  easily  absorbs  dry  ammonia-gas,  forming  at  first  a  yellow  body, 
SNH'JSnl^  and  by  further  assumption  of  ammonia,  the  two  compounds,  4NIP.SnI^ 
and  fiNH'JSnl^    (Pe r  so  n n  e.) 


Tf  OZmm  OV.    Tin  forms  three  oxides:  a  protoxide^  a  sesquioxide,  and  a 
dioodde. 

Vrotosltfe  of  Tint  or  Btmaaumm  Oxldey  SnO. — ^This  oxide  is  produced: 
1.  By  heating  stannous  oxalate  out  of  contact  with  air  (Liebi  g). — 2.  By  precipitating 
stannous  chloride  with  carbonate  of  sodium,  and  heating  the  washed  and  oried  precipi- 
tate of  stannous  hydrate  in  an  atmosphere  of  hydrogen  or  carbonic  anhydriae,  to  a 
temperature  not  exceeding  80^ ;  the  anhydrous  oxide  is  thus  obtained  as  a  brown  o^ 
b]aek  powder  (Berselius).  According  to  Otto,  the  hydrate  sometimes  changes  to 
the  black  oxide  on  the  filter,  or  on  the  sides  of  the  precipitating  vessel,  where  it  is 
touched  with  a  glass  rod. — 8.  Stannous  hydrate,  boiled  with  a  quantity  of  caustic 
potash  or  soda  less  than  sufilcient  to  dissolve  it,  is  converted  into  small,  black,  shining 

Srstals  of  the  anhydrous  oxide  (Fr^my,  Berz.  Jahresb.  xxiv.  133  ;  xxv.  172). — 4.  A 
ntion  of  stannous  chloride  is  evaporated  in  contact  with  metallic  tin,  till  a  residoe  of 
the  fused  chloride  is  obtained ;  this,  after  removal  of  the  metallic  tin,  is  heated  with 
1  at.  or  more  of  ciystalHsed  sodic  carbonate  till  it  turns  black,  and  the  stannous  oxide 
thus  produced  is  washed  and  dried.    (Sand all,  J.  pr.  Chem.  xiv.  264.) 

Stannous  oxide  is  a  black  powder,  of  specific  gravity  6*666  {Berzeli us);  bluish- 
black  or  slate-grey  (Sand ail).  The  civstals  obtained  by  the  third  process  are, 
according  to  Nordenskjold,  monometric,  exhibiting  the  combination  ooO  .  ooOoo ,  have 
a  specific  gravity  of  61,  and  yield  a  greenish-brown  powder.  When  heated  to  268^, 
they  decrepitate,  swell  up,  and  are  resolved  into  olive-green  laminae,  soft  to  the  touch 
(Fr^my).  This  olive-green  modification  is  likewise  obtained  by  boiling  stannous 
hydrate  with  excess  of  ammonia  (Gay- Lu s s a c).  A  third  modification  is  obtained  by 
evaporating  a  very  dilute  solution  of  sal-ammoniao  in  which  hydrated  stannous  oxido 
IS  difRised,  that  compound  beins  converted,  as  soon  as  the  sal-ammoniac  crystallises, 
into  anhydrous  stannous  oxide  having  the  form  of  a  cinnabar-coloured  powder 
(Frimy).  The  red  modification  is  also  produced  by  digesting  thoroughly-washed 
hydrateil  stannous  oxide,'  at  a  temperature  of  133^,  in  a  slightly  acid  solution  of 
stannous  acetate  having  a  density  of  1*06.  The  oxide  is  then  obtained  in  heavv,  hard, 
ciystalline  grains,  which  yield  a  greenish-brown  powder  by  trituration,  and  blacken 
when  exposed  to  sunshine.    (Roth,  Ann.  Ch.  Pharm.  Ix.  214.) 

Stannous  oxide  is  permanent  in  the  air  at  ordinary  temperatures,  but  easily  oxidises 
to  stannic  oxide  when  heated.  When  dry,  it  may  be  set  on  fire  by  a  glowing  body,  and 
then  bums  to  stannic  oxide.  It  is  reduced  at  a  red  heat  by  hydrogen  or  charcoal, 
and  when  heated  before  the  blowpipe  with  carbonate  of  sodium  (best  with  addition  of 
cyanide  of  potassiom),  it  vields  a  button  of  metal. — Heated  in  chlorine-ffas  it  is  con- 
verted into  stannic  chloride  and  stannic  oxide.  When  ignited  with  sidphur,  it  yields 
stannic  sulphide  and  sulphurous  anhydride.  By  boiling  with  caustic  potash  or  soda, 
it  is  converted  into  a  stannate  of  the  alkali-metal,  with  separation  of  tin. — With  acids^ 
it  forms  the  stannous  salts. 
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Stannous  Hydrate,  8n*HK>*  «  2SdO.HK),  ib  obtained,  as  a  white  precipitate,  bx 
decompoeiog  a  stannous  salt  with  an  alkaline  carbonate.  It  dissoWee  in  acids  and  in 
the  fixed  alkalis  much  more  easily  than  the  anhydrous  ozide^  but  is  insoluble  in  ammo- 
nia. When  boiled  with  water  or  with  aqueous  alkalis,  or  when  gently  heated  in  the 
dry  state,  it  is  conyerted  into  the  anhydrous  oxide.  When  exposed  to  the  air,  \% 
gradually  takes  up  oxygen,  and  is  conyerted  into  stannic  hydrate.  When  boiled  witli 
strong  potash-ley,  it  yields  stannate  of  potassium  and  metallic  tin. 

Stannous  hydrate  acts  as  a  deoxidising  agent,  like  the  corresponding  chloride  (p.  805), 
reducing  some  metallic  oxides  to  metal,  others  to  a  lower  state  of  oxidation.  Its  action 
on  cupric  oxide  has  been  specially  studied  by  Lens  sen  (J.  pr.  Chem.  Izxxix.  90; 
Jahresb.  1860,  p.  182).  When  a  solution  of  stannous  hydrate  m  alkaline  carbonate  is 
mixed  with  an  alkaline  cupric  solution  (prepared  with  cupric  sulphate,  tartaric  acid, 
and  sodic  carbonate),  a  flesh-coloured  precipitate  is  at  first  produced,  consisting  of 
cuprous  and  stannous  oxides ;  and  on  adding  more  cupric  sulphate,  a  red  predpitate  is 
formed,  containing  cuprons  and  stannic  oxides.  When  solutions  of  stannous  and 
cupric  oxide  in  caustic  alkali  are  mixed  together,  cuprous  oxide  is  precipitated, 
together  with  stannic  oxide. — With  excess  of  the  tin-solution,  a  yellowish  liquid  is 
produced,  which,  when  heated,  deposits  a  black  powder,  composed  of  Cu*0.3SnO.&iO'. 
6H*0.  This  compound  acquires  a  tinge  of  green  in  drying,  giyes  off  2  at.  water  at 
lOO^-yand  when  heated  in  the  air,  oxidises  with  incandescence,  and  then  contains 
cuprous  and  stannic  oxides. — ^When  a  boiling  solution  of  stannous  oxide  in  cavatie 
alkali  is  mixed  with  a  small  quantity  of  alkaline  cupric  solution,  a  heayy  black  pow- 
der is  deposited,  which  acquires  metallic  lustre  by  burnishing ;  this  body  contains 
79*1  per  cent,  copper  to  14-8  tin ;  therefore  10  at.  copper  to  1  at.  tin  and  3  at  oxygen : 
hence  it  appears  to  be  an  alloy  of  copper  and  tin  mixed  with  cuprons  or  stannoiis 
oxide. 

SssqulOAlde  of  Tlii«  Sn'O'.-^This  oxide  was  obtained  by  Fuchs,  in  combioA- 
tion  with  water,  by  diffusing  recently  precipitated  ferric  oxide  in  a  solution  of  staonoua 
chloride  not  containing  any  excess  of  acid,  and  afterwards  boiling  the  mixture.  Sea* 
qniajdde  of  tin  is  then  precipitated,  and  ferrous  chloride  remains  in  solution : 

2SnCl*  +  Fe«0«     -     Sn«0«  +  2FeCl«. 

The  sesquioxide  thus  obtained  is  a  slimy  flprey  matter,  generally  yellow  fromadherinfl 
oxide  of  iron.  Ammonia  dissolyes  it  easily  and  without  residue,  a  character  whim 
distinguishes  this  oxide  finom  the  protoxide  of  tin,  the  latter  being  insoluble,  or  nearly 
so,  in  ammonia.  Sesquioxide  of  tin  is  dissolyed  by  concentrated  hydrochloric  acid ; 
the  taste  of  the  solution  is  not  metallic.  The  solution  is  distinguished  from  that  of  a 
stannic  salt,  by  producing  the  characteristic  purple  precipitate  with  chloride  of  gold. 
Sesquioxide  of  tin  does  not  appear  to  form  definite  salts. 

IHozlde  of  Tliif  or  Stumlo  OstdOv  SnO*. — This  oxide  occurs  natiye  as  Tm$ttme 
or  CoMiterite,  being  in  fact  the  principal  ore  of  tin  (p.  798).  It  forms  quadratic  oys- 
tals,  usually  exhibitirg  the  combination  P .  ooP  .  Poo .  <»Pao  (Jig.  322,  yoL  it  p.  160). 
The  prismatic  fiices  are  ofi^n  but  little  deyeloped,  and  Poo  is  often  absent  altogether. 
The  combinations  P .  ooP  .  ooP{,  and  P  .  ooP .  8P},  likewise  occur.  For  P,  ths 
length  of  the  principal  axis  is  0*6743.  Angle  P :  P  (terminal)  -» 121<=>  3^ ;  P  :  P  (late- 
ral) »  87°  17'.  Twins  occur  ]JkeJiff.  323.  The  crystals  deaye  imperfectly  parallel 
to  ooP  and  ooPoo ,  and  in  traces  parallel  to  P.  The  mineral  occurs  also  in  imbedded 
and  implanted  crystals,  and  in  botryoidal  or  renifbrm  shapes,  with  fibrous  diyer- 
gent  structure,  and  composed  of  concentric  coats,  constituting  the  yariety  called  wood" 
tiUt  or,  when  it  occurs  in  small  lumps,  toaets-eye'tm  ;  also  massiye,  granular  or  impal- 
pable. Hardness  *  6  to  7.  Specific  grayity  ^  6'3  to  7'1.  Lustre  adamantine ; 
crystals  usually  splendent  Ck>lour  brown  or  black,  sometimes  red  grey,  or  yellow; 
rarely  colourless.  Streak  white,  greyish,  or  brownish.  Nearly  transparent — translu- 
cent^   Fracture  subconchoidal,  uneyen.    Brittle. 

Analyees. — a.  Ftom  Schlackenwald,  in  Bohemia  (Klaproth,  Pa^ff;^^,  ii.  245). — 
b.  Altemon,  in  Cornwall  (Klaproth). — c.  Finbo,  near  Fahlun,  in  Sweden  (Ber so- 
li us,  Schw.  J.  xyi.  266). — d.  County  of  Widdow,  Ireland :  brown  grains  ftx>m  the 
sand:  specific  grayity  «  6*763  (Mallet,  Dublin  Geol.  Soc.  J.  iy.  272). — e,  Xeree,  in 
Mexico:  dark-brown  wood-tin,  yielding  a  red  powder:  specific  grayity  »  6*862 
(Bergemann,  Leonh.  Jahresb.  1867i  p.  396).— ;A>^>  From  the  sand  of  theTipuani 
riyer  in  Boliyia,  occurring  with  gold,  metallic  tin,  and  seyeral  other  minerals; 
/.  brownish,  ff,  black;  specific  gravity  ^  7*021  (D.  Forbes,  PhiL  Mag.  [4], 
139): 
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Stannic  oxide    .        .        .    96*4    98*60    93*6    96*26  89*48    91*81    91*80 
Tantalic  oxide  •        •        •     •    •      •    .        2*4 

SiUca 0*76     .    .       0*84  2*21 

Feme  oxide      .        .        •      07      0*36      1*4      2*41  6*63  J     ^.^g      2*69 

Manganic  oxide         0*8      ••  ••> 

Alumina V20      0*73 

Insoluble  matter 6*48      5*51 

96*1     99-71     98*2    98*51     99*47  100*04  100*00 

A  colourless  specimen  from  the  last-mentioned  locality,  of  specific  gravity  6*843  (also 
after  strong  ignition),  was  fonndby  Forbes  to  consist  of  nearly  pure  stannic  oxide.  A 
specimen  from  Carabuco,  in  Boliyia,  occurring  in  prisms  of  specific  gravity  6*4,  was 
found  by  Krober  to  contain  96*339  per  cent,  stannic  oxide,  2*177  ferric  oxide,  0*0115  sil- 
ver, 0-20  tungstic anhydride,  0*250  lead,  and  1*737  water  ( - 100*538).  Chan dl er  (SilL 
Am.  J.  [2],  xxxix.  840)  found  in  a  tinstone  from  Durango,  in  Mexico,  about  95*9  per 
centk  stannic  oxide,  and  4*1  topaz,  in  ciystals  of  various  size.  ^ 

Stannic  oxide  may  be  crystallised  artificially : — 1.  By  passing  the  vapour  of  stannic 
chloride  mixed  with  aqueous  vapour  through  an  ignited  porcelain  tube ;  larger  crystals 
are,  however,  obtained  by  difiusinff  the  vapour  of  tiiie  stannic  chloride  through  a  stream 
of  dry  carbonic  anhydride,  instead  of  volatilising  it  by  heat,  and  then  passing  it,  mixed 
with  steam,  through  the  ignited  tube.  The  crystals  thus  obtained  are  colourless,  with 
an  adamantine  lustre,  and  a  specific  gravity  of  6*72,  and  are  hard  enough  to  scratch 
glass :  they  are  trimetric  prisms,  isomorphous  with  the  variety  of  native  titanic  oxide 
called  brookite,  and  therefore  different  from  those  of  native  tinstone,  which  are  quad- 
ratic, and  isomorphous  with  anatase.  Stannic  oxide  is  therefore  dimorphous  (Bau- 
br^e,  Phaurm.  Centr.  1849,  p.  821). — 2.  By  igniting  amorphous  stannic  oxide  in  a  stream 
of  hydrochloric  acid  gas,  the  crystals  being  lai^er  with  a  rapid  than  with  a  slow 
current  of  the  gas.  These  crystals  are  quadratic,  like  those  of  native  tinstone  (D  e  v  i  1 1  e» 
Compt.  rend.  Jiii.  IIU). — 3.  The  formation  of  crystallised  stannic  oxide  has  been  ob- 
servM  to  take  place  in  fusing  the  dross  or  slag  collected  on  the  hearth  of  a  furnace 
used  for  casting  gun-metaL  The  crystals  thus  produced  were  very  hard,  brittle,  four- 
sided  prisms,  similar  in  form  to  those  obtained  by  Daubree.  (Abel,  Chem.  Soc.  Qu.  J. 
x.  119.) 

Amoiphons  stannic  oxide  is  easily  obtained  by  heating  tin  in  contact  with  the  air. 
A  grey  mm  is  first  formed,  consisting  of  a  mixture  of  stannic  oxide  and  metallic  tin, 
formerly  called  CmsjotriaUs  (a  name  afterwards  applied  to  stannic  oxide  itself) ;  by 
further  heating,  it  is  converted  into  pure  stannic  oxide.  Tin,  when  rapidly  heated  to 
its  boiling-point,  bums  with  a  white  fiame,  yielding  flocks  of  stannic  oxide,  formerly 
called  Flore$  stanm^  s.  Fl.  Jovie,  Stannic  oxide  is  also  formed  by  igniting  the  prot- 
oxide or  sesquioxide,  or  the  corresponding  hydrates,  in  contact  with  the  air.  Stan- 
nous oxalate,  heated  in  small  quantities  in  contact  with  the  air,  yields  very  hard 
stannic  oxide.    (Vogel,  Pharm.  Centr.  1855,  p.  413.) 

Amorphous  stannic  oxide  is  a  white  or  yellowish  powder,  assuming,  when  heated,  a 
transient  dark-yellow  or  brown  colour.  Its  specific  gravity  is  6*6  to  6*9 ;  its  cubical 
expansion,  between  0°  and  100^  is  0*0016  (Eopp),  0*0017  (Joule  and  Play  fair). 
It  IS  hard,  and  is  therefore  used  for  polishing  stone  and  glass,  and  for  sharpening  and 
polishing  steel,  &c.  The  oxide  used  for  this  purpose  is  called  putty-powder;  it  is 
sometimes  a  mixture  of  the  oxides  of  tin  and  lead. 

Stannic  oxide,  whether  crystallised  or  amorphous,  is  very  difiScult  to  fuse,  and  not  at 
all  volatile.  It  is  not  attacked  by  acids,  even  in  the  concentrated  state.  According  to 
Bose,  it  Ibrms,  when  heated  with  the  strongest  sulphurio  aeid^  a  syrupy  liquid,  which 
deposits  the  whole  of  the  stannic  oxide  on  dilution  with  water.  Vfh&n  fused  with 
(und  sulphate  of  potasnum,  it  dissolves,  but  separates  completelv  from  the  fused  mass 
on  addition  of  water.  It  is  not  dissolved  by  fnsion  with  alkaline  carbonates,  but 
is  rendered  soluble  by  ftision  with  caustic  alkali.  Whan  fiised  with  sulpkur,  it 
yields  sulphide  of  tin  and  sulphurous  anhydride ;  by  ignition  in  cklorine'ffas,  it  is  con- 
verted into  stannic  chloride ;  even  natural  tinstone  is  decomposed  in  this  manner.  It  is 
reduced  to  the  metallic  state  by  ignition  with  hydrofferit  charcoal^  carbonic  oxide,  and 
car^uretied  hydrogen-gas ;  also  by  heating  with  potassium  and  sodium. 

Stannic  oxide  is  much  used  in  the  preparation  of  enamel,  to  render  the  glass  opaque, 
and  in  the  manu&cture  of  opaque  glasses  in  general. 

Stahkio  Htdbatbb  axu  Salts. 

Stannic  oxide  forms  two  hydrates,  differing  from  one  another  in  composition  and 
properties — ^both  however  being  acids,  and  capable  of  formins  salts  by  exchanging 
their  hydrogen  for  metals.    These  hydrates  or  adds  are  stannic  acid,  SnO'.HH)  ^ 
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Em^<3^,  anfl  aetatianiiie  aeid,  8BH>>*jaP0  -  WSbW^^  tke 

c^»ble-«f  ezdmignig  the  iHiole  of  its  hydrogen  te  n«tol,  sad  tinning  tlie 

vUeh  MDtaiB  INai^,  iriieras  the  latter  OTfhMigM  onij  on*-lliUi  of  its  hydrogen  fiir 

mttmU,  fornung  the  mgtiiwtiinnit^,  ll*ii^»n*0**.    Betseliiia,  vho  lint  ohsenred  the 

diiEKiMieef  hgCweea  theie  two  acids,  smuwaed  them  to  contain  dilKsfent  modificationa  of 

•taaaie  jzide ;  hot  thepoljmenfln  of  Uio  two  h^dntes,  and  the  dirernties  of  eompoal- 

tion  of  their  curregpoumng  saltB,  ia  quite  raffiaent  to  aeewint  for  their  difieremces  of 


chaEMter  wtthont  the  aid  of  any  aodi  hypotheaiB  (Frimj,  Ann.  Gh  Fhya.  [3],  xiL 
462 ;  zziiL  39S).  Aeeording  to  R.  Weber,  hoverer  (Fog^.  Ann.  cxxii.  358 ;  Jahmh. 
1864,  p.  243),  stannic  and  metastannic  acids  exhibit  no  essential  differences  in  their 
behaTioor  towards  bases.  He  finds,  indeed,  that  normal  stannate  of  potaasiiun  can  take 
ap  a  laige  quantity  of  stannic  hydrate,  fionning  a  dear  solution,  which,  when  eraporated 
orer  oil  of  Titriol,  leares  a  hydiated  salt  containing  I  aL  K*0  to  5  at  SnO*;  and  that 
metMStsanie  acid  dissobred  to  saturation  in  potash-ley,  and  eraporated  in  like  manner, 
yields  a  salt  containing  1  at.  KH)  to  6  or  7  at.  SnO*.  Hence  Weber  oondndes  that 
the  relations  of  stannic  and  metastannic  adds  to  bases  are  not  essentially  different, 
and  that  their  supposed  pdlymexism  has  no  ezistance ;  but  his  resulm  require  ecai* 
firmation. 

Stamitio  Acid. — ^Tfais  hydrate  is  pradpitated  by  adds  from  solutions  of  alkaline 
stannates,  also  from  the  solution  of  stannic  chloride  by  a  carbonate  of  barium  or  caK 
dum,  not  in  excess ;  alkaline  carbonates  throw  down  an  add  stannate.  'When  dried 
in  a  Tacttum,  it  hss  the  oompodtion  SnO'.HH)  «  ftiHH)* ;  after  drying  in  a  stream  of 
dry  air,  it  contains  22'5  per  oenL  water,  corzesponding  with  the  formula  3SoO'.7HK>,  or 
3SnHH)*.4HK) ;  and  at  140O  it  gires  off  6  at  water,  leaTing  the  hydrate  3SnO*.2HH), 
which  has  the  ssme  composition  as  metastannir  add  dried  at  the  same  tempearatnre. 
(p.  820). 

Stannic  add«  when  recently  predpitated,  is  gdatinoos;  after  diying  in  the  air,  it 
forms  hard  translucent  lamps,  like  gum-aiabiG^  which  redden  litmus.  Aeoording  to 
Weber,  stannic  add  dried  in  the  air  at  ordinary  temperatures  contains  SnO*^H*0; 
and  has  therefore  the  same  percentage  composition  as  sir-dried  metastannic  add. 

Stannic  hydrate  dissolves  in  the  stronger  adds,  fanning  the  stan n ic  salts.  These 
salts  are  also  farmed  by  expoanff  solutions  of  stannoos  salts  containing  excess  of  add  to 
the  air,  or  by  treating  them  wiu  chlorine,  or  with  a  small  quantity  of  nitric  add.  The 
solution  of  stannic  hydiate  in  hydrochloric  add  is  identical  with  aqueous  stannic 
chloride.  Thcstannic  salts  of  ozrgen-adds  are  veiy  unstable.  The  general  reactions 
of  the  stannic  salts  hare  been  already  described  (p.  810).  The  indiridaal  salts  an 
described  under  the  respedave  adds. 

Stannates. — Stannic  hydrate  exhibits  acid  much  more  deddedly  than  bade  pro- 
perties. It  forms  easily  soluble  salts  with  the  alkali-metals,  and  from  these  the 
insoluble  stannates  of  the  earth-metals  and  heavy  metals  are  obtained  by  double 
decomposition.  The  stannates  are  decomposed  by  adds,  yielding  gelatinous  stannic 
add.  The  general  formuLi  of  the  normal  btannates  is  M*Sn*^0'  «  M^O.SnO^  They 
have  been  examined  chiefly  by  Fr^my  {loc.  ci/.)  and  Mob  erg.  (J.  pr.  Chem.  xzriii. 
230.) 

Stannate  of  Ammonium, — ^An  acid  salt,  (NH^)*SnO'.SnO'jrH'0,  remaina  as  a 
yellowish  jelly  on  evaporating  an  ammoniacal  solution  of  stannic  add  over  oil  of 
vitriol  (Mob  erg).  A  stannate  of  ammonium  is  aliio  precipitated,  on  mixing  a  solu- 
tion of  potassie  stannate  with  sal-ammoniac,  as  a  gelatinous  mass,  which  dissolves  in 
pure  water,  but  is  repredpitated  by  ammonia.    (Beraelius.) 

Stannate  of  Potaeeium,  K'SnO'  s  K'OJSnO*,  is  prepared  by  dissolving 
stannic  add  in  potash-ley,  or  by  fusing  metastannic  add  or  anhydrous  stannic  oxide 
with  hydrate  of  potassium,  till  a  sample  mixed  with  nitric  acid  ffives  a  predpitate 
which  rediisolves  in  excess  of  nitric  acid.    The  solution,  evaporated  over  oil  of  vitriol. 

S'elds  transparent  rhombic  prisms,  containing  K'SnO*.4H^O,  according  to  Fr^my ; 
"SnO'.SH'O,  according  to  Moberg  (loc,  cit),  Marignac  (Ann.  Min.  [3],  zv.  277), 
and  Ordway  (Sill.  Am.  J.  [2],  xL  473).  Marienac  prepares  the  salt  by  gradually 
adding  30  pUi.  metastannic  add  to  80  pts.  fdsed  hydrate  of  potasnum  till  the  mixture 
boils  up.  The  mass,  if  it  has  not  been  too  strongly  heated,  dissolves  almost  wholly  in 
water ;  and  on  evaporating  the  liquid,  the  salt  is  obtained  in  crystals,  which  are  rhom- 
bohedral  combinations,  often  fonnine  twins,  and  always  with  curved  faces. 

Ordway  prepares  pure  stannate  of  potassium  by  mixing  the  solution  of  the  crude 
oommercial  salt  (obtained  by  igniting  tin  with  hydrate  and  nitrate  of  potassium)  with 
an  equal  volume  of  strong  alcohol,  repeatedly  treating  the  syrupy  layer  which  separates, 
with  alcohol,  presnng  the  pasty  mass  ultimately  obtained  (which  still  contains  free 
alkali),  then  dissfdving  it  in  water,  and  washing  with  alcohol.  The  concentrated  sola- 
tion  evaporated  in  a  vacnnm  yields  the  salt  in  haxd,  transparent,  monodinio  ciystalsi, 
of  spedflc  gravity  8' 197. 
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Staxmate  of  potuBrinm  gives  off  its  water  at  a  red  heat.  It  has  an  alkaline  XMCtioiiy 
dissolyes  easily  in  water,  but  is  insoluble  in  alcohol.  Aoeoiding  to  Or d way,  100 
pts.  water,  at  10^,  dissolve  106*6  pts.  of  the  salt,  forming  a  solution  of  speeiilc  gravity 
1*618 ;  and  at  20^,  the  same  quantity  of  water  dissolves  no's  pts.  of  the  salt,  fonning 
a  solution  of  speeifie  gravity  1*627.  The  a^[ueons  solution  is  nreeipitated  by  ddorida 
of  ammonium,  but  not  by  chloride  of  potsssium  or  sodium.  Dilute  adds  do  not  Ibarm 
a  pennanent  precipitate  till  three-fomths  of  the  alkali  are  neutralised.  A  solution, 
neutralised  up  to  this  point,  yields,  with  alcohol,  a  white  flooculent  precipitate  of  potassio 
metastannate.    (Or d way.) 

Stannate  of  potassium  is  used  in  eaUoo-printing  for  the  tamo  purposes 
as  stannate  of  sodimn,  and  is  prepared,  on  the  large  scale^  by  similar  processes 

(tPl/fW). 

8 1 annate  of  Sodium,  Na^O*  ■■  Na'O.SnO*,  is  formed  in  the  same  manner  as 
the  potassium-nlt,  and  separates  from  the  alkaline  liquid,  on  heating,  in  the  crystal- 
line fozm ;  by  solution  in  water,  it  is  obtained  in  fine  hezaeonal  plales,  containing 
Ka*SnO'.8HH>  (Moberg;  Bammelsberg;  Ordwa^).  Jumgnac,  by  proceeding, 
in  the  same  way  as  for  the  preparation  of  the  potassiumHwlt,  obtains  stannate  of 
sodium  in  rhombohedral  crystals,  with  curved  faces.  Ordway  obtains  pure  stannate 
of  sodium  as  a  crystalline  precipitate,  by  adding  acetate  of  barium  to  the  aqueous 
solution  of  the  commercial  salt^  and  mixing  the  filtered  liquid  with  about  an  equal 
volume  of  alcohol.  If  only  so  much  alcohol  be  added  as  not  to  produce  permanent 
turbidity,  the  salt  separates  in  transparent  crystals.  H.  Jonas  (Ohem.  Centr.  1866, 
p.  607),  by  recrystaliislng  the  commercial  salt,  obtained  pure  sodic  stannate,  in  oblique 
rhombic  prisms  containing  Na^SaO'.OHH). 

Stannate  of  sodium  is  less  soluble  in  warm  than  in  cold  water,  and  consequently 
separates  on  heating  a  solution  prepared  in  the  cold.  According  to  Ordway,  100  pts, 
water  dissolve  67'4  pts.  of  it  at  0^  and  61*8  pts.  at  20^.  Accordinff  to  Haeffely 
(DittgL  poL  J.  ciliv.  66),  a  solution  of  sodic  stannate^  of  specific  gravity  1*3,  deposits^ 
when  heated,  crystals  of  the  eomjKwition  above  given ;  on  cooling,  however,  these  crys- 
tals re^ssolve,  so  that  the  solution  acquires  a  specific  gravity  of  1*35 ;  it  then  gradually 
deposits  crystals  containing  Na^SnO'.8HK),  the  aqueous  solution  of  whidi  yields 
immediately  when  heated,  and  in  the  course  of  some  weeks  at  ordinary  temperatures, 
crystalline  metastannate  of  sodium. 

A  solution  of  stannate  of  sodium  is  used  in  calico-printing  as  a  "  preparing  saltf*  or 
mordant,  chiefly  for  fobrics  composed  of  wool  and  cotton  together ;  it  serves  to  render 
the  cotton-fibre  more  susceptible  of  taking  the  dye,  so  tlut  the  whole  fabric,  when 
taken  out  of  the  dye-bath,  or  the  steam-diamber,  may  eochibit  a  uniform  depth  of 
colour.  The  dilute  solution,  when  brought  in  contact  with  the  fibre,  debits  stannic 
hydrate  upon  it,  which  binds  the  colouring-matter,  the  action  beins  assisted  bv  boil- 
ing, by  the  influence  of  atmospheric  carbonic  acid,  or  by  the  addition  of  a  little  sul- 
phuric acid  or  sal-ammoniac  to  the  bath. 

Stannate  of  sodium  is  prepared,  on  the  laive  scale,  for  these  purposes  by  fusing 
tinstone  with  hydrate,  nitrate,  chloride,  or  sulphide  of  sodium  ;  by  boiling  the  tin-ore 
with  caustic  soda-ley ;  by  fusing  metallic  tin  with  a  mixture  of  carbonate  and  nitrate 
of  sodium,  <»  heating  it  with  soda-ley  mixed  with  nitrate  and  chloride  of  sodium,  and 
evaporating  the  solution  in  an  iron  pot  till  it  becomes  heated  to  the  melting-point  of  tin. 
Haeffely  prepares  it  by  heating  soda-ley  with  tin  and  litharge ;  stannate  of  sodium 
is  then  formed,  and  metallic  lead  separated  in  the  form  of  a  sponge,  which  quickly 
reoxidises  when  heated  in  contact  witn  the  air.  In  this  process,  tin  containing  lead,  or 
the  cuttings  of  tinplate  (tinned  iron),  may  be  used  instead  of  pure  tin.  [For  details 
of  the  several  manufacturing  processes,  see  Richardson  and  Watts  s  Chemical 
Tdoknology,  vol.  i.  pt.  iv.  p.  35,  and  pt.  v.  p.  342.] 

An  ar90MO-^tannat$  oj  sodium,  Na'0.6Sn0^.2As'0'  -f  6aq.,  is  sometimes  used  in 
English  dyehouses  and  printworfai.  It  is  prepared  by  adding  nitric  acid  in  excess  to 
a  trailing  solution  of  stannate  and  arsenate  of  sodium  containing  an  excess  of  the 
latter,  and  treating  the  resulting  gelatinous  precipitate,  2SnO'.As'O*.10H'O,  with 
excess  of  soda.  The  arsenio-stannate  then  separates  in  shining  needles,  while  ordi- 
nary stannate  of  sodium  remains  in  solution.  This  arsenical  salt  is  said  to  be  more 
economical  in  use  than  the  ordinary  stannate ;  but  it  does  not  produce  brighter  colours 
than  the  latter,  and  is  likely  to  be  prejudicial  to  the  health  of  the  workmen.  (H  ae  f  f  ely, 
IMngl.  poL  J.  cxL  290.) 

The  stannates  of  bariumfCalciumy  and  «  ^r  on  ^  turn  may  be  prepared  by  boiling 
a  solution  of  the  potassium-  or  sodium-salt  with  the  hydrates  or  carbonates  of  the  alka- 
line earth-metals,  or  by  calcining  a  mixture  of  tin-ore  with  lime,  baiyta,  or  strontia, 
or  with  the  corresponding  nitrates  at  a  high  degree  of  heat  in  a  reverberatoiy  furnace. 
Those  earthy  stannates,  when  decomposed  by  hydrochloric  acid,  yield  pure  stannic 
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acid,  wlueh  may  be  used  for  tbe  prepantion  of  the  alkaline  ataanatea.  (Jam«s 
Young's  patent,  1848,  No.  12,369,  and  1849,  No.  12,744.) 

StannateS' of  Copper. — ^Tha  etqme  saU,  which  la  need  as  a  non-anenieal  green 
pigment,  may  be  piepued  by  adding  a  aofaition  of  1  at.  tin  (118  pta.)  in  nitromnriatie 
aad,  to  a  solution  of  1  at.  enpric  sulphate  (250  pta.),  then  aoding  eanstie  soda  in 
excess,  and  washing  and  drying  the  leeulting  piecipitate ;  or  by  igniting  100  pta. 
nitrate  of  sodium  with  69  pta.  tin,  dissohring  the  mass  in  water,  and  uaing  the  solntioa 
to  precipitate  cuprie  sulphate  (G-entele). — The  cuprous  §aU,  which  has  not  yet  been 
obtained  pure,  is  fanned,  together  with  other  products,  in  the  action  of  stannous  hydiata 
on  cuprie  oxide,  both  in  alkaline  solution  (p.  816). 

MsTASTAKNXc  AoiD,  Sn'H^H)**  «  SnK>>«.5HK)^-Frodufied  by  the  action  of 
nitric  acid  upon  tin.    Tin  treated  with  strong  nitric  acid  is  completely  transfonaed  I 

into  a  ^ite  powder,  which,  when  dried  in  the  air  at  ordinary  temperatures,  contains  ■ 

Sn»O»*10H«O  -  Sn»H»«0»  6HH),  or  6SnO».10H*0;  but  when  heated  for  some  tinae 
to  1009,  it  gires  oflf  5  at.  water,  and  is  reduced  to  Sn^Hi'Qi*,  or  5SnO<.5HH).  At  I40^ 
it  giree  off  more  water,  leaving  the  hydrate  3SnO*.2HH)  (or  5SnO*  4H*0,  according  to 
FiSm/s  later  statements) ;  at  160^  it  is  oouYerted  into  5SnO'.3HK),  and  at  a  red  heat, 
into  anhrdrous  stannic  oxide. 

According  to  Weber,  nitric  aad  of  spedfie  gravity  1'2  couTerts  tin,  at  ordinary 
temperatures,  into  stannous  nitrate,  stannic  acid,  and  metastannic  add,  which  is  coloured 
yellow  by  admixed  stannous  metastannate.  With  nitric  acid  of  specific  graTity  1*35, 
the  products,  if  the  liquid  is  well  cooled,  are  metastannic  acid  [?  stannic]  and  stannic 
nitrate ;  by  dilution  and  heating,  the  stannic  acid  is  converted  into  insoluble  meta* 
stannic  add,  which  indeed  is  always  produced  under  the  influence  of  heat. 

Metastannic  add  is  white,  crystalline,  insoluble  in  water,  and  in  nitric  add.  It 
takes  up  hydrochloric  or  sulphuric  add  without  dissolving  in  it. 

The  sulphuric  compound  is  decomposed  by  water,  which  removes  the  whole  of  the 
sulphoric  add.  The  compound  with  hydrochloric  add  dissolves  in  pure  water,  but  ia 
precipitated  from  the  solution  by  strong  hydrochloric  add.  On  distilling  the  solution, 
hydrochloric  add  is  given  off,  with  only  traces  of  stannic  chloride,  and  metastannic 
acid  remains.  Accordmg  to  W  eb er,  the  solution,  evaporated  over  oil  of  vitriol,  leaves 
a  reddue  consisting  of  SnC1^.3Sn0^.6H*0.  The  same  solution  becomes  turbid  oa 
boiling,  and  by  prolonged  ebullition  with  fresh  quantities  of  water,  the  whole  of  the 
metastannic  acid  is  separated,  the  more  quickly  as  the  solution  is  more  dilute  (Fri my). 
(For  the  reactions  of  the  hydrochloric  add  solutions  with  adds,  alkalis,  &c.,  see  p.  811). 
A  dilute  solution  of  ordinary  stannic  add  in  hydrochloric  acid  undergoes  a  gradual 
change,  and,  after  some  time,  exhibits  the  characbers  of  a  solution  of  metastannic  acid. 
The  transformation  is  quicker  as  the  solution  is  more  dilute,  and  in  very  concentrated 
solutions  it  does  not  take  place  at  all ;  in  a  dilute  solution  also,  the  change  may  be  pre> 
vented  by  addition  of  tartaric  add.  The  gradual  transformntion  of  stannic  into  meta- 
stannic  acid  may  be  recognised  by  the  reaction  of  the  solution  with  sulphuric  acid, 
stannous  chlorioe,  ammonia,  tartaric  add,  and  ferrocyanide  of  potassium  (p.  811). 

On  the  other  hand,  metastannic  acid  is  converted  into  normal  stannic  chloride  by 
prolonged  digestion  with  strong  hydrochloric  add,  especially  at  the  boiling  heat^ 
When  heated  in  dry  hydrochloric  acid  gas,  it  yields  a  distillate  of  stannic  chloride, 
from  whioh  ordinary  stannic  add  may  be  obtained.  By  fusion  with  excess  of  a  caustic 
alkali,  metastannic  acid  is  completely  converted  into  ordinary  stannic  add. 

Metastannate  s. — ^These  salts  may  for  the  most  part  be  represented  by  the  formula 
M*H"Sn*O'*,orM«0.4H«0.6SnO«.  They  exist  only  in  the  hydrated  state,  being  decom- 
posed when  deprived  of  their  basic  water.  Lowenthal  supposes  that  pure  metastannic 
acid  does  not  unite  directly  with  alkalis,  bat  that  the  so-called  metastannates  are  mix- 
tures of  ordinary  stannates  with  metastannic  acid,  the  quanti^  of  this  add  contained 
in  them  beinff  less  in  proportion  as  the  add  used  in  their  preparation  had  been 
more  completely  converted  into  ordinary  stannic  acid :  hence  the  variations  which  have 
heen  observed  in  the  composition  of  some  of  these  salts. 

Metastannic  acid  dissolves  slowly  in  alkalis,  and  is  gradually  deposited  in  its 
original  state,  as  the  solution  absorbs  carbonic  acid  from  the  air.  From  solutions  of 
the  alkaline  metastannates,  adds  throw  down  metastannic  acid,  insoluble  in  nitric 
acid,  bnt  soluble  in  ammonia,  whereas  the  original  metastannic  add  formed  by  the 
action  of  nitric  add  upon  tin  is  insoluble  in  ammonia. 

The  metastannates  of  potassium  and  sodium,  heated  with  excess  of  base,  are  tcans- 
formed  into  stannates.  They  aro  soluble  in  water.  The  other  metastannates  are 
insoluble,  and  are  obtained  by  double  decomposition. 

Metastannate  of  Potassium^  K*H*Sn*0'*,  is  propared  by  dissolving  metastan- 
Die  acid  in  cold  potash ;  it  may  be  precipitated  in  the  solid  state  by  adding  pieces 
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of  potash  to  the  liquid.  It  is  gttmmy,  uncrjstallisable,  and  strongly  alkaline.  At  a 
Tfid  heati  it  gives  off  its  water,  and  is  decomposed ;  the  caldnod  mass,  digested  in 
water,  yields  np  all  its  alkali,  and  leaves  nearly  pure  stannic  oxide  (Fr^my). — 
Another  metastannate  of  potassium,  containing,  according  to  Weber,  Kl^'Sn'O**  or 
K'O.SH'O.ySnO',  was  prepared  by  Boae,  b^  adding  caustic  potash-ley  to  the  solution 
of  metastannic  acid  in  hydrochloric  add,  till  the  precipitate  at  first  formed  was  re- 
dissolved,  and  then  precipitating  with  alcohol.  This  salt  is  soluble  in  water ;  the 
solution,  when  heate<^  does  not  become  turbid,  but  gelatinises  after  a  while ;  it  is  pre- 
cipitated by  potash  and  by  many  salts,  and  leaves  a  gummy  residue  when  evaporated. 

Metastannate  of  Sodium,  Na'H^n^O",  is  obtained  like  the  potassium-salt,  is 
white,  crystallo-granular,  and  dissolves  slowly  but  completely  in  water.  The  aqueous 
solution  decomposes  when  gently  heated,  and  on  boiling,  deposits  the  whole  of  the  meta- 
stannicacid  (Fr^my).  Ha^^ely  describes  another  sodium-salt,  Na^H'Sn^0*^4H^0,  which 
was  deposited  firom  a  solution  of  the  ordinary  stannatee,  slowly  at  ordinary  tempera- 
tures, more  quickly  when  heated.       i. 

Stannous  Metastannate,  (Sn"H»)Sn*0»*  -  8n0.6SnO«.4H*0.--Pr^my  formerly  as- 
signed to  this  compound  the  formula  Sn0.3HK).3SnO' ;  according  to  Schiff  (Ann. 
Ch.Pharm.  czx.  47),  it  is  Sn0.6SnO'.4H'0  ;  according  to  Tschermak  (Chem.  Centr. 
1862,  p.  805),  SnO.6SnO.9HH).  It  is  formed  by  placing  metastannic  acid  in  contact 
with  stannous  chloride.  It  is  yellow,  and  insoluble  in  water ;  at  140^  it  gives  off 
water,  and  becomes  brown-black,  or,  if  dried  in  a  stream  of  carbonic  anhydride,  cinna- 
mon-brown (Sohiff) ;  dark-brown  (Tschermak).  When  treated  with  nitric  add,  or 
heated  in  contact  'with  the  air,  it  takes  up  oxygen,  and  is  converted  into  metastannic 
acid.  It  dissolves  in  potash,  and  the  solution,  when  boiled,  deposits  tin  like  other 
stannous  salts.  Hydrochloric  acid  dissolves  it^  forming  a  solution  of  stannous  chloride 
and  hydrochlorate  of  metastannic  add. 

When  a  solution  of  hydrochlorate  of  metastannic  acid  is  mixed  with  dissolved 
stannous  chloride,  a  yellowish  predpitate  is  formed,  perhaps  identical  with  the  body 

It 

just  described.  A  similar  yellow  body,  containing,  according  to  Schiff,  (Sn''H"')Sn*0" 
or  Sn0.6Sn0^5H'^0,  is  formed  bvthe  action  of  stannous  chlorideon  ordinary  stannic  acid. 

When  stannic  oxide  is  heated  in  an  atmosphere  of  carbonic  anhydride  or  ammonia, 
a  brown  oxide  is  formed,  containing  Sn*0'*,  either  Sn0.7SnO'  or  Sn*0*.6SnO«.  (Ts  cher- 
mak.) 

Stannous  chloride  does  not  act  upon  normal  stannic  chloride ;  but  with  anhydrous 
stannic  oxide  it  forms  a  chocolate-brown  powder,  containing  Sn''0^>  or  SnO.20SnO'. 
This  substance  does  not  turn  yellow  when  boiled  with  water ;  it  is  less  easily  attacked 
by  acids  than  thehydrated  ydlow  compound ;  but  when  fused  with  alkalis  it  is  easily 


converted  into  alkaline  stannate. 

TIV,  OXTOB&OSZSa  Ol*.    See  p.  807. 
TZV,  OaLTnbVORIBS  or.     See  p.  813. 
THr,  OZTXOBZBS   OV.    See  p.  814. 
TXVv  FBOSVBZBa  OF.— a.  Formed  bv  tl 


Formed  by  throwing  phosphoras  upon  melted  tin, 
or  by  fusing  together  equal  parts  of  tin  and  gladal  phosphoric  add,  whereby  stannic 
or  stannous  phosphate  is  likewise  formed  (Fe  lie  tier,  Landgrebe,  Sdiw.  J.lv.  106)4 
The  compound  may  also  be  formed  bv  heating  in  a  blast-funiace  for  an  hour,  6  pts. 
of  tin-filmgs  or  8  of  stannic  oxide  with  1  charcoal,  10  bone-ash,  5  pounded  quartz,  and 
6  boradc  acid  (Berthier,  Ann.  Ch.  Fhys.  [2]  xzxiii.  180).  It  is  silver-white  (lead- 
coloured,  according  to  Berthier) ;  it  may  be  cut  with  the  knife ;  extends  under  the 
hammer,  but  at  the  same  time  splits  into  laminse.  Contains  from  13  to  14  per  cent,  of 
phosphorus,  which  bums  away  on  the  application  of  heat  (Fe lie  tier). — /3.  When  the 
compound  of  stannic  chloride  with  phosphoretted  hydrogen  is  decomposed  by  water, 
the  phosphoretted  hydrogen,  as  it  escapes,  reduces  the  stannic  chloride  to  the  state 
of  stannous  chloride,  and  at  the  same  time  precipitates  phosphide  of  tin  in  the  form  of 
a  yellow  powder,  which  remains  for  a  long  time  suspended  in  the  liquid,  and  oxidises 
readily  in  the  air.  When  washed  and  dried  out  of  contact  of  air,  it  exhibits  the  phos- 
phorus-flame before  the  blowpipe.  When  ignited  in  hydrogen-gas,  it  gives  up  its 
phosphorus,  amounting  to  55*43 — 56'88  per  cent.,  and  is  converted  into  metallic  tin. 
(H.  Kose,  Fogg.  Ann.  xxiv.  326.) 

TXV,  8BUBWZBB8  OF.  The  protasclenide,  SnSe,  is  produced,  with  incande8-< 
cence,  when  tin  is  heated  with  selenium  (Berzelius) ;  according  toUelsmann  (Ann. 
Gh.  Fharm.  cxvi.  124),  it  is  also  formed  even  when  tin  is  heat^  with  excess  of  sele- 
nium. It  is  light-grey  with  metaUie  lustre,  coarsely  laminar  with  crystalline  fracture, 
and  easily  deavable.    It  does  not  melt  in  a  gflass  tube,  or  decompose  when  heated  in 
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hydrogen^gM ;  bat  mhen  hated  in  eontKt  with  the  air,  it  hmia  vithoat  melthig^  giving 
Offf  fleleninm,  and  fionniiig  stjuuiic  oadde.  The  protoeelenide  is  also  formed,  wfaeo  selen- 
hjdric  acid  gas  is  passed  ioto  protochloride  of  tin,  as  a  daifc-farown  precipitate,  which 
dries  up  to  a  near^  black  powder,  soluble  in  canstie  alkalis  and  in  snlphides  of  alkali^ 
metals. 

The  disdmide,  or  Siamtie  seltmide^  SnSe*,  is  formed  by  predpitating  aq[aeons  stannic 
chloride  with  selenhydric  acid.  It  is  a  glittering,  daA,  yellowish-red  precipitate, 
becoming  light  red-brown  when  dry.  When  heated  in  hydroeen-gas,  it  giTes  off 
half  its  selenium ;  it  dissolres  in  caustic  alkalis  and  alkaline  sulphidea,  the  solntion 
quickly  depositing  sulphur  when  exposed  to  the  air. 

According  to  Little  (Ann.  Ch.  Iliarm.  cxii.  213),  stannic  selenide  is  also  formed  by 
heating  tin  in  selenium-Tspoor,  and  is  then  a  tin-white,  metaUically  lustrous  mass, 
haTing  a  conchoidal  fracture,  and  a  density  of  5*133 :  it  is  easily  fosible,  is  not 
attacked  by  hydrochloric  add,  but  is  easily  decomposed  by  nitric  aad;  diasolTad  by 
nitromuriatic  add. 


muVBWtDWB  OV.    There  are  three  sulphides  of  tin  oonmqKmding  to  the 
oxides;  the  sesquisulphide,  however,  is  peihaps  a  compound  of  the  other  two. 

The protosulpkide,  or  Stannous  sulphide,  SnS,  is  formed,  with  vivid  incan- 
descence, when  finely-divided  tin,  such  as  tinfoil,  is  heated  with  sulphur.  The 
resulting  mass  generally  contains  metallic  tin,  and  must  therefore  be  pulverised,  and 
repeatedly  heated  with  sulphur  in  a  dose  vessel.  Stannous  sulphide  thus  prepared  is 
a  dark,  lead-grey,  lamino-crystalline  mass,  of  specific  gravity  4'8  (Karsten);  6'2 
(Boullay),  somewhat  tough,  difBcuU  to  pulverise,  and  less  fbsible-than  tin.  Beequa- 
rel  has  obtained  it  by  electrolytic  action,  in  white  metallically  lustrous  cubes. 

The  same  compound  is  obtained,  as  a  brown-black  amorphous  predpitate,  by  pawiing 
sulphydric  add  gas  into  the  solution  of  a  stannous  salv.  This  amorphous  sulphide 
mav,  however,  be  rendered  crystalline  by  adding  it  by  small  portions,  after  waahing 
and  drying,  to  anhydrous  stannous  chloride  in  tae  mdted  rtate^  as  long  as  it  is  taken 
up  thereby ;  then  leaving  the  dark-brown  liquid  to  cool,  dissolving  out  the  stannons 
chloride  by  dilute  hydrocblorie  add,  and  removing  an  admixed  dark-brown  powder  by 
levigation;  stannous  sulphide  then  remains  in  small,  thin,  lead-greyt  metallically 
lustrous  laminae,  greasy  to  the  toudi,  and  having  a  specific  gravity  of  4*978.  (Schnei- 
der, Fogg.  Ann.  zcv.  169.) 

Stannous  sulphide  dissolves  in  boiling  kydroeklorie  acid,  giving  oif  sulphydric  add. 
and  yielding  a  solution  of  stannous  chloride.  It  dissolves  but  slightly  in  monosuipkidt 
of  ammonium,  even  when  freshlj  predpitated,  but  easily  in  solutions  of  alkaline  polv- 
auMndee,  or  of  the  monosulphides  mixed  with  sulphur,  the  protosulnhide  of  tm  in 
dther  case  beinc  converted  into  disnlphide.  It  is  slowly  oxidised  ny  heating  with 
nitrie  aeid. — CUorino-aaB,  at  ordinary  temperatures,  converts  it  into  liquid  stannic 
chloride,  and  a  eiystamne  compound  of  th^  substance  with  tetzacUoride  of  •dphur 
(H.  Rose): 

28nS  -h  8C!1«     -     SnCl*  +  SnCT*.2Sa«. 

When  heated  in  kydrogen^ae,  it  is  slowly  reduced  to  the  metallic  state.— Bv  fusion 
with  cyanide  of  ootassium,  it  yields  sulphocjanate  of  potasnum  and  metaUie  tin. 

Sesquisulphide  of  Tin,  8n*5",  is  produced  b^ gently  igniting  an  intimate  mixture 
of  8  pts.  stannous  sulphide  and  1  pt.  sulphur  in  a  retort.  100  pts.  of  stannous 
sulphide  thus  treated,  tue  up  10*6  pts.  of  sulphur.  It  is  gr^ish-yellow,  irith  metallic 
lustre.  When  strongly  isnited  in  a  dose  vessel,  it  gives  off  one-third  of  its  sulphur. 
— ^With  potasMsy  it  yields  a  solntion  of  potassic  stannate  and  sulphostannate,  and 
a  residue  of  stannous  sulphide.  Concentrated  kydroeklorie  aeid  converts  it  into 
disnlphide  of  tin,  leaving  half  the  tin  in  the  form  of  protoxide.  The  same  compound 
separates,  in  the  form  of  a  liver-coloured  powder,  on  digesting  a  saturated  solution  of  a 
sulphostannate  with  disnlphide  of  tin.  nj  digestion  with  caustic  potash,  it  ia  con- 
veited  into  the  black  protosulpkide.    (Berzelius.) 

Disulfkide  of  Tin,  or  Stannic  Sulpkide,  SnS*.  StUpkottanme  An<2.— This 
eompound  may  be  produced  dther  in  the  d^  or  in  the  wet  way.  It  cannot,  however, 
be  obtained  by  dmply  heating  tin  with  sulphur,  because  the  union  of  tin  and  sulphur 
is  always  attended  with  great  development  of  heat»  sufBdent  toresolve  the  disnlphide, 
if  formed,  into  protosulphide  and  nee  sulphur.  This  decompodtion  may,  however, 
be  prevented  by  adding  to  the  mixture  certain  volatile  substances,  such  as  mercuiy 
or  sal-ammoniac,  which,  in  pssung  into  vapour,  will  render  latent  a  certain  portion  of 
the  heat  evolved,  and  thus  Iraep  down  the  temperature.  Aoooidingto  L.  Gmelin,  how- 
ever, sal-ammoniae^  when  present,  takes  a  direct  part  in  the  reaction,  which  then 
consists  of  two  stages;  first,  the  formation  of  ammonio-stannons  chloride,  with 
evolution  of  hydrogen  and  ammonia: 

Sn  +   4NH'C1     -     2NH^CLSnCl«  +   H«  +   2NH»; 
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and,  secondly,  the  fcxmatioii  of  staimie  sulphide  and  ammonio-stannic  ehloridOfby  the 
action  of  the  aolphur  on  the  ammonio-etannous  chloride : 

2(2Nrfcl.SnCl«)  +  8«     =     SnS«  +  2NH*Cl.SnCl*  +   2KH«CL 
The  following  are  some  of  the  mixtures  used : 

a.  Ptotochloride  of  tin  and  sulphur  (Proust). — b.  Equal  parts  of  sifted  tin-filings, 
sulphur,  and  sal-ammoniac  (Pellet ier). — e.  4  pts.  of  tin-filings,  3  pts.  sulphur, 
2  pts.  sal-ammoniac  (Woulf  e). — d.  A  pulTerised  amalgam  of  2  pts.  tin  and  2  pts. 
mercury,  with  li  pt.  sulphur  and  1  pt  sal-ammoniac  (Thenar d). — e.  A  pulverised 
amiJgsm  of  12  pts.  tin  and  6  pts.  mercury,  with  7  pts.  smphur  and  6  pts.  sal-ammoniao 
(whereby  1^  pt.  of  yolatile  hyer  of  sulphur,  13^  pts.  sublimed  matter,  and  16  pts.  of 
fine,  and  for  the  most  part  sublimed,  mosaic  gold  are  obtained)  (Woulfe).— /.  A 
polyerised  amalgam  of  12  pts.  tin  and  8  pts.  mercury,  with  7  pts.  sulphur  and  3  pts. 
sal-ammoniac. — ^.  2  pts.stannous  oxide  and  1  pt.  sulphur. — A.  8  pts  stannic  oxide, 
7  pts.  sulphur,  and  4  pts.  sal-ammoniac  (Woulfe). — i.  10  pts.  stannous  solphide, 
6  pts.  sulphur,  and  4  pts.  sal-ammoniac  (Woulfe). — k.  5  pts.  stannous  sulphide, 
1  pt  stannous  chloride,  and  2  pts.  sulphur. — L  5  pts.  stannous  sulphide  and  8  pts. 
mercuric  chloride ;  this  mixtore  yields  a  yeiy  beautiml  preparation.    (Woulfe.) 

Either  of  these  mixtures  is  slowly  heated  to  redness  in  a  glass  retort  or  a  loosely 
coyered  flask,  immersed  in  a  sand-bath.  Vapours  of  mercury,  sal-ammoniac,  &c.  are 
then  given  of^  afterwards  the  excess  of  sulphur;  while^  the  stannic  sulphide 
partly  remains  at  the  bottom  of  the  yessel,  and  partly  collects  in  the  upper  portion,  as 
a  sublimate  consisting  of  soft  golden-yellow  or  bzpwnish-yellow  laminn,  unctuous  to 
the  touch,  haying. a  metallic  lustre,  and  a  specific  grayity  of  4*60,  according  to 
Karsten — 4*4,  according  to  Boullay.  This  crystalline  stannic  sulphide  is  commonly 
called  mosaic  gold,  Aurum  mosaieum,  s.  mtmvujn,  and  as  such  was  known  to  the 
alchemists.  Stannic  sulphide  is  likewise  obtained  in  gold-coloured  spangles,  by 
passing  the  mixed  yapours  of  stannic  chloride  and  hydric  sulphide  through  a  poroe- 
Uin  tube  heated  to  dull  redness. 

Mosaic  gold  is  sometimes  used,  in  place  of  the  amalgam  of  tin  and  sine,  for  coating 
the  rubbers  of  electrical  mAfthines ;  it  produces  powerful  excitation,  requires  no  grease, 
and  does  not  stick  to  the  ^lass. 

Stannic  sulphide  is  obtained  in  the  amorphous  state  by  passing  sulphydric  acid  into 
a  solution  of  stannic  chloride,  or  of  a  stannic  salt  acidulated  with  hydrochloric  acid. 
The  resulting  light-yellow  precipitate,  after  drying,  is  yellowish-brown  and  somewhat 
translucent,  still  contains  a  certain  quantity  of  water,  and  decrepitates  when  heated. 

Stannic  sulphide,  ignited  in  a  close  yessel,  is  resolyed  into  sulphur  and  stannous 
sulphide,  a  portion,  howeyer,  subliming  without  decomposition ;  in  contact  with  the 
air,  it  yields  sulphurous  anhydride  and  stannic  oxide.  In  ehiorine-gas  it  deliquesces 
eyen  at  ordinazy  temperatures,  forming  a  brown  liquid,  which  aftenrards  solic^fies  to 
yellow  crystals  of  the  compound  SnCl*.2SGP  (p.  808).  Heated  with  iodine  in  a  stream 
of  carbonic  anhydride,  it  yields  the  compound  SnSP.SI',  as  a  brown,  crystalline,  fusible 
mass,  or  a  dark-yellow  sublimate.  This  iodosulphide  dissolves  without  decomposition 
in  chloroform  and  in  carbonic  disulphide,  and  separates  from  the  latter  solution  in 
rhombic  ciystals  of  the  colour  of  potassic  dichromate.  It  is  decomposed  by  water  into 
sulphur,  stannic  sulphide,  and  hydriodic  add,  similarly  by  aqueous  alkalis  ;  alcohol 
decomposes  it,  with  separation  of  sulphur ;  hyidrocklorie  and  niirie  gcids  separate  sul- 
phur ftom  it.    (Schneider,  J.  pr.  Chem.  bodx.  419.) 

A  boiling  alcoholic  solution  of  iodine  does  not  attack  crystalline  mosaic  gold,  but 
slowly  dissolyes  amorphous  stannic  sulphide ;  and  the  solution  yields  crystals  identical 
with  those  of  the  compound  SnSI*.SI',  deposited  from  solution  in  carbonic  disulphide. 
(Schneider.) 

Crystalline  stannic  sulphide  is  not  decomposed  by  hydrochloric  acid;  the  amorphous 
sulphide  boiled  with  concentrated  hydrochloric  acid  is  slowly  dissolved,  with  evolution 
of  sulphydric  add.  Hot  niirio  acid  oxidises  only  the  amorphous  sulphide :  boiling 
nitroTMiTiatio  acid  likewise  oxidises  mosaic  gold,  forming  sulphuric  acid  and  stannic 
oxide.  Stannie  sulphide  fused  with  Uthairge  yields,  either  by  partial  mutual  decompo- 
sition, a  mixture  of  the  sulphides  and  oxides  of  tin  and  lead ;  or,  if  the  litharge  is 
in  excess,  it  yields  metallic  lead,  sulphurous  anhydride,  and  a  yellow  glass. 

Sulphost  an  nates. ^Stannic  sulphide  reacts  as  a  sulphur-acid  or  sulphanhydride, 
forming  sulphur^salts  with  the  more  basic  metallic  sulphides.  The  sulphostannates 
of  the  alkali-metals  are  produced  by  fusing  tin  with  the  polysulphides  of  the  alkali- 
metals,  or  by  dissolving  stannic  sulphide  in  the  aqueous  sulphides  or  hydrates  of  the 
same  metals ;  in  the  latter  case,  an  oxygen-salt  is  produced  simultaneously  with  the 
sulphur*  salt. 

The  sulphostannates  of  the  alkali-metals  are  soluble  in  water ;  those  of  all  other 
metals  are  insoluble,  and  are  obtained  by  precipitation,  the  precipitates  being  some- 
times yeDowish,  but  mostly  brown  or  blade.    (Hiihn,  Ann.  c£.  Pharm.  Ixxxiv.  110«) 
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Hpdrie  Stipko^amnaie,  8ia$tme  Smiph&draU,  or  SMkodamme  Arid,  H^n"^  * 
H^iSnS*.  is  obtained,  hj  treadng  the  sofntton  of  an  AaBiie  snlphostannate  with  a 
dilute  acid,  as  a  yellow  ptedpitata^  wlndi  becomes  dai^-«oloiired  on  expoauie  to  the 
air.    (Kahn.) 

8uMio§tannaU  of  Ammomium  is  obtained  bj  disaolTing  staanie  sulj^de  in  dmbo- 
snlphktft  at  ammoniiim,  or  stannoqs  sa]|^ide,  stannoos  oxide,  or  stannous  hjdxate  in 
poljsolpbide  of  ammonianL — ^The/)otes««iMic-sa2^  u  obtained  in  like  manner;  on  miziiig 
Its  aqueous  solution  with  alcohol,  a  dark-brown,  heary,  oilj  Hqnid  separates,  harii^ 
nearly  the  composition  K^nS'.lOHH) ;  this  compound  gtres  off  sll  its  water  at  100^. 
— ^The  aodmm-taltt  Na^n8'.2H*0,  forms  Tellow  glassy  crystals,  wboee  dominant  f«c«a 
belong  to  the  regular  octahedron.  A  sohition  of  stannous  sulphide  and  snl|^ur  in 
monosnlphide  ot  sodium,  deposits  eolouriess  monodinie  crystals,  resembling  gycsom, 
and  containing  Na*8.Na%n8*.12HH).  Horing  obtsined  a  similariy  crystallisea  salt 
containinff  Na^nS*.7H'0. — ^The  wlphogtaniuUeB  pf  barmmt  calcium,  and  ttrouHmtm^ 
obtained  by  precipitation,  are  sparingly  soluble  in  water. 

r,0VIiraO<»Si<MUa»aandSinEiFHO-IOmilBOr.    (Seapp.800,814.) 

ro Alto    Crude  bonu^  as  it  is  imported  from  Asia,  in  yellow    reasy  crystals. 
(See  Borates,  i.  646.) 

VMMMUMMm    Natire  stannic  oxide  (p.  816). 

Tm&AYlt  or  Tinned  Iron-pUUe, — ^An  alloy  of  2  pts.  inm  a  d  1  pt  tin,  ol>- 
tained  by  heating  the  two  metals  together  to  redness.  (SmIbov,  iiL  S70;  also  Ur^s 
Dietumary  o/jA,  &c  iiL  897.) 

Tnr-yTXmw.  Stanwme.  Bell-metal  ore.  StUpkurel  of  Tim,  6lam  widfwri^ 
Zmnkieg. — ^A  cnproso-ferrous  sulphostannate,  sometimes  also  containing  sine,  oeenrring 
in  Cornwall,  and  at  Zinnwald  in  Bohemia,  in  cubical  forms,  but  rarely  in  diatinci 
crystals,  mostly  massiTe,  and  imbedded  in  crystaUo-gianular  aggregations,  with  traces 
of  cleavage  of  the  cube  and  rhombic  dodecahedron,  and  with  uneven  to  small  con- 
cho'tdal  fracture.  Hardness  »  4*0.  Specific  navity  a  4*3  to  4*5.  It  is  opaque,  with 
metallic  lustre,  yellowish-steel-ffrey  colour  inclining  to  brass-yellow,  and  black  streak. 
Before  the  blowpipe,  on  charcoal  it  melts  to  a  grey  brittle  bead,  containing  copper  and 
iron,  and  surrounded  by  a  white  deposit  of  stannic  oxide.  The  bead  gives,  witii  sodic 
carbonate  and  borax,  a  pale,  not  perfectly  malleable  button  of  copper ;  when  heated  in  a 
tube,  it  gives  off  sulphurous  anhydride,  together  with  a  white  fume.  Nitric  acid  decom- 
poses it  easily,  forming  a  blue  solution,  with  separation  of  sulphur  and  stannic  oxide. 

Analyses : — a.  From  Whealrock,  Cornwall  (K  lap  roth,  BeUrSas,  v.  298). — b.  Frona 
the  same  (Kudernatsch,  Fogg.  Ann.  xxxix.  146). — e.  From  St.  Michaers  Mount, 
Cornwall  (Johnston,  Bep.  Geol.  Cornwall,  &c.,  1839). — d.  From  the  same  (Mall  et» 
Sill.  Am.  J.  [2],  xvL  83). — s.  From  Zinnwald  (Bammelsberg,  Fogg.  Ann.  Ixxxriii. 
607): 

Sulphur    .        .        .80^6        29'64        29*98        2946        29^05 


Tin  . 

Copper 

Iron. 

Zinc. 

Gaogne 


26-6        25*65  81*62  26*85  25*65 

80*0        29*89  23*55  2918  29*38 

12*0        12*44  4*79  6*73  6*24 

1*77  1011  7-26  9*66 

1-1           102  .     .  0*16 

990        99*81  10000  99*64  99*98 

Cu«S] 


These  analyMS  lead  to  the  formula  Cn'M'Sn'^^  ^  M^l^^'  ^  (2Cu%J3nS*). 
(2M'^JSnS^,  where  W  denotes  Fe  and  Zn. 

Tnr-SJkSDZCXLaSf  OSOJUno.  The  general  properties  and  relations  of  thesa 
bodies  have  been  described  in  the  article  0BOAHo-]nrrAi.uc  Boons  (ir.  219,  227).  It 
is  there  explained  that  oigano-tin  compounds  may  be  divided  into  three  groups, 
analogous  in  composition  to  the  oxides  of  tin,  and  represented  by  the  following  fop- 
mulsi^  in  which  B  denotes  a  monatomic  alcohol-radicle : 

SnTl*  2Sn*'B«.  Sn«'R«. 

Moreover,  one  atom  of  alcohol-radicle  in  compounds  of  the  second  group,  and  one  or 
two  atoms  in  those  of  the  third  group,  may  be  replaced  by  negative  radicles,  such  aa 
chlorine.  Hence  arise  the  following  series  of  organo-tin  compounds  (B+  denoting  an 
alcohol-radicle,  and  B—  a  negative  radicle  like  chlorine) : 

FInt  Series.  Second  Sertet.  Third  Serlos. 

Sn" }  5  T  2Sn"'-|  B  +  2Sn"'"|  B  + 

<®+  IR+  tB- 

s , / 

SUmiout  compoundi.  Sumnoao-sunnic  compounds. 


8TANNETHTLS. 


825 


Foqith  mtIm. 
fR  + 

B4- 

B-h 


Sn«^ 


llftbMfrfM. 

rB-h 

B  + 
B  + 
B- 


Ba^ 


flixib  teriflt. 
/B  + 
B-h 
B- 
B- 


Sii«'. 


Staonic  compoandi. 

In  the  stannio  compounda  the  atomidly  of  the  tin  is  folly  satisfied :  hence  these 
bodies  cannot  take  np  any  other  radicle  (snch  as  oxygen,  chlonne,  &c.)  by  direct  combi- 
nation, but  only  by  sabstitation  for  one  or  more  atoms  of  alcohol-radicles ;  in  other  words, 
they  do  not  themselyes  act  as  radidee.  In  the  stannous  compounds,  on  the  contrary, 
there  are  two  units  of  atomid^  still  unsatisfied,  and  in  the  stannoso-stannic  compounds 
one  such  unit:  hence  these  bodies  are  capable  of  acting  as  radicles,  taking  op  chlorine, 
oxygen,  &c  directly,  and  being  thereby  converted  into  stannic  compoundsTThe  stannoso- 
stannic  compounds  are  evidently  monatomic;  the  stannous  compounds  are  always 
diatomic,  uniting  with  2  at.  chlorine,  iodine,  &c.,  or  1  at.  oxygen,  sulphur,  &c.,  to 
form  stannic  compounds ;  there  is  no  known  instance  of  an  organo-stannous  compound 
taking  up  only  1  at.  of  a  monatomic  ladide,  to  form  a  stannoso-stannic  compound 
(iy.  227). 

Organo-tin  compounds  have  been  obtained,  containing  methyl,  ethyl,  and  amyl. 
The  ethyl-eompounds  haye  been  most  completely  studied,  and  will  be  most  conyenienily 
described  first. 

A.  ETHTL-ooMPonMDs:  Staknbthtlb.* 
Three  compounds  axe  known,  containing  only  tin  and  ethyl,  yiz. : 
Stannous  ethide,  or  Stannodiethyl,  Sn'^CH*}". 

Stannoso-stannic  ethide,  or  Stannotriethyl,  ?n*(CH*)'. 
Stannic  ethide,  or  Stannotetrethyl,  Su*«(C^»y. 

The  first  and  second  of  these  compounds,  as  already  observed,  act  as  organic  zadidesy 
taking  up  oxygen,  chlorine,  &c.,  and  forming  compounds  which  may  be  regarded  either 
as  salts  of  these  same  radicles,  or  as  stannic  compounds  containing  ethyl  and  ncgatiTe 
xadides: — 


Sn''(C«H»)T.IT 
SUnnodlethyl-iodid*. 

[Sn"(C»H*)T.O 
StannodleUijl-oxide. 

[8n''(Cra»)T'JS0« 
SUnnodietfayl-iulphate. 

[Siiicra»)«j 

StMmotriethyUSodide. 

[SS^(?H»)T.8 
StaDDOtrtothyl-mlpblde. 


Stannic  di-iodudlethid«. 

Stannic  oxydiethide. 

•     ^^  }  (SO*)" 
Stannic  sttlphatodietbid*. 

Sunnic  lodotriethide. 

Stannic  solphotrieCbide. 


[a?(OiH')T^co«)- -   si'J^^y 


Stanno4i«Cbyl«earbonate.  Stannic  carbonatodlethida. 

Lowig  has  also  described  a  number  of  stannethyls,  which  cannot  be  induded  in  dther 
of  the  preceding  groups ;  they  are  represented  by  the  following  formulae,  using  the  old 
atomic  weights,  C  a  6,  8n  »  69: — 

Acetostannethyl,  8n*(C*H*)K 
Ethstannethy],  Sn\C*H^y. 
Badide  not  named,  8n\C*B^y. 
Methvlene-stannethyl,  Sn\C*H^y, 
Bthylene-stannethyl,  an\C*H*y. 

■  Frankland,  Phil.  Tram.  18A2  ;  Ann.  Ch.  Pbann.  Izxxt.  839;  cxl.  44  ;  Jahresb.  18M;  p.  569 
1830, p. 411— L5 wig,  Ann.  Cb.  Pbarm.  lxxxiv.808:  Jafaresb.  1852,  p.  577— Gabon rs  and  Ricb«» 
Ann.  Cb.  Pbann.  IxxxIt.  333;  Jabretb.  1852,  p.  676.— B  a  c  li  t  o  n,  Ann.  Ch.  Pbai m.  cix.  218 ;  exit. 
220;  Jabretb.  18%,  p.  302;  1869,  p.  409—- Cahoari,  Ann.  Ch.  Pbarm.  caIt.  227,  364;  cxxli. 
42  ;  Jahresb.  18.^9,  p.  415;  1H61,  p.  549^— K  ulmlz,  J.  pr.  Chem.  Ixxx.  60;  Jahre«b.  1860,  p.8?5.— 
S  t  r  ecli  e r,  Ann.  Cli.  Pbarm.  ct.  306;  cxxiii.  365  j  Jabresb.  1858,  p.  387 ;  1862,  p. 398. 
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The  Ust  two  am  poljmerie  with  ■taanodiethyl,  8f^C*B*\  meeindiiig  to  Lowig.  AH 
tiiete  radiclM  an  said*  to  miita  with  I  aL  efalorine,  bronuna,  iodine,  &c 

Keknli  (Ann.  di.  Phann.  esix.  190)  snppoaea  theae  anomalooa  aUnnethjl-eonB- 
ponnda  to  be  deriTed  from  the  more  8implT*«on8titiited  radielea  abore  mentioned,  by 
anbetjtntion  of  iodine,  chlorine,  &e.  for  ethyl :  thna,  Lowigf a  iodide  of  aeetoatanneth ji, 
8n'(C'H*)'I,  might  be  derired,  in  thia  manner,  from  a  double  molecule  of  atannodi- 
ethjU  8n*vC^*/;  and  hia  iodide  of  ethsUnneCfajl,  aa\C*&*fU  in  like  manner,  from  a 
doable  molecole  of  atannotzietfayl,  Sa\C^*f. 

Strecker  haa  pointed  ont  that  Lowi^a  methylene-  and  ethTlene-atannethyl  are  moat 
probably  identical  with  atannethyl,  and  that  the  compoonaa  deacribed  by  Lowig  mm 
iodide  of  methylene-  and  ethylene^tannethyl  are  ozyiodidee  of  atannethyl,  con- 
taining Sa\C*WyVO  and  Sn^CH^j^H)*— «ompoanda  which  8tre<^iir  haa  aetnaUj 
obtained  by  other  proceaaea  (p.  827).  In  bodiea  whoae  molecolar  wd|;hta  are 
aa  high  aa  thoae  of  the  atannethyl-eomponnda,  the  qnantitiea  of  oxygen  ^«^^tH 
by  these  finrmnhB  would  make  bat  little  dilTerenoe  in  the  pcteentage  of  the  other 
vtementa. 

It  moat  frrthar  be  obaenred,  that  the  eziatence  of  theae  anomalooa  atannethyl* 
ia  by  no  means  well  eatabliahed.  Lowig  nerer  anceeeded  in  iaolating  them 
completely,  or  in  preparing  their  compoonda  in  a  pure  elate ;  and  Oahoora  waa  never 
able  to  obtain  them  at  Sll,  howerer  mnch  he  might  vary  the  propottiona  of  tha 
materiala. 

Preparatiim  of  SUinnelhjfis. — I.  Knely-dirided  tinfoil  ia  introdnced,  together  with 
three  timea  ita  weight  of  ethyHe  iodide,  into  a  strong  glaaa  tnbe,  which  ia  aealed  and 
exposed  to  annahine.  A  alow  reaction  then  takea  place,  requiring  aereral  weeki^  expo- 
anre  to  the  samnur  ann  for  ita  completion ;  it  may,  however,  be  greatly  acoelented 
by  concentrating  the  laya  with  a  parabolic  reflector,  and  at  the  same  time  keeping 
the  tobe  cool  by  immeraion  in  water,  or  in  eolation  of  copiic  aalphate ;  the  reactioo  ia 
then  completed  in  a  few  daya  The  product  aolidiflea  to  a  ciyatalline  maaa,  consisting 
mainly  of  atannic  di-iododiethide,  8n**(C*H*)*I*,  with  amall  qnantitiea  of  atan- 
noas  iodide  and  atannic  iodotriethide,  8v^{OV*fl  (Frankland): 

2C*H»I  +  Sn     -     8n(C«H»)«P. 
8C«H»I  +  Sn«     -     Sn(C«H»)^  +  SnP. 

2.  A  mixtore  of  1  pt.  finely-eat  tinfoil  and  2|  to  8  pta  ethylic  iodide,  ia  endoaed  in  a 
•ealed  tabe^  and  heated  to  150^  in  an  oil-bath  for  20  or  80  hoara  After  cooling,  the 
oontenta  of  the  tube  are  found  to  conaiat  partly  of  colourless  ervstals  of  stannic  di- 
iododiethide  (iodide  of  atannodiethyl),  partly  of  ^eUowiah  ciystals  of  atannic 
iodotriethide  (iodide  of  stazmotriethyl).  On  decanting  the  liquid  from  the  cijetala, 
and  diatilling,  a  small  quantity  of  ethylic  iodide  j^aasea  orer  flrat ;  then,  at  280^,  the 
atannic  iodotriethide ;  and  at  246**  the  atannic  di-iododiethide^  the  reaidue  oonaiBting  ot 
atannoua  iodida    (Cahoura;  Bicha) 

8.  Stannide  of  aodium,  prepared  by  fusing  6  pta.  of  tin  with  1  pi.  of  aodiom,  ia 
finely  pulverised,  and  mixed  with  quartz-sand  in  the  proportion  of  1  pt  of  the  alloy 
to  1 — H  pta.  of  sand ;  the  mixture  quickly  introducea  into  a  number  of  glaaa  flasks  of 
3  or  4  ounces'  capacity ;  and  a  quantity  of  ethylic  iodide  added,  sufficient  to  form  a 
thick  paste :  the  flask  is  then  briskly  shaken,  and  a  disdllation-tube  adapted  to  it. 
The  action  commences  in  a  few  minutes,  and  is  completed  the  more  quickly  in  propor- 
tion as  the  alloy  is  richer  in  sodium.  The  heat  which  it  derelopes  is  suflSdent  to  canaa 
the  excess  of  ethylic  iodide  to  distil  over,  after  which  the  flask,  while  yet  warm,  ia 
dofied  airtight ;  after  the  mixture  has  cooled,  the  treatment  with  iodide  of  ethyl  ia 
renewed,  and  the  same  operation  repeated  till  a  sample  of  the  contents  of  the  flaak 
no  longer  gives  off  hydrogen  when  thrown  into  water.  The  dry,  doaty,  yellowiah, 
stinking  mass,  obtained  in  this  manner  from  several  flasks,  is  then  tranflferred  to  a 
bottle  filed  with  ether  (from  4^  to  6  pounds  to  the  contents  of  16  flaaka),  left  to 
stand  for  an  hour  or  two,  and  frequently  shaken ;  after  which  the  dark-brown  ethereal 
solution  is  poured  into  a  bottle  filled  with  carbonic  anhydride,  and  left  to  stand  for 
half  an  hour  or  an  hour,  whereupon,  especially  if  there  were  any  air  in  the  bottle,  a 
brown  substance,  which  dries  up  in  the  air  to  a  white  inodorous  mass,  separatee  out. 
The  ethereal  solution  is  then  tmnsfened  to  a  retort,  mixed  with  about  j^  of  ita  bulk  of 
alcohol,  and  the  ether  is  completely  distilled  off.  There  then  remains  a  dark  tuipen- 
tine-like  mass  [consisting,  according  to  Lowig,  of  the  radide  Sn*(G^H*)^],  ana  an 
alcoholic  aolution,  which,  when  decanted  and  left  at  rest,  deposits  a  large  quantity  of 
yellow  oil,  frequently  separating,  after  some  time,  into  two  kyers,  the  lower  of  which 
oonsists  mainly  of  stannous  ethide,  8n*(CH*)',  or  stannodiethyL  The  alco- 
holic liquid  decanted  from  the  ydlow  oil  deposita,  on  addition  of  water,  a  nearly 
colonrlesa  oil,  the  first  precipitated  portion  of  which  consista  mainly  of  stannous 
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etliidet,  and  t]\e  kgt  of  stBonosostaonic  ethide  or  stannotriethyl;  while  the 
intermediate  portions  contain  other  radicles  (^.  826),  which,  after  conTersion  into 
iodides,  maj  be  separated  by  fractional  crystallisation  (Lo wig).  For  Lowig's  method 
of  separating  these  supposed  radicles,  see  Gmelin'a  Handbook,  iz.  93. 

Stannovs  Bttalde*  or  Stfumodietliyl*  Sn'CC^H*)'.— The  method  last  described 
^elds  this  radicle  comparatively  pure.  The  best  method  of  obtaining  it  however 
18  to  immerse  a  strip  of  zinc-piate  in  a  warm  solation  of  stannodiethyl-chloride ;  it 
then  collects  at  the  bottom  of  the  vessel,  as  a  thick  yellowish  oil.    (Prankland.)^ 

Stannous  ethide  would  probably  be  colourless  when  quite  pure.    It  has  a  specific 

Srdvity  of  1-668  at  16°,  does  not  solidify  at  —12^  and  cannot  be  distilled  without 
ecomposition.  It  has  an  extremely  pungent  odour,  stronger  than  that  of  any  of  its 
compounds.  It  is  insoluble  in  water,  but  soluble  in  alcoM,  and  still  more  soluble  in 
ether, — It  absorbs  oxygen  from  the  air,  but  does  not  fume  or  take  firs ;  it  reduceent^rote 
o/  n^wr  immediatelv,  with  separation  of  black  metallic  silver;  and  unites  directly 
with  chlorine,  bromine,  and  iodine, — With  hydroehhriOf  hydriodie,  kydrobromiCf  and 
hydrofluoric  acids,  it  forms  haloid  salts,  with  evolution  of  hvdrogen.  When  heated 
to  160°,  it  boils,  and  is  resolved  into  stannic  ethide,  Sn(CH*)\  which  distils  over,  and 
metallic  tin. 

Compounds  of  Stannethyl, — These  compounds,  which,  as  already  observed,  may  be 
regarded  as  belonging  to  t^e  stanuic  type,  are  produced  either  by  direct  combination, 
or  by  double  decomposition  from  the  iodide. 

Bbomidb,  Sn(C*H')'Br'. — Produced  by  treating  an  alcoholic  solution  of  stannodi- 
ethvl  with  bromine,  or  by  dissolving  the  oxide  in  h^drobromie  acid ;  also,  together 
with  other  compounds,  by  heating  ethylic  bromide  with  tin  to  160°.  It  forms  long 
white  needles,  having  a  &int  camphorous  odour,  melts  when  gently  heated,  and  distils 
without  decomposition  at  232°.  Its  vapour-density  (taken  at  296°)  is  11*64 ;  by  calcu- 
lation (2  vols.)  *  11*74.  It  is  soluble  in  water  and  alcohol,  and  especially  in  ether. 
(Lowig;  Cahours.) 

Chlobidb,  Sn(C*H*)Kil'. — Obtained,  in  long  colourless  needles,  by  dissolving  the 
oxide  in  dilute  hvdrochloric  acid,  and  evaporating  at  a  gentle  heat.  It  melts  at  60°, 
sublimes  when  slightlv  warmed,  and  boils  without  decomposition  at  220°.  Vapour- 
density  -  8-71  and  8*62  at  268°— 282°  (Cahours);  calc.  -  8*62.  It  has  a 
stronger  odour  than  the  bromide,  is  moderately  soluble  in  boiling  water,  more  easily  in 
alcohol  and  in  ether.    (Lowig;  Frankland;  Cahours.) 

When  ammonia  is  added  by  drops  to  a  boiling  alcoholic  solution  of  the  chloride,  till 
a  permanent  precipitate  b^ns  to  form,  this  precipitate  redissolved  bv  addition  of  a 
liUle  more  of  the  stannodiethyl-chloride,  and  the  liquid  left  to  coot  white  shining 
laminae  are  deposited,  consisting  of  Btannodiethyl-oxychloride,Sn*(CH*)*OCl^ 
(Strecker.) 

FLV0BiDB,8n(C'H*)*F*. — Obtained,  in  fine  crystals,  by  evaporating  the  solution 
of  stannethyl-oxide  in  hydrofluoric  add. 

I  oDiDS,  Sn(C*H*)1*. — ^This  compound  is  the  direct  product  of  the  action  of  ethylie 
iodide  upon  tin,  or  upon  sodium-stannide  oontaininff  a  small  proportion  of  sodium, 
and  is  likewise  easily  produced  by  the  action  of  ioune  on  stannodiethyl  in  ethereal 
solution.  It  forms  coiourilesB,  inodorous,  needle-shaped  crystals,  often  several  inches 
long,  melts  at  42°,  sublimes  at  160°  in  shining  needles  or  laminae,  and  boils,  without 
decomposition,  at  246°.  It  dissolves  sparingly  in  cold,  more  easily  in  warm  water, 
also  in  cold  alcohol  and  ether.    (Lowig;  Frankland;  Cahours.) 

The  warm  aqueous  solution  of  the  iodide,  mixed  with  a  small  quantity  of  ammonia, 
yields,  on  cooling,  an  oxy iodide,  Sn*((?H*)"rO*,  in  hwrd  prismatic  crystals, 
slightly  soluble  in  water,  more  soluble  in  alcohol  or  ether.  The  same  crystals  are 
obtained  by  boiling  oxide  of  stannethyl  with  an  alcoholic  solution  of  the  iodide. 
(Strecker.)  

/odo<?ya«trftf,Sn(CJ^»)*CyI.— Produced  by  heating  equivalent  quantities  of  stann- 
ethyl-iodide  and  silver-cyanide  with  a  small  quantity  of  anhydrous  alcohol,  in  sealed 
tubes  immersed  in  a  salt-bath.  By  evaporating  the  filtered  solution,  it  is  obtained  as 
a  crystalline  powder. 

^  OxiDB,  8n(CJ*H*)*0. — Obtained,  as  a  white  powder,  by  evaporating  an  ethereal  8olu« 
tion  of  stannodiethyl  in  contact  with  the  air,  or  by  precipitating  a  solution  of  a 
stannethyl-salt  with  ammonia.  It  is  tasteless,  inodorous,  not  volatile,  takes  fire  when 
heated  in  contact  with  the  air,  burning  with  a  bright  fiame,  and  giving  off  fumes  of 
stannic  oxide.  It  is  insoluble  in  water  and  in  ammonia,  nearly  insoluble  in  alcuhol 
and  ether,  but  dissolves  easily  in  dilute  acids  and  in  the  fixed  alkalis.  On  distilling  it 
with  excess  of  aqueous  potash,  stannotriethylic  hydrate  passes  over  with  the 
aqueous  vapour,  and  stannate  of  potassium  remains  behind : 

8Sn(C«H»)K)  +  2KflO     -    K«SnO«  +  2Sn(C«H»)\H0). 
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PtntaeUoride.  of  pkotphorut  acta  stioiigly  on  stannodietliyl-ozide  at  a  gentle  heat, 
yielding  a  distilli^  of  stannethyl-chloride  and  phosphoric  ozyehloride,  wmch  maj  be 
separated  by  water: 

Sn(C«H»)K)  +  PCP    -    POCl«  +  Sn(C«H»)K2l«- 

OxTOBiv-SALTS. — ^The  stannodiethyl-salte  of  oigrgen-acids  are  formed  by  di«- 
solving  the  oxide  in  the  respective  acids,  or  by  decomposing  the  iodide  with  silver- 
salte.  They  are  czystallisable,  inodorous,  soluble  in  alcohol  and  in  water,  less  soluble  in 
ether.    They  decompoee  when  heated,  emitting  a  pungent  odour  like  that  of  mustard-ctiL 

Acetate,  8n(G'H>)*(C*H*0*)*.— This  salt  separates,  on  gradually  adding  stanno- 
diethyl-ozide  to  boiling  dilute  acetic  add,  as  a  thick  oil,  whioh  solidifies  to  a  crys- 
talline mass  on  cooling.  By  solution  in  alcohol,  and  slow  evapomtion,  it  is  obtained 
in  beautiftil  transparent  prisms  or  tables.  When  heated,  it  partly  decomposes,  partly 
sublimes  unaltered.    It  aiasolves  sparingly  in  water,  easily  in  aleohol  or  ether. 

Cyan  at  By  8n(C*H*)*{CN0)*. — Produced  by  the  action  of  silver-cyanate  on  an 
alcoholic  solution  of  stannodiethyl-iodide ;  crystallises  on  evaporating  the  sdlutioa. 
(Cahours.) 

Formate,  Sn(C^*)*(CHO*)*.— Stannethyl-oxide  |;radually  added  to  dilute  formic 
acid,  dissolves  at  first,  but  on  fiirther  addition,  stannodiethyl-formate  separates  as  a  thick 
colourless  oil,  which  solidifies  in  the  crystalline  form  on  cooling,  and,  when  reccystal- 
lised  from  alcohol,  forms  transparent  prisms.    (Cahours.) 

mtratea.—Thn  nmtral  salt,  Sn(C*H*)*(NO*)*,  is  obtained  by  decomposing  the 
iodide  with  nitrate  of  silver,  or  by  dissolving  the  oxide  in  dilute  nitric  acid,  and  is 
obtained  by  slow  evaporation  in  rather  large  prisms.  When  heated,  it  melte,  decom* 
poses,  and  bums  with  slight  detonation.    It  is  easily  soluble  in  water  and  in  alcohol 

(Lowig;  Frankland;  Cahours).— A  tow iii^ni^,  |^(^*)^^^.^^^    is  obtained 

by  decomposing  the  oxychloride  in  alcoholic  solution  with  nitrate  of  silver ;  the  sdlii- 
tion,  when  evaporated,  yields  crystals  nearly  insoluble  in  water.    (Strecker.) 

Oxalate^  Sn(C'H*)'(CO*). — ^Precipitated,  on  mixing  the  solutions  of  ammonium- 
oxblato  and  stannethyl-iodide,  as  a  dazzling-white  amoiphous  powder,  insoluble  in 
water.    (Cahours.) 

Sulphate,  Sn(C*H*)*(SO«).— Prepared  like  the  preceding  salte.  Beautiful  ays- 
telline  laminae,  soluble  in  water  and  in  alcohoL    (Cahours ;  Lowig.) 

Butyric  and  Valerianic  acids  behave  with  stannodiethyl-oxide  like  acetic  add ;  a 
boiling  solution  of  tartaric  add  dissolves  the  oxide,  and  yields  hard  prisms  on  coofing. 
— Citric  acid  acte  in  like  manner.    (Cahours.) 

SuLPHTDS,  Sn(CH*^ — ^Predpiteted  as  a  white  powder,  on  passing  sulphydrie 
acid  gas  through  an  ada  solution  of  a  stannodiethylic  salt.  It  has  a  pungent  nauseating 
odour,  like  that  of  decayed  horseradish.  It  is  insoluble  in  dilute  adds  sand  in 
ammonia ;  soluble  in  strong  hydrochloric  add,  potash-ley,  and  sulphide  of  potassium ; 
and  is  predpiteted  unaltered  ftom  the  last  two  solutions,  on  addition  of  adds. 
(Frankland.) 

SuLPHOCTAKATB,  Sn(C*H*)'(CNS)'. — ^Formed  by  prolonged  digestion  of  stann- 
ethyl-iodide in  alcohoHc  solution  with  sulphocyanate  of  silver.  The  solution,  con- 
centrated by  evaporation,  yields  colourless  crystals,  which  have  an  alliaceous  odour, 
and  decompose  when  heated,  turning  black  and  giving  off  fetid  products. 

•tamioaostaiiiile  Stbldef  or  Btaanotrtetliyl,  2[Sn'^(C^*)*].  Sesmustta^ 
nethyl,  MethstannethyL — The  preparation  of  this  compound  by  Lowig's  method  has 
been  already  described  (p.  826).  Cahours  adds  ethylic  iodide  in  excess  to  an  alloy  of 
80  pts.  tin  and  20  pte.  sodium  in  a  retort,  and  after  the  spontaneous  reaction  is  over, 
heate  the  residue  with  a  small  quantity  of  ethylic  iodide  in  strong  glass  tubes  for 
twelve  hours  to  120°.  The  contente  of  the  tubes,  when  cold,  are  added  to  pure  ether, 
and  after  twenty-four  hours'  digestion,  the  solution  is  filtered  into  vessels  filled  with 
carbonic  anhydride,  whereupon  it  deposits  a  white  flocculent  mass.  The  solution 
filtered  therefrom  is  distilled  to  one-eighth  of  its  original  volume ;  and  the  residue  is 
mixed  with  half  ite  volume  of  ordinary  alcohol,  and  farther  evaporated,  till  a  dear 
yellowish  oil  settles  down  to  the  bottom  of  a  visdd  colourless  liquid.  This  yellow 
oil,  after  washing  with  alcohol  and  heating  to  170° — 180°,  constitutes  pure  stanno- 
triethyl.  This  compound,  according  toKulmis,  isa  nearly  colourless,  heavy,  slightJy 
refractive  dl,  having  a  peculiar  odour  like  that  of  rotten  fruits.  It  unites  dinctly 
with  oxygen,  chlorine,  bromine^  and  iodine. 
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Con^Mmnds  of  BtannotriethyU 

These  compomicb  may  be  Te|;arded  as  formed  by  the  union  of  1  at.  iodine,  chlorine, 
&c  with  1  at  of  the  monatomic  mdide  8n'*(C*H^)*,  or  as  stannic  molecoles,  in  which 
three  of  the  four  nnits  of  atomicity  of  the  tin  are  neutralised  by  ethyl,  and  the  fourth  by 
a  negative  radicle  (p.  825),  the  molecule  being  doubled  for  compounds  containing  diatomic 
negative  radicles,  such  as  S,  O,  S0^  &c. ;  e.g, : 

Sn'"(C«H»)«.Cl     -     Sn^'K^*)* 

Stannotrlethjrl-  Stannic  chloro- 

chloride.  triethide. 

[Sn'"(C»H»)»]*.SO«     -     ^^*|(S^p' 

Stannotrletbjl-gulpbate.  Stannic  tulphato^ 

iriethida. 

Their  modes  of  formation  are  analogous  to  those  of  the  stannethyl-compounds. 

Bbomidb,  Sn(G*H*^'Br. — ^This  salt  is  most  eaaly  obtained  by  treating  the  oxide 
with  hydrobromic  acid.  It  is  a  colourless,  mobile,  strongly  refracting  liquid,  of 
specific  gravity  1*630,  and  boiling  at  223^.  It  has  a  very  pungent  odour,  like  tibat  of 
mmttard-oil,  dissolves  readily  in  ether  and  in  alcohol,  even  when  dilute,  but  veiy  sparingly 
in  water  (Lowig;  Cahours;  Kulmiz).  Yapour-density  «  9*924  (Cahours); 
calc  Si  9*60. 

Ghlobidb,  Sn((PH')'Gl. — Obtained  by  dissolving  the  oxide  in  hydrochloric  acid, 
or  (more  readily)  by  adding  that  acid  to  an  aqueous  solution  of  the  sulphite.  It  is  a 
transpiirent,  colourless,  strongly  refracting  liquid,  having  a  very  powerful  and  suifoca- 
tingodour.  Specificgravity»  1*428  at  8^ (Cahours),  1*320  (Kulmiz).  Boils  at  209<'. 
Vapour-density  (obs.)  »  8*430  at  285°  ;  calc  «  8*33.  At  0°  it  solidifies  in  co1ou1^ 
less  prisms.  According  to  Kulmiz,  it  forms,  with  pl^inic  chlorid€,  two  crystalline 
compounds,  containing  Sn*(C«B:^)«Cl«.PtCl*  and  Sn(C-'H*)''Cl.PtCl*,  respectively.  It 
also  forms  crystalline  compounds  with  auric  and  mercuric  chloride. 

Ctamidb,  Sn(C*H*)'Cy. — ^When  stannotri ethyl-iodide  and  silver-cyanide  areeently 
heated  together  in  a  retort,  this  compound  sublimes  in  snow-white  crystals,  which  may 
be  freed  from  a  grey  substance,  often  adhering  to  them,  by  solution  in  alcohol  and 
spontaneous  evaporation.  It  forms  silky  flexible  prisms,  which  melt  when  gently 
heated,  and  sublime  without  decomposition.  When  quickly  heated  it  suffers  partial 
decomposition.  It  is  nearly  inodorous  in  the  cold,  but  when  heated,  it  emits  an 
odour  like  that  of  prussic  acid  and  the  stannotriethyl-compounds  together. 

Htdbatb,  ^° '(^')*|o    -    Sn»»(C«H»)«(HO).— This   compound- is  separated 

from  solutions  of  stannotriethyl-salts  by  caustic  potash,  but  generally  remains  dis- 
solved. It  may,  however,  be  withdrawn  from  the  solution  by  agitation  with  ether, 
and  obtained  in  the  crystalline  form  by  leaving  the  ether  to  evaporate.  When  a  solu-. 
tion  of  stannotriethyl-iodide  is  distilled  with  excess  of  potash,  the  hydrate  passes 
over  with  the  aqueous  vapour,  and  solidifies  in  the  crystalline  form  on  cooling  ;  and. 
even  when  the  alkaline  solution  is  gently  heated  in  a  beaker-glass,  the  hydratb  gra- 
dually sublimes,  filling  the  entire  space  with  slender  crystals,  which  form  a  mass  like 
cotton- wool.  To  obtain  the  hvdrate  from  a  mixture  of  the  iodides  of  stannethyl  and 
stannotriethyl — such  as  is  ordinarily  produced  by  the  action  of  tin  on  ethylic  iodide — 
the  mixture  is  dissolved  in  alcohol ;  silver-oxide  is  added  as  long  as  silver-iodide  is 
thereby  produced ;  the  solution  containing  the  hydrate  of  stannotriethyl  is  filtered 
from  the  precipitate  consisting  of  a  mixture  of  stannethyl -oxide  and  silver-iodide  ;  and 
the  filtrate  evaporated  over  oil  of  vitriol. 

Stannotriethyl-hydrate  forms  colourless  prismatic  crystals,  moderately  soluble  in 
alcohol,  either  anhydrous  or  hydrated,  easily  in  ether.  The  solutions  have  a  strongly 
alkaline  reaction  and  caustic  taste,  precipitate  most  of  the  heavy  metals  from  their 
solutions  as  oxides  or  hydrates,  and  absorb  carbonic  acid  fn^m  the  air.  The  hydrate 
neutralises  acids  completely,  forming  with  most  of  them  crystalline  salts. 

Iodide,  Sn(C*H*)*I.— This  compound  is  produced  in  small  quantity  when  tin  is 
heat«d  to  150^  with  ethylic  iodide,  more  abundantly  when  an  alloy  of  tin  and  sodium 
is  used  ;  also,  together  with  ethylic  iodide,  by  the  action  of  iodine  on  stannic  ethide  : 

Sn(C«H»)<   +  I«     -     C»H»I  +  Sn(C«H»)»I. 

The  best  mode  of  preparing  it  is  to  treat  an  alloy  of  7  pts.  tin  and  1  pt.  sodium 
with  ethylic  ioaide,  whereupon  a  brisk  action  takes  place,  accompanied  by  great  rise 
of  temperature.  As  soon  as  this  action  is  over,  the  residue,  mixed  with  ethylic  iodide 
to  a  thin  paste,  is  enclosed  in  sealed  tubes,  and  heated,  for  eighteen  or  twenty  hours,  to 
126°,  or  at  most  130**.    The  tubes,  when  cold,  are  opened,  the  contents  treated  with 
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etlier,  and  the  filtered  eolation  eyaporated,  after  addition  of  a  little  alooh.ol.  On 
leaving  the  ether  to  evaporate,  a  yellowish  oil  aeparatee,  the  quantity  of  which 
increasee  on  addition  of  water ;  and  on  distilling  this  oil  by  itself,  pore  atannotrieth^- 
iodide  passes  over,  between  230^  and  235^.    (Cahonrs.) 

Stannotriethyl-iodide  is  a  colourless,  heavy,  strongly  refracting  liquid,  of  specifie 

fravity  1*833  at  22^,  and  boiling  without  decomposition  between  235^  and  238^  (Ca- 
ours).  It  solidifies  in  a  mixture  of  carbonic  anhydride  and  ether.  It  has  a  pungent 
odour,  attacking  the  nose  and  eyes  like  oil  of  mustard.  It  mixes  in  all  propartjona 
with  absolute  alcohol  and  with  ether,  dissolves  sparingly  in  water,  easily  in  hydrated 
alcohol.  It  dissolves  iodine,  with  brown  colour  in  the  cold ;  but  on  heating  the  solution 
the  free  iodine  disappears,  and  iodide  of  stannethyl  is  formed,  together  with  iodide 
of  ethyL 

Stannotriethyl-iodide  absorbs  ammonia-gM,  forming  the  compound  Sn(C'H*)'L 
SNH",  which  may  be  obtained  in  thin  prisms,  hy  adding  a  soliriion  of  the  iodide  to 
anhydrous  alcohol  saturated  with  ammonia-gas,  warming  the  liquid  for  a  few  hours  in 
the  water-bath,  and  then  leaving  it  to  cooL  It  likewise  forms  orystalline  compound^ 
of  analogous  composition,  with  ethylamine,  amsflamine,  and  anilme. 

Ox  IDS,  Sn*(C''H')'0.— Obtained,  by  prolonged  heating  of  the  hydrate  to  a  tempe- 
rature near  its  boiling-pointy  as  a  transparent  oil,  which,  when  mixed  with  a  small 
quantity  of  water,  is  reconverted  into  the  crystalline  hydrate.    (Cahours.) 

0XTOBN-8AI.T8. — ^Thess  salts  are  obtained  by  dissolving  the  hydrate,  oxide,  or 
carbonate  of  stannotriethyl  in  the  aqueous  acids,  or  by  decomposing  the  iodide  with 
silver-salts.  Th^  are  mostly  crystalline,  and  dissolve  readily  in  water,  alecAol,  and 
ether. 

Acetate,  Sn(C>H*)*(0*H'0*).-— Prepared  by  dissolving  the  oxide  in  aoetie  add. 
Sliffhtly  soluble  in  water,  easily  in  alooaol,  whence  it  separates,  by  spontaneous  evapo- 
ration, in  tufts  of  white  silky  needles.  It  melts  at  a  gentle  heat,  sublimes  at  a  some- 
what hi^er  temperature  in  snowy  flocks,  and  boils  without  decomposition  at  280^. 
(Kulmia;  Cahours.) 

Areenaie,  8n(G'H*^As0*). — ^White  crystalline  mass,  soluble  m  alcohol^  and 
crystallising  therefrom  m  tufts  of  shining  needles.    (Knlmis.) 

Ben  go  ate,  Sn(C^*)^C'HK)'). — Obtained  by  double  decomposition  from  the 
iodide.  Long,  transparent,  hifi;hly  lustrous  prisms,  which  melt  at  80^,  and  sublime 
without  decomposition  at  a  higher  temperature.  Sparingly  soluble  in  water,  easily  in 
alcohol,  even  when  dilute.    (Kulmic.) 

But^rate,  Sn(G*H*)*(C^H'0').— Thin  shining  needles,  subHmable  without  de- 
composition, slightly  soluble  in  cold  water,  moderately  soluble  in  alcc^ol,  especially 
when  warm. 

Carbonate,  Sn*(C*H*][*(CO*).— The  hydrate  absorbs  carbonic  acid  frmn  the  air 
duriuff  the  evaporation  of  its  alcoholic  solution.  The  alcoholic  solution  of  the  sulphatet 
mixed  with  carbonate  of  ammonium  or  carbonate  of  sodium,  deposits  stannotriethyl- 
carbonate  as  a  dazzling-white  crystalline  powder.    (Kul m  i  z.) 

Cyan  ate,  Sn(CH*)'(CNO). — ^Prepared  by  ^^radually  adding  dry  innate  of  silver 
to  an  alcoholic  solution  of  stannotriethyl-chlonde,  as  long  as  the  liquid  is  thereby 
coloured  yellow.  The  filtrate  left  to  evaporate  yields  the  salt  in  tufts  of  thin  prisms^ 
having  a  silky  lustre.  It  is  moderately  soluble  m  alcohol  and  in  ether,  is  converted 
into  carbonate  bvexposore  to  moist  air,  gives  off  carbonic  anhydride  when  treated  with 
strong  acids,  and  ammonia  when  boiled  with  potash. 

When  ammonia-gas  is  passed  into  the  alcoholic  solution  of  this  salt,  and  the  liquid 
left  to  evaporate,  &ere  remains  a  substance  which  dissolves  partially  in  alcohol ;  and 
this  solution  yields,  by  evaporation,  long  colourless  prisms,  regarded  by  Kulmix  and 

(C&)'i 
Cahours  as  stannotriethyl-carbamide,         H*     vK*;  but  they  are^  perhaps^ 

Sn(CTI»)M 
only  a  mixture  of  carbamide  (urea)  with  a  salt  of  stannotriethyL   They  have  not  been 
analysed. 

Formate,  8n(C*H»)«(CH0«).-— Thin  prisms,  having  a  silky  lustre  when  dry,  melt- 
ing between  60^  and  60^,  and  then  subliming  completely ;  very  soluble  in  strong 
alcohoL    (Cahours;  Kulmiz.) 

Nitrate,  Sn(C«H*)«(NO«).— Prepared  by  mixing  an  alcoholic  solution  of  the 
hydrate  with  nitric  acid,  then  adding  ether  and  enough  water  to  cause  the  liquid  to 
separate  into  two  layers,  the  upper  of  which  contains  the  nitrate,  and  leaves  it  as  a 
syrupy  mass  when  evaporated.  When  cold  it  forms  a  transparent  vanish,  which 
dissolves  easily  in  alcohol  and  ether,  and  burns  away,  when  heated,  with  a  faint  light, 
but  without  detonation.    (L  o  w  i  g. ) 
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Oxalate,  Sn*(Cm*)'(C*0*)^^A  solation  of  oxalic  acid  in  dilute  aloohol  takes  up  a 
large  quantity  of  etannotrietkjrl-hydrate,  and  deposits  the  oxalate,  on  evaporation,  in 
sUning  colourless  prisms,  sparingly  soluble  in  oold,  easily  in  warm  water,  alcohol,  or 
ether.  It  is  inodorous  at  ordinary  temperatures,  but  decomposes  when  heated  above 
100^.    (CahouTs;Kulmiz.) 

Phosphate,  tSa'"(C*^)T|(po«)-'   -  2H«P0«.Sn«|[^*r.— Obtained  by  treat. 

ing  the  carbonate  with  dilute  phosphoric  acid  as  long  as  efPervescenoe  is  produced,  as 
a  white  powder,  which  dissolves  in  very  dilute  alcohol,  and  separates,  on  evaporation, 
in  tufts  of  transparent  shining  needles.  It  is  moderately  soluble  in  warm  water,  very 
soluble  in  dilute  i^cohol,  subtly  in  ether.  The  solutions  haye  an  acid  reaction. 
(Kulmiz.) 

Sulphate,  8ii*(C^B*y(SO*y'. — Separates  from  alcoholic  solution  in  nearly  trans- 
parent six-sidied  prisms  with  six-sided  pyramidal  summits  (Kulmi  z).  It  is  more  soluble 
in  oold  than  in  warm  water,  so  that  a  solution  saturated  in  the  cold  solidifies  almost 
completely  when  heated  (Buckton).    It  is  easily  soluble  in  alcohol.    (Cahonrs.) 

rar<ra<e».— The  neutral  salt,  SnXC*H»WC'H*0«)",  is  obtained  by  treating  the 
carbonate  with  excess  of  tartaric  acid,  dissolving  the  crystalline  deposit  in  dilate 
alcohol,  and  leaving  the  solution  to  evaporate.  It  forms  cubic  crystals,  which  melt  and 
decompose  at  a  rather  high  temperature— An  add  salt,  Sn«(C*H»)«(0*H«0«)''.C*H«O« 
+  2aq.,  is  contained  in  the  mother-liquor  of  the  neutral  salt ;  and  on  leaving  this 
liquid  to  evaporate  completely,  washing  the  crystalline  residue  with  a  little  water  to 
remove  excess  of  tartaric  acicC  then  dissolving  it  in  aqueous  alcohol,  and  leaving  the 
solotion  to  evaporate^  the  acid  tartrate  separates  in  well-defined,  shining,  rhombic 
crystals,  moderately  soluble  in  water,  easily  in  dilute  alcohol.    (Kulmis.) 

A  few  other  oxysalts  of  stannotriethyl  have  been  prepared,  but  not  accorately  inves- 
tigated.— The  hromate  and  iodaie,  formed  by  the  action  of  bromine  or  iodine  on  an 
alcoholic  solution  of  stannotriethyl-hydrate,  separate  in  small  shining  crystals,  which 
detonate  slightly  when  heated  (L  o  w  i  g). — The  caproaie,  capryUUe,  and  valerate  resemble 
the  acetate  and  butyrate.    (Cahonrs). 

SuLPHiDB,  Sn^CH')'S. — ^When  an  alcoholic  solution  of  the  hydrate  is  divided 
into  two  equal  parts,  one  portion  satiirated  with  sulphydric  acid,  and  the  second  por- 
tion added  after  the  excess  of  sulphydric  acid  has  been  expelled  by  evajwration,  the  sul- 
phide separatee  as  a  heavy  oil,  which  may  be  dried  over  sulphuric  acid.  It  is  trans- 
parent, has  an  amber-yellow  colour,  strong  refracting  power,  and  a  fetid  odour. 
(Cahonrs;  Kulmiz.) 

SvLPHTDBATE,  Sn(C^')'(HS). — Obtained  by  saturating  a  solution  of  the  hydrate 
in  absolute  alcohol  with  sulphydric  add  gas,  and  evaporating,  in  colourless  needle- 
shaped  crystals  having  an  odour  of  mercaptan.    (C ahours.) 

SuLPHOCTANATB,  8n(C*H*)^CNS). — Obtained  by  heating  an  alcoholic  solution  of 
the  iodide  with  excess  of  silver-smphocyanate  in  the  water^bam,  and  evaporating,  as  a 
viscid,  slightly  amber-yellow  mass,  which  gradually  becomes  crystalline.  It  melts 
when  heated,  and  solidifies  again  in  the  crystalline  state  on  cooling.  It  dissolves  in 
alcohol  and  ether,  and  exhibits  the  general  reactions  of  the  two  sulphocyanates. 
(Cahonrs.) 

Staaaio  WSblA^  or  Staanototrettayl*  Sn**(C*H*)^— This  compound  is  pro- 
duced by  the  action  of  zinc^thyl  on  iodide  of  stannodiethyl  or  iodide  of  stannotriethyl^ 
the  iodine  being  replaced  by  ethyl : 

Sn(C«H»)*l«  +   Zn-(C«H»)«     -     ZnP  +     Sn(C*H»)<. 
2Sn(C»H»)«I    +    Zn(C*H»)«     -     Znl*  +   2Sn(C*H»)*. 

It  is  also  formed  by  the  action  of  zinc-ethyl  on  stannic  chloride  (Buckton),  and 
lastly  in  the  distillation  of  stannous  ethide,  metallic  tin  being  sepsjsted  at  the  same 
time. 

To  prepare  it,  crystallised  stannodiethyl-iodide  (stannic  di-iododiethide)  is  gradually 
added  to  an  ether^  solution  of  zinc-ethyl,  the  crystals  then  dissolving  with  moderate 
rise  of  temperature,  and  a  syrupy  liquid  being  ultimately  obtained.  If  this  liquid 
— which  should  contain  an  excess  of  zinc-ethyl— be  then  distilled,  the  boiling-point 
quickly  rises  from  70^  to  180^,  and  the  greater  part  of  the  product  passes  over  l^tween 
180®  and  200^,  while  zinc-iodide  and  a  small  quantity  of  zinc-ethyl  remain  in  the 
retort  The  distillate  contains  a  little  zinc-ethvl,  which  must  be  decomposed  by  water, 
with  addition  of  acetic  acid,  and  the  heavy  oil  which  then  settles  down  is  separated 
from  the  supernatant  watery  liquid,  dried  over  chloride  of  calcium,  and  rectified. 
(Frankland.) 

Stannic  ethide  is  a  transparent  colourless  liquid,  of  specific  gravity  1*87  at  23^.  It 
remains  liquid  at  — 13°,  and  boils  at  181^    Vapour-density,  obs.  «»  8*021  (Frank- 
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land);  ealc  «  8*108.  It  has  a  taint  ethereal  odour,  and  a  aonewhat  metalfie  htA 
not  nnpleaaant  taste.  It  is  inflammiible,  and  bnma  with  a  daik>bliie-edged  fluBey 
emitting  white  fames  of  atannic  oxide.    In  oxygen-gaa  it  bums  with  a  dattling  fight. 

Stannie  ethide  diaaolrea  iodine  with  brown  coloar«  whieh  gradoally  dimippeaxm.  If 
the  addition  of  iodine  be  oontinned  as  long  aa  the  brown  oolonr  diaamean  withovt  aid 
of  heat,  and  the  liquid  be  then  distilled,  eUijlic  iodide  and  afterwaxos  stannoCzietlijl- 
iodide  pass  orer  (Bnckton;  Frankland).  When  the  action  of  the  iodine  is 
aaaiflted  by  a  gentle  heat,  the  decomposition  goes  fitrther  in  the  same  direetioo,  and  a 
mixtoreof  the  iodides  of  ethyl  and  stannodiethyl  is  obtained  (C  a  hours).  Laadj, 
when  stannie  ethide  is  somewhat  strongly  heated  with  excess  of  iodine  in  a  sealed  tnbc^ 
iodiide  of  ethvl  is  produced,  together  with  red  iodide  of  tin.    (Cahonrs.) 

Stannie  ethide  reacts  in  a  similar  manner  with  bromine. 

Stannic  ethide  is  not  decomposed  by  trover,  neither  is  it  acted  on  by  atmng  IMrvdUoric 
aeid  in  the  cold;  but  on  heating  the  mixture  over  mercury  to  80°  or  90°,  oubbleB  ai 
hydrie  ethide  are  very  slowly  OYolFed,  and  stannotiiethyl-chlorido  is  pvodaeed 
(Frankland): 

Sn(C»H»)*  +  Ha     -     0»H».H  +  Sn(C^»)»Ca. 
According  to  Cahours,  the  reaction  takes  place  more  quickly  at  100^;  and  if  it  ba 
longer  continued,  with  a  larger  excess  of  hydrochloric  add,  dystalliaed  stannethji* 
ehloride  is  produced. 

Stannic  ethide  mixes  with  stannic  ehloride,  producing  considerabla  rise  of  tmpei*- 
ture,  and  forming  chloride  of  stannotriethyl : 

3Sn(C»H»y  +  SnCa*     -     4Sn(C^*)«CL 

It  also  mixes  with  ehloride  of  ttannetk^l,  but  without  acting  chemicaDj  19011  it^  aft 
least  at  moderate  temperatures.    (Buckton.) 

fi.  Mbthtl-compovitds:  Stahkmbtht&s.* 

These  eompounds  are  analogous  in  constitution  to  the  stannethyls,  which  they  also 
resemble,  generally,  in  their  properties  and  modes  of  formation.  Their  names  and 
lormuljB  are  as  follows : 

Stannous  methide,  or  Stannodimethyl,  Sn*(OH')*.  

Stannoso-stannous  methide,  or  Stannotrimethyl,  2[(Sn''(CH')']. 
Stannic  methide,  or  Stannotetramethyl,  Sn**(GH'y. 

The  first  is  a  diatomic,  the  second  a  monatomic  radicle ;  the  third,  in  which  ths 
atomicity  of  the  tin  is  fully  satisfied,  does  not  act  as  a  radicle. 

There  are  also  tin-compounds  of  analogous  constitution,  containing  both  ethyl  and 
methyL 

StaaBona  BCatlitd6f  or  8taiiiio41metliyl,  Sn''(OH'}* — ^This  compound  la 
formed  by  heating  methylie  iodide  with  an  alloy  of  1  pt.  sodium  and  5  pts.  tin,  in  sealed 
tubes  to  130°.  By  exhausting  the  contents  of  the  tabes  with  ether,  and  evaporating 
the  solution  in  an  atmosphere  of  carbonic  anhydride,  it  is  obtained,  not  quite  pure,  as 
a  heavy  oily  liquid  having  a  mouldy  smell.  It  is  insoluble  in  water,  easily  soluble  in 
alcohol  and  ether,  and  is  resolved  by  heat  into  stannic  methide  and  metallic  tin. 
The  alcoholic  solution  forms,  with  nitrate  of  silver,  a  black  precipitate  of  metallic 
silver. 

The  compounds  of  stannodimethyl  may  be  regarded  (like  those  of  stannodiethyl)  as 
stannie  compounds,  in  which  two  out  of  the  four  units  of  atomicity  of  the  tin  are  satis- 
fied by  methyl,  and  the  other  two  by  a  negative  radicle.  They  are  formed  either  by 
direct  combination,  or  f^m  the  iodide  by  double  decomposition. 

Bromide,  Sn((>H*)^r'. — Obtained  by  treating  the  oxide  with  excess  of  hydro- 
bromic  add,  and  separates  from  the  concentrated  liquid  in  crystals,  which  may  be 
purified  by  reciystallisation  from  alcohol.  They  are  colourless  prisms,  isomorphoua 
with  the  corresponding  chloride.  The  salt  boils  without  decomposition  at  208° — 
210°.    It  is  moderately  soluble  in  water,  more  easily  in  alcohol.    (Cahours.) 

Chloride,  Sn(CH*)^Gl*. — Separates,  on  evaporating  a  solution  of  the  oxide  in 
excess  of  hydrochloric  add,  in  fine  prisms.  It  melts  at  90°,  and  boils  at  188° — 190°. 
Vapour-density,  obs.  (at  265  )  ^  7*731 ;  calc.  »  7*63.  It  dissolves  in  water,  more 
easily  in  alcohol  and  in  ether.    (Cahours.) 

Iodide,  Sn(CH')'I'. — Produced,  like  the  corresponding  ethyl-oompound,  by  the 
action  of  tin  on  methylie  iodide  in  sunshine  (Frankland),  or  with  aid  of  heat 
(Cahours  and  Biche).  To  prepare  it,  2 j^  to  3  pts.  methylie  iodide  are  heated  with 
1  pt.  of  tinfoil  to  160^ — 160^,  in  sealed  tubes,  for  twelve  to  fifteen  hours.  The  tubes, 
after  cooling,  contain  a  mixture  of  a  brown  liquid  and  sulphur-yellow  crystals,  and  on 

•  Frankland,  Ann.  Cb.  Pharm,  \xxxr.  846;  Jahreib.  185S,  p.  S79.~Cahourf  and  Rlehe, 
Ann.  Ch.  Pharm.  IxxxvUi.  316}  Jabretb.  1852,  p.  ft77.-Cahourf,  Ann.Ch.  Pharn.  csiv.  367 1 
Jahresb.  1869,  p.  426. 
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subjecting  this  mixture  to  fractional  distillation,  methylic  iodide  passes  orer  first 
alter  which  the  boilinff-point  gradually  rises  to  230^,  and  at  last  nothing  but  red  iodide 
of  tin  is  left.  The  distiUate,  on  cooung,  deposits  yellow  crystals  of  stannic  di-Iodo- 
dimethide,  and  the  mothbr-Uquor  decanted  therafrom  consists  chiefly  of  stannic  iodo- 
trimethide ;  but  if  it  be  again  recttfled,  the  portion  which  last  goes  over  will  yield  an 
additional  quantity  of  stannic  di-iododimethide.  The  crystals  are  pressed  between  paper, 
then  dissolved  in  a  mixture  of  alcohol  and  ether ;  and  by  leaving  this  solution  to  evapo- 
rate in  a  shallow  vessel  oyer  oil  of  vitriol,  in  a  dark  place,  crystals  of  considerable  sisa 
may  be  obtained. 

Stannic  di-iododimethide,or  iodide  of  sfannodimethylyforms  oblique  rhombic  crystals, 
which  become  somewhat  opcJescent  on  exposure  to  the  air.  It  melts  at  about  80®  to 
a  liquid  resembling  melted  sulphur ;  and  by  piercing  the  crust  which  forms  on  cooling; 
and  pouring  out  the  still  remaining  liquid,  it  may  be  obtained  in  well-defined  rhombic 
prisms.  Specific  gravity  -  2*872  (at  22^').  It  boils  regularly  at  228°.  It  dissolves  in 
water,  especially  when  warm,  and  very  easily  in  alcohol,  wood-spirit,  acetone,  or 
ether.  Ammonia  separates  white  stannethyl-oxide,  insoluble  in  excess  of  ammonia. 
(Cahours.) 

Oxide,  Sn(CH*)*0. — The  nrecipitate,  obtained  in  the  manner  just  mentioned,  forms, 
when  washed  with  dilute  alconol  and  dned,  a  white,  amorphous,  tasteless  powder,  in- 
soluble in  water,  alcohol,  ether,  and  aqueous  alkalis.  When  heated,  it  decomposes, 
giving  off  the  odour  of  stannotri  methyl-oxide.  When  stannodimethyl-oxide  is  heated 
with  excess  of  potash,  stannotrimethvl-oxide  volatilises  with  the  aqueous  vapour,  and 
stannate  of  potassium  remains  behind : 

8Sn(CBP)K>  +  2KH0     -     K*SnO«  +  Sn«(CH»)*0  +  HK). 

Oxygen-salts. — ^Most  acids  dissolve  the  oxide  of  stannodimethyl,  forming  oys- 
tallisable  salts.— The  formaie,  Sn(GH>)*(CHO')*,  crystallises  in  fine  prisms,  which, 
when  heated,  partly  decompose,  partly  sublime  unaltered. — ^The  hutyraie  and  acetate 
^osely  resemble  the  formate. — The  caprylate  and  valerate  cxystaUise  easily,  and  are 
soluble  in  alcohol. — The  sulphate,  Sn(ClL")^0*,  obtained  by  decomposing  the  iodide 
with  silver-sulphate,  or  by  dissolving  the  oxide  in  a  slight  excess  of  dilute  sulphuric 
acid,  and  evaporating  over  oil  of  vitriol,  crystallises  in  colourless  prisms,  often  of  con- 
siderable size.  It  is  soluble  in  water,  especially  when  warm,  nearly  insoluble  in 
iJcohol  even  at  the  boiling  heat.  It  decomposes  completely  when  heated,  emitting  a 
pungent  odour.    (Cahours.) 

Staaaosostamilo  Methlde,  or  Staaaotrlmettijl,  Sn'^(CH*)".— This  radicle 
is  not  known  in  the  free  state.  Its  compounds,  which  may  be  reg^irded  as  stannic 
molecules  containing  8  at.  methyl  and  1  at.  of  a  negative  radicle,  are  produced  by 
several  reactions : — 

1.  The  iodide  is  formed,  together  with  stannodimethyl-iodide  (p.  832)  and  stannio 
iodide,  by  the  action  of  tin  on  methylic  iodide  at  180° — 160° : 

6(CH«)I  +   Sn«     -     Snl«  +   2Sn(CH«)«I. 

2.  The  iodide  is  formed,  together  with  methylic  iodide,  by  the  action  of  iodine  on 
stannic  methide  at  ordinary  temperatures : 

Sn(CH»)*  +  P     »     CH»I  +  8n(CH«)«L 

8.  The  oxide  is  formed,  together  with  stannic  oxide,  by  boiling  stannic  di-iododi- 
methide  with  excess  of  potash : 

8Sn(CH«)«P  +   8K«0     -     8n«(CH*)»0   +   SnO«  +  6KI. 

The  iodide,  Sn(CH')^  is  best  prepared  by  heating  tin  with  methylic  iodide  to 
150O — 160°  in  sealed  tubes,  and  separating  the  stannodimethyl-iodide  formed  at  the 
same  time,  by  repeated  rectification.  The  portion  which  passes  over  between  180°  and 
200°,  if  rectified  till  it  no  longer  becomes  turbid  on  coolinf  ,  and  no  longer  deposits 
crystals  of  stannic  iodide,  yields  pure  stannotrimethylic  iodide.    (Cahours.) 

This  iodide  is  a  thin  colourless  liquid,  of  specific  gravity  2*168  at  18°,  and  boiling  at 
188°— 190°.  Vapour-density  (at  260°)  »  10*325;  calc  »  10049.  It  has  a  pungent 
odour  like  that  of  mustard-oil,  but  not  so  strong  as  that  of  the  corresponding  ethyl- 
compound.  It  remains  liquid  at  the  temperature  of  a  mixture  of  ice  and  salt,  but 
solimfies  immediately  at  that  of  a  mixture  of  ether  and  solid  carbonic  anhydride. 
(Cahours.) 

Oxide  and  Hydrate, — When  the  iodide  is  mixed  with  excess  of  potash-ley,  the 
hydrate  remains  dissolved,  but  passes  over  on  distilling  the  liquid,  and  collects  in  the 
receiver,  together  with  water,  as  an  oil  which  solidifies  to  a  crystalline  mass ;  and  by 
pressing  this  mass  between  paper,  and  again  rectifying,  it  may  be  obtained  in  colourless 
transparent  prisms.    It  volatilises  without  decomposition,  but,  when  heated  for  somct 
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time  to  a  tempentiire  near  ita  boilmg-point,  it  is  Tesolved  into  ipater  and  anhyd^vnm 
ttannotrimetbyl-Qzide.  It  is  sparingly  aoluble  in  vatar,  moxa  salable  in  alooh^ ;  tbe 
flolotions  are  allnline,  and  neotialise  the  stzongest  acids. 

Oxffgen'aalts. — ^Theae  lalts  an  neariy  all  ai^ble,  OTstallise  easily,  are  isomor- 
phoas  with  the  eonreqwnding  stannotriethjl-salts,  and  yolatiliae  without  decompoei- 
tioo,  emitting  a  pungent  odour. 

FormaU,  8n(GS')^CH0*). — Somewhat  eoncentrated  formie  add,  added  to  a  sato- 
lated  aolntion  of  the  oxide,  prodnces  a  precipitata  which  lediseolyea  on  heating  the 
liquid,  more  easily  on  addition  of  aloohoL  The  solution,  if  left  to  evaporate,  jrields 
fine  prismatie  oystals,  which  melt  at  a  gentle  heat>  and  sublime  without  deeomposi- 
lion  at  a  higgler  temperature.  They  dissolre  easily  in  alcohol  and  ether. — ^The  aeet4MU, 
Sn((AS')\C'H*0'),  is  prepared  like  the  formate,  i^ch  it  xesemblea  in  eztcnml 
chancteca.    It  volatiliBes  without  decomposition,  disaolTes  easily  in  alcohol,  kas 

easily  in  water. —The  aulpkaie,  Sn'CCH^SO^y,  ciystallifles  in  small,  oolourleaa,  diming 
prisms,  easily  soluble  in  water  and  in  adoohoL    (Cahours.) 

taaato  Mthlda,  or  tmaaatetrintfcylt  8n(CH^y,  StoMnodimetJ^.  aum- 
nolrimethyl. — ^This  compound  is  produced  by  the  action  of  sino-methyl  on  ataanie  di- 
iododimethide^  or  stannic  iodotrimetfaide^  thus : 

Sn(CH*)T  +  Zn(CaH»)«     =    ZnP  +     8n(CH»)*. 
2Sn(CH»)^    +  Zn(CHV    -     ZnP  +  2Sn(CH«)\ 

Also,  together  with  metallic  tin,  by  the  distillation  of  stannous  methide:  SSo^CH*/ 
-  8n(CH»)*  +  Sn. 

It  is  a  liquid  haying  an  ethereal  odour,  and  boiling  at  140^ — 146^.  Iodine  eoDTOEts 
it  into  methylic  iodide  and  stannic  iodotrxmethide. 

By  the  action  cxf  nnc-etfayl  on  stannic  iodomethidea,  and  of  fine-methyl  on  stannie 
iodo-ethides,  stannic  compounds  are  produced,  containing  bo4h  ethyl  and  methyl,  lis. : 

2Bn(CHrfl     +  Zn(C«H»)«     -    ZnP  +  2Sn(C*H»XCH»)». 

Sn(Cra*)«I«  +  Zn(CH«)*      -     Znl*  +     8n(C*H»)«(CH«)« 

28n(C*H»)1    +  Zn(CH»)»      -     ZnP  +  2Sn(C^»)«(CH»). 

•  ataaaie  BCbotrliiietlil4e»  8ii((?R*)(CB?y,  is  prepared  ^7  gradually  adding 
stannic  iodotrimethide  to  zinc-ethyl  in  a  Tessel  cooled  by  immersion  in  cold  water,  the 
sin&^ithyl  being  kejpt  in  excess.  On  distilling  the  proauct»  and  mixing  the  di«tillat4» 
with  water  eontaimng  a  little  acetic  acid,  stannic  ethotrimethide  sepaiates  as  a  heavy 
oil,  which  is  to  be  washed,  dried  with  chloride  of  calcium,  and  rectified.  It  is  a 
colourless  liquid,  of  specific  giavity  1*243,  and  boiling  between  123^  and  128^, 
Vapour-density,  obs.  (at  200^)  »  6*715 ;  calc  »  6*65.  It  has  an  ethereal,  somewhat 
pnnsent  odour.  WiUi  iodine  it  forms  ethylic  iodide  and  stannie  iodotzimethide 
(Canours): 

Sn(C«H»XCH«)»  +  P     -     C^»I  +  Bn{CK*yL 

•ttumlo  IHatliodliiiatlilda,  Sn(C*H*)*^GH^)',  is  obtained  by  gradually  adding 
stannic  di-iododiethide  to  an  ethereal  solution  of  zinc-methyl,  keeping  the  latter  in 
excess,  and  proceeding  as  in  the  preparation  of  the  last-described  compound. 

It  is  a  clear  colourless  liquid,  haying  a  faint  ethereal  odour,  and  metallic  taste. 
8pecificmTity  <-  1-282  at  19^,  It  remains  fluid  at  -13^,  and  boils  between  144<^ 
and  146^.  Vapour-density,  obs.  (at  199^)  »  6*838;  calc  »  7'138.  It  is  easily  set  on 
fire,  and  is  decomposed  by  chlorine,  bromine,  and  iodine,  which  take&om  it  1  at.  methyL 

Iodine  dissolyes  in  the  liquid  with  carmine-red  colour,  which  disappears  slowly  in 
the  cold,  more  quickly  on  application  of  heat.  On  adding  an  excess  of  iodine,  removing 
this  excess  after  a  whOe  by  means  of  metallic  mercury,  and  distilling,  methylic  iodide 
passes  oyer  first ;  the  boiling-point  then  quickly  rises  to  207^,  at  which  temperature 
yery  little  passes  oyer ;  and  tnere  remains  a  straw-coloured,  somewhat  oily,  intolerably 
pungent  liquid,  haying  a  specific  gravity  of  2*038  at  15^,  and  the  comoosition  of 
stannosostannic  iododiethide,  8n''(C'H*)*I.  It  remains  liquid  at  — 18^,  ana  begins  to 
boil  at  208^ ;  but  the  temperature  quickly  rises,  and  at  230^,  an  abundant  separation 
of  iodide  of  tin  takes  places.  The  Uquid  is,  perhaps,  a  mixture  of  stannic  di-iododi* 
ethide,  8n(C*H*)^>,  and  stannous  ethide,  Sn(C^y.    (Frankland.) 

8tannic  diethodimethide,  treated  with  aqueous  hydrochloric  acid,  gives  off  a  mixture 
of  ethylic  and  methylic  hydrides  (more  than  four  times  as  much  of  we  fbrmer  as  of  the 
latter),  and  is  converted  into  a  crystalline  salt,  probably  a  mixture  of  stannie  dichlozo* 
diethide  and  stannie  dichlorodimethide.    (Fran  k  1  a n  d.) 

Mwaale  THetHometbldet  Sn(C*H*)\CH^,  is  produced  by  the  action  of  stannie 
iodotriethide  on  zinc-methyl,  and  separates,  on  treatmg  the  distillate  with  acidulated 
wat«r,  AS  a  honvy  oil,  whicn  may  be  purified  as  above.    It  is  a  colourless  liquid,  haying 
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an  ethereal  odour,  boiling  at  162^ — 168^,  and  is  oonyerted  by  iodine  into  methylio  iodide 
and  stannic  iodotriethide.    (C  a  h  o  n  r  8.) 

7.  Axtl-co]kpouhi>b:  Stamnaktls. 

These  oomponnds,  inyestigated,  nnder  Lowigfe  direction,  bj  A.  Grimm  (Ann.  Ch. 
Pharm.  xcii.  383 ;  Jahresb.  1854,  p.  643^,  are  produced  by  the  action  of  amylic  iodide 
on  an  alloy  of  1  pt.  sodimn  and  6  pte.  tin,  the  process  being  conducted  as  in  Lowig^a 
method  oi  preparing  the  stannethyls  (p.  826).  The  distilled  product  contains  the 
compounds  Sn"(C*H»)*,  [Sn•'(C»H»»)^^  and  Sn"(C*H")*,  homologous  with  the  stann- 
ethvls,  and,  according  to  Qrimm,  also  a  compound  containing  Sn*(C*H*^]^* 

The  staimamyls  are  unctuous  masses,  insoluble  in  water,  easily  soluble  in  ether,  and 
more  soluble  in  alcohol  in  proportion  as  th^  contain  less  tin.  They  have  not  a  yezy 
pungent  odour,  and  do  not  fame  in  the  air.  They  reduce  silyer-eolution,  and  are  oxidised 
with  great  violence  "by  nitric  acid.  Bromine  also  acts  yiolentiy  on  them;  and  iodine^ 
in  alcoholic  solution,  attacks  them  with  eyolution  of  heat.  Their  ethereal  solutioni 
oxidise  when  evaporated  in  contact  with  the  air.  The  oxides  have  an  alkaline  reaction, 
dissolve  in  acids,  and  are  separated  from  the  solution  by  ammonia.  Neither  the 
radicles  nor  their  compounds  can  be  volatilised  without  decomposition.  According  to 
Grimm,  all  the  stannamyls  above  mentioned  act  as  radicles,  uniting  with  oxygen, 
chlorine,  iodine,  &c.  With  respect  to  stannic  amylide,  Sn(C*H*)^  however,  this 
statement  is  very  improbable,  inasmuch  as  the  corresponding  ethyl-  and  methyl-com- 
pounds react  as  saturated  molecules,  not  as  radicles.  Altogether,  the  investigation  of 
the  stannamyls  must  be  regarded  as  imperfect;  they  have  not,  indeed,  been  separated, 
one  from  the  other,  with  sufficient  accuracy  to  giye  any  value  to  the  special  deaeription 
their  properties,  or  of  those  of  their  compounds. 

Syn.  with  Ttbolitb. 


\     See  TrrANixnc  (p.  844). 
TXTAVZraROirs  JROWm    See  T1TANATB8  OF  Ibok  (p.  846). 


Syn.  with  Spbxnb  (p.  398).  Hautefeuille  (Compt  rend.  liz. 
69S;  Jahresb.  1864,  p.  216)  has  obtained  crystals  having  the  form  and  composition  of 
sphene,  by  fusing  in  a  platinum  Tsrudble  a  mixture  of  8  pts.  silica  and  4  pts.  ti  .anie 
oxide  oovered  with  chloride  of  calcium.  If  a  small  quantity  of  manganous  chloride 
be  added  to  the  mixture,  crystals  ofgreenovite  are  obtainea.  If  the  mixture,  in  the 
fused  state,  be  exposed  to  an  atmosphere  of  aqueous  vapour  and  carbonic  acid,  or 
(better)  of  air  saturated  with  aqueous  vapour  and  hydrochloric  add,  crystals  of  p  e  r  o  w  s- 
kite,  Ga'Ti'D',  are  obtained.    (See  TrrANAiw,  p.  846.) 

TXTAJilUBC.  Symbol,  Ti ;  Atomie  weighi,  50. — ^A  metallic  element  discovered, 
in  1789,  by  Gregor,  in  the  menaccanite  (titaniferous  ironsand)  of  Cornwall,  and 
thence  named,  by  Kirwan,  Menachin,  Klaproth,  m  1795,  disooyered  a  new  metal 
in  rutile,  which  he  called  Titanium ;  but  on  subsequent  inyestigation,  in  1797»  be  fbund 
that  this  metal  was  identical  with  the  menachin  of  Gbegor.  The  name  titanium  has» 
howeyer,  been  universally  adopted.  The  preparation  and  propertiea  of  titanium  and 
its  oomjK>unds  haye  been  studied  chiefly  by  Serzelius,  Wohler,  and  H.  Rose. 

Titanium  is  one  of  the  rarer  metals,  and  is  never  fbund  in  the  metallic  state.  The 
most  important  titanium  minerals  are  rutile,  brookite,  and  anatase,  which  consist  of 
titanic  oxide,  TiO*,  and  the  several  varieties  of  titaniferous  iron,  consisting  of  ferrous 
titanate,  sometimes  alone,  but  more  generally  mixed  with  ferric  or  ferroso-ferric  oxide. 
Titanium  likewise  occurs  native,  as  titanate  of  calcium,  in  perowskite;  as  silioo-titanate 
of  calcium  in  sphene  or  titanite;  and  as  titanate  of  cerium,  yttrium,  &c,  together  with 
tantalates  and  niobates,  in  seschynite,  euxenite,  polymignite,  polycrase,  and  pyrochlore. 
Small  quantities  of  titanium  are  found  also  in  many  iron-ores,  and  it  has  been  detected 
by  Mazade  (Compt.  rend,  xxxiv.  952)  in  the  mineral  water  of  Negrac  (B&p.  d'Ardche) 
in  France. 

When  titaniferous  iron-ores  are  smelted  in  the  blast-furnace,  small  cubic  cxystals  of 
a  bright  copper-colour  are  found  on  the  slag  which  adheres  to  the  lower  part  of  the 
fiimace.  These  crystals  were  long  supposed  to  be  metallic  titanium,  but  Wohler 
(Ann.  Ch.  Pharm.  Ixxiii.  34)  has  shown  that  they  also  contain  carbon  and  nitro- 
gen,— being,  in  fact,  a  compound  of  cyanide  of  titanium  with  nitride  of  titanium, 
TiCy*.3N»ri«. 

Pure  titanium  is  obtained  by  heating  the  double  fluoride  of  potassium  and  titanium 
with  potassium  in  a  covered  crucible.  The  metal  is  then  set  free,  with  vivid  incandes- 
oenee,  and  the  fluoride  of  potassium  may  be  removed  by  washinj^  with  water.  Titanium 
thus  obtained  is  a  dark-green,  heavy,  amorphous  powder,  which  does  not  exhibit  any 
obade  of  copper-colour,  eyen  after  pressure;  under  the  microscope  it  appears  as  a 
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eemented  maas,  haring  the  colour  and  lustre  of  iron.  Metallic  titanitm  iie  alio 
obtained  by  mixing  titanic  onde  with  one-sixth  of  its  weight  of  cfaarooal,  and  exposing 
it  to  the  steongest  heat  of  an  air-fnmaoe.  It  was  thna  obtained,  in  the  Ibrm  of  a 
eopper-oolonred  or  gold-coloured  powder,  hr  Vanqnelin,  Lampadins,  and  others ;  but 
possibly  the  charcoal  which  they  nsfd  may  have  oontainJed  nitrogen,  and  that  element 
may  hare  nnited  with  the  reduced  metaL 

Fure  titanium  (prepared  from  the  doable  flnoride)  bnma  with  great  splendour 
when  heated  in  the  air,  and,  if  sprinkled  into  a  flame,  is  consumed,  with  brilbant  scin- 
tillations, at  a  considerable  distance  above  the  point  of  the  flame.  When  heated  to 
redness  in  oxygen-gas,  it  bums  with  a  splendour  resemblins  a  dischatge  of  electricity. 
In  chlorine-gas  it  exhibits  similar  phenomena,  requiring  abo  the  aid  of  heat  to  set  it 
on  fire.  Mixed  with  red  lead  and  heated,  it  bums  with  such  violence  that  the  mass  is 
thrown  out  of  the  vessel  with  loud  detonation.  Titanium  does  not  decompose  water 
at  ordinary  temperatures,  but  on  heating  the  water  to  the  boiling-point,  hydrogea 
begins  to  escape.  Warm  hydrochloric  acid  dissolves  titanium,  with  brisk  evolution  of 
hydrogen.  Ammonia  added  to  the  solution  throws  down  a  black  oxide;  and  on 
heating  the  liquid,  hydrogen  is  evolved ;  and  the  precipitate  first  turns  blue,  and  is 
afterwards  converted  into  white  titanic  acid. 

Titanium,  in  its  most  important  compounds,  is  tetzatomic,  titanic  oxide  being  TiO*, 
and  the  corresponding  chloride,  TiClS  analogous  to  the  oxide  and  chloride  of  silicon ; 
it  also  forms  a  sesquioxide,  TI'O',  and  a  corresponding  trichloride,  TiCl*. 

TfTAJIlUMf  AZAOT8  OF.  These  alloys  have  not  been  much  examined.  A 
compound  of  titanium  and  aluminium,  AlfTi,  is  obtained  by  exposing  10  pts.  titanie 
oxide,  80  pts.  cryolite,  and  30  pts.  of  a  mixture  of  equal  weights  of  potassium-  and 
sodium-chlorides,  for  an  hour,  to  the  heat  of  melting  silver,  and  dissolving  out  tha 
excess  of  aluminium  from  the  resulting  regulus  with  hydiochloric  acid.  It  forms 
pinchbeck-brown,  microscopic,  quadratic  Taminae,  which,  when  heated  in  hydrochloric 
add  gas,  are  resolved  into  chloride  of  aluminium  and  chloride  of  titanium.  (Wohler 
and  Michel,  Ann.  Ch.  Fharm.  cxiii.  248 ;  cxv.  102 ;  Jahresb.  1860,  p.  129.) 

Bespecting  the  alloys  of  titanium  and  iron,  see  Isoir,  iii.  870. 

TITAM1UM«  BSOBKXBB  OF*  Only  one  bromide  of  titanium  is  known, 
namely  the  tetrabromi  de,  TiBr*,  which  is  obtained  by  passinff  bromine-vapour  ovsr 
an  ignited  mixture  of  charcoal  and  titanic  oxide.  It  then  distilB  over  as  a  rod  liquid, 
which  solidifies  in  the  receiver  to  a  crystalline  mass.  When  freed  firom  excess  of 
bromine  by  redistillation  with  mercury,  it  forms  aa  amber-yellow  maas,  having  a  bean- 
tiful  crystalline  structure  and  a  density  of  2'6,  melting  at  39^,  and  boiling  at  230^.  It 
quickly  absorbs  moisture,  and  in  contact  with  water,  is  resolved  into  hydirobzomieacid 
and  titanic  acid. 

TfTAJHlUMf  OBXiO&ZDBS  OV.  Titanium  forms  two  chlorides,  TiCPand 
TiCl«. 

The  Trichloride,  or  IHtanous  Chloride,  discovered  by  Ebelmen  (Ann.  Oh. 
Phys.  [3J,  XX.  885),  is  produced  by  the  action  of  hydrogen  on  the  tetrachloride.  To 
prepare  it,  pure  and  diy  hydrogen-gas  is  passed  into  titanic  chloride  contained  in  a 
tubulated  retort,  by  means  of  a  delivery-tube  dipping  into  the  liquid.  To  the  neck  of 
the  retort  is  adapted  a  tube  of  glass  or  porcelain  (if  of  glass,  it  should  be  wrapped  in 
oopper-foil),  which  passes  horizontally  through  a  Aimaoe,  prelecting  considerably 
beyond  it,  and  terminating  in  a  tubulated  receiver  to  collect  the  titanic  chloride  which 
passes  undecomposed  through  the  tube.  As  soon  as  the  apparatus  is  completely  filled 
with  hydr(^en,  the  tube  is  heated  to  redness,  and  the  retort  containing  the  titanie 
chloride  is  gently  warmed.  Titanous  chloride  is  then  produced,  and  condenses  in  the 
part  of  the  tube  which  projects  beyond  the  furnace,  the  process  being  finished  as  soon 
as  all  the  titanic  chloride  is  driven  out  of  the  retort.  The  projecting  part  of  the  tube 
is  then  to  be  gently  warmed,  while  hydrogen  is  continually  passed  tlurou^  it  in  order 
to  drive  all  Qie  undecomposed  titanic  chloride  into  the  receiver,  and  the  titanous 
chloride  is  then  left  to  cool  in  the  current  of  hydrogen. 

Titanous  chloride  forms  dark-violet  scales,  having  a  strong  lustre.  When  heated  in 
a  porcelain  dish  in  contact  with  the  air,  it  ffives  off  vapours  of  titanic  chloride,  and 
leaves  titanic  oxide.  It  deliquesces  in  the  air  at  ordinary  temperatures,  and  is  gradu- 
ally decomposed  in  the  same  manner.  Titanous  chloride  dissolves  in  water,  forming 
a  violet-red  solution,  which  gradually  loses  its  colour,  and  deposits  titanic  add.  From 
the  aqueous  solution,  alkalis  and  alkaline  carbonates  throw  down  dark-brown  titanous 
hydrate ;  the  same  precipitate  is  formed  by  sulphide  of  ammonium  ;  sulphuric  acid  pro- 
duces no  reaction.  The  solution  of  titanous  chloride  is  an  extremely  powerful  deoxi- 
dising agent,  reducing  the  noble  metals  from  their  solutions,  converting  eupric  and 
ferric  salts  into  cuprous  and  ferrous  salts  respectively,  and  separating  sulphur  frcm, 
sulphurous  acid  when  heated  therewith.    (Ebelmen.) 
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A  Tiolet-red  solution  of  titAnons  chloride  is  also  produced  by  boiling  or  digpstine  a 
solution  of  titanic  acid  in  hydrochloric  acid  with  finely-divided  silver,    (y.  Kobe  11.) 

Tetrachloride  of  TitaniumfOT  Titanic  Chloride. — This  compound  is  pro- 
duced by  heating  titanium,  or  nitride  of  titanium,  in  chlorine-gas.  It  is  prepared  in 
the  same  manner  as  chloride  of  silicon — ^namely,  by  mixing  finely-divided  titanic  oxide 
to  a  paste  with  oil  and  charcoal,  heating  the  mixture  in  a  covered  crucible,  and 
igniting  the  charred  mass  in  a  porcelain  tube  through  which  a  current  of  chlorine  is 
passed.  The  titanic  chloride  is  collected  in  a  cooled  receiver,  freed  from  excess  of 
chlorine  by  agitation  with  copper  or  mercury,  and  then  rectified.  If  native  rutile  has 
been  used  in  the  preparation,  ferric  chloride  is  likewise  produced ;  but  the  titanic 
chloride  is  easily  separated  from  it  by  decantation  and  redistillation. 

Pure  titanic  diloride  is  a  colourless,  transparent,  heavy  liquid,  having  an  acid  pun- 
gent odour,  and  emitting  white  fumes  on  exposure  to  the  air.  It  has  a  specific  gravity 
of  1*7609  at  0^,  does  not  solidify  at  —26°,  and  boils  at  135°.  Vapour-density,  obs. 
Bs  6'8d6  (Bumas) ;  calc.  (2  vols.)  ^  6*658.  When  exposed  to  the  air,  it  absorbs  mois- 
ture, and  gradually  solidifies  to  hydrated  titanic  chloride,  which  dissolves  in  a  larger 
quantity  of  water.  According  to  Merz  (Bull.  Soc  Chim.  1867i  i.  401)  the  product 
tiius  formed  is  an  oxychloride,  TiG1^.3Ti0^.16H^  (nearly),  which  gives  off  part  of  its 
chlorine,  as  hydrochloric  acid,  when  placed  over  quicklime,  more  when  heated  to 
100°,  and  nearly  all  the  remainder  at  180°.  On  mixing  the  anhydrous  chloride  with 
water,  combination  takes  place,  attended  with  so  great  a  rise  of  temperature  that  the 
mass  is  scattered  about.  To  obtain  a  clear  aqueous  solution  of  the  chloride,  it  mtist 
be  added  to  cold  water  by  small  quantities,  care  being  taken  that  the  liquid  does  not 
l)ecome  heated.  On  heating,  and  evaporating  the  aqueous  solution,  hydrochloric  add 
is  evolved,  and  titanic  acid  is  precipitated.  Titanic  chloride  is  not  decomposed  by 
potassium  at  its  boiling-point ;  but  when  its  vapour  is  passed  over  heated  potassium 
or  sodium,  the  titanium  is  reduced,  with  incandescence,  and  evolution  of  heat  sufScient 
to  melt  the  glass  at  the  point  where  the  reaction  takes  place.    (H.  Bose.) 

Titanic  chloride  forms  a  number  of  compounds,  analogous  to  those  of  stannic 
chloride :— 

a.  With  Ammonia,  TiClUNH*  =  (N*H"rri«')Cl*  (Wohler);  TiCl*.6NH» 
(Fersoz). — ^Dry  ammonia-gas,  passed  over  titanic  chloride,  is  rapidly  absorbed,  with 
great  evolution  of  heat.  The  saturated  compound  is  a  brown-ied  powder  (Eose), 
pale-yellow  (Per  so  a),  which  quickly  decomposes  in  contact  with  the  air.  When 
heated  in  ammonia-gas,  it  is  converted  into  nitride  of  titanium  (p.  841).  By  ignition 
in  hydrogen,  it  yields  a  yellow  compound.  When  heated  by  itself,  in  a  glass  tube,  it 
first  gives  off  ammonia,  then  chloriae  of  ammonium  and  hydrochloric  acid,  leaves  a 
residue  of  metallic  titanium,  and  yields  a  yellowish-white  sublimate,  consisting  of  a 
double  chloride  of  ammonium  and  titanium,  containing  3NHH^.TiCl\  or  6NH^C1. 
TiCl^,  according  to  the  mode  of  preparation.  This  double  salt  is  soluble  in  water. 
(H.  Bose.) 

fi.  With  Chloride  of  Cyanogen,  2TiCl*.C;yK31«.— Already  described  under  Cta^ 
MOOBN  (ii.  280). 

y.  With  Hydrocyanic  Acid,  TiCl*.H(5y.    (See  ii.  220.) 

i.  With  Phosphoretted  Hydrogen. — Titanic  chloride  absorbs  dir  phospho- 
retted  hydrogen-gas,  forming,  when  saturated,  a  brown  solid  body,  which  fumes  in 
contact  with  the  air.  It  is  decomposed  by  water,  hydrochloric  add,  potash,  ammonia, 
and  their  carbonates,  giving  off  phosphoretted  hydrogen  with  effervescence.  Gaseous 
ammonia  likewise  expels  the  phosphoretted  hydrogen  at  ordinaiy  temperatures,  con- 
verting the  brown  compound,  for  Uie  most  part,  into  the  ammonio-tetrachloride  above 
described.  The  brown  compoxmd,  when  heated  in  a  close  vessel,  gives  off  a  little 
hydrochloric  acid  and  phospnoretted  hydrogen,  and  yields  a  yellow  sublimate,  con- 
taining 3TiC1^.2H'P.2HCl,  which  likewise  gives  off  phosphoretted  hydrogen  when 
treated  with  water,  acids,  or  alkalis.    (H.  Bose,  Pogg.  Ann.  xlii.  527.) 

c.  With  Tetrachloride  of  Sulphur.     (See  p.  586  of  this  volume.) 

C  With  Chloride  of  Ammonium  (see  above). 

TZTAVXUBC,  CTAam>B8  OF.    See  CvAinDiss  (ii.  273). 

TXTAiriUM,  DBTBOTXOir  AWB  BSTnCATZOW  OV.  1.  Blowpipe 
Beaetions. — The  oxides  of  titanium  are  not  reduced  to  the  metallic  state  when 
heated  on  charcoal  before  the  blowpipe,  a  character  by  which  titanium  is  distinguished 
^m  tin. 

,  Titanic  oxide  mixed  with  borax,  or  (better)  with  phosphorus-salt,  forms  in  the  outer 
blowpipe-flame  a  colourless  glass ;  but  in  the  inner  flame,  a  glass  which  is  yellow  while 
hot,  but  assumes  a  violet  colour  on  cooling.  The  same  character  is  exhibited  by 
those  salts  of  titanic  acid  whose  bases  do  not  themselves  impart  any  colour  to  the 
bead.    If  the  titanic  oxide  contains  iron,  the  colour  of  the  bead  is  brown- red  or  blood- 
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x<od,  infltoad  of  violet  Many  titanates  yield  the  Tiolet  eolonr  only  with  pibosphonui- 
salt,  not  with  bono.  The  oolonr  is  produced  mora  readily  by  headng  the  auhstanea 
on  charcoal  than  on  platinum-wire.  According  to  Riley  (X3hem.  8oc  Qn.  J.  xii.  13 ; 
Jahreab.  1869,  p.  678),  the  delieaiqr  of  the  rniotion  ia  mndi  mcreaaed  by  melting  a  little 
metallic  sine  in  the  phoephoms-aalt  bead,  a  distinct  coloration  being  then  prodneed, 
as  the  sine  is  bnmt  away,  even  with  very  minnte  quantities  of  titanium. 

2.  Beaetions  in  Solution. — ^Titanic  add  and  the  nentral  titanates  are  inaolohle 
in  water,  but  dissolTC  in  acida,  especially  in  hydrochloric  and  sulphuric  acids.  From 
these  solutions  the  titanic  acid  is  precipitated  by  boUing,  imperfectly  fiom  the 
hydrochloric  completely  from  the  sulphuric  aolution. — Catutic  alkalis  and  alJtaiing 
earhonate$  likewise  throw  down  from  tnese  solutions  a  white  gelatinous  predpitats 
of  titanic  add.  In  the  hydrochloric  solution,  containing  as  little  free  acid  as  possible, 
tff/wmofi  qf  ffolU  produces  an  orange-coloured  precipitate. — Ferrocyamde  of  pUauimm 
forms,  in  the  same  solution,  a  dari^-brown  predpitate. — ^Metallic  tiM,  immersed  in  a 
solution  of  titanic  add  in  lr7drochloric  add,  eliminates  hydrogen,  assumes  a  Tiolet- 
blue  colour,  and,  if  the  solution  is  not  too  dilute,  throws  down  a  dark-Wolet  predpitate 
(protoxide  of  titanium  ?),  which  gradually  turns  white  by  oxidation.  The  ▼iolet'blue 
solution,  when  diluted  with  water,  assumes  a  rose-colour,  which  often  remains  niial- 
tared  for  scTeral  days.  This  reaction  serves  for  the  detection  of  Teiy  small  quantities 
of  titanium,    (y.  KobelL) 

T  itanous  oxide  dissolves  in  acids,  forming  violet  solutions,  in  which  alkalis  and 
alkaline  earbonates  form  a  daik>brown  precipitate  of  titanous  hydrate,  graduaUj 
changing,  with  evolution  of  hydrogen,  into  titanic  add. — Carbonate  qfealeium  predpi- 
tatea  titanoua  oxide  completely  from  its  solutions. — Sulphydrie  acid  produees  no 
alteration ;  sulphide  of  ammoniitm  throws  down  brown  titanous  hydrate.  The  solu- 
tion of  titanous  salts  act  ss  poweifhl  redudng  agents,  predpitatins  gM^  fMreury^  and 
ailver  from  their  solutions  in  the  metallic  state.  Titanous  chloride  throws  down 
white  curaous  chloride  from  the  solution  of  atfuprte  salt,  and  rednces/rfTic  XoferrouM 
salts.    (Ebelmen). 

'  8.  Estimation  and  Separation. — ^Titanium  is  always  estimated  in  the  ibrm  of 
titanic  oxide,  TiO*.  This  compound  is  best  predpitated  ^m  its  solutions  in  adds  by 
asnmonia,  which  throws  it  down  in  the  form  of  a  very  bulky  hydrate  (titanic  add) 
resembling  hydrate  of  alumina.  It  great  excess  of  ammonia  must  be  avoided,  as  it 
would  redissolTe  a  small  jwrtion  of  the  titanic  add.  The  predpitate,  after  ignition, 
contains  60  per  cent,  of  titanium. 

If  the  titanic  add,  after  predpitation  by  ammonia,  is  to  be  redissolved  in  adds, 
which  is  sometimes  necessary  in  order  to  separate  it  from  other  metals,  great  care 
must  be  taken  in  the  precipitation  to  avoid  all  rise  of  temperature ;  and  the  precipitata 
must  be  washed  with  cold  water,  because  heat  has  the  efiRect  of  rendering  titanic  add 
more  or  less  insolnble  in  acids  (p.  844). 

Titanic  acid  ma^  also,  in  some  cases,  be  separated  from  its  add  solutions  by  boiling ; 
from  the  solution  in  sulphuric  add,  complete  predpitation  is  effected  by  this  method ; 
but  when  hydrochloric  add  is  the  solvent,  a  small  portion  o£  titanic  add  always  re- 
mains  in  solution  after  boiliug. 

Titanic  oxide  (mtile,  &e.)  and  its  insoluble  compounds  are  most  easily  rendered 
soluble  by  fusion  with  iicid  sulphate  of  potassium.  The  best  mode  of  proceeding  is  to 
fuse  in  a  platinum-erudble  a  quantity  of  the  add  sulphate  equal  to  about  six  times 
the  weight  of  the  titanate,  add  the  mineral  in  extremely  fine  powder  to  this  cooled 
mass»  and  fuse  again  till  the  whole  flows  q^uietly,  and  the  powder  is  oompletdy  dis- 
solved. The  fused  mass  is  then  dissolved  in  a  large  quantity  of  cold  water,  and  the 
solution  predpitated  b^  boiling. 

Sesquioxide  of  titanium  is  precipitated  from  its  solutions  by  ammonia,  and  the  pre- 
cipitate, after  standing  from  24  to  36  hours,  is  converted,  with  evolution  of  hydrogen, 
into  titanic  add,  in  which  form  it  may  be  estimated. 

From  the  alkalis  and  alkaline  earths,  titanic  acid  may  be  separated  by  ammO' 
nia,  the  solution,  in  the  latter  case,  being  carefiilly  exduded  from  the  air.  Baryta 
and  strontia  may  also  be  separated  by  sulphuric  add. 

Titanic  acid  is  separated  from  magnesia  by  boiling,  if  the  two  are  dissolved  in 
sulphuric  add;  and  by  predpitation  with  carbonate  of  barium,  when  hydrochloric  add 
is  tne  solvent. 

The  separation  from  alumina,  glucina,yttria»and  thorina  isalso  e&ctedby 
boiling  the  sulphuric  add  solution. 

From  sirconia,  titanic  add  maybe  separated  bv  mixing  the  nearly  neutxalised 
solution  with  h/postUphite  of  sodium,  and  boiling  till  no  more  sulphurous  anhydride 
is  ^ven  off.  'Die  titanic  acid  is  then  completely  predpitated,  whik  the  drconia 
mains  in  solution. 
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From  oeriam  and  the  allied  metals,  titanium  is  separated  by  precipitating  the 
focmer  with  sulphate  of  potassium. 

P^m  the  metals  which  are  precipitated  as  snlpthides  by  sulphide  of  ammonium  ~ 
TIB.,  manganese,  iron,  cobalt,  nickel,  nranium,  and  sine — ^titanium  is  sepa- 
rated by  mixing  the  acid  solution  with  tartaric  acid  and  excess  of  ammonia  (which 
then  forms  no  precipitate),  sad  adding  wlpkide  of  ammtwium,  which  precipitates 
erezything  but  me  titanium.  The  filtered  solution  is  then  eyaporated  to  d^^ess,  and 
the  residue  ignited  in  a  platinum-crucible  to  expel  ammoniacal  salts,  and  burn  away 
the  carbon  of  the  tartaric  acid.  As  this  carbonaceous  matter  is  very  difficult  to  bum, 
the  ignition  should  either  be  performed  in  a  muffle-furnace,  or  a  stream  of  oxygen 
should  be  yery  gently  directed  into  the  crucible.  The  residue  consists  of  titanic  oxide, 
which  may  then  be  weighed. 

The  separation  of  titanium  from  iron  may  also  be  effected  by  precipitation  with 
kypoBul^hiU  of  sodium,  the  process  being  conducted  exactly  in  the  same  manner  ss  in 
separatmg  aluminium  from  iron  (i.  155). — ^For  Biley*s  method  of  estimating  titanium 
in  pig-iron,  see  Ibok,  GtasmaxsTSD  (iii.  875). 

From  molybdenum,  tungsten,  and  Tanadiu'm,  titanium  may  be  separated  by 
means  of  sulphide  of  ammomum,  which  dissolves  those  metals  as  sulphides,  and  pre- 
cimtates  the  titanium  as  titanic  acid. 

From  bismuth,  cadmium,  copper,  lead,  tin,  &c.,  titanium  is  easily  separated 
by  sulphydric  add. 

Titsaium  may  also  be  separated  from  t  i  n,  by  fusing  a  mixture  of  stannic  and  titanic 
oxides  with  tvlfkur  and  carbonate  of  sodium.  On  treating  the  fased  mass  with  water, 
the  whole  of  the  tin  diBsolves  as  sulphostannate  of  sodium,  while  the  titanic  add  remains 
undissolved,  together  with  a  small  quantity  of  sodic  titanate,  whidi  may  be  decom- 
posed by  ignition  with  sal-ammoniac ;  the  chloride  of  sodium  thereby  formed  may  be 
dissolved  out  by  water,  leaving  pure  titanic  add. 

From  si  lie  on. — ^When  silicates  containing  small  quantities  of  titanic  acid  are 
decomposed,  in  the  usual  way,  by  treatment  with  acids,  or  by  fiision  with  an  alkaline 
carbonate,  the  silica  separated  by  evaporation,  &c.,  and  the  alumina^  fiarrous  oxide, 
and  manganous  oxide  predpitated  by  ammonia,  the  greater  part  of  the  titanic  add 
will  be  found  in  this  predpitate,  while  the  smaller  portion  remains  with  the  silica. 
The  latter  is  treated  with  hydrofluoric  and  sulphuric  acids,  and  the  residue,  consisting 
of  titanic  oxide,  is  mixed  with  the  previously  ignited  predpitate  of  alumina,  &c.  This 
mixture  is  then  fused  with  twice  its  weight  of  add  sulphate  of  potassium  till  the 
excess  of  sulphuric  acid  is  for  the  most  part  volatilised,  and  the  cooled  mass  is  dis- 
solved in  water ;  whereby,  if  the  operation  has  been  well  conducted,  and  the  silica 
completelj  removed,  a  perfectly  clear  solution  will  be  obtained.  This  solution  is 
largely  diluted,  and  sulphydric  add  gas  is  passed  through  it,  till  the  whole  of  the 
ferric  oxide  is  reduced  to  ferrous  oxide ;  and  the  solution,  without  previous  filtration, 
is  boiled  for  half  an  hour,  while  a  stream  of  carbonic  anhydride  is  continually  passed 
through  it  (to  prevent  oxidation  of  the  ferrous  salt).  The  titanic  add  is  thereby 
completely  precipitated,  while  all  the  other  substances  remain  in  solution.  (Scheerer, 
Ann.  Ch.  Pharm.  cxii.  178.) 

In  treating  titaniferous  silica  with  hydrofluoric  add  to  expel  the  silicon,  the  addi- 
tion of  sulphuric  acid  is  indispensable,  as  otherwise  a  portion  of  the  titanium  will  also 
be  volatilised  as  fluoride.    (Riley,  Chem.  Soc  Qu.  J.  xv.  311 ;  Jahresb.  1862,  p.  500.) 

From  tan  talum  and  niobium,  titanium  is  separated  by  fusing  the  mineral  with 
add  sulphate  of  potassium,  and  treating  the  ftised  mass  with  cold  water,  whidi 
dissolves  only  the  add  sulphate  of  titanium  (iv.  51 ;  v.  664). 

Volumetric  Estijnation. — A  method  of  estimating;  titanium  volumetrically  is  founded 
on  the  reducibility  of  titanic  oxide  to  titanous  oxide  by  zinc  in  an  acid  solution,  and 
the  oxidabiljty  of  the  latter  by  permanganate  of  potassium.  The  titanic  add  is  dis- 
solved in  hvdrochloric  add  (if  sulphuric  add  is  present,  the  titanic  add  must  first  be 
precipitated  by  ammonia  and  then  redissolved),  the  solution  warmed  with  metallic 
sine  (in  a  flask  provided  with  a  vertical  tube,  so  as  to  exdude  the  air  as  much  as  pos- 
sible), till  the  colour  of  the  liquid  no  longer  increases  in  depth ;  and  the  solution,  after 
dilution  with  de-aeiated  water,  is  mixed  with  permanganate  of  potassium,  till  the  rose- 
red  colour  of  the  latter  becomes  manifest.  Each  atom  of  iron  correspondiziff  to  the 
permanganate  gives  1  at.  titanium.  (F.  Fisani,  Gompt.  rend.  lix.  208 ;  Jahresb. 
1864,  p.  705.) 

A  mixture  of  titanic  oxide  and  zirconia  is  first  rendered  soluble  by  frision  with  add 
sulphate  of  potassium ;  the  titanic  add  is  then  determined  as  above,  and  the  zirconia 
by  difference. 

Ferric  oxide  is  reduced  by  zinc  before  titanic  add,  and  ferrous  oxide  is  oxidised  by 
the  permanganate  after  it.    To  estimate  iron  and  titanium  together,  the  pennanganata 
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is  added  tOl  the  riolet  oolcnir  diaappettra,  and  adrop  of  the  liquid bcgns  to  be  ooloarMly 
bj  snlphocyanate  of  potaaainm.  The  qnantitj  of  pennanganate  nqnired  for  thia  pur- 
poee  giYes  the  titanic  acid,  and  by  ftuther  addition  the  mm  raaj  be  determined.  Or 
the  ferric  oxide  may  be  reduced  by  sulphnrona  or  anlphydrieacid  (neither  of  which  acts 
npon  titanic  acid),  and  rolametrically  determined  by  itaelfl  In  a  miztore  of  titanic 
acid,  Droonia,  and  ferric  oxide,  the  f&st  and  third  are  determined  aa  jnat  deactibed, 
and  the  zirconia  by  diiTerence.    (P  i  a  a  n  i.) 

4.  Atomic  Weight  of  Titanium.— B..  Ros^  in  1829  (Pogg.  Ann.  xy.  146%  de- 
termined the  atomic  weight  of  thia  metal  by  decompoeing  a  weighed  quantity  of  titanic 
chloride,  TiCl^,  with  water,  precipitating  the  titanic  acid  with  ammonia,  and  estimating 
the  amonnt  of  chlorine  in  the  filtrate  with  nitrate  of  silrer.  In  four  experimenta, 
100  pta.  titanic  chloride  yielded,  aa  a  mean,  301*7  pta.  ailTcr^chloride;  whence  (for  Ag 
■■  108,  and  CI  =  355)  the  atomic  weight  of  titanmm  was  iband  to  be  »  48'26. 

An  essentially  similar  method  was  followed  by  Pierre  in  1867  (Ann.  Ch.  Phya. 
[3],  XX.  267))  who,  howeyer,  made  nse  of  a  titrated  silyer-solntion,  instead  of  weighing 
the  chloride  of  silyer.  In  fiye  experiments,  each  made  with  firom  700  to  800  milli- 
gnunmes  of  titanic  chloride,  he  found  that  100  pts.  of  that  compound  required  to  pre- 
cipitate  the  chlorine  contained  in  them  from  224*58  to  225*53  pta.  silyer.  Hence  Ti 
fallB  between  49*50  and  50*38,  and,  as  a  mean  result  of  the  fire  experimenta,  !n  » 
50*10.    The  whole  number,  50,  is  now  generally  adopted. 

mrjunuwi,  niVOlUPB  or.  ntanous  Fluoride,  TiP,  is  obtained 
(though  impure)  aa  a  yiolet  powder,  by  igniting  potasaio-titanic  fluoride  (tii/ra)  in  a 
stream  of  hydrogen-gaa,  and  treating  the  resulting  mass  with  hot  water.  (B.  Weber, 
Po|^.  Ann.  cxx.  287 ;  Jahrf«b.  1863,  p.  211.) 

Titanic  Fluoride,  TiF^,  is  obtained  by  distilling  a  mixture  of  fluor-spar  and  tita* 
nic  oxide  with  fuming  sulphuric  acid  in  a  platinum  apparatus  ;  it  then  passes  oyer  as  a 
fuming  colourless  liquid  (Underdorben).  By  dissolyiug  titanic  acid  in  hydrofluoric 
acid,  and  eyaporating,  a  syrupy  liquid  is  obtained,  which  deposits  crystaLs  of  titanic 
fluoride.  These  crystals  are  resolyed  by  water  into  soluble  hydrotitanic  fluoride,  and 
insoluble  titanic  o^fluoride. 

Hydrotitanie  Fluoride,  BTTiF*  -  2HF.TiF«,  is  produced,  as  just  sUted,  in  the 
decomposition  of  titanic  fluoride  by  water ;  also  by  cussolying  titanic  oxide  in  aqueous 
hydrofluoric  acid  (Berzelius).  It  is  an  acid,  and,  when  neutralised  with  bases, 
yields  double  salts  of  titanic  fluoride,  represented  by  the  general  formula,  2MF.TiP*. 

Amnumio-titanio  Fluoride,  2NH*F.TiF^,  is  produced  by  adding  ammonia  to  aqueous 
hydrotitanic  fluoride,  till  the  precipitated  titanic  acid  no  longer  redissolyes.  On  eya^ 
porating  the  liquid,  it  separates  in  shining  scales,  which,  when  heated  in  a  platinum 
apparatus,  yield,  much  below  a  red  heat,  a  sublimate  of  ammonium-fluoride,  leaving 
a  residue  probably  consisting  of  NH^F.TiP.    (Berzelius.) 

CalciO'titanic  Fluoride  forms  prismatic  crystals,  which  dissolve  without  deoompositioii 
in  acidulated  water,  but  are  decomposed  by  pure  water,  with  separation  of  a  white 
powder. — Ottpro-titanio  fluoride,  obtained  by  mixinff  the  solutions  of  the  component 
fluorides,  crystallises  in  long,  pale,  blue-green  needles,  soluble  without  decomposition 
in  acidulatea  water. — The  ferric  salt,  2FeP.TiF*,  is  produced  by  mixing  the  solutions  of 
the  component  salts.  The  yellow  solution  leayes,  on  spontaneous  evaporation,  a  yellow 
syrup,  and  when  gently  heated,  a  pale-yellow  crystalline  mass,  soluble  in  water  without 
decomposition. — ^The  ma^eeium^aalt,  prepared  in  like  manner,  separates  by  spontaneous 
evaporation  in  long  needles,  which  have  a  bitter  taste,  are  decomposed  by  pure  water, 
but  dissolves  without  decomposition  in  acidulated  water. — The  Uad-^alt,  prepared  in 
like  manner,  forms  small  colourless  crystals,  which  have  a  sweet  and  afterwards  an 
astringent  taste,  and  dissolve  readily  in  water  without  decomposition  (Berzelius). — 
The  nickd-ealt,  NiP'.TiF'.6H*0,  is  produced  by  dissolving  titanic  acid  and  nickel-oxide 
in  hydrofluoric  acid,  and  separatee  in  green,  easily  soluble  crystals.     (Weber.) 

The  potaseium-salt^  2EF.TiF',  prepared  like  the  ammonium-salt,  crystallises  in 
scales,  which,  when  dry,  are  milk-white,  and  have  a  silky  lustre  (Berzelius).— 
Wohler  prepares  it  by  fusing  very  finely-pounded  rntile  in  a  platinum-crucible  with 
twice  its  weight  of  potassic  carbonate,  snd  dissolring  the  fused  and  pulverised  mass 
in  a  platinum-dish,  in  the  requisite  quantity  of  dilute  hydrofluoric  acid.  The  double 
fluoride  then  partly  crystallises  out,  and  on  heating  the  liquid  to  die  boiling-pointy 
adding  water  if  necessary  till  the  salt  is  redissolved,  and  filtering  hot,  the  greater  part 
separates  in  shining  scales,  so  that  tlie  entire  liquid  solidifies  to  a  pulp.  The  salt  is  to 
be  washed  on  a  filter  with  cold  water,  pressed  between  filter-paper,  and  crystallised 
iix>m  boiling  water.  It  forms  nacreous  scales  when  dry,  and  melts  without  decomposi- 
tion at  a  white  heat. 

The  eodtum-ea/t  forms  indistinctly  dystalline  crusts,  more  soluble  than  the  potas- 
sium-salt.   (Berzelius.) 
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«TAWXOB^IO»XBaor.  Til«.  (RWeber,Pogg.  Ann.  1x1.287.— Hante- 
feuille,  BnlL  Soc  Chem.  1867,  i.  201.)— Ptodaccd :  1.  Bypassing  iodine-yapour 
over  ienited  titaniam  (Weber). — 2.  By  piassing  dry  hydriodic  acid 'gas  into  titanic 
chloride  gradnally  heated  to  its  boiling-point,  and  maintained  at  that  temperature  till 
the  transformation  is  complete :  the  small  quantity  of  free  iodine  which  gives  the  pro- 
dnct  a  violet  tinge  may  be  removed  by  three  or  fonr  distillations  in  a  stream  of 
hydrogen  (Hantefenille). —  8.  By  passing  the  yaponr  of  titanic  chloride,  mixed 
with  hydrogen  and  iodine-yapour,  through  a  tube  heated  to  dull  redness.  The  iodide, 
which  is  not  yeiy  volatile,  then  condenses  in  the  cold  part  of  the  tube,  mixed,  how- 
ever, with  a  lai^e  quantity  of  free  iodine,  which  renders  it  more  difficult  to  purify 
than  that  obtained  by  the  second  method.    (H a u  t e  f  e u i  1 1  e.) 

Titanic  iodide  fonns  a  brittle  mass,  having  a  reddish-brown  colour  and  metallic 
lustre.  It  melts  to  a  brown  liquid  at  160°,  remains  in  a  state  of  surfusion  till  cooled 
■omewhat  below  100^,  and  crystallises  on  fiirther  cooling,  in  bulky  octahedrons,  which 
change,  in  a  few  days,  to  tufts  of  silky  prismatic  crystcJs.  It  has  a  sensible  vapour- 
tension  at  ordinary  temperatures,  and  fumes  strongly  in  the  air.  It  boils  at  a  little 
above  360°,  and  distils  without  decomposition.  Vapour-density,  obs.  (at  440°)  » 
18*054 ;  calc  «i  19*884.  The  lower  density  found  oy  observation  indicates  an  in- 
creased coefficient  of  expansion  at  hi^h  temperatures,  perhaps  arising  from  dissocia- 
tion. The  superheated  vapour  bums,  in  contact  with  the  sir,  with  a  very  bright  flame, 
yielding  iodic  and  titanic  oxides. 

Titanic  iodide  dissolves  rapidly  in  water,  but  with  less  rise  of  temperature  than 
the  chloride.  The  aqueous  solution,  when  exposed  to  the  air,  turns  brown,  and  yields 
titanic  add. 

TITAJVZIIMf  WZmUBBS  OV.  By  heating  the  ammonio-chloride  of  titanium, 
4NH'.TiCl\  by  itself  (H.  Rose),  or  better  in  a  stream  of  ammonia-gas  (Liebig),  a 
copper-coloured  substance  is  obtained,  which  was  originally  supposed  to  be  metallic 
titanium,  but  which  Wohler  has  shown  to  consist  of  nitride  of  titaniiun,  Ti*N^,  or 
more  probably  Ti«N«  -  3TJN*.Ti"N« ;  it  contains  28  per  cent,  of  nitrogen.  This 
compound  is  redder  than  the  cubic  crystals  of  the  blast-ftimaces,  which  have  a  tinge  of 
yellow.  Another  nitride  of  titanium,  TiN',  is  produced  when  titanic  oxide  is  strongly 
neated  in  a  stream  of  ammoniacal  gas.  Its  powder  is  dark-violet,  with  a  tinge  of 
copper-colour ;  in  small  pieces  it  exhibits  a  violet  copper-colour  and  metallic  lustre.  A 
third  nitride,  Ti*N*,  or  more  probably  2TiN*.Ti*N*,  is  formed  when  Rose's  titanium  is 
subjected  to  the  action  of  a  stream  of  hydrogen  at  a  strong  red  heat.  It  has  a  brassy 
or  almost  golden-yellow  colour  and  metallic  lustre.  It  is  also  obtained  (mixed,  however, 
with  carbon)  when  titanic  oxide  is  heated  to  redness  in  a  stream  of  cyanogen-gas  or 
hydrocyanic  acid  vapour ;  no  cyanide  of  titanium  is  formed  in  this  reaction.  All  these 
three  nitrides  of  titanium  sustain,  without  decomposition,  a  temperature  at  least  equal 
to  that  of  melting  silver.  Mixed  in  the  state  of  powder  with  the  oxides  of  copper, 
lead,  or  mercury,  and  heated,  they  emit  a  lively  sparkling  flame,  and  reduce  the  oxides 
to  the  metallic  state.  When  fused  with  hydrate  of  potassium,  they  give  off  ammonia- 
gas.     (Wohler,  Ann.  Ch.  Fharm.  Ixxiii.  34  ;  Jahresb.  1849,  p.  267.) 

Wohler  and  Deville  (Ann.  Ch.  Pharm.  ciii.  230;  cv.  108;  Jahresb.  1857,  p. 
174),  by  heating  fluoride  of  titanium  and  potassium  or  sodium  in  an  atmosphere  of 
nitroj^n,  and  boiling  out  the  cooled  mass  with  hydrochloric  acid,  obtained  a  nitride  of 
titanium  in  the  form  of  a  dark-brown  powder,  composed  of  brass-yellow  laminse  and 
prisms.  When  titanic  chloride  is  passed  through  a  strongly-ignitea  glass  tube,  in  the 
fore  part  of  which  lumps  of  sal-ammoniac  are  placed,  so  that  this  salt  may  be  volati- 
lised with  the  titanic  chloride,  hydrochloric  acid  and  nitride  of  titanium  are  imme- 
diately formed  (the  nitrogen  being  derived  from  the  air),  the  latter  coating  the  inside 
of  the  tube  with  a  copper-coloured  deposit.  Nitride  of  titanium  is  also  formed  by 
heating  a  mixture  of  fluoride  of  titanium  and  potassium,  chloride  of  sodium,  and 
chloride  of  potassium,  with  aluminium ;  or  by  heating  a  mixture  of  titanic  chloride  and 
hydrogen-gas  with  aluminium,  in  presence  of  nitrogen. 


I  OF.  TiCy*  8Ti«N«.— This  is  the  copper- 
coloured  compound  already  spoken  of  as  occurring  in  iron-smelting  furnaces,  and 
formerly  mistaken  for  metallic  titanium.    (See  Otahxdhs,  ii.  278.) 


TTTAMtUMf  oaEZBBS  OV.  Two  oxides  of  titanium  are  known  with  cer- 
tainty, viz.  Ti'O',  and  TiO* ;  the  existence  of  a  lower  oxide,  TiO,  is  likewise  pro- 
bable. 

Protozida  of  TIf  winm,  TiO  ? — ^This  oxide  appears  to  be  formed  when  titanic 
oxide  is  exposed,  in  a  charcoal-lined  crucible,  to  the  highest  heat  of  an  air-furnace. 
Where  the  oxide  is  in  contact  with  the  charcoal,  a  thin  coating  of  metallic  titanium 
is  formed ;  but  within  it  is  changed  to  a  black  mass,  which  is  insoluble  in  all  adds* 
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is  not  otherwise  affectsd  hr  them,  and  is  ondisod  with  diffiwiU^  lAum  hsitod  ia 
contact  with  the  sir,  or  fosed  with  mtv&  The  same  oxide  BpptOB  to  be  fiimedy  in  the 
wet  wa J,  as  a  dark-porple  powder,  when  a  firagment  of  sine  or  iroo  is  intzodneed  into  » 
solution  of  titanic  acid  in  njdrochlorie  acid ;  bat  it  alters  toej  qoiddtf  b^  a1 
of  oxygen,  so  that  there  is  considerable  difficoltj  in  studying  its  properties;  the 
position  assigned  to  it  is  therefore  hypothetical  The  bine  powder  is,  periiaps,  a  i 
pound  of  titanium-protoxide  with  oxide  of  zinc  or  iron. 

Sesqoiozide  of  Ttf  nlwin,  or  Tttaaovs  <lzl4e,  TiK)*. — ^This  oxide  is  obtained, 

by  passing  dry  hydrogen-gas  over  ignited  titanic  oxide,  as  a  black  powdez;  which, 
when  heated  in  the  air  to  a  very  hi^  temperature,  oxidises  to  titanic  oxide.  It  is  not 
attacked  by  nitric  or  hydrochloric  add ;  sulphuric  acid  dissolTas  it,  forming  a  Tiolet 
solution  (Ebel men). — A  hydrate  of  titanous  oxide,  or  titanous  hydrate,  is  formed 
(according  to  Fuchs)  by  digesting  a  solution  of  titanic  acid  in  hydrochloric  add  at 
40^  or  50^  with  metallic  copper,  and  pouring  the  resulting  Tiolet-blue  solution  into 
aqueous  ammonia :  it  then  faUs  down  as  a  dark-brown  precipitate,  while  cnprons 
dUoride  remains  in  solution.  Instead  of  copper,  silver  reduced  oy  sine  may  be  xtaed 
in  the  preparation  (t.  K obeli).  The  hydrate  is  likewise  formed  (aoooiding  to 
Ebelmen)  when  a  solution  of  titanous  chloride  is  predpttated  by  alkalis.  The  &A' 
brown  precipitate  thereby  formed  gradually  turns  black,  blue,  and  finally  white,  irtiile 
hydrogen  is  evolved.  Toe  blue  coloiir  is,  perhaps,  due  to  the  formation  of  a  titanous 
titanate. 

Titanous  oxide  dissolves  in  acids,  forming  violet  solutions ;  but  the  sulfate  is  the 
only  titanous  oxysalt  that  has  been  obtained  in  the  solid  state  (see  SuifSATSs,  pu 
616).  Titanous  chloride  has  been  already  described.  The  solutions  of  titanous  salts 
are  powerful  redudng  agents,  and  yield  a  brown  predpitate  of  titanons  hydrate  with 
alkaUs  (p.  838). 

IMozlde  of  Tttantmn,  Tttanlc  Oxide  or  Anliydildey  TiO*.  Anhydroua  71- 
ianic  aeid. — ^This  oxide  occurs  native  in  three  different  forms :  viz.,  as  rutile  and 
anatase,  which  are  dimetric,  and  asbrookite,  which  is  trimetric.  Rutile,  which  is 
the  most  common  form  of  titanic  oxid<*,  occurs  in  acuminated  dimetric  prisms,  isomor- 
phous  with  tinstone,  and  exhibiting  the  combination  P  .  ooP  .  Poo  .  ooPoo  {fig,  32^ 
u.  160),  also  without  Poo .  For  P,  the  length  of  the  principal  axis  is  0*6442.  Angle 
P  :  P  «  123®  8*  in  the  terminal,  and  84®  40'  in  the  lateral  edges.  Twin  crystals  occur, 
formed  in  the  same  manner  as  those  of  stannic  oxide  (p.  815).  The  crystals  cleave 
distinctly  parallel  to  odP  and  ooPoo .  Hardness  a  6  to  6*5.  Specific  gravity  == 
4*18  to  4*25.  Lustre,  metallic  adamantine.  Colour  reddish-brown,  passing  into  red ; 
sometimes  yellowish,  also  black.  Streak  pale-brown.  Subtransparent  to  opaqua. 
Fracture  subconchoidal,  uneven.    Brittle. 

Eutile  occurs  in  granite,  gneiss,  mica-slate,  and  syenitic  rocks ;  sometimes  in  granu- 
lar limestone ;  generally  in  imbedded  crystals.  It  is  found  in  Brasil,  at  Arexraal  in 
Korway,  on  the  Saualp  in  Carinthia,  in  the  Urals,  in  the  INnrol,  on  the  St.  Oot- 
hard,  at  Yiieix  in  France,  at  E^rumhennersdorff  near  Freiberg  m  Oistile,  at  Ohlapian 
in  Trans^lvaniii,  at  Cairngorm  in  Scotland,  at  Craig  CaiUeach  near  TTJllin^  and  in 
Benzloe  in  the  isle  of  Murray,  Shetland ;  also  at  numerous  localities  in  North  America. 
It  always  contains  from  1^  to  2J  per  cent,  ferric  oxide,  and  sometimes  stannic  and 
tungstic  oxides.  A  variety  from  Karingsbrieka,  in  Sweden,  contains  a  «nRl1  percen- 
tage of  chromium,  and  is  the  tiiane  oxydi  ehromifire  of  Hauy. 

Anatase,  the  purest  form  of  native  titanic  oxide,  is  also  dimetric;  but  its  form  is 
incompatible  with  that  of  rutile,  from  which  it  also  difiPers  in  its  mode  of  deavage, 
specific  gravity,  hardness,  and  other  physical  characters.  It  usually  occurs  in  very 
acute  unmodified  octahedrons,  having  the  principal  axis  s  1*7723:  and  the  angle 
P  :  P  .  in  the  terminal  edges  a  97^  55',  in  the  lateral  edges  *  136^  30' ;  sometimes 
also  in  a  combination  like  Jig,  222  (ii.  235).  Respecting  its  physical  characters,  and 
the  localities  of  its  occnrrencej  see  i.  289. 

Brookite,  orArkansite,  which  consists  of  titanic  oxide  mixed  with  about  3  to 
4}  per  cent,  ferric  oxide,  is  trimetric,  having  the  axes  ««  0*5941  :  1  :  0*5611.  Angle 
P :  P  (bracb.)  =  135°  37';  P  :  P  (macr.)  =  101°  3';  P  :  P  (basal)  -  95°  22'; 
oof :  ooP2  -  99<>  50'.  The  crystals  frequently  exhibit  the  combination  oof  oo  . 
odF2  .  P,  like  fig.  273  (ii.  148),  together  with  other  pyramids  and  horizontal  prisms, 
and  are  generally  fiat  between  the  predominant  faces  ooj^ao  ;  often  also  of  pyramidal 
character,  exhibiting  the  faces  P,  oof2  equally  developed,  like  fig.  272  without  f «. 
(Kop^*  BKrif8taIlographie,2te  Aufi.p.  267).  Forthe  physical  characters  and  the  loca- 
lities of  broolute,  see  i.  680. 

Preparation. — Pure  titanic  oxide  may  be  prepared  from  rutile,  or  from  the  several 
varieties  of  titaniferous  iron ;  in  the  latter  case  a  considerable  portion  of  the  iron 
may  be  removed  by  repeatedly  boiling  the  pulverised  mineral  with  hydrochloric  add. 
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H.  BcM6  ftifles  the  ray  flnelj-diTided  mineral  with  8  pts.  potaasie  carbonate,  and  treats 
the  Aieed  potaasie  titanate  thus  obtained  with  cold  water.  The  ezoees  of  alkali  is 
thereby  remoyed,  tc^ther  with  silicate,  manganate,  and  stannate  of  potassium ;  whilst 
add  titanate  of  potassium  remains  nndissolved,  together  with  ferric  oxide,  and 
perhaps  a  small  quantity  of  stannic  oxide.  This  residue  is  washed  on  a  filter  with 
odld  water,  till  the  wash-water  begins  to  run  through  milky,  and  then  dissolved  in 
concentrated  hydrochloric  acid.  To  obtain  pure  titanic  acid  from  this  solution,  Ber- 
thier  dilutes  it  with  a  considerable  quantity  of  wateT,  passes  sulphydric  acid  gas 
through  it  to  precipitate  any  tin  that  may  be  present,  and  adds  ammonia  to  the  filtered 
liquid  as  long  as  any  precipitate  is  thereby  produced.  This  precipitate  contains 
titanic  add  contaminated  with  sulphide  of  iron,  and  perhaps,  also,  with  sulphide  of 
manganese.  The  liquid  (which  should  smell  strongly  of  ammonium-sulphide)  is  to 
be  well  shaken,  and  then  left  to  clarify  by  subsidence;  afterwards  decanted,  and 
the  predpitate  treated  with  concentrated  aqueous  sulphurous  add,  which  com- 
pletely dissolves  the  sulphides  of  iron  and  manganese,  but  leaves  the  titanic  acid 
undissolved ;  the  latter  may  then  be  collected  on  a  filter,  and  washed.  The  solution 
in  hydrochloric  add  may  also  be  boiled  with  sulphite  of  ammonium  as  long  as  the 
xesulting  predpitate  continues  to  increase;  this  predpitate  then  consists  of  pure 
titanic  add,  the  whole  of  the  iron  remaining  in  solution  as  ferrous  salt.  The  predpi- 
tate must  be  washed  on  a  filter,  out  of  contact  with  the  air,  to  prevent  the  formation 
and  predpitation  of  ferric  oxide,  and  then  ignited.    (Berthier.) 

Wdhler  melts  finely-pulverised  rutile,  in  a  platinum-crudble  standing  in  an  earthen 
crudble,  with  twice  its  weight  of  potassic  carbonate,  and  dissolves  the  pulverised  mass 
in  dilute  hydrofluoric  add,  whereupon  potassio-titanic  fluoride  separates  in  crystals. 
To  dissolve  this  compound,  the  mass  is  heated  to  the  boiling-point,  with  addition  of 
water,  if  necessary,  and  the  liquid  is  filtered  as  hot  as  possible.  If  excess  of  hydro- 
fluoric add  be  avoided,  the  solution  may  be  effected  in  a  glass  vesseL  The  potassio- 
titanic  fluoride,  which  separates  in  shining  crystalline  scales  on  cooling,  is  washed  on 
a  fllter  with  cold  water,  and  puiifled  by  reci^stallisation  from  boiling  water ;  its  hot 
aqueous  solution  is  mixed  with  emmonia,  which  throws  down  titanate  of  ammonium ; 
and  the  salt>  when  ignited,  gives  off  ammonia,  and  is  converted,  with  incandescence, 
into  pure  titanic  oxide.  This  process  is  also  well  adapted  for  preparing  titanic  oxide 
from,  titaniferous  iron.  The  mass  obtained  by  fiising  this  minercJ  with  carbonate  of 
potassium,  is  dissolved  in  dilute  hydrofluoric  add,  which  leaves  behind  the  greater 
part  of  the  iron,  in  the  form  of  ferric  oxide.  After  the  greater  part  of  the  potassio- 
titanic  fluoride  has  crystallised  out,  and  been  purifled  as  above,  the  ferruginous 
mother-liquors  are  treated  with  chlorine- water,  or  an  alkaline  hypochlorite,  to  bring 
the  iron  to  its  highest  stage  of  oxidation,  and  then  treated  in  tne  cold  with  dilute 
ammonia,  which  precipitates  all  the  ferric  oxide,  with  only  a  small  portion  of  titania 
add.  This  predpitate  is  quickly  separated  by  filtration,  and  the  liquid,  when  boiled, 
deposits  titimate  of  ammonium,  which  may  be  converted,  by  ignition,  into  titanic  oxide. 
(Wohler,  Ann.  Ch.  Pharm.  Ixxiv.  212.) 

Herz  (J.  pr.  Chem.  xcix.  157 ;  Bull.  Soc.  Chim.  [1867],  ii.  400)  modifies  Wohler's 
process,  by  fbsing  mtile  with  four  times  its  weight  of  potassic  carbonate,  digesting 
the  fused  mass  in  water,  dissolving  the  residual  acid  titanate  of  potassium  by  the  pro- 
longed action  of  strong  hydrochloric  add,  and  boiling  the  resulting  solution  m  a 
leaden  dish  with  fluoride  of  potassium.  The  liquid,  on  cooling, .solidifies  to  a  crystal- 
line pulp  of  potassio-titanic  fiuoride,  2KF.TiP*,  which  may  be  purified  by  washing 
it  with  a  little  cold  water,  and  precipitating  traces  of  iron  with  a  drop  of  ammonium- 
sulphide.  It  is  then  to  be  redissolved  in  boiling  water,  and  the  titanic  acid  precipi- 
tated by  ammonia.  Another  method  is  to  melt  1  pt  of  rutile  with  6  pts.  acid  sulphate 
of  potassium,  digest  the  fused  mass  in  water,  neutralise  the  liquid  with  soda,  and  heat 
it  to  the  boiling-point,  passing  a  stream  of  sulphydric  add  gas  through  it,  at  the  same 
time,  to  bring  the  iron  to  the  state  of  ferrous  salt.  Titanic  acid  is  then  predpitated 
firee  from  iron.    (Merz.) 

A  very  pure  product  is  likewise  obtained  by  decomposing  titanic  chloride  (pre- 
pared by  igniting  a  mixture  of  mtile  and  charcoal  in  chlorine-gas)  with  water  or 
ammonia. 

Anhydrous  titanic  oxide,  obtained  by  ignition  of  the  predpitated  hydrate,  forms 
veddish-brown  lumps,  which  resemble  ruti&  more  nearly  in  lustre  and  colour,  in  pro- 
portion as  they  have  been  more  strongly  heated.  It  may  be  obtained  in  the  crystal- 
line form  by  passing  the  vapour  of  titanic  chloride,  mixed  with  steam,  through  a 
red-hot  tube.  According  to  Ebelm en  (Compt.  rend,  xxxii.  330),  it  is  obtained,  in 
long  needle-shaped  crystals,  by  exponng  the  amorphous  oxide,  mixed  with  micro- 
cosmic  salt^  to  a  temperature  somewhat  below  that  of  a  porcelain  furnace.  According 
to  Deville  and  Garon  (ibid.  xlvi.  704),  titanic  oxide  crystallised  in  the  form 
of  rutile,  may  be  obtained  by  decom^KJsing  a  fusible  titanate,  especially  stannous 
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titaiiat«b  inth  silica  at  a  liigh  tempentnre.  DeTillefliidia]«>(Coinpi.rpiid.HL  1864% 
that  the  amorphous  oxide  is  conTeited  into  quadratic  ojstals  (like  nitile  Ofr  anatase) 
bj  ignition  in  hydrochloric  aeid  gas ;  the  crystals  are  coloured  blue,  in  conseqiienoe  of 
t£e  formation  of  a  small  quantity  of  a  lower  oxide.  Hantefenille  (Gompt.  rend. 
Iril.  148;  Ix.  188;  Jahresb.  1863,  p.  212;  1864,  p.  213)  has  also  obtained  oyatal- 
lised  titanic  oxide  by  two  methods :  a.  By  decomposing  titanic  chloride  or  fluoride 
with  aqueous  vapour. — &.  "Bj  crystallising  amorphous  titanic  oxide  in  an  atmorohera 
hydrochloric  or  hydrofluoric  acid.  The  second  method  is,  however,  only  a  raoufica- 
tion  of  the  firsts  inasmuch  as  titanic  chloride  or  fluoride  is  first  fanned,  and  siibee- 
quently  decomposed.  Under  the  influence  of  hydrochloric  add,  the  formation  of 
crystallised  titanic  oxide  takes  place  only  at  very  high  temperatures,  and  the  cfystals 
produced  have  always  the  form  of  rutile :  under  the  influence  of  hydrofiuoric  acid,  on 
the  contrary,  anatase  is  formed  at  the  lowest  red  heat,  brookite  at  a  somewhat  bicker 
temperature,  and  rutile  at  yexy  high  temperatures. 

Anhydrous  titanic  oxide  melts  only  at  the  heat  of  tlie  oxyhydrogen-blowpipe.  It  is 
completely  insoluble  in  water,  and  in  all  acids  excepting  strong  sulphuric  aad.  When 
heated  in  the  pulverised  state  with  this  acid  till  the  excess  is  driven  ofl^  the  residiia 
dissolves  in  water  after  cooling.  By  fusing  the  anhydrous  oxide  with  six  times  Ha 
weight  of  acid  potassic  sulphate,  a  dear  yellow  mass  is  obtained,  which  dissolyes  per- 
fectly in  warm  water,  forming  a  clear  solution. 

Potasgium 9,nd  sodium  reduce  titanic  oxide  at  a  red  heat,  forming  oxide  of  potassium 
or  sodium,  and  a  black  mass,  which  does  not  acquire  metallic  lustre,  and  appears  to  be 
a  mixture  of  metallic  titanium  with  titanic  or  titanous  oxide. — CAorctMz/,  at  white  heat^ 
reduces  titanic  oxide  to  the  metallic  state. — Carbonic  disulpkide,  at  a  strong  red  heat, 
converts  titanic  oxide  into  sulphide  of  titanium,  with  simultaneous  formation  of 
carbonic  oxide  and  carbonic  dioxide  (H.  Rose). — ^When  dry  chlcrine-^as  is  passed 
over  an  ignited  mixture  of  titanic  oxide  and  charcoal,  titanic  chloride  is  produced 
(p.  837).  The  oxide,  fused  with  alkalme  carbonates,  yields  titanates  of  alkali-metaL — 
Jmmonia-ffas,  at  a  bright  red  heat,  reduces  titanic  oxide  to  violet  nitride  of  titaniuin, 
TiN»   (Eisner.) 

Titanic  Htdbatbb  or  Acids. — ^There  appear  to  be  two  modifications  of  titanic 
acid,  analogous  in  some  respects  to  stannic  and  metastannic  acid.— a.  One  of  these, 
called  titanic  acid,  is  precipitated  by  ammonia  from  the  solution  of  titanic  chloride. 
It  is  a  white  powder,  of  specific  gravity  3*8  to  3*98  according  as  it  has  been  exposed  to 
a  higher  or  lower  temperature.  When  heated,  it  assumes  a  transient  vellow  cdour, 
becoming  white  again  on  cooling.  Its  conversion  into  titanic  oxide,  at  a  nigger  tempo- 
zature,  is  attended  with  vivid  incandescence. 

Titanic  hydrate  dissolves  easily  in  sulphuric,  nitric,  and  hydrochloric  acids,  even 
when  these  acids  are  rather  dilute ;  but  these  dilute  solutions,  when  boiled,  deposit 
meta titanic  hydrate  as  a  soft  white  powder,  which,  like  anhydrous  titanic  oxide, 
is  quite  insoluble  in  all  acids,  excepting  strong  sulphuric  acid.  It  also  resembles  the 
anhydrous  oxide  in  not  exhibiting  incandescence  when  heated.  Titanic  hydrate,  pre- 
cipitated by  ammonia,  is  also  converted  into  insoluble  metatitanic  hydrate  by  wash' 
ing  with  hot  water,  or  drying  at  a  high  temperature. — ^According  to  R.  Weber  (Pogg. 
Ann.  cxx.  287 ;  Jahresb.  1863,  p.  210),  a  recently  prepared  aqueous  solution  of  titanic 
chloride  is  not  clouded  by  sulphuric,  nitric,  or  hydrochloric  acid,  but  phosphoric,  arsenic, 
and  hydriodic  acids  give  precipitates  with  it  immediately,  and  acid  potassic  chiomate 
after  some  time.  If,  however,  the  same  solution  be  heated  to  the  boiIing>point  for  only 
a  few  seconds,  it  immediately  yields,  with  hydrochloric,  nitric,  sulphuric,  hydrofluoric, 
and  even  organic  acids,  a  white  precipitate  of  metatitanic  hydrate,  and  with  dichromate 
of  potassium  an  immediate  orange-yellow  precipitate.  The  precipitated  metatitanic 
hydrate  dissolves  completely  in  a  large  quantity  of  water,  after  the  supernatant  acid 
has  been  poured  off,  and  is  reprecipitated  from  the  solution  by  acids.  Metatitanic 
acid  is  also  produced  by  oxidising  metallic  titanium  with  nitric  add  of  specific  gravity 
1-26.     (Weber.) 

Titanic  hydrate  dried  over  oil  of  vitriol,  has,  according  to  H.  Rose,  the  composition, 
H*TiO',  or  H*O.TiO*,  but  always  contains  a  little  ammonia  which  cannot  be  removed 
by  washing.  According  to  Merz  (loc.  eU.\  titanic  hydrate,  after  drying  inUie  air  for 
twenty-four  hours,  contains  H*TiO».2H'0 ;  after  drying  for  several  weeks,  H*TiO".H«0. 
When  dried  over  oil  of  vitriol,  it  quickly  loses  1  at  water;  and  after  being  left  for 
some  time  over  oil  of  vitriol,  or  dried  at  60°,  it  contains  SHTiO'.TiO*,  and  finally, 
after  drying  at  100«»,  H«TiO».TiO». 

Metatitanic  acid,  deposited  from  its  solution  in  sulphuric  acid  on  boiling,  contains, 
after  prolonged  drying  in  the  air,  or  for  twenty-four  hours  over  oil  of  vitriol,  H«TiO« ;  at 
60®,  it  contains  H«TiO".TiO« ;  at  100°,  H2TiO».2TiO» ;  at  120°  H''TiO«.8TiO« ;  at  160^ 
11  ^iO*  4TiO'.  In  short»  metatitanic  acid  gives  up  its  water  moro  easily  than  titanic 
acid.    (Merz.) 
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When  a  solution  of  titanic  hjdiate  in  h^dzochloric  add  is  subjected  to  dialysis, 
insoluble  gelatinous  titanic  hydrate  remains  m  the  dialyser  (Graham,  Chem.  Soc.  J. 
XV.  266).  A  solution  of  gelatinous  titanic  hydrate  in  hydrochloric  acid,  prepared  in 
the  cold,  and  containing  only  1  per  cent.  TiO',  when  left  in  the  dialyser  for  some  days, 
yields  liquid  titanic  acid,  which,  when  subjected  to  the  action  of  alcohol  and  other 
liquids,  form  compounds  analogous  to  those  produced  in  like  manner  with  silicic  acid. 
(Graham,  ibid.  xrii.  326;  Jahresb.  1864,  p.  178.) 

Titanic  Salts. — Titanic  hydrate  acts  as  a  weak  base,  and  likewise  as  an  acid, 
forming  salts  both  with  adds  and  with  alkalis.  The  salts  in  which  it  plays  the  part 
of  base  are  yery  unstable.  The  oxalate,  phosphate,  and  sulphate  have  been  partially 
studied  by  H.  Kose  (iv.  266^  684 ;  y.  606) ;  the  sulphate,  phosphate,  and  nitrate  also 
by  Merz  {loc.  eii.), 

aUrate. — Titanic  hydrate*  dissolves  in  concentrated  nitric  add,  and  the  solution, 
evaporated  over  quicklime,  first  becomes  coyered  with  an  iridescent  film,  and  then 
yiolds  a  mass  of  shining  laminn,  containing  6TiO'.N*0*.6HK),  or  6H*TiO'.2HNO'.^ 
This  salt  dissolves,  though  imperfectly,  in  cold  water;  the  clear  solutioo,  heated  to 
100^,  deposits  titanic  oxide.    (If  erz.) 

Fho9phate. — ^Phosphate  of  ammonium,  added  to  a  solution  of  titanic  hydrate  in  hy- 
drochloric acid,  throws  down  nearly  all  the  titanium  in  the  form  of  a  white  gelatinous 
precipitate,  which,  when  washed  and  dried,  forms  a  porcelain-like  mass,  containing 
2TiO'-.PO*.  Merz  is  of  opinion  that  tbe  original  predpitate  contains  TiO*.PO*,  but 
that  the  phosphoric  add  is  partly  removed  by  washing.    (Merz.) 

Sulphate, — The  solution  of  titanic  hydrate  in  sulphuric  add  deposits  the  hydrate  on 
dilution  with  water.  Titanic  hydrate,  moistened  with  very  strong  sulphuric  add, 
becomes  hot,  and  dissolves  completely  at  the  boiling  heat.  The  solution  gelatinises  on 
cooling ;  but  if  part  of  the  sulphuric  add  is  evaporated,  there  remains  a  white  powder, 
which,  when  dned  on  a  porous  tile  and  then  heated  to  180^,  contains  TiO^.SO'  oi 
Ti'^(SO^)'.TiO^  This  salt  gives  up  all  its  sulphuric  acid  at  a  red  heat,  or  when  treated 
with  water.  Hydrochloric  acid  dissolves  it  slowly  in  the  cold,  more  easily  when 
heated.    (Merz.) 

Titanates. — These  salts  have  not  been  much  studied.  Most  of  them  may  be 
represented  by  the  formula  M«TiO*  -  2M«O.TiO»,  and  M«TiO«  «  M«0.tiO«, 
analogous  to  the  ortho-  and  meta-silicates.  The  titanates  of  calcium  and  iron 
occur  as  natural  minerals.  The  titanates  of  the  alkali-metals  are  formed  by  fusing 
titanic  oxide  with  alkaline  hydrates,  carbonates,  or  acid  sulphates — some  of  them 
also  in  the  wet  way.  When  finely  pulverised  and  levigated,  they  disBolve  in  mode- 
rately warm,  concentrated  hydrocnloric  acid;  but  the  greater  part  of  the  dissolved 
titanic  add  is  predpitated  on  boiling  the  solution  with  dilute  adds.  The  neutral 
titanates  of  the  alkali-metals,  M'TiO',  are  insoluble  in  water,  but  soluble  in  acids. 
The  titanates  of  the  earth-metals  and  heavy  metals  are  insoluble,  and  may  be  obtained 
by  precipitation.  Hautefeuille  has  prepared  several  of  them  in  crystals,  the  form  and 
physical  characters  of  which  are,  in  some  cases,  identical  with  those  of  native  titanates. 

Tit  an  ate  of  Calcium^  CaTiO'. — This  compound  occurs  native  as  Percwekite,  in 
small  cubes  and  other  monometric  forms,  with  cubic  deavage  tolerably  perfect.  Uaid- 
ness  »  6'6.  Specific  gravity  <»  4*017.  Lustre  metallic  adamantine,  less  bright  on 
the  cleayage-faces.  Colour  greyish  to  bon-black.  Streak  unooloured  to  greyish. 
Opaque  to  subtranslucent. 

Analyses: — a.  From  Achmatowsk,  near  Slatoust,  in  the  Ural:  black  (Jacobson, 
Pogg.  Ann.  Ixii  696). — b.  From  the  same:  brown  (Brooks,  t^.). — e.  From  the 
Fi^elen  Glacier,  near  Zermatt  (Bamour,  Ann.  Min.  [4},vi.  313). — d.  From  Vogts- 
buzg  on  the  Kaiserstuhl  (Seneca,  Ann.  Ch.  Pharm.  civ.  371): 

A.  0.  c  d» 
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Sphene(ortitanite)isa  silico-titanate  of  caldum,  CaSiO'.CaTiO'  (p.  398).  Re- 
specting the  artificial  crystallisation  of  this  compound  and  of  caldc  titanate,  see 
TiTAinTB  (p.  836).  The  artificial  crystals  of  calcic  titanate  are  said  by  Hautefeuille 
to  be  dimetric,  whereas  those  of  natural  perowskite  are  monometric. 

Titanates  of  Iron. — o.  Ferric  titanate  ia  prepared  by  igniting  finely-pulverised 
titaniferous  iron  (p.  846)  with  several  times  its  weight  of  calcium-dSoride,  treating  the 
fused  mass  with  water  to  remoye  calcium-chloride  and  ferric  chloride,  and  the  residue 
with  concentrated  hydrochloric  acid,  which  dissolves  titanate  of  calcium.  Ferric  tita- 
nate then  remains  in  long,  thin,  opaque  needles,  having  a  dark  steel-grey  colour  and 
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brilliant  lastre.  The  crystals  dissolTe  in  melting  add  potaasic  solphato,  forming  a 
yellow  liquid,  which  dissolves  in  water  when  odld ;  they  are  not  altered  by  ignition  in 
contact  with  the  air,  or  in  chlorine-gas,  or  by  boiling  with  strong  hydrochloric  or  sul- 
phuric acid.    (Liebig  and  Wohler.) 

3.  Ferrous  iitanaU,  Fe^TiO^  or  2FeO.TiO<,  is  produced  by  fusing  a  mixtore  of 
2  pts.  titanic  oxide,  6  pts.  ferrous  fluoride,  and  a  large  excess  of  sodium-chloride.  On 
treating  the  fused  product  with  a  Luge  quantity  of  water,  remoTins  the  lighter  sub- 
stances by  levigation,  and  heating  the  residue  with  dilute  acetic  add  till  all  UininiM» 
products  are  dissolved  out,  ferrous  titanate  remains  in  small  prismatic  erystals,  having 
a  dark-purple  colour  and  the  lustre  of  steel,  and  yielding  an  ochre-yellow  powder. 
Their  specific  gravity  is  4*37 ;  they  are  not  magnetic,  and  do  not  contain  any  feme 
oxide.    (Hautefeuille,  Jahresb.  1864,  p.  218.) 

7.  The  mineral  called  Titaniferous  Iron,  or  Ilmenittt — also,  in  certain 
varieties,  Cricktonite,  Menakan,  MenaocaniU,  Kibdelophane,  Ba8€momdane,  Bya- 
tatUef  Waakinfftonite,  MohsiU  —  consists,  sometimes  of  nearly  pure  fenona 
titanate,  sometimes  of  magnesio-ferrous  titanate,  sometimes  of  isomorphons  mix- 
tures of  ferrous  titanate  with  feme  oxide  and  ferroeo-ferric  oxide.  It  occurs  in  he- 
mihedral,  rhombohedral  cr^^stals  (tetartohedral  to  the  hexagonal  type),  isomoi|^oii8  with 
iron-glance,  having  the  pnndpal  axis  «>  1*3767,  the  angle  B :  B  in  the  terminal  edges  » 
85^  43',  and  clearing  imperfectly  parallel  to  B  and  oB ;  where  the  deavage  appears  to 
be  perfect,  it  is  probable  that  combination-faces  of  different  individuals  exist  (SLOpp'a 
Krystaffographiey  p.  211).  The  crystals  are  more  or  less  tabular,  often  forming  twins, 
united  by  the  feioe  B  or  oB ;  also  implanted  or  imbedded,  and  united  into  groups,  with 
scaly  or  p^ranular  structure.  The  mineral  likewise  occurs  compact,  in  massive  or  in 
loose  grains,  and  in  the  form  of  sand  (titaniferous  sand,  titanifSerons  ironsand).  Haid- 
ness  a  5*0  to  6*0.  Specific  gravity  »  4*6  to  5*0.  Lastre  snbmetallie.  Colour  iron- 
black  to  steel-grey.  Streak  black  to  brownish-red.  Opaque.  Fractnre  oonchoidal. 
Slightly  magnetic  Before  the  blowpipe  it  is  invisible,  or  becomes  rounded  in  the 
reduction-flame  at  the  edges  only  (the  variety  from  Uddewalla,  in  Sweden,  is  fusible^ 
according  to  Flantamour).  With  fluxes  it  gives  the  reactions  of  iron ;  the  microoosmie 
salt  bead  becomes  red  or  brown-red  in  the  inner  flame,  and  violet  when  treated  with 
tin  upon  charcoal ;  many  varieties  give  the  manganese  reaction  with  soda  and  nitre. 
The  nnely-pulverised  mineral  dissolves  with  more  or  less  facility  in  hydrochloric  add* 
leaving  a  residue  of  titanic  add.  The  solution  is  generally  yellow,  containing  both 
forric  and  ferrous  oxides.  When  heated  with  strong  sulphuric  acid,  it  acquires  a  dark- 
blue  colour,  which  however  disappears  on  addition  of  water,  titanic  add  then  remain- 
ing undissolved. 

Analyses : — A.  Containing  lUUe  or  no  Ferric  Oxide, — a.  From  St  Christophe,  near 
BourgaOisanSjinDauphine :  Crichionite;  specific  gravity =4*727  (Marignac,  Ann.  Ch. 
Phys.  [3],  xiv.  50). — b,  Ingelsberg,  near  Hofgastein.  in  the  Pini^gau:  Ajotomous Iron- 
ore;  KihdeUyphane :  arystalHsed ;  non-magnetic,  or  very  slightly  magnetic ;  a.  Specific 
gravity  -i  4*661  (v.  Kobell,  Schw.  J.  Ixiv.  59,  245);  /3.  Specific  gravity  »  4*689 
(Bammelsberg,  Afinera^A^me,  p.  408).— c.  Bio  Chioo,  province  of  Antioquia,  New 
Granada:  grains  from  the  auriferous  and  platiniferous  sand  (Dam our,  Aim.  lllln. 
[8],  11.  445). — d,  Layton's  Farm  in  the  State  of  New  York :  crystallised,  yielding  a 
blown-black  powder;  non-magnetic;  specific  gravity  « 1*293— 4*313  (Bammelsberg): 
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If  the  smaU  quantity  of  ferric  oxide  in  a  and  b,  jS  be  deducted,  and  the  magnesia  and 
manganons  oxide  converted  into  thdr  equivalents  in  ferrous  oxide,  the  compodtion  of 
these  minerals  may  be  nearly  represented  by  the  formula  FeO.TiO'  or  FeTTiO*,  which 
requires  53*72  TiO'  and  46*28  FeO. — o  is  also  nearly  the  same,  but  may  be  more  dosdy 

represented  by  the  formula  8Fe0.9TiO*. — d  is  magnesio-ferrous  titanate,  ]^[  TiO*,  or 

FeO.TiO'  +  MgO.TiO',  the  calculated  compodtion  of  which  is  58*82  per  cent  TiO*, 
26-47  FeO,  and  14*71  MgO. 

Shephard's  jMracolumbiie  (iv.  341)  is,  according  to  Pisani  (SilL  Anu  J.  [21, 
xxxvii.  359),  a  ferrous  titanate,  difficult  to  separate  from  the  matrix.  It  has  a  hiurd- 
ness  =  4'5 ;  specific  gravity  ^  4*353 ;  mdts  to  a  black  magnetic  bead,  and  gives  by 
analyds : 


r\o*. 

sio«. 

Al«0». 

Fe»0>. 

FeO. 

MgO. 

CaO. 

35*66 

10-66 

7-66 

8-48 

3908 

1-94 
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-     100-54 

B.  lacmtorphou*  Mixtures  of  Ferrous  TUanate  and  Ferric  Oxide, — ^Titaniferous  iron 
occurs,  containing  these  oompoimdB  mixed  in  ytirions  piroportioDS,  between  9FeTiO'.Fe'0* 
and  FeTiO^.lSFe'O*.  The  following  formnlse  mnst  be  regarded,  not  as  representiog 
definite  compounds  of  feirons  titanate  and  feirie  oxide,  bnt  merely  as  approximate 
expressions  of  the  composition  of  the  sevefral  varieties  of  the  mineral  as  determined  by 
analysis.  For  the  discussion  of  the  formnlse^  see  £  am  m  els  berg's  Mmeralchemu 
(pp.  409—419). 

a.  From  Egersnnd  in  Norway :  massive ;  nearly  black  ;  specific  gravity  «  4*744 — 
4*791  (Bammelsberg). — b.  Kiageroe,  Norway:  massive;  specific  gravity  ««  4*701 
(Ba  mm  el  8  berg). — c.  St.  Paul's  ftiy,  Canada:  massive,  granular,  slightly  magnetic; 
specific  gravity  -  4*66—4-66  (Hunt,  Sill.  Am.  J.  [2],  xi.  231).—^.  Gienaga,  Pro- 
vince of  Antioquia,  New  Granada  (Bam our,  loc,  eU,), — e,  Bmen  Mountains,  near 
Miask:  i^meni^d ;  crystallised ;  powder  brown -black ;  slightly  magnetic  (Bammels- 
berg).—/. Ch4teau-Bicher,  Canada:  non-magnetic  grains ;  specific  gravity  «  4*65 — 
4*68  (Hunt). — ff.  Iserweise,  intheBiesengebirge:  leerin  (in  part) :  granules  varying  in 
specific  gravity,  magnetic  power,  and  composition ;  the  analysis  given  is  of  a  strongly 
magnetic  grain  (Bammelsberg). — H,  Lichfield,  Connecticut :  Waahinfftoniie ;  crys- 
tallised, slightly  magnetic,  yielding  a  black  powder;  specific  gravity*4*986  (Bam'- 
melsberg). — i.  £isenach,  Thuringerwald:  massive,  yielding  a  black  powder;  not 
magnetic;  specific  gravity  »  5*060  (Bammelsberg).—^'.  Uddewalla,  Sweden:  mas- 
sive; slightly  magnetic  (Plantamour,  J.  pr.  Chem.  xxiv.  802). — k.  Aschafienburg : 
massive,  laminar,  moetly  polar-magnetic ;  specific  gravity  ^  4*78  (v.  Kobell,  loc,  cit.), 
— I,  Snamm,  Norway :  massive,  accompanying  serpentine  ancT  hydrotalcite ;  speciflo 
gravity  «>  4*943  (Bammelsberg). — m,  St.  Gothard:  crystallised,  yielding  a  black 
powder,  non-ma^etic;  specific  gravity  «*  5*187  (Bammelsberg). — «.  Krageroa 
(so-called  iron-piance) ;  ciystallised,  slightly  magnetic;  specific  gravity  «-  6*240 
(Bammelsberg) : 

•no*.  Fe«0». 

a,  9FeTiO»;Fe«0«      .        .    61*30  8*87 

b,  „  „  .  .  46*92  11*48 
e,        „         „  .        .    48*60         1016 

d.  „         „  .        .    48-14  9*46 

e.  6FeTiO«.Fe«0«  .  .  46*93  14*30 

f.  4FeTiO".Fe*0"  .  .  41*91  20*63 
a.  3FeTiO".Fe«0»  .  .  39*70  2702 
A.  FeTiO».Fe«0«  .  .  23*72  53*71 
t.  FeTiO».2Fe*0»  .  .  16*20  69*91 
j.  „  ,,  .  .  15*66  68*31 
k.  FeTiO".3Fe»C»  .  .  1416  76*00 
I.  FeTiO".4Fe«0«  .  .  10*47  80*63 
»i.  FeTiO».6Fe«0«  .  .  12*67  82*49 
n.  FeTiOM3F^O»  .  .  3*65  93*63 

C.  taniferous  Iron  of  abnormal  composition. — ^This  g^up  includes  ferric  titanates, 
ferroso-ferric  titanates,  and  isomorphons  mixtures  of  ferrous  titanates  and  ferroso-ferric 
oxide  (magnetic  iron-ore). 

a.  Harthau,near  Chemnitz:  crvstallised in  six-sided  plates  (Hesse,  Jahresb.  1866, 
p.  839). — b.  Iserweise,  in  the  Biesengebirge :  grains  with  octahedral  outline  (pro- 
bably rhombohedral,  with  the  faces  oB),  occurring  among  the  grains  of  iserin, 
having  a  much  lower  specific  gravity  than  the  latter,  and  rather  strongly  magnetic 
(Bammelsberg). — c,  Unkel, on  the  Bhine (formerly called  scoriaceous  magnstic iron- 
ore)  :  crude  masses,  having  a  oonchoidal  fracture,  inteigrown  with  basalt,  yielding  a 
black  powder;  specific  gravity » 4*906  (Bammelsberg). — d.  On  the  bai^  of  the 
Mersey :  magnetic;  specific  gravity  »  4*82  (Edwards,  J.  pr.  Chem.  xxi.  124)  : 

Tins.  FeSQS.  FeO.         MnO.         SfgO. 

a.  4re«0«.9TiO«  .        .        .    6301  47*35 -  100*86 

A.   4(FeO.TiO«).Fe«0«.3TiO«.     6719  16*67  26*00       .     .         1*74  -  100-60 

c,  2(FeO.TiO«).3(Fe0.2Fe«0«)    8*27  51*81  87*22       2*03        0*78  -  100*11 

d,  3(FeO.TiO«).5(FeO.Fe«0»)    16*28  48*71  8601        .     .        .     .  -  100 

A  titaniferous  iron-ore,  imbedded  in  the  diallage  and  augitic  gabbro  of  Baste  in  the 
Harz,  was  found  by  Streng  (Jahresb.  1862,  p.  716)  to  contain  45*77  per  cent  TiO', 
44*56  Fe«0»,  and  0*56  CrH)«. 

Magnetic  Ironsand. — In  many  localities,  black  ferruginous  grains  occur,  strongh^ 
attracted  by  the  magnet,  and  ptutly  in  the  form  of  regular  octahedrons.    In  a  speci- 
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men  from  the  ooost  of  Knlaiid,  Klapfodi  foond  14  per  cent.,  Malj  33  per  eenL,  titaiiie 
oxide ;  Coidier  has  found,  in  sLnular  specimens,  from  11  to  16  per  eent.  titanic  oxide. 
Id  an  ironsand  containing  octahedrons  from  the  Etna  lavas,  t.  Walterfaaasen  foond 
12*38  per  cent.  TiO*  and  92*18  FeH)*,  vfaieh  is  an  excess  of  4*56,  indicating  the ' 
presence  of  fenoos  oxide.  A  specimen  of  rerj  fine  ironsand  from  the  Mnggel  Leke, 
near  Berlin,  yielding  a  hladc  powder,  and  having  a  specific  grarity  of  5*075,  was  foond 
by  Bammebbeig  to  contain  5*20  per  cenL  TiO*,  6136  Fe^O*.  30*25  FeO,  1*23  MnO, 
and  0*48  MgO  (  =  98*52),  which  may  be  nearly  represented  by  the  formnla  FeO.TiO'. 
6(FeOJF'e'0') ;  but  all  these  substances  are,  perhaps,  merely  mixtores  of  ferrous 
titanate  and  magnetic  iron-ore,  and  the  ocenxrence  of  definite  propQrti<ms  is  merely 
acddental. 

TiianiferouM  Iran  containing  Tantalum  and  Niobium. — In  the  diamond-sand  of  Di»- 
roantino  in  Brazil,  Damonr  fonnd  black  grains,  yielding  a  dark-green  powder,  and 
baring  a  specific  grayitr  of  4*82,  whidi  contained  74*32  per  cent.  TiO*,  6*67  TaH)* 
204  SnO*,  and  1 6-97  FeO. 

According  to  A.  £.  Nordenskjold  (Fogg.  Ann.  nrrii.  615),  a  mineral  resembling 
titanifexoas  iron,  or  ilmenite,  bat  containing  niobic  as  well  as  titanic  acid,  oocazs  ncac 
the  yillsge  of  Torro,  in  Finland. 

Titanate  of  Magnesium.—ThB  monobastesalt,  M^O*  «  HgO.TiO*,  is  Ibnned 
by  heating  1  pt.  titanic  oxide  to  whiteness  for  a  short  time  in  a  closed  reesel,  with  10 
pts.  chloride  of  magnesium,  and  a  small  quantity  of  sal-ammoniac  On  treating  Um 
nised  product,  first  with  water  containing  acetic  acid,  then  with  pure  water,  the  mono- 
magnesic  titanate  remains,  in  shining  six-sided  c^stals,  probably  belonging  to  the 
trimetric  system,  and  coloured  reddish  by  a  trace  of  manganese.  They  scratch  glass, 
and  hare  a  density  of  *3*91.  If  the  chloride  of  ammonium  be  omitted  in  the  pre- 
paration, the  proportion  of  magnesium  in  the  crystals  will  be  somewhat  greater 
(Hautefeuille).— The  dibasic  salt,  iS^TiO*  «  2MgO.TiO*,  is  obuined  byfosing 
2  pts.  titanic  oxide,  1  pt.  magnesia^  and  40  pts.  chloride  of  magnesium,  snd  proceeding 
as  in  the  preparation  of  the  corresponding  ferrous  salt  (p.  846).  It  forms  ybtj 
brilliant  regular  octahedrons,  harder  than  glass  and  having  a  specific  gravity  of  3*42. 
(Hautefeuille.) 

ManganouB  Titanate$  (Hautefeuille). — ^The  dibasic  <a//,  MnrTiO",  is  ob- 
tained by  heating  titanic  oxide  with  fluoride  of  manganese,  but  always  mixed  with 
the  laminar  monobasic  salt ;  neither  of  these  compounds  has  been  further  examined. 

Titanates  of  Potassium. —The  monobasic  salt,  K«TiO»  «  K*O.TiO«,  is  ob- 
tained by  fusing  titanic  oxide  with  excess  of  potassic  carbonate.  Two  fused  lasers  are 
then  formed,  the  upper  containing  the  excess  of  carbonate,  the  lower  the  monobasic  potae- 
sium-titanate.  This  salt  forms  a  yellowish,  fibrous,  easily  fiisible  mass,  which  is  resolved 
by  water  into  an  insoluble  acid  salt,  and  a  soluble  salt  containing  a  larger  proportion 
of  base. — The  acid  salt  is  a  soft  white  powder,  which,  after  ignition,  contains  17*33  tu 
18*01  per  cent.  K'O,  and  8267  to  81*99  TiO*.  On  treating  it  with  strong  hydrochlorie 
acid,  and  satarating  the  liquid  with  ammonia,  a  precipitate  is  formed,  which,  after 
ignition,  contains  91*3  per  cent.  TiO*  to  8*7  K«0.    (H.  Bose.) 

A  silico-titanate  of  potassium  is  formed  by  igniting  titanic  oxide  with  excess  of 
silica  and  excess  of  potassium-carbonate,  and  re<aains  behind  on  treating  the  mass 
with  water,  which  dissolves  out  carbonate  and  s'Mcate  of  potassiom.  When  moist,  it 
dissolves  easily  in  concentxnted  hydrochloric  acta,  forming  a  solution,  which,  when 
boiled,  deposits  flocks,  somewhat  soluble  in  water,  and,  when  mixed  with  ammonia, 
yields  a  precipitate  of  silicic  and  titanic  acids. 

Titanates  of  Sodium.— The  monobasic  salt,  Na*TiO«  =  Na«O.TiO*,  prepared 
like  the  corresponding  potassium-salt,  is  resolved  by  water  into  an  insoluble  acid  salt 
and  free  soda.  This  acid  salt  forms  white  sandy  grains,  containing  15*14  to  15*30 
per  cent.  Na'O,  74*78  to  75*47  TiO',  and  1013  to  9*28  water.  On  treating  it  with 
strong  hydrochloric  acid,  and  neutralising  with  ammonia,  there  remains  a  residue  tem- 
taining  96-2— 96*56  per  cent.  TiO«  to  3*8— 8-44  Na«0.    (H.  Rose.) 

Titanate  of  Zirconium  is  precipitated  on  mixing  the  eolations  of  zirconic  and 
titanic  chlorides,  and  adding  sulphate  of  potassium  (Berzelius).  Titanate  of  siroo- 
nium  is  one  of  the  constituents  of  aeschynite,  fergusonite,  and  polymignite  (i.  59 ;  iv. 
55,  687). 

TXTAjrnntt,  oxTcnbosz»a  or.   See  p.  837. 

TXTASmrM,  OXTT&VOSIDa  OF.     See  p.  840. 

TXTAimrM,  mUKWmxnm  of.  TiS*.~This,  the  only  known  sulnhide  of  tita- 
nium, was  discovered  by  H.  Bose,  who  prepared  it  by  slowly  passing  the  vapour  of 
carbonic  disulphide  over  titanic  oxide,  very  strongly  ignited  in  a  porcelain  tube. 
Berzelius  obtained  it  by  igniting  a  mixture  of  1  pt.  pulverised  rutile,  1  pt.  dry  carbon- 


TITANIUM.GREEN— TOBACCO.  849 

ate  of  Bodimn,  1  pt  salphnr,  and  }  pt.  ehaicoal,  in  a  cntcible  lined  wiUi  ehaxeoal. 
I^uger  quantities  are  best  prepared  by  passing  a  stream  of  dry  sulphjdiic  add  gas 
into  a  tubulated  retort,  containing  titanic  chloride,  and  having  its  neck  connected  with 
a  glass  tube  laid  horizontallT  oyer  a  furnace.  As  soon  as  this  tube  is  heated  to  com- 
mencing redness,  the  retort  is  warmed  to  such  a  degree,  that  the  sulphydric  acid  gas 
may  pass  into  the  tube  saturated  with  the  vapour  of  titanic  chloride,  at  a  temperature 
somewhat  below  the  boiling-point  of  the  latter.  Hydrochloric  acid  vapours  are  then 
given  0%  and  titanic  sulphide  remains  in  the  tube.  (Ebelmen,  Ann.  Ch.  Phys.  [3], 
zz.  285.) 

Titanic  sulphide  thus  prepared  forms  large,  brass-yellow,  metallically  lustrous 
scales,  which,  when  rubbed  on  the  skin,  cover  it  with  a  shining  coating  like  mosaic 
gold.  When  ignited  in  the  air,  it  bums  readily,  yielding  titanic  oxide  and  sulphurous 
oxide,  which  is  volatilised.  It  detonates  when  heated  with  nitre.  It  is  decomposed  by 
dry  chlorine-gas,  the  products  being  chloride  of  sulphur  and  chloride  o£  titanium. 
With  nitric  acid  it  is  resolved,  with  rise  of  temperature  and  disengagement  of  nitric 
oxide,  into  titanic  oxide  and  sulphur.  It  is  oxidised  by  warm  nitromnnatio  add, 
yieldiuff  titanic  add  (the  ^ater  part  of  which  remains^  undissolved)  and  gulj^uric 
add.  It  dissolves  slowly  m  hydrochloric  add,  with  evolution  of  sulphydric  aoid  (H. 
itose).  At  a  tolerably  strong  red  heat,  it  decomposes  vapour  of  water  with  great 
facility,  and  is  converted  into  titanic  acid,  with  evolution  of  sulphydric  add  and 
hydrogen-gas  (Regnault).  It  is  also  gradually  decomposed,  with  evolution  of  sulphy- 
dnc  acid,  by  exposure  to  moist  air.  When  digested  with  aqueous  potash,  it  is  rapidly 
converted  into  white  titanate  of  potassium,  which  is  predpitated,  and  sulphydrate  of 
potassium,  which  dissolves:  TiS*  +   2E:H0  »  TiO*  +   2KnS.    (Rose.) 

TITAJIU  Mi^JMWMMm  Fenocvanide  of  titanium, 'predpitated  by  fenocyanide 
of  potassium  from  a  solution  of  titanic  chloride,  has  been  recommended  as  an  inno- 
cuous substitute  fbr  Sohweinfdrt-fireen  and  other  arsenical  green  pigments ;  its  colour, 
however,  is  fisur inferior  to  that  of  Schweinfurt-green.  (Elsn  er,  Dingl.  poL  J.  cv.  130. 
— Qentele,  ibid.  cbc.  238 ;  see  also  Jahreeb.  1847-48,  p.  1068.) 

TITAVimiE-BJLWll.    PalveTolent  titamferous  iron  (p.  847). 

TITAMIIIMf-nniBZto    See  Ibow,  AixcfiB  or  (iii.  370). 

TZTSATZOV.    See  Axaltbis,  Voluxxtbzo  (i.  264). 

vaukm  Boronatrocaldte,  ooeoxring  in  lumps  in  the  depodts  of  nitrate  of  soda  in 
Peru  (i.  649). 

TOBACCO.  This  substance,  so  extensively  used  Ibr  Bmokinfl^  snuiBnff,  and  ehewins; 
is  prepared  £rom  the  leaves  of  several  spedes  dNicotiana—chimy  If,  Tabae^fm,  Viigima 
tobacco;  N,  macropkyUa,  Maryland  tobacco;  N.  nw^ica,. and  N.  qvadripalids.  The 
tobacco-plant  is  indigenous  in  tropical  America,  but  thrives,  under  various  elimatie 
conditions,  as  high  as  the  fiftieth  degree  of  latitude,  and  is  ea^tensively  cultitated  in 
most  oountnes  within  those  limits. 

The  earliest  chemical  investigation  of  tobacoo-leaves  is  that  of  Posselt  and 
Beimann  (Geiger^sMag.  xxiv.  138;  xxv.  [2],  67),  who  found,  in  1,000  pts.: 

Malic  add,  malates,  and 

nitrates  .  .  .  0'7 
Other  potassium-salts  .  1*2 
Phosphate  of  caldum  .  1*7 
Woody  fibre,  water,  &a.  924*8 

According  to  later  investigations,  the  proportion  of  the  ^isonous  alkaloid,  nico- 
tine, is  much  larger.  Sch losing  (Ann.  (^.Phys.  [8],  xix.  280)  found,  in  different 
sorts  of  tobacco,  from  2  to  8  per  cent,  nicotine,  the  better  and  milder  varieties,  such  as 
that  from  Havaunah,  containing  the  smallest  quantity.    (See  Niootins,  iv.  46.) 

Another  volatile  constituent  of  tobacco  is  nicotianine,  or  tobacco-camphor 
(iv.  44).  Vauquelin  (Ann.  Cbim.  Ixxi.  139)  found  in  tobacco  an  organic  acid,  which 
he  regarded  as  malic  add,  a  result  confirmed  by  Posselt  and  Reimann.  Barral 
(Oompt.  rend.  xxi.  1374)  regarded  it  as  a  peculiar  add,  designatiDg  it  as  nicotic  acid. 
Accoraing  to  Goupel  (Ann.  Ch.  Phys.  [3],  xvii.  603),  the  add  of  tobacoo-leaves  is 
malic  add  with  a  httle  citric  add :  from  100  gims.  of  the  dried  leaves  he  obtained  £rom 
3  to  4  gnus,  of  add  ammonium-malate. 

TobMco  contains  a  considerable  amount  of  incnrganie  constituents,  the  dried  leaves 
yielding  &om  18  to  23  percent,  of  ash.  According  to  Gasaseca  (Ann.  Ch.  I^^s. 
[3],  xlv.  479),  good  Havannah  tobacco  contains  from  16  to  16*8  per  cent  ash ;  infenor 
sorts  from  17'8  to  19*4  per  cent. ;  the  latter  contained  a  trace  of  iodine,  which  was  not 
fbundin  the  better  kinds.    Vogel  (Repert.  Pharm.  [1868],  vi.  100)  found,  in  Turkish 
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tob«oeoftoiiiTarioiisloeaIitie8,17to2Sp0roeiit.;  in  Riusiaii,  21*9  to  24*9;  isCteMHn, 
19  per  cent  ub.  Will  andFresenins  (Ann.  Ch.  Fhann.  1.  387)  have  analyaad  the 
osh  of  sereral  vaiietiM  of  Hnngazian  tobaooo  (No.  L  to  Tiii.  of  the  fbUowing  taUe),  and 
Hers  (ibid.  Isdz.  109)  has  amJysed  that  of  tobaeoo  grown  in  the  neig^boiufaood  ci 
NnrDb€ig  (No.  ix.) : — 
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0-9 

11-4 

2-2 

3-6 

4-6 

3-2 

6-4 

2-6 

9*6 

Chloride  of  potaasnim 
Ferrie  phoepiate         •        • 

■    • 

8-9 

8-5 

•    . 

4-4 

8-3 

80 

3-0 

8-8 

6-8 

61 

4-3 

6-2 

6-7 

7-5 

6-3 

4-3 

Phosphate  of  caldnm  • 

•        • 

•    • 

•     • 

6-0 

Sulphate  of  calfiinm    . 

6-4 

101 

80 

5-6 

6-7 

6-1 

9*4 

5-1 

SUica 

17-6 

60 

9-3 

5-1 

5-5 

6-3 

8-3 

12-0 

4-6 

Sulphnzie  anhydride  .       . 

•    • 

■    • 

•    . 

•    . 

■    • 
1000 

•    • 

•    • 

•        • 

2-8 

99-9 

100-5  '99-0 

1 

99-9 

99-9 

99-4 

100-0 

99*8 

Sehlosing  (J.  pr.  ChenL  bocd.  148)  has  determined  the  qnaatitiea  of  polaahv 
lime,  magnesia,  snlphnric  add,  and  chlorine  in  tobacco  grown  on  varions  sous.  In 
the  ahvdried  leayes  of  twelye  different  sorts,  he  fonnd  90  pts.  of  dry  snbstanoe  and 
10  pts.  water:— 


I. 
1-0 

n. 
i» — 

1-0 

m. 
2-6 

IT. 

1-7 

T. 

21 

▼I. 
1-6 

▼n. 
2-2 

Tm. 
2-5 

iz. 

z. 

ZI. 

zn. 

Potash      .... 

1-1 

0-8 

1-4 

2-a 

Lime         •        •        •        • 

7-7 

7-6 

6*6 

7-2 

6-2 

7-3 

6-2 

6-6 

8-5 

8-3 

7-7 

7-4 

Magnesia .        .        •        • 

1-0 

0-8 

0-8 

0-7 

0-6 

•       • 

0-6 

.    . 

1-0 

1-1 

0i» 

o-s 

Snlphurie  anhydride  . 

1-0 

0-9 

10 

0-9 

0-8 

10 

0-8 

10 

0-8 

0-8 

1-0 

1-0 

Chlorine  .... 

0-7 

0*5 

0-4 

1-6 

0-4 

0-4 

0-4 

0-5 

1*8 

1-7 

•  • 

0-6 

The  combustibility  of  tobacco  is  inflnenced  to  a  considerable  eztent  by  the  propor- 
tion of  the  potash  and  lime  contained  in  it,  and  the  manner  in  which  these  bases  are 
combined  with  acids.  The  ash  of  the  more  combustible  tobaccos  is  comparatiTelT 
rich  in  carbonate  of  potassium,  showing  that  in  these  tobaccos  the  potash  is  in  combi- 
nation with  orgranic  acids ;  whereas  the  ash  of  the  less  combustible  tobaccos  contains 
sulphate  and  ddoride  of  potassium,  together  with  carbonate  of  ealdum,  instead  of 
carbonate  of  potassium,  showing  that  in  these  tobaccos  the  organic  adds  are  combined 
with  lime.  A  slowly-burning  tobacco  may  be  rendered  more  combustible  by  adding 
to  it  an  oiganic  potassium-salt,  in  such  quantity  that  the  amount  of  potash  in  the  ai& 
may  be  more  than  equiTslent  to  the  sulphuric  and  hydrochloric  adds  present;  and,  on 
the  other  hand,  the  eombustibili^  of  tobacco  may  be  diminished  by  mixing  it  with 
such  a  quantity  of  sulphate  or  chioride  of  magnesium,  calcium,  or  ammomnm,  that 
the  amount  of  hydzoenlorie  or  sulphuric  add  in  the  ash  ma>y  be  more  than  equiTalent 
to  the  potash,  so  tbat  the  ash  will  not  contain  any  potaadc  carbonate.  (Sehlo- 
sing.) 

Tobacco  always  contains  nitrates.  According  to  Sehlosing,  these  salts  ave  most 
abundant  in  the  midrib  of  the  leai^  which,  in  different  varieties,  contains  from  0-16  to 
6-1  per  cent  nitric  add,  the  leaf,  deprived  of  ito  midrib,  contuning  from  0-02  to  2-0 
per  cent.  The  ready  inflammability  of  tobacco,  and  ite  capability  of  buraiog  with  a 
smouldering  flame,  are  due,  in  great  part,  to  this  large  amount  of  nitrates. 

In  the  smoking  of  tobacco  an  imperfect  combustion  takes  place,  one  part  of  the  tobacco 
burning  in  contact  with  the  air,  and  produdng  by  its  combustion  a  quantity  of  heat 
suffident  to  decompose  the  remainder  by  destrnctiye  distillation,  produdng  water  and 
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tar  (oil  of  tobaeoo),  which,  ▼ben  the  tobacco  is  smoked  in  a  pipe,  eondense  as  liouid 
prodacts.  Tobaoeo-amoke  consists  paitlj  of  pennanent  gases — ^namely,  carbonic  oxide, 
carboDie  dioxide,  and  perhajw  also  one  or  more  hydrocarbons — ^paitly  of  condensable 
vapours,  including,  aocoiding  to  Zeise  (Ann.  Ch.  Pharm.  zlvii.  212),  ammonia, 
butyric  acid,  probably  also  acetic  add,  paraffin,  empTrenmatie  oil,  and  resin,  bnt  no 
creosote.  MeHsens  found  nicotine^  the  presence  of  ▼hich  is^  indeed,  sufficiently  indi- 
cated b^  the  narcotic  action  of  the  tobaooo-smoke.  Vogel  (BeperL  Pharm.  vi.  1 
155 ;  Tii.  07,  514 ;  viii.  145)  found  snlphydric  and  hydrocyanic  acids,  and  detennined 
their  quanti^,  as  wall  as  that  of  the  ammonia:  from  100  onns.  tobacco  he  obtained 
07  to  2*8  gnns.  ammonia.  The  proportions  of  the  sevaral  oonstitaents  of  tobaooo- 
smoke  Tary,  of  course,  according  to  tne  freedom  of  acoess  of  air  daring  the  eombus- 
tion :  hence  the  diffefence  in  the  action  of  tobacco,  according  as  it  is  smoked  in  pipes 
or  in  cigars. 

Beq)ecting  the  manuflAetnre  of  tobacco  and  sniif(  see  Ur^9  DMomary  ofJbU^  &c., 
iii.  907 ;  Hcmdw*  d,  Chenu  viii.  462. 

TOBAGCMMIAMraOB.    Syn.  with  KnxyiuxraB  (iv.  44). 

TOSAOCPO-OBk    TliA  empyreamatio  oil  prodnced  in  the  destmotiTe  distillation 
of  tobacco. 


TOBAOOO-SBBB  OZIm  Tobaooo-seeds  are  sud  to  yield,  by  j^ressure,  about  86 
per  cent,  of  a  greenish-ycdlow,  mild,  inodorous  oil,  of  spedflc  gravity  0*928  at  16^, 
■olidi^ring  at  —  25S  and  quickly  drying  when  exposed  to  the  air. 

TOBHA&BA.    See  Lofbi-boot  (iii.  788). 

TO&AZ&T&-0UXirarDB.  (C*H*)n9L— A  product  obtained,  together  with 
others,  by  the  dry  distillation  of  sulphide  or  disuphide  of  benzyL  After  repeated 
crystallisation  from  alcohol,  it  forms  a  white  crystalline  powder,  very  sparingly  soluble 
inaloohd,  more  easily  in  ether  or  in  benzene,  and  melting  at  148^ — 145^.  (M&reker, 
Ann.  Gh.  Pharm.  cxxxvi.  75.) 

TO&na.  G'*H>*.— The  oily  constituent  of  tolu-balsam  (i.  498).  The  balsam 
distilled  with  water  yields  0*2  per  cent,  of  the  oil  (Deyille),  1*1  per  cent. 
(Scharling),  which  may  be  rectified  over  hydrate  of  potassium.  Scharling  ftirtber 
treats  it  with  potassium,  and  then  rectifies  it  again. 

Tolene  is  a  colourless  T<ny  mobile  liquid,  having  a  pungent  odour,  and  a  specific 
gravity  of  0*858  at  10*^  (R  Kopp).  It  boils  at  170<>  (Deville ;  Scharling),  at  154^— 
160°  (£.  Kopp).  VapouTHlensity  ■»  5*1  (Deville^  When  exposed  to  the  air,  it 
quickly  takes  up  oxygen,  and  becomes  resinised ;  it  likewise  oxidises  when  boiled  with 
water  and  mereurie  oodde,  forming  a  snu^  quantitv  of  carbonic  anhydride ;  but  the 
oxidation  is  not  easily  eompleted,  and  does  not  yield  any  well-characterised  products 
(Schorling).    Tolene  mixed  with  bromine  forms  a  Uaek-brown  tarry  liquid. 

VOUK    A  name  sometimes  applied  to  bensyl,  CH'. 

TOUOr.    Syn.  with  ToLUKinB. 

TO&V-BAaulAIB.    See  Balsams  (i.  498). 

TO&VAMXO  ACSS*    C*H*NO'. — Syn.  with  OzTrox.VAXio  Acm  (iv.  821). 

TO&mnnif  or  TO&VOSb.  CH*. — Syn.  with  Bemxtlio  Htdbidb,  under  which 
name  the  compound  has  been  already  described  (i.  574). 

Bettdes  the  modes  of  Hormation  there  mentioiied,  it  is  produced :— «.  By  distilling 
Yulpioor  oxytolie  add  with  potassium-hydrate  (Holler  and  Strecker,  Ann.  Ch. 
Pharm.  cxiii.  69).-— /S.  In  the  d^  distillation  of  several  organic  substances,  namely  of 
dragon's-blood  (OUaard  and  ]Boudaultk  i6ti.  liiL  325),  wood  (Cahours;  Volc- 
kel),  and  coal  (Mansfield)^  beinff,  in  fact,  a  constant  constituent  of  ooal-tar 
oil._Y.  By  the  action  of  methyl-iodiM  and  sodium  on  monobromobensene  (Pit tig 
andToUens): 

C«H"Br  +  CH«I  +  Na«    -    NaBr  +  Nal  +  OTP. 

This  and  the  following  mode  of  formation  show  that  toluene  may  be  regarded  as 
methylic  benaene,  C»HXCH«),  or  phenyl-methvl,  (>H».CH«. 

8.  By  the  mutual  action  of  benzene  and  methylic  hydride  (marsh-gas)  in  the 
nascent  state,  as  when  an  intimate  mixture  of  2  pts.  acetate  and  1  pt.  benzoate  of 
sodium  is  subjected  to  diy  distillation  (Berthelot,  Bull.  Soc.  Chim.   [1867],   i. 

'*'  C^«  +   CH*     -     G'H»  +   W. 

Other  homologues  of  benzene— namely,  xylene,  C5»H",  andcumene,(?H»— areprodaced 
at  the  same  time  by  similar  reactions.    The  formation  of  these  homologu«s  of  benzene 

3i2 
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in  the  deetrnctive  distillation  of  coal  is  probably  dne,  in  like  manner,  to  the  leacUon  of 
benzene  and  marsh-gas  at  the  moment  of  their  elimination  from  certain  constituents  of 
thecoaL^.  Tolnene  is  found,  together  with  many  other  hydrocarbons,  in  Hangoon  t^r 

(iv.  8). 

Toluene  is  most  advantageously  prepared  from  ooal-naphtha ;  in  fact,  the  coal- 
naphtha  now  occurring  in  commerce  consists  mainly  of  tolnene  and  its  higher  homo- 
logues.  It  may  be  obtained  tolerably  pure  by  collecting  the  portion  of  the  naphtha 
which  distils  between  100°  and  120°,  agitating  it  with  half  its  weight  of  stronR  sul- 
phuric acid,  and  rectifying  it  repeatedly,  collecting  apart  the  portion  which  distils 
between  108°  and  110°. 

Toluene  has  a  specific  gravity  of  0-8664  at  16°  (Mendelejef,  Jahresb.  1860,  p.  7) ; 
0-8824  at  0°,  08720  at  16°  (Warren,  ibid.  1866,  p.  626).  It  boils  at  1I0-3* 
(corrected).    (Warren.) 

Toluene-vapour  passed  through  a  porcelain  tube  heated  to  bright  redness,  is  decom- 
posed, yielding  uncondensable  gases  and  a  tarry  liquid,  which  may  be  resolved ,  by  two 
series  of  rectifications,  into  benzene,  OH';  unaltered  toluene,  C'H«;  nsphthalene, 
C"H* ;  benzyl,  C"H'*,  and  a  hydrocarbon  apparently  isomeric  therewith;  anthracene, 
C>*H",  chrysene,  C**H" ;  and  hydrocarbons  of  higher  atomic  weight.  The  fonnatioii 
of  these  hydrocarbons  may  be  represented  by  the  equations : 

2C'H»     -     C>*H>«  +  H». 
Toluene.  Benzyl. 

iCH"      =      8Cra«   +    C«»H«   +    8H*. 


Toluene.  Bensene.       Naphtha- 

lene. 

2CrH"     -    C"H»  +   8H«. 
Toinene.  Anthrm- 


«-  *• 


-   • 


180*^     -     7C"H"  +  80H«. 
Toluene.  Chiyfene. 

Or  the  ehxyaene  m^  be  formed  from  benzene,  according  to  the  equation  8C*H'  » 
C"H**  +  3H*.    (Berthelot,  BulLSoc.  Chim.  [1887],  i.  218.) 

Toluene  oxidised  with  dilute  nitric  add  ^elds  oxytolic  acid,  C'H'O' (Fittig, 
iv.  821);  but  fuming  nitric  acid  converts  it  into  nitrodracylic  acid,  C^^N0*)O', 
isomeric  with  nitrobenzoie  add  (iv.  60). 

IkrivoHveB  of  Tdume, 

The  rational  formula  of  toluene,  C*H*.U±l',  indicates  the  existenee  of  two  series  of 

sabetitution-producta,  according  as  the  hydrogen  of  the  phenyl-molecule^  or  of  the 

methvl-molecule,  is  replaced  by  other  radidea,  e^. : 

C«B[*d.CH«  C^».CH«C1 

Monochloroto-  Beosyllc  chlo- 

loene.  ride. 

C*H*(HO).CH»  C^».CH«(HO) 

Cretol.  Bensylie  alcohol. 

CraVNH«).CH»  Cra».CH«(NH«) 

Tokuidine.  Beniytamlne* 

These  isomeric  derivatives  differ  considerably  firom  one  another  in  thdr  propertJcs. 
Those  in  the  left-hand  column,  formed  by  replacement  of  hydrogen  in  the  phenyl-mole- 
cule,  are  comparatively  stable  and  indifferent  compounds,  like  those  derived  in  like 
manner  from  benzene,  CH' ;  whereas  those  in  the  right-hand  column,  formed  by  re- 
placement of  hydrogen  in  the  methyl-molecule,  are  more  active  bodies,  capable  of 
easily  exchanging  their  chlorine,  hydroxyl,  &c.  for  other  radicles  by  double  decomposi- 
tion. Thus  benzylic  alcohol,  treated  with  hydrochloric  add,  yields  benzylic  chloride; 
this  compound,  heated  with  alcohol  ammonia,  yields  bensyhunine ;  the  chloride  is  also 
easily  converted  into  the  acetate,  cyanide,  &c.  by  treatment  with  the  corresponding 
potasnum-salts.  In  shorty  these  last-mentioned  toluene-derivatives  exhibit  reactions 
exactly  like  those  of  the  corresponding  compounds  of  the  fatty  series,  and  may,  in  like 
manner,  be  supposed  to  contain  an  alcohol-radicle,  G'H',  called  ben^l  or  tolyl,  and 
referred  to  the  water^type,  ammoniartype,  &c:  e.fl^,  benzylic  chloride  «  C^*.C1; 
benzylic  alcohol  s  G^H'.H.O ;  benzylamine  -  G'H'J['.N,  &c. 

Jimldotolneiia,  C'H»N  -  C'H'(NH»)  -  C^XNH^.CH«.     Syn.  with  Tolui- 
Dun  (p.  866).  « 

See  AsoiDLiTiDiinn  (p.  867). 

(Glinzer  and  Fittig,  Ann.  Ch.  Fhaim.  exxzui.  47;  cxxxvL 
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SOI — Kekuli,  Ann.  Ch.  Phamu  cxzxrii  188,  192. — ^Lanth  and  Qrimaaz,  BalL 
Soc.  Ohim.  [1866],  i.  647 ;  [1867],  i  108). — ^Bromine  acts  diiectly  upon  toluene,  fonning 
monobromotoIuoDe,  or  bensylic  bromide,  aooording  as  the  reaction  takes  place  at  low  or 
at  high  temperatures.  Higher  snbstitntion-prodncts  appear  to  be  formed  at  the  same 
time,  but  they  have  not  been  isolated. 

MoNOBBOMOTOxuBNB,  G'H'Br  s  C*H*Br.CH*,  is  |)repaied  by  graduaUy  adding 
bromine  to  toluene  kept  cool  and  in  excess,  leaving  the  liqmd  to  itself  for  a  fev  days,  and 
purifying  the  product  by  agitation  with  potash-ley,  and  rectification  over  solid  potash. 
It  is  a  colourless  liquid,  having  a  faint,  not  unpleasant  odour  when  cold,  but  (accord- 
ing to  Lauth  and  Q-rimauz)  extremely  irritating  to  the  eyes  when  heated ;  according 
to  Fit  tig  and  Keknl^,  on  the  other  hand,  pure  bromotolnene  does  not  ^chibit  this 
irritating  property.  It  has  a  specific  gravity  of  1'4092  at  16^,  and  boUs  at  179^ 
(Glinzerand  Fittig);  at  181<>  (Lanth  and  Grimaux) ;  at  lS2-6^—lBZ^  (Ke- 
knle).  It  is  a  very  stable  compound,  and  is  not  decomposed  by  heating  with  ethylate 
of  sodium,  acetate  of  potassium,  acetate  of  silver,  cyanide  of  potassium,  or  ahxiholie 
ammonia. 

Bsngvlio  bromide,  CrH\Br  »  C<H\CH*Br,  is  easily  obtained  by  the  action  of 
gaseous  nydrobromic  acid,  or  the  saturated  aqueous  acid,  on  benzylic  alcohol ;  also  by 
the  action  of  bromine  on  boiling  toluene.  It  is  a  colourless  liqiiid,  fuming  slightly  in 
the  air,  and  boiling  at  198**— 199°  (KeknU);  at  202^  according  toLauth  and 
Grimau  x ;  but  their  product  was  probably  impnre.  It  has  at  first  a  pleasant  aro- 
matic odour,  but  exposure  to  its  vapour  produces  a  copious  flow  of  tears.  It  gives  up 
its  chlorine,  by  double  decompoution,  with  great  ftdli^,  being  rapidly  atta^ed  by 
acetate  of  potassium,  acetate  of  silver,  cyanide  of  potassium,  al<»hohc  solution  of  hy- 
drate or  suphydrate  of  potassium,  and  alcoholic  ammonia,  yielding  benzyl-compounds 
in  all  cases. 

DiBBOMOTOLUBKB,  C'H'Br'. — Toluene  is  capable  of  yielding  three  dibromin- 
at«d  derivatives,  coiresponding  to  the  dichlorinated  toluenes  (p.  854) ;  but  the  only  one 
hitherto  obtained  in  the  pure  state  is  that  which  corresponds  to  chlorobenaol,  via. 
dibromobenaol,  or  bromide  of  bemnrlidene,  C'H'.Br*  ■-  G*H*.CBi^  which  is  produced 
by  the  action  of  phosphoric  pentabromide  on  benzoic  hydride  ^bitter-almond  oil).  It 
is  decomposed  by  distillation  under  the  ordinary  atmospheric  pressure,  but  distils 
easily  in  a  vacuum.  When  treated  with  sodium,  or  sodium-amal^im,  it  yields  toluene 
and  benzyl,  C'^H^*  (Michael son  and  Lippmann,  Ann.  Oh.  Phann.  Snpp.  iv.  118). 
See  p.  870. 

Lanth  and  Grimaux  have  likewise  obtained  other  brominated  derivatives  of  toluene, 
but  not  in  sufficient  quantity  for  aoenrate  investigation. — a.  If  the  first  drops  of  bro- 
mine be  added  very  slowly  to  the  toluene,  no  disengagement  of  hydrobromic  acid 
takes  place ;  but  the  mixture,  which  remains  colourless,  deposits  a  small  quantity  of  a 
compound  in  hexagonal  tables,  perhaps  resulting  from  the  direct  fixation  of  bromine 
on  toluene. — /3.  Wkea  the  crude  bromotolnene  is  distilled  tall  the  boiling-point  rises 
to  185^  a  bliu^  viscid  residue  is  left,  extremely  irritating  to  the  eyes,  and  becoming 
filled,  after  a  few  days,  with  needle-shaped  crystals,  difficult  to  purify  from  a  thick 
viscid  substance  with  which  they  are  impregnated.— 7.  When,  toluene  was  treated 
with  2  at.  bromine  (for  the  preparation  of  dibromotoluene),  a  thick  liquid  was  fonned, 
which  remained  coloured  even  after  the  excess  of  bromine  had  been  removed.  Thia 
liquid,  when  distilled,  began  to  boil  at  187°,  continued  to  give  off  hydrobromie 
acid  till  the  temperature  rose  to  210°,  and  left  a  black  residue  which  did  not  soli- 
dify. 

Cblorotoloenea. — The  action  of  chlorine  upon  toluene  gives  rise  to  a  number  of 
substitution-products,  differing  in  constitution  according  as  ue  reaction  takes  place  at 
hi^h  or  at  low  temperatures.  Compounds  isomeric  with  some  of  these  are  also  ob- 
tained from  benzyhc  alcohoL 

Of  the  two  monochlorinated  compoimds  whose  existence  is  indicated  by  theory,  viz. 
monochlorotoluene  and  benzylic  chloride,  the  former  is  produced  at  low,  the  latter  at 
high  temperatures,  as  is  the  case  with  the  corresponding  bromine-compounds. 

MoNocHLOBOToxuBNB,  CfS^Cl.CH'. — ^DcviUc  obtained  this  compound  by  saturat- 
ing toluene  (prepared  £rom  tolu-balsam)  with  chlorine  (i.  574) ;  and  Beilstein  and 
Geitner  have  lately  shown  (Ann.  Ch.  Fharm.  cxxix.  381 ;  Bull.  Soa  Chim.  [1867]) 
i.  251),  that  it  is  always  produced  when  cooled  toluene  is  treated  with  chlorine.  As, 
however,  the  actipn  is  attended  with  rise  of  temperature,  benzylic  chloride  is  apt  to  be 
produced  at  the  same  time ;  but  pure  chlorotoluene  may  be  obtained  by  treating 
the  crude  product  with  any  of  the  reagents  by  which  benzylic  chloride  is  decomposed. 
Pure  chlorotoluene,  free  from  benzylic  chloride,  is  also  produced  at  once  by  treating 
toluene  with  chlorine  in  presence  of  iodine.  The  same  compound  is  probably  formed 
by  the  action  of  chlorine  on  cresoL 
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ChloiotniiieiM  hmk  at  161^^1599  (Beilstein  and  Geitner);  al  164<'(eomet6d) 
(Limprieht).  Spedfie  gtmtj  «  1-080  at  14^.  It  ib  not  afctackad  by  VBt«r at  800^^ 
}3j  imiwwiiaBal  alcohol  at  100^,  or  bj  aleoholio  sul^de^  Bnlphjdnta»  or  etiolate  of 
■odium  at  160^.  Treated  with  iiodiiiin,  it  yialdi  tfJaaae,  and  a  hjdioettHbQa  boiHi^ 
at  about  200^,  but  no  benxyl;  nearij  the  sama  deoomposition  talcea  plaee  also  when 
the  Tapoor  of  the  compoond  ia  directed  upon  hot  eoda-fime.  (Limprich^  BolL  Soc 
Chim.  1866,  iL  467.) 

Btne^lie  chloride,  C*B[».U11'C1,  the  componnd  isomeric  with  chlarotohieae^ 
iiist  obtamedbjthe  action  of  hydrochloric  acid  on  benc7licaleohol(Ganniasaro^  i-673), 
is  likewise  produced  by  distilling  toluene  in  a  current  of  ehlorine-gasi  keeping  the 
tempflsature  between  110^  and  140^ ;  above  that  limits  more  hig^y  chloxinated  pro- 
ducts are  formed.  The  condensed  product  is  redistilled,  collerting  the  portion  wnidi 
goes  over  below  170^,  and  again  submitted  to  the  action  of  chlorine.  In  this  manner, 
after  a  fow  leetifieations,  a  quantity  of  bens^lic  chloride  is  obtained,  equal  to  about  91 
per  cent,  of  the  toluene  em^red,  and  disMlling  between  170^  and  180^,  the  greater 
portion  also  between  176^  and  176^ — a  certain  quantity  of  more  hig^y  chlorinated 
product  always  remaining  in  the  retort^  in  the  Ibrm  of  a  thick  irritating  wL  (Lauth 
and  Grimaux,  BulL  8oe.  Chim.  1867,  i  106.) 

Chloride  of  bensyl  boils  at  176<>  (Canniszaro),  at  183^  (comeeted)  (Limpricht).* 
I^Mciile  grarity  a  1*07  at  14<'  (Limpricht).  When  heated  with  mttie  acU  dOnted 
with  ten  times  its  bulk  of  water,  it  is  eonyected  into  benaoie  hydride  (bitter-atmond 
oil): 

C>H'C1  +  NHO"     -    CnSLH}  +  HNO*  +  HCL 

Betts(»c  acid  is  also  formed  in  this  reaction;  but  if  nitrate  of  lead  is  used  instead  of 
nitric  acid,  and  the  operation  is  conducted  in  a  current  of  eaibonie  anhydride,  benjBote 
hydride  is  the  only  product  Benzylic  chloride,  boiled  with  recently  precipitated 
l^raU  of  lead,  is  conrerted  into  benzylic  alcohol : 

2CrH»Cl  +  PbHH)«     =     2C^«0  +  PbCP 

Heated  with  an  eqmndent  quantitf  oipokieeie  phenaU,  in  alcoholio  solution,  it  yields 

benzylic  phenate,  q^qv  [  0.    Benzylic  valerate  is  obtained  in  a  similar  manner,  but  is 

decomposed  b^  distillarion.  Bensylic  chlnrido  heated  to  116°  in  a  closed  ressel  with 
roetmUine,  or  its  hydroehloiate,  in  alcoholic  solution,  yields  a  Tery  fine  violet  coiouring- 
matter  in  the  form  of  a  dry  mass,  haying  a  shining  lustre  and  bronze-green  ooloar» 
and  insoluble  in  water.  To  obtain  a  good  violet,  however,  the  treatment  must  be  re- 
peated three  or  four  times.  The  base,  set  free  by  soda,  is  colouzlesB  at  the  moment  of 
precipitation,  but  soon  tains  Uue  on  exposure  to  the  air.    (Lauth  and  G-rimaux.) 

Bensylic  ddoride  heated  with  water  to  180°  yields  beni^l,  benzylic  ether,  and 
anthmeene  (identical  with  that  item  coal-tar): 

iCmCi  +  2H*0     -    C»«H««  +  C»«H««  +  4HC1  +  2HK). 

Beosjl.  Anthra- 


2C«H'C1  +  HK)    «    (CTE'W  +  2H(3L 

BcDsylle 
ether. 

The  benaylie  ether  thus  produced  is  identical  with  that  which  Oanniflaro  obtained  bj 
the  action  of  borie  anhymide  on  benaylie  aleohoL    (Limpricht) 

DiOHLOBOToiiiJaMa,  CKHjI\  and  its  isomers. — ^Kekul^'s  fonnula  of  tohiene^ 
CH'.CH*,  suggests  the  possible  existence  of  three  dichloiinivted  derivatiyes,  via.: 

C«HH2l»0H»  C^Ha.CIPa  C^».CHC1« 

Ptehtorotoiu— I  CUorobeBsjIle  Chlorobcnaol. 

chloride. 

The  true  dichkxotoluene  does  not  appear  to  haye  been  yet  obtained,  at  least  not  in 
the  pure  state.  Monochlocotoluene  treated  with  chlorine  yields  a  body  which  gives 
up  one  of  its  chlorine-atoms  more  readily  than  the  other,  and  is,  therefore,  not  diddo- 
rotoluene,  but  chlorobenzylic  chloride. 

Chlorobenzol  is  formed  by  the  action  of  phosphoric  pentachloride  on  benzoic  hydride : 
its  two  chlorine-atoms  are,  taerefore,  situated  in  the  same  manner  as  the  sin^  oxygen- 
atom  of  benzoic  hydride  (which,  tw^^nrAing  to  Keknl^'s  theory,  is  C*H*.CO£^ : 

C«H».COH  +  POP    -    C^».CCI«H  +  PCIH). 

B«iiioie  Beosochlorrl- 

hfdride.  hydrida  (chloro- 

bensol). 

*  Limpricht'i  product  wet  prohaUj  impure :  the  mode  of  preperetlon  to  not  siviB. 
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Chloroheneylie  chloride,  C*HH)1.CH*C1  (otten  ealled  JDidUbtvlblMfM).— This 
oompoimd  is  produced,  as  abore  stated*  by  the  action  of  chlorine  on  beniylie  diloride^ 
or  on  monocnlorotoliiene,  and  therefore  also  by  the  action  of  cfhkrine  on  tolnene. 
Beilstein  (Ann.  Ch.  Pharm.  czvi.  336)  satozates  tohxene  in  diflhsed  daylight  with 
chlorine,  either  at  ordinaiy  or  at  higher  temperatures;  distils,  collecting  the  pvodnet 
which  passes  over  between  186<^  and  220^ ;  and  lectifiee  it  sereml  times.  It  is  diffi- 
cult to  obtain  a  product  of  constant  boiling-point;  that  of  the  pure  compound  appeals 
to  be  somewhat  below  200°.  (Oompaie  Lauth  and  Grimanx,  BulL  Soe.  Qiun. 
[1867],  i.  108). 

Chlofobenxylic  chloride  is  a  colourless,  strongly  refracting  liquid,  the  TspouzB  of 
which  excite  tears.  It  easily  gives  up  one-half  of  its  chlorine^  but  the  other  half  is  more 
fixed,  as  in  true  substitution-products. — ^With  aieohoUc  pataahf  it  yields  a  chlorinated 
oil,  C*H"C10,  boiling  at  216^-— 220^  which  is  the  ethylic  ether  of  monochlorinated 

bens^l-aloohol,     ^     [  O  (Naquet,  Ann.  Ch.  Pharm.  Suppl.  ii  249);  and  with  o^mAoUc 

sulphide  of  jpotasBiumf  a  beautifully  crystallised  compound,  which  is  the  sulphydzate 

or  mercaptan  corresponding  to  the  same  alcohol,     -a     [S     (Beilstein).     Ghloro- 

bsniylic  chloride  is  not  converted  into  benzoic  hydride  by  heating  with  water  to  130^ 
— 140° ;  neither  does  it  yield  bensoic  add  on  exposure  to  moist  air.    (Naqu  et.) 

Chlorobeneol,  0^*01*  «  C*H*.C01*H.  (Cahours,  Ann.  Oh.  Fharm.  Ixx.  89; 
ibid.  Suppl.  ii.  253,  306.— Wicke,  Ann.  Ch.  Fharm.  cii.  356.— Engelhardt, 
Jahresb.  1857,  p.  470.— Naquet,  Ann.  Ch.  Fharm.  SoppL  ii.  249,  258.)-— This 
compound,  already  described  as  chloride  of  bensylene,  (C'H')''C1'  (i.  577),  is  pro- 
duceid  by  the  action  of  phosphoric  pentachloride  on  benzoic  hydride.  According  to 
Lauth  and  Grimaux(BulL  Soc.  Chim.  [1866],ii.  347),  it  is  also  formed,  together  with 
bensylic  and  chlorobenzylic  chlorides,  when  toluene  is  distilled  in  a  current  of  chlorine^ 
and  remains  in  the  retort,  together  with  chlorobenr^lic  chloride,  after  the  bensylie 
chloride  has  been  distilled  off. 

Chlorobenzol  is  a  colourless,  strongly  refracting  oil,  having  a  faint  odour  in  the 
cold,  strongly  irritating  when  heated,  and  boiling  at  206^.  B^dfio  gravity  »  1*296 
at  16°.  It  gives  up  the  whole  of  its  chlorine  with  peat  &cility,  in  exchange  for 
oxtfgwi,  producing  benzoic  hydride,  the  reaction  being,  in  fact,  the  opposite  of  that  by 
which  it  is  prodiued : 

C«H».OCPH  +  H«0     «    C^'.COH  +  2HCL 

Thus,  when  heated  with  water  or  aqueous  potash  to  120^ — 130°,  it  is  converted  into 
benzoic  hvdride;  and  in  contact  with  moist  air,  it  yields  benzoic  acid,  evidently 
resulting  m>m  oxidation  of  the  previously  formed  hydride  (Cahours).  Heated  with 
alcoholic  aulphydrate  of  potasHuTriy  it  yields  the  sulphur-analogue  of  benzoic  hydride, 
CH^,  commonly  called  wiphobensol  (Cahours).— iSSMfium  decomposes  it,  fbrmins 
chloride  of  sodium,  and  benzylene,  CS*,  When  its  vapour  is  directed  upon  ignited 
aoda4ime,  benzene  is  formed,  together  with  carbonic  oxide  and  hydiodiloric  add 
(Limpricht,  BuU.  Soc.  Chim.  1866,  ii.  467): 

CH'Cl'  +  H«0     -     CTB*  +  00  +  2HCL 

TniOHLOBOTOLUBiCB,  and  its  isomers. — Of  the  numerous  isomeric  compounds 
which  might  be  induded  under  the  empirical  formula  C'fi*Cl',  only  two  axe  known 
with  certainty,  via. : 

crE»ci«.cEPa  and  c«H».ca«. 

DichlorobensyUc  Benxofcrlchlo- 

chloride.  ride. 

The  true  trichlorotoluene,  C'H^Cl'.CH',  may  perhaps  be  formed  by. the  action  of 
chlorine  on  toluene,  but  it  has  not  been  isolated. 

DichloTobenrylio  chloride,  C'H^Cl'.CH^Cl.— This  compound  is  formed  by  tiie 
{prolonged  action  of  dilorine  upon  toluene,  and  separated  b^  repeated  fractional  dis- 
tillation (Kaquet,  Ann.  Ch.  Fharm.  Suppl.  ii.  248).  It  is  commonly  regarded  as 
trichlorotoluene,  but^  according  to  Kekule  {Lehrbuch,  ii.  561),  it  should  rather  be 
regarded  as  a  substitution-derivative  of  benzylic  chloride,  inasmuch  as  its  formation  is 
preceded  by  that  of  monochlorobenzylic  chloride.  It  is  a  colourless  liquid,  having  a 
pungent  odour,  and  a  specific  grarity  of  1*44.  Under  the  ordinary  atmospheric  pres- 
sure, it  boils,  with  partial  decomposition,  at  240^ ;  but  under  a  reduced  pressure  of 
10  mm.  of  mercury,  it  distils  without  decomposition  at  135^-^143^.  It  may  be  heated 
witii  water  to  200^  for  several  days,  without  forming  benzoic  add ;  according  to 
Naquet,  however,  it  yields  that  add  when  strongly  heated  with  alcoholic  potash. 

Beneoirichloride,  or  Chlorinated  Chlorobenzol,  C*H*CP.  (Schischkoff 
and  Bosing,  Jahresb.  1858,  p.  279. — Cahours,  Ann.  Ch.  Fharm.  Suppl.  ii.  306.— 


856  TOLUENE. 

Limprioht»  ibid.  ccuIt.  65,  cxzzy.  80;  Bull.  Soc.  Ghim.  1866,  ii.  468.)— Tfaw 
flubfltaace,  analogoos  in  oompositioii  and  piopeitiee  to  chloroform,  was  discorered,  in 
1848,  by  Schiflchkoff  and  Boeing,  who  obtained  it  by  the  action  of  phosphoric  pents- 
chloride  on  benxoic  chloride,  to  which  it  is  rekted  in  the  same  manner  as  mlcxro- 
benzol  to  benzoic  hydride : 

C«H».COCl  +  PCl»     «r    C*H».0C1«  4-  POOP. 

Bensoic  Benxo- 

chloride.  trichloride* 

To  prepaie  it^  benzoic  chloride  is  heated  with  pentachloride  of  phosphoros  to  1 80^ 
for  48  hours.  It  is  also  formed  by  the  action  of  chlorine  on  cfaloiobenzd.  (Caho  urs.) 
Benzotrichloride  is  a  liquid  smelling  like  benzoic  chloride,  and  boiling  at  215^ — 
218^.  It  is  insoluble  in  water,  by  which,  however,  it  is  oonrerted  (sloiriiy  in  the  cold, 
quickly  at  140^)  into  benzoic  acid. — Sodium  does  not  act  u^n  it,  eyen  at  the  boiling 
heat. — Dry  sUveT'Oxide conYertB  it  into  benzoic  anhydride;  with  silver-oxide  moistened 
with  alcohol,  it  forms  benzoic  acid  and  benzoic  ether.  When  heated  with  alcohol  to 
180^,  it  likewise  yields  benzoic  add,  according  to  the  following  equation : 

C*HH31«  +  3(C«H».H.O)     «     C*H«0*  +  30«H»C1  +  H«0. 

Sidp^drate  of  potassium  in  alcoholic  solution  acts  upon  it,  with  evolution  of  haat, 
ibrming  a  crystallisable  sulpho-compound,  not  yet  investigated. 

Benzotrichloride  heated  to  140^,  with  aaueous  ammoma,  yields  a  laxge  quantilj  of 
benzonitrile,  behaving  in  this  respect  just  like  chloroAinn : 

C»HKJ1«  +  NH»    -     C'H*N  +  8HCL 

It  also  reacts  like  chloroform  with  striate  o£  sodmm,  ibrming  a  compound  (boilii^ 
at  220^ — ^226^),  analogous  to  the  so-callod  tribasic  formic  ether : 

(rHH31«  +  8C*H»NaO     -     8NaCl   +  [c^irjo*. 

With  aostate  of  silver,  it  forms,  in  the  first  instance,  a  compound,  CH'K)*  wliidi 
may  be  regarded  either  as  an  acetyl-oomponnd  /rtx^'Oy !  ^*'  ^i^dogous  to  the  ethylie 
ether  just  mentioned,  or  as  a  compound  of  acetic  and  aoetobenzoic   anhydride, 

CHK)!^  *  C'HK)!^*    ^^^^  ^^7  ^''^^"^P''*^  ^^^7>  ^PP^'^^y  ^^  separation  of 
acetic  imhydride,  uid  leaves  a  crystalline  compound,  which  has  the  composition  of  aoeto- 

benzoic  anhydride,  nrmQ  [  0,  and  separates,  after  a  while,  into  acetic  and  benzoie  an- 
hydrides.   (Limpricht) 

"VTith  amlim,  benzotrichloride  forms  a  base,  C'E^'N'  «  (cm*y  VN*,  which  yields 

H    j 

crystaUisable  salts.    (Limpricht) 

Tbtr^chlobotolubnb,  C^KA^  and  its  isomeis. — A  body  having  this  com- 
position, and  probably  consisting  of  trichlorobenzylic  chloride,  C'HK!1".CH*C1,  is  found 
among  Uie  products  of  the  action  of  chlorine  on  toluene.  It  forms  needles,  melting  at 
96^,  and  boils  without  decomposition  at  276^.  It  is  not  decomposed  by  heating  with 
water  to  230^.    (Limpricht.) 

Chlorobeneoie  trichloride,  C'H'CIH'.CCI',  the  analogue  of  the  true  chlorobensoic 
acid,  is  produced  (together  with  benzotrichloride)  by  the  action  of  phosphoric  penta- 
chloride on  chloriae  of  benzoyl.  It  is  a  liquid,  boUing  at  250^,  not  solidifying  at  0^, 
and  converted  into  chlorobenzoic  acid  by  heating  with  water  (Limpricht).  Identical 
with  this  is  the  tetrachloride,  which  was  found  by  Kammerer  and  Carius  (Ann. 
Ch.  Fharm.  cxxx.  158)  among  the  products  of  the  action  of  phosphoric  pentachloride 
on  chloride  of  benzoyl ;  also  that  which  C  ah  ours  obtained  {ibid,  Suppl.  ii.  254)  by 
the  action  of  chlorine  on  chlorobenzol.  Kolbe  and  Lautemann  {ibid,  cxv.  195),  by 
distilling  salicylic  acid  with  pentachloride  of  phosphorus,  obtained  a  totrachloride 
isomeric  with  tiie  preceding,  and  perhaps  consisting  of  C'H'CIH.CCI*.  It  melted  at 
30^,  and,  when  heated  with  water  to  150^,  was  converted  into  dilorosalylic  acid, 
isomeric  with  chlorobenzoic  acid.    (See  p.  185.) 

Fbntaohlobotoluske,  C'H"C1*. — A.  bodv  having  this  composition  is  said  by 
Limpricht  to  be  obtained,  together  with  previously  described  products,  by  the  action  of 
phosphoric  pentachloride  on  diloride  of  benzoyl. 

Hbzchlobotolttbnb,  C'H^Cl^ — ^A  body  of  this  composition  was  obtained  by 
Devil le  (Ann.  Ch.  Pharm.  zliv.  304)  as  the  final  product  of  the  action  of  chlorine  on 
toluene  (from  tolu-balsam).    A  body  of  the  same  composition,  and  perhaps  identical 
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tberewith,  was  obtained  by  OahoarB,  by  treating  chlorobenzol  with  chlorine.  It  forms 
■ilky  needles,  which  sublime  without  decomposition,  and  may  be  reerystallised  &om 
ether. 

Respecting  the  dihydrocUorate  and  txihydzoehlorate  of  pentacfalorotolnene,  obtained 
by  Deville,  see  i.  674. 

attajltoliieiie,0*Hi«  -  C^E7(C*K*)  -  C^«(0>H*).GH*.  (aiinzer  and  Fittig, 
Ann.  CL  Fharm.  cxzxvi.  308;  Janresb.  1865,  p.  637.) — This  compound,  homologous 
with  ethylbenzene  or  phenyl-ethyl  ^iv.  484^,  is  produced  by  the  action  of  sodium  on  a 
mixture  of  bromotoluene  and  ethylic  bromide.  It  has  a  peculiar  odour,  like  that  of 
methyltoluene  (tTi^),  boils  at  169^ — 160^,  and  has  a  spedflc  gravity  of  0*8662  at 
21°.  From  the  isomeric  body  cumene  (obtained  from  euminic  acid  or  from  coal-tar),  it 
is  distinffuished  by  its  boiling-point  (cumene  boiling  at  144° — 148°),  and  from  mesity- 
lene,  wiw  which  it  is  likewise  isomeric,  by  its  behayiour  with  reagents. — Gold  fuming 
niirie  aoid  conyerts  it  into  an  oily,  non-distiUable  nitro-compound,  probably  G'H'*(NO')*. 
— ^With  warmnt^rie  acid,  it  forms  trinitro-ethyltoluene,  0'H*(K(A)',  which  separates  in 
large  apparently  rhombohedral  czystals,  melting  at  92°. — (Aromio  acid  oxidises  it  to 
terephthalic  aeid. 

Bydrozyltolnene.  Craaol.  Cresyllo  Aloobol.  C'H*0-iC<H\OH).CH*.— 
This  compound,  isomeric  with  benxylic  alcohol,  G*H\GH'(OH),  and  related  to  toluene 
in  the  same  manner  as  phenol  to  benzene,  has  already  been  described,  under  the  last- 
mentioned  name  (il.  106),  as  a  colourless,  strongly  refracting  liquid,  obtained  from 
coal-tar  and  the  tar  of  fir-wood.  It  is,  however,  produced  in  a  state  of  ^;reater  purity 
from  toluidine — namely,  by  treating  nitrate  of  toluidine  with  nitrous  acid,  converting 
the  resulting  nitrate  of  diazotoluene  into  sulphate,  and  decomposing  this  compound  by 
boiling  with  water  (p.  867).    As  thus  prepared,  it  is  solid  ana  ciysteJline. 

The  nitrocresols  are  described  under  Grbstxic  Alcohol  (ii.  106).  Amidodi- 
nitrocresol,  G'H'(NO')'(KH'),  is  produced  by  saturating  an  alcoholic  solution  of 
trinitrocresol,  first  with  ammonia,  then  with  sulpnydric  acid  gas.  The  deep  red  liquid  is 
evaporated  to  dryness,  the  residue  exhausted  with  ammoniacal  water,  and  the  filtered 
solution  acidulated  with  very  dilute  sulphuric  acid,  whereby  the  amidodinitrocresol  is 
thrown  down  as  a  very  dark-coloured  precipitate,  which  may  be  purified  by  repeated 
crystallisation  fr^m  hot  water  or  hot  aleohol.  It  then  forms  yellow  needles,  which  dis- 
solve but  sparingly  in  hot  water,  are  nearly  insoluble  in  cold  water,  but  dissolve  easily 
in  alcohol  and  in  ether.  The  salts  of  amidodinitrocresol  are,  for  the  most  part^  but 
slightly  soluble. — ^The  ma^nesium'Salt  is  the  most  characteristic;  it  separates,  on 
mixing  concentrated  solutions  of  the  ammonium-salt  and  magnesium-sulphate,  in 
small  crystals,  the  solution  of  which  in  warm  water  yields  the  salt  in  needles  an  inch 
long.    (Eellner  and  Beil stein,  Ann.  Gh.  Fharm.  cxxviii.  164.) 

Metliyltoliieiie,  G«H'«  «  G'H'(GH»)  -  G«H\CH»).GH».  (Glinaer  and  Fittip, 
loo,  cit.y--ThJa  compound,  isomeric  with  ethylbenzene  or  phenyl-ethyl  (iv.  484),  is 
prepared,  similarly  to  the  latter,  by  the  action  of  sodium  on  a  mixture  of  bromotoluene, 
metbylic  iodide,  and  ether,  perfectly  free  from  water  and  alcohol,  and  cooled  with  ice. 
It  is  a  colourless  mobile  liquid,  having  a  peculiar  odour,  not  like  that  of  benzene,  a 
specific  gravity  of  0'8621  at  195°,  and  boiling  at  139°— 140°  (six  or  seven  degrees 
higher  than  ethylbenzene).  It  is  probably  identical  with  xylene  from  coal-tar  oil,  and 
forms  with  fuming  sulphuric  acid  a  sulpho-acid,  whose  barium-salt  ciystallises,  like 
the  xylene-sulphite,  in  spherical  aggregations ;  the  potassium-salt,  G*H*£SO*,  forms 
silky  lamins. 

^  oxidation  with  chrotnic  acid,  methyltoluene  (like  xylene)  yields  terephthalic  acid, 
G"H!*0*,  whereas  ethylbenzene  yields  benzoic  acid. 

Methyltoluene,  warmed  with  faming  nitric  acid,  forms  two  isomeric  dinitro-com- 
pounds,  G*H"(NO')*,  one  of  which  melts  at  123*5°,  and  crystallises  in  long  capillary 
needles ;  while  the  other,  which  melts  at  93°  (like  dinitroxylene),  forms  large,  colour- 
less, monoclinic  crystals.  When  methyltoluene  is  dropt  into  a  mixture  of  2  vols, 
nitric  and  1  vol.  fuming  sulphuric  add,  cooled  at  the  commencement,  trinitrome- 
thyl toluene,  G'H'(NO*)',  is  formed  as  a  white  precipitate,  which  separates  from 
alcohol  in  rather  large  stellate  ciystals,  melting  at  137°. 

Diosymethyltoluene,  G»H»K)«  -  G'H«(CH«0)«.— Already  described  as  me- 
thylate  of  benzylene  (i.  577).  When  heated  with  acetic  acid,  it  is  converted  into 
benzoic  hydride  and  methyUc  acetate : 

G^H«(GH»0)»  +  2(G»H»0JI0)     -     G'H'O  +  2(G«H"0.CHH))  +  H«0. 

Hydrochloric  add  likewise  conyerts  it  into  benzoic  hydride.  (Gannizzaro,  BulL 
8oc  Chim.  [1866],  ii.  216.) 

Vttrotoluenes  (i.  blA^^MononUrotolwM,  G'H'(N0'),i8  theredescribedasa  liquid; 
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boftk  aceaiduig  to  Jawortky  (Jabiwib.  1866,  pi  543X  ^  pant  prodncfc  nifty  be  oVUdned 
hy  diaaolnog  oidinaiy  nitrotolneiie  in  filming  tdphnrie  aeid,  and  tiwting  the  pacodnet 
with  water,  wherenpon  nitzotolnene-eiilpliiizie  add  (p.  860)  zemaina  dissolved,  and  pore 
nitfotolnene  is  precipitated ;  also  bv  reoistiUiiig  the  oidinaiy  product  of  the  action  of 
nitric  acid  npon  toluene,  and  oollectiog  the  portion  whidi  distils  below  240^.  It 
separates  from  alcohol,  in  white  shining  crystals,  which  melt  at  54^,  and  distal  without 
decomposition  at  288^. 

ChloronUrotoluene,  G'H*(NO*)CLCH',  is  formed  by  the  action  of  filming  nitric  add 
npon  chlorotolnene.  The  isomeric  compound  nitrobauylie  chloride,  G'H\N0*).CHK?1, 
is  formed  in  like  manner  firom  benzylic  chloride.  It  ezystallises  from  alcohol  in  fine 
oolonrless  laminte.    Chromic  add  cooyerts  it  into  nitrodracylic  add. 

Benzylic  chloride,  treated  with  fdming  nitric  add,  likewise  yields  an  oily  liquid, 
sligihtly  soluble  in  alcohol,  which  has  not  been  much  examined.  This  liqnid,  trMled 
with  chromic  add,  also  yields  nitrodracylic  add.  (BeilsteinaDdGeitner,BiilL 
Soc  Chim.  [1866],  ii.  469.) 

IrmiirotohtmiSf  C^'CNO')',  is  obtained  by  keeping  toluene  in  a  state  of  genUe 
ebullition  with  faming  nitric  add  for  seTen&l  days,  and  predpitatinff  with  water.  It 
forms  white  needles,  which  melt  at  82^,  are  very  slightly  soluble  in  cold,  easily 
soluble  in  boQing  alcohol  and  in  ether.  It  is  isomeric  with  chrysanisie  add. 
(Wilbrand,  Ann.  Ch.  Ffaarm.  czzviii.  178.) 

OzjtoUo  A«ld,  C'H'O'. — ^An  add  isomeric  with  oiybenzde  and  salicylic  adds, 
produced  by  oxidising  toluene  with  dilute  nitric  add  (iy.  321). 

Bulphu/r-derivatives  of  Ihiuene,  and  Compounds  i$omme  wUk  Hem, 

Hircker  (Ann.  Ch.  Fharm.  cxxxvi.  79;  Jahresb.  1865,  p.  643)  has  obtained  a 
toluenic  sulphydrate  analogous  to  cresol,  and  the  isomeric  compound,  benssylic  sulphy- 
drate,  analogotis  to  benzyue  alcohol ;  also  toluenic  dlsulphide^  and  the  correeponding 
benzylic  disulphide;  and  benzylic  protosulphide,  to  which  no  corresponding  toluene- 
oompound  has  yet  been  produced. 

BenMylieSulphydrate,Om»&^^^  |Sa  C^*.CH*(SH),isobteinedbym]xiiv 

an  alcoholic  solution  of  potassic  sulphydiate  (or  sulphocarbonate)  with  chlorotolnene 
or  bromotoluene  (?  benzylic  chloride  or  bromide),  adding  water  after  24  hours,  and 
rectifying  the  oil  thereby  predpitated  (Marcker,  Ann.  Ch.  Fharm.  cxxxri.  75; 
Jahresb.  1865,  p.  548).  It  is  a  colourless  strongly  refractiye  liquid,  having  a  dis- 
agreeable allia<»90us  odour,  and  makes  the  eyes  water.  It  has  a  specific  gravity  of 
1*058  at  20^,  and  boils  at  194^ — 195°.  It  decomposes  mercuric  oxide,  forming  the 
compound  C**H'^Hg''S',  which  crystallises  from  hot  absolute  alcohol  in  long  needbs. — 
With  mereurie  chloride,  in  aloohoUc  solution,  it  fonns  a  predpitate  containing 
Oi4Hi«H^'S*JIg^Cl*.--With  acetaU  of  lead,  in  alcoholic  solution,  it  forms  a  crystalline 
predpitate  of  plumbobenzylic  sulphydrate,  C^H^PblS;  with  eilver^  and  cadmium' 
salte,  white  predpitates;  with  nickel-  and  eopper-ealte,  green  predpitates  ;  and  with 
iron',  cobalt;  platmum',  and  ^old-aalts,  brown  predpitates.  jBenzylic  sulphydrate  is 
conyerted,  by  exposure  to  the  air,  into  benzylic  sulphide  (p.  859)^ 

Toluenic  or  Metabengylio  Sulphydrate,  CHXSH).CH'.  (M&reker,  loe, 
eU, — Jaworsky,  Jahresb.  1865,  p.  642.) — This  compound,  isomeric  with  the 
preceding,  is  prepared  by  distilling  toluene-sulphochloride,  C^'SO'Cl  (p.  859), 
with  nnc  and  dilute  sulphuric  add.  It  then  passes  over  with  the  vapour  of 
water,  while  the  less  volatile  toluenic  sulphide  remains  behind.  It  crystallises 
yerf  easily  from  ether,  in  large  white  laminte,  unctuous  to  the  touch,  and  having 
a  peculiar  odour.  It  is  yezy  soluble  in  ether,  sparingly  soluble  in  alcohol,  in- 
soluble in  water;  melts  at  42*5°  to  43°,  volatilises  easily  with  vapour  of  water,  and 
distils  by  itself  without  decomposition.  The  alcoholic  solution  becomes  heated  in 
contact  with  mercwrie  oxide,  and  fonns  the  compound  C>*H"Hg"S',  which  crystaUises 
in  laminiB  having  a  satiny  lustre ;  with  m/erewric  chloride,  it  forms  the  compound 
C»*H»*H^'8«.Hg''Cl».— Xea«?-«a/to  throw  down  the  compound  0»H"Pb"8«,  in  orango- 
yellow  flocks. — SUver-soHe  form  a  siskin-green,  platinie  chloride  an  orange-yellow, 
auric  chloride  a  light-green,  nickd-ealte  a  green,  copper-salte  a  green,  andckloride  of 
cobalt  a  violet  precipitate.  Toluylenic  sulphydrate  dissolves  in  warm  concentrated 
sulphuric  acid,  with  evolution  of  sulphurous  anhydride,  forming  a  deep-blue  solution, 
from  which  water  throws  down  a  reddish  resinous  body,  redissolved  with  blue  colour 
by  sulphuric  acid.    Benzylic  sulphydrate  does  not  exhibit  this  reaction.    (Marcher.) 

Benzylic  sulphydrate  is  oxidised  by  strong  nitric  acid,  forming  sulphuric  add,  benaoie 
hydride,  and  small  quantities  of  other  products.  Toluylenic  sulphydrate,  on  ^e  other 
hand,  when  added  to  nitric  acid  of  specific  gravity  1-3,  is  converted  into  toluylenic 
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diozTBalpliida,  G*^HH)^,  irhile  nitvotolaene-SQlphnrio  acid  nmaiiui  in  aolutioD, 
(Mareker.) 

Beneylic  Sulphide,  (C^}*S  -  o^!'^| S.    (Mareker,  loc.  eii,).^TlnB  oom- 

pound  18  produced  by  the  action  of  an  alooholio  eQlution  of  potaame  monosnlphide  on 
chlorotolnene  (more  probably  tolylio  or  bensylic  chloride),  and  separates,  on  dilution 
with  water,  as  an  oily  mass,  which  soon  solidifies.  It  is  insoluble  in  toaterf  but 
dissolves  easily  in  alcohol  and  ether^  and  crystallises,  by  slow  evaporation  of  its  solu- 
tions, in  long  needles  by  rapid  cooling,  in  shining  laminift.  It  melts  at  49^,  volatilises 
without  decomposition,  and  is  not  precipitated  by  metallic  salts.  When  added  to 
cooled  nUrio  acid  of  specific  gravity  1*8,  it  is  converted  into  oily  ozybenzylic  sulphide, 
(G*H')*SO,  which  becomes  crystalHne  on  being  mixed  with  water.  Benzylie  sulphide 
boiled  with  nitrie  aoid  of  specdflc  gravity  1*3,  or  tareated  with  stronger  acid,  dissolves 
almost  completely,  with  formation  af  sulphuric,  benzoic,  and  nitrobenzoic  acids,  and  a 
small  quantity  of  a  yellow  add,  the  barium-salt  of  which  ciTBtalliBes  in  yellow  laminn. 

Ben^^lic  sulphide,  subjected  to  dry  distillation,  gives  off  a  lazge  quantity  of  sul- 
phydric  acid  gas,  and  yields  (at  200^)  a  distillate,  consisting  of  toluene  (boiling  at  112^) 
and  benzylie  sulphjdrate.  Between  240°  and  260°,  tolylene,  G'H*,  jpasses  over,  solidify- 
ing in  the  crystalline  form  as  it  cools ;  and  at  still  higher  temperatures,  the  distilla- 
tion being  idtimately  conducted  in  a  current  of  air,  two  other  crystalline  bodies  collect 
in  the  n^k  of  the  retort — ^viz.,  tolallylic  sulphide,  (C'H*)'S  (p.  851),  and  a  body  con- 
sisting of  CH^'S,  which  is  insoluble  in  water,  very  sparingly  soluble  in  absolute 
idcohol  even  at  the  boiling  heat^  more  soluble  in  ether  or  benzene,  and  crystallisee  in 
long  white  needles ;  it  melts  at  180°,  sublimes  in  needles  or  Iftming*,  and  is,  parhaps^ 
identical  with  Laurent's  thionessal  (p.  779). 

Bengylie  Oxysulphid  e,  (C^H^)*OS,  formed  by  the  action  of  cooled  nitxio  acid  on 
benzylie  sulphide,  ciystallises  firom  hot  water,  or  from  alcohol,  in  laminm  having  a  satiny 
lustre,  melts  at  130°,  and  solidifies  again  at  the  same  temperature.  It  dissolves 
readily  also  in  ether,  and  melts  under  boiling  water  before  dissolving.    (Marcher.) 

Beneylie  DUulphide,  G'^H'^S*  »  Qf^/n^sf^*^''^'^™^^*^'^^^^™^''^^''^' 

by  the  ocddation  of  benzylie  sulphydrate  in  contact  with  the  air,  more  quickly  on 
evaporatinff  a  solution  of  the  sulphydrate  containing  ammonia,  or  by  the  action  of 
potassium-disulphide  on  chlorotoluene  (benzylie  chloride),  in  dleoholic  solution.  It 
crystallises  in  white  shining  laminae,  melts  at  65°  or  67°,  dissolves  easily  in  ether  and 
in  boiling  alcohol,  but  not  m  water.  It  decomposes  when  heated,,  yielding  the  same 
compounds  as  the  monosulphide,  and  is  reconverted  by  nascent  hydrogen  into  ben- 
zylie sulphydrate.    It  does  not  precipitate  metallic  salts.    (Mareker.) 

Toluenie  or  Metahensylie    JDisulphide,    q«h4gH'){^'  isomeric  with  the 

preceding,  remains  in  the  residue  obtained  in  preparing  toluenie  sulphydrate 
from  toluane-flulphochloride,  and  is  likewise  formed,  on  evaporating  a  solution  of 
toluenie  sulphydrate  in  alcoholic  ammonia.  It  crystallises  in  large  needles  or 
lamine,  melts  at  41°,  is  insoluble  in  water,  but  dissolves  easily  in  hot  alcohol, 
and  especially  in  ether.  By  hydrpgen  it  is  reconverted  into  toluenie  sulphydrate. 
(Miircker.) 

Benzylie  Bioxy  snip  hide,  G^fH^'O'S',  produced  by  the  acdon  of  nitrie  acid  on 
toluenie  sulphydrate  (p.  858),  is  insoluble  m  water  and  in  aqueous  potash,  but  dis- 
solves in  ether,  alcohol,  or  benzene,  and  crystallises  in  large  transparent  prisms,  which 
melt  at  74°,  solidify  a^ain  at  the  same  temperature,  and  when  quickly  heated,  bum 
with  brilliant  scintillation.  The  alcoholic  solution  of  this  compound  is  not  precipi- 
tated l^  mercuric  chloride.    (Miircker.) 

TOKUBVa-srayBAlOim.  G^^SO*NH*.  Byn.  with  ST7XfHOTOLT7oi.AHn>B 
(p.  527). — Produced  by  the  action  of  aqueous  ammonia  on  toluene-sulphochloride  or 
toluene-Bulphobromide. 

TOIiinnrB-SIIZiPBOBBOllZDa.  G^'SCBr.  (Otto,  Zeitschr.  I  Ghem. 
1866,  p.  657.— Otto  and  v.  Qmher,  ibid,  1867,  p.  222.>--Produced  by  the  action 
of  bromine  on  toluene-sulphurous  acid  (p.  860)  suspended  in  water.  It  forms  long^ 
oblique,  rhombic  prisms,  insoluble  in  water,  easilv  soluble  in  ether  and  in  benzene,  and 
melting  at  95° — ^96°.  By  warm  absolute  alcohol,  it  is  converted  into  ethylic  toluene- 
sulphate  ;  by  potash  into  potassic  toluene-sulphate ;  by  ammonia  into  toluene-sulpha- 
miae. 


TO&irairB-SV&VBOOXIiOama.  G^'SO^Gl.  (Fittig,  Ann.  Gh.  Pharm. 
Gvi.  280.— Miircker,  Und,  czzzvi.  79. — Jaworsky,  Zeitschr.  f.  Ghem.  1865,  p.  221. 
— Otto,  ibid.  1866,  p.  657.) — Obtained  by  triturating  toluene-sulphate  of  sodium  with 
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an  equal  weight  of  phosphoric  pentachloride,  and  repeatedly  washing  the  product  with 
water.  It  is  insoluble  in  water,  but  dissolyes  in  alcohol,  ether,  and  benzene,  and 
separatee  from  ether  in  beautiful  rhombic  plates,  or  sometimes  in  large  prisms.  It 
melts  at  6%^ — 69^,  and  boils,  with  almost  complete  decomposition,  at  250^. 

It  is  scaicelT  attacked  by  water  in  the  cold,  but  is  slowly  decomposed  on  boiling, 
and  quickly  when  heated  with  it  in  a  sealed  tube  to  a  temperature  above  100^,  yiela- 
ing  hydrocnloric  and  toluene-sulphuric  adds.  The  same  decomposition  is  produced 
by  prolonged  boiling  with  alkalis  in  aqueous  solution,  rapidly  in  alcoholic  solution. 
The  chloride  acts  gradually  upon  alcohol,  even  in  the  cold,  forming  ethyltolueno* 
sulphate.  With  aqueous  ammonia  and  solid  ammonium-carbonate,  it  easily  forms 
toluene-sulphamide.  When  a  solution  of  toluene-sulphochloride  in  pure  and  dry 
ether  is  treated  with  sodium-amalgam,  toluene-sulphurous  acid  is  produced.  The 
chloride,  treated  with  zinc  and  dilute  sulphuric  acid,  yields  toluene-sulphydrate. 

Toluene-sulphochloride  dissolves  without  alteration  in  a  mixture  of  nitric  and  sol- 

Shuric  acids,  and  is  not  attacked  by  strong  nitric  acid,  even  at  the  boiling  heat.  When 
istilled,  it  gives  off  sulphurous  anhydride,  and  yields  a  liquid  distil  lat.e,  probably 
consisting  of  monochlorotoluene. 

ToiiinBVB-airxiFBinuc.  xoxiVoir-av&vBmfciCp  or  amLPBoro&uzc 

AOZB.    C'H"SO«  -  CmSO'E  -  C«H*|^^,g.    (DeviUe,    Ann.    Ch.    Pharm. 

zliv.  806. — Church,  Jahresb.  1855,  p.  634. — ^Fittig  and  Tollens,  Ann.  Ch. Pharm. 
cxzzi.  810. — ^Marcker,  ihid.  czzxvi.  85. — Jaworsky,  Zeitsehr.  f.  Chem.  1865,  p. 
220. — Otto,  ibid,  1866,  p.  656.)— -This  acid,  already  partly  described  as  BMxansujy 
PHUBOUS  Acm  ^p.  563),  was  discovered  by  Deville,  vrho  obtained  it  by  the  action  of 
fuming  sulphuric  acid  on  toluene  from  tolu-balsam.  It  was  afterwards  prepared  in 
like  manner  by  Church,  though  in  an  impure  state,  from  the  toluene  of  coal-tar ;  and  by 
FitUg  and  Tollens  from  synthetically-formed  methylbenzene  or  phenyl-methyl  (iv. 
486).  Otto  obtained  it  by  oxidation  of  toluene-sulphurous  acid,  and  Marcker  pro- 
duced it,  together  with  nitrotoluene-sulphuric  acid,  by  treating  toluene-sulphydrate 
with  nitric  acid.    A  few  of  its  salts  have  been  examined  by  Jawordsy. 

The  barium-^altf  O^^H^^Ba'S'O*,  obtained  by  dissolving  toluene  in  fnming  snlphnrie 
acid,  neutralising  with  water  after  a  few  days,  and  saturating  with  carbonate  of 
barium,  forms  crystals,  permanent  in  the  air,  easily  soluble  in  water  and  in  aloohoL — 
The  lead-salt,  C**H*^Pb"S'0*,  usually  forms  nodniar  crystalline  masses,  but  may  be 
obtained,  bv  slow  evaporation,  in  needle-shaped  crystals ;  it  is  easily  soluble  in  water 
and  in  alcohoL 

Ethylio  tolume-aulphate,  C^H^SO^C^*),  is  easily  produced  by  the  action  of  toluene- 
sulphochloride  or  toluene-sulphobromide  on  alcohoL  It  is  insoluble  in  water,  but 
soluble  in  alcohol  and  ether,  and  crystallises  in  fine  thick  prisms,  which  melt  at  82^. 

Amidotoluene-aulpkuric  ^ct<f,C'H*(KH').SO'H.  Syn.with  Sulfhoiolxluoo 
or  BsMZTLSUifHAMio  AciD.    (See  Sulphubous  Ethbbs,  p.  527.) 

mtrotoluene'8ulphurioAeid,Om*Q!(0').aO^K  =  C«H*(NO*)|^™— There 

appear  to  be  two  modifications  of  this  acid,  the  one  produced  from  nitrotoluene  by 
the  action  of  fnming  sulphuric  acid,  the  other  by  that  of  nitric  acid  on  toluene- 
sulphydrate,  being  evidently  formed  by  the  nitration  of  toluene-sulphuric  add.  But 
the  two  acids  have  not  been  sufiftcienuy  examined  to  render  their  separate  existence 
a  matter  of  oertaintTT. 

Ifitratoluene'Sulpniurio  acid  is  produced  by  treating  toluene-sulphydrate  with  nitric 
acid,  of  specific  gravity  1*3,  and  remains  in  solution,  while  toluene-disulphide  czystal- 
lises  out  (p.  859).  By  evaporating  the  solution,  it  is  obtained  in  deliquescent  dystals. — 
Its  bartum-salt,  [C'H*(K0f)S0*]<Ba".2HK),  forms  colourless,  transparent,  four-sided 
tablets,  which  dissolve  easily  in  hot,  slightly  in  cold  water,  are  insoluble  in  alcohol, 
and  (rive  off  their  water  of  ciystallisation  at  1 10°.— The  lead-salt,  [C'H*(NO*)SO*]*Pb*'. 
4H*0,  forms  transparent,  very  bulky,  crystalline  laminae.    (Marcker.) 

ParanitrotoUtene-eulpkurie  acid  is  produced  by  gently  heating  nitrotoluene  with  fam- 
ing sulphuric  acid.  Its  barium-salt  forms  shinmg  pale-yellow  crystals,  which  contain 
[CH«(N0«)S0«]«Ba''.3HH),  and  give  off  their  water  at  110°.  (Church;  Jawor- 
sky.) 

TO&nnr»«V&»BUBOV8  AOSD.    0'H'.S0*H  »  C»H*j^^.—  Thl^sul^ 

phur<mg  or  Beturyleulphuroue  Hydride.  (Otto,  Zeitsehr.  f.  Chem.  1866,  p.  655.)— 
This  add  is  obtained,  similarly  to  the  homologous  compound  beuzene-sulphurous  acid 
or  phenylsulphurous  hydride  (p.  564),  by  treating  toluene-sulphochloride,  dissolved  in 
ether  free  from  water  and  alcohol,  with  sodium-amalgam,  and  decomposing  the  result- 
ing sodium-salt  with  hydrochloric  acid.   [At  the  same  time  there  is  formed  a  seoondazy 
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product^  haring  the  empirical  foimnla  CH'^SO*,  which  dissolTes  in  hot  alcohol,  and 
dystallieee  therefrom  in  ohliqne  rhombic  prisms,  melting  at  76^ — 76^.] 

Tolnene-snlphnrons  acid  ciyBtallises  from  water  in  rhombic  tables,  nnctnons  to  the 
touch,  and  haying  a  brilliant  satiny  Instie ;  or  from  dilute  solutions  in  long  needles 
united  in  large  tufts.  It  melts  at  85^,  dissolves  sparingly  in  cold  water,  easily  in 
boiling  water— also  in  alcohol,  ether,  and  benzene. 

It  is  easily  converted  by  oxidation  into  toluene-sulphuric  acid,  this  effect  b^ng  pro- 
dued  even  by  the  oxygen  of  the  sir,  though  not  so  quickly  as  with  benzene-sulphurous 
acid.  When  immened  in  water,  and  subjected  to  the  action  of  chlorine  (best  at  a 
moderate  heat),  it  is  converted  into  tolnene^snlphochloride,  hydrochloric  acid  being 
formed  at  the  same  time.  With  bromine,  in  like  manner,  it  yields  hydrochloric  add 
and  toluene-sulphobromide. 

Toluene-sulphite s. — ^The  barium-^alt,  (0'H'SO')'Ba",  is  anhydrous,  and  ciys- 
tallises  in  small  snining  laminae,  slightly  soluble  in  cold  water,  more  soluble  in  hot 
water  and  in  ether.— The  ealcitm-salt,  (C'H'S0')'Ca".8HH),  resembles  the  barium- 
salt  in  form  and  solubiUty. — ^The  Bilver-salt,  CTH^O'Ag,  forms  anhydrous  iridescent 
laminie,  somewhat  soluble  in  boiling  water. 

£%^  Muene-MtlpkUe,  C'H'JSO^C^*),  is  easily  produced  by  heating  the  acid  with 
alcohol  containing  hydrochloric  add.  It  is  liquid,  insoluble  in  water,  easily  soluble  in 
alcohol  and  ether. 


TO&vanXta    Syn.  with  Toltl  or  Bemztl. 

TOIiV-BVOaviX.    Syn.  with  Euoxiro-voLtJic  Anhybbxsb  (ii.  606). 

TOZiVO&TC«0  ACZB.    Syn.  with  Tolvbio  Aom. 

TO&VXO  ACZB.    C«H«0«    -    ^*H^(0      «     C*H».CH«.CO«H     (KekuU). 


Toluolic  Jeid,  7b%/t0  Aeid,  .(Noad  [1847],  Phil.  Mag.  [3],  xxxii.  19.— Kraut, 
Disaertatioit  uber  Cuminol  und  Oymen  [Gottingen,  1854],  p.  20. — 0 ah  ours,  Ann. 
Ch.  Pharm.  eviii  816.— Cannizzaro,  ibid.  xcvi.  246;  cxix.  263;  cxxiv.  262; 
Jahresb.  1861,p.421 ;  1862,  p.  267. — ^Moller  and  Strecker,  Ann.  Gh.  Pharm.  dii. 
64. — Temple,  ibid,  cxv.  277. — Griess,  iftic^.  cxvii.  61. — ^Beilstein  and  Yssel  de 
Schepper,  ibid,  cxxxvii.  301;  Bull.  Soc.  Chim.  1866,  L  286.— KekuU,  ibid.  1866, 
ii.  46.)— -An  aromatic  acid,  homologous  with  benzoic  add,  and  isomeric  with  anis^lous 
acid  and  methvlic  benzoate.  It  is  produced :  1.  By  the  action  of  dilute  nitric  acid  on 
cymene  (Noad),  or  xylene  (Bei  Istein) : 

C^H"  +  O*    =     craw  +  C«H«0*  +  2BP0. 
Cyvueat,  Tololc  Oxalic 

acid.  add. 

era"  +  0«     -    C»BK)«  +  BPO. 

Xylene.  Toluio  ' 

acid. 

2.  Svntheticallyby  the  action  of  sodium  and  carbonic  anhydride  on  bromotolnene  (Ee- 
CrarBr  +  Na«  +  CO*    -    NaBr  +  (TH'.CO^Na. 

Bromoto-  Toluate  of  so- 

luenei  dium. 

The  toluic  add  obtained  by  dther  of  these  three  processes  exhibits  exactly  the  same 
properties,  and  is  the  true  homologue  of  benzoic  acid.  A  modification,  called  alpha- 
toluic  acid,  differing  from  toluic  add  in  some  of  its  properties,  but  agreeing  with  it 
in  composition,  and  in  the  essential  character  of  being  resolred  by  heat  into  toluene  and 
carbonic  anhydride,  (C*H"0'  =  CH*  +  C0*\  is  produced  by  boiling  vulpic  acid  or 
cyanide  of  benzyl  with  alkalis  (Cannizzaro).  Another  modification,  obtained  by 
GriesB,  by  the  action  of  nitrous  add  on  an  alcoholic  solution  of  amidotoluic  or  oxyto- 
luamic  acid  (iv.  321),  has  been  regarded  as  homologous  with  salylic  add ;  but  as  this 
acid  has  lately  been  shown  to  be  identical  with  benzoic  acid  (p.  186),  it  is  probable 
that  the  toluic  acid  obtained  by  the  last-mentioned  process  is  likewise  identical  with 
ordinary  toluic  add. 

Preparation  of  Thluic  Acid, — 1.  From  cymene. — One  pt-.  of  cymene  is  distilled  in 
a  capadous  retort  with  4  pts.  of  a  mixture  of  common  nitric  acid  with  six  times  its 
volume  of  water,  the  distillate  being  repeatedly  poured  back  into  the  retort.  The 
reaction  takes  place  quietly,  the  oil  first  becoming  blue,  then  dark-yellow,  then  riscid, 
and  finally  sinking  to  the  bottom.  The  operation  is  finished  when  the  drops  of  oil, 
which  at  first  float  upon  the  distillate,  are  replaced  by  white  crystals,  and  on  cooling 
the  retort  becomes  filled  with  these  crystals  (Noad).  If  this  method  (which  requires 
continuous  boiling  for  a  week)  is  exactly  followed,  and  the  toluic  acid,  as  it  is 
formed,  is  removed,  so  as  to  prevent  any  further  action  of  the  nitric  acid,  the  acid  is 
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obtftined  porfeeUy  pim  (Kraiit).-~The  tolnic  acid  ii  th«  punr  the  WBaker  tbe  nitrie 
add,  and  the  more  slowly  the  distillatioii  is  eondncted ;  stronger  acid  acta  violentlx^ 
and  fbzms  nitrotolaic  acid,  which  is  difficult  to  separate.  In  o^er  to  elbet  the  spcMb- 
ration,  tbe  mixture  is  first  freed  from  nitric  acid  and  a  yellow  resin,  by  baling  witli 
milk  of  lime ;  the  filtered  solution  of  the  calcium-salt  is  then  pncipitateid  l^  hydxochlorip 
or  nitric  acid ;  the  precipitated  acids  are  dissolved  in  baiyte-water,  and  evaporated  on 
a  water-bath;  the  residue  is  treated  with  water ;  the  solution  filtered  from  the  nitro- 
toluate  of  barium,  which  is  difficultly  solubles  is  next  evaporated,  again  treated  witli 
cold  water,  and  filtered ;  and  this  treatment  is  repeated  tdl  no  move  nitrotoluate  o€ 
barium  separates  out;  the  hqtdd  is  then  precipitated  by  an  aoid,  and  the  product  is  ze^ 
ciTstallised.    (No  ad.) 

2.  From  xylene. — ^Tho  hydrocarbon  is  oxidised,  as  in  the  preeediag  proeeas,  witit 
nitric  acid  diluted  with  flye  or  six  times  its  bulk  of  water,  and  the  product  la  freed 
from  the  small  quantity  of  nitrotoluic  add,  formed  at  the  same  time,  by  distillation  and 
treatment  with  sulphide  of  ammonium.    (Beilstein  and  De  Schepper.) 

8.  From  toluene. — ^Bromotoluene,  mixed  with  toluene,  is  introduced  into  a  long- 
necked  flask,  proyided  with  an  upright  condensing-tnbe ;  sodium,  in  quantity  rather 
greater  than  that  required  by  theorf,  is  added  in  small  pieces ;  the  whole  is  heated  in 
a  water-bath ;  and  a  stream  of  oarbonie  anhydride  is  passed  into  the  yesael  for  24  to 
48  hours.  The  sodium  soon  becomes  ooyered  with  a  blue  crust,  and  is  conyerted  into 
a  pasty  mass  of  the  same  colour.  As  soon  as  the  reaction  is  finiahed,  the  product  is 
treated  with  water ;  the  solution  is  filtered,  to  separate  oily  matters,  consisting  of  un- 
altered toluene  and  bromotolnene,  togethex  with  seeondaiy  poducta ;  and  the  filtered 
solution  of  sodium-toluate  is  addulated  with  hydrochloric  aod,  to  precipitate  the  toluie 
acid.    (Eekul^.) 

Hvpertiea, — ^Toluic  add  is  predpitated  from  the  solutions  of  its  alkaline  saUa  by 
adds,  as  a  white  curdy  maas,  which  appears  erystalline  under  the  microscope.  It  is 
very  soluble  in  boiling  water,  and  crystallises  therefrom  in  needles  on  cooling.  It  dia- 
solves  yery  readily  also  in  alcohol  and  ether.  When  pure,  it  is  tasteless  and  inodosousL 
It  melts  at  a  temperature  above  100^  (at  176^  to  175'6^,  according  to  Kekuli),  and 
sublimes,  without  decomposition,  in  fine  needles. 

DecompotUions, — ^Toluic  add,  heated  with  Ume  or  hafvta,  is  resolved  into  toluene 
and  carbonic  anhydride :  O'H'O*  «>  C*H"  -i-  CO*. — ^When  boiled  for  some  time  with 
strong  nitric  aoid,  it  is  conyerted  into  nitrotoluic  acid. — ^By  distillation  with  prnta- 
ehlof^  of  phosphorus,  it  yields  toluie  chloride,  Cfl'OCl  (0  a  hours). — When  intro- 
duced into  the  animal  organism,  it  passes  into  the  urine  as  toluric  ada  (p.  868). 

A  mixture  of  toluate  and  formate  of  oaldum  yields  by  distillation,  toluie  aldehyde, 
CHH)  (Cannizsaro,p.  864): 

C»«H»*Ca''0«  +  C'H*Ca''0«     -     2CJ«H»0  +  2Ca''C0«. 

Toloate  of  Formate  of  Toluyllc 

calcium.  caldom.  aldehyde. 

Toluates. — ^Toluie  add  is  monobasic,  and  its  salts  are  mostly  ezystalline ;  they  have 
not,  however,  been  much  examined.^  The  ammonium'sali  forms  small  prisms. — ^The 
barium-^dU,  G^'H^^Ba^O^,  obtained  by  neutralisation,  forms  confused  ciystals. — ^The 
ixdcium-^i,  C>*H**Ca"0\  separates  from  its  concentrated  aqueous  solution  in  long 
shining  needles. — ^The  cuprie  salt,  G'*H*^Gu"0^  is  deposited,  on  mixing  the  potassium- 
salt  with  cuprie  sulphate,  as  a  blue  precipitate,  slightly  soluble  in  water. — The  potas^ 
wum-salt,  obtained  by  neutralisation,  forms  long  smning  needles. — ^The  sUtfer-salt, 
OH'AgO*,  is  obtained,  by  double  decomposition,  as  a  curdy  predpitate,  crystallising 
from  hot  water  in  small  needles. — The  sodium'snlt  is  more  soluble  than  the  potas- 
sium-salti  and  does  not  crystallise. 

Derivatives  of  Toluio  Acid. 

losoTOLVXO  Acid,  CnSIO'. — ^Produced  hj  the  action  of  hydriodie  add  on  diazo- 
tolu-oxytoluamic  add  (iv.  822).  It  ibrms  white  lamine  or  needles,  slightly  soluble 
in  water,  freely  in  alcohol  or  ether.    (G-riess.) 

NiTBOTOLTTioAoiD,  G*H'(NO*)0*. — This  add  is  easily  produced  by  boiling  toluie 
acid  with  strong  nitric  add.  It  may  also  be  prepared  directly  from  cymene,  by  boiling 
that  hydrocarbon  with  the  strongest  friminr  nitric  add,  as  long  as  red  fumes  are 
erolved.  The  residue  deposits  a  large  quantity  of  crystals  on  cooling,  and  gives  a  con- 
siderable predpitate  when  treated  with  water;  the  whole  mass  is  then  washed  on  a  filter 
with  cold  water,  then  digested  with  ammonia  and  filtered,  whereby  a  little  oily  matter 
is  separated.  The  filtrate  is  decomposed  with  hydrochloric  add;  t^*e  predpitated 
nitrotoluic  acid  is  washed  with  water,  dried,  dissolved  in  hot  alcohol,  and  Doiled  with 
animal  charcoal ;  and  the  filtrate  is  left  to  evaporate. 

Nitrotoluic  acid  forms  beautiful  pale-yellow  rhombic  prisms,  slightly  soluble  in  cold 
water,  soluble  in  hot  alcohol. 
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NUrotoluate  rf  Jmmanhmt  {mma  long  Deedlea ;  it  eaoilj  gtT6§  op  part  of  ite  am- 
monia,   and   tibe    whole   when    boiled   with    animal   chaureoal. — ^Tne   barimm-^aU, 
C**H"Ba'XNO')K)^,  is  thrown  down,  on  mizinff  the  ammoniun-salt  with  chloride  of 
barium,  as  a  white  cnrdy  precipitate,  which  dissolyos  abundantly  in  hot  water,  and 
separatee  in  steUate  groups  of  needlee  on  cooling.— The  caloium-Mlt,  Cl^>*0a''(NO*)*O^ 
is  obtained  in  like  manner  as  a  crystalline  precipitate,  more  soluble  in  water  than  the 
barium-salt,  and  oystaljising  there&om  in  oblique  rhombic  prisms. — Cufric  talL 
Cuprio  sulphate  forms,  with  tne  perfectly  neutral  ammonium-salt,  a  precipitate  con- 
sisting of  a  basic  salt. — The  potasrium-^t  is  yery  soluble,  and  crystailises  with 
diffioUty  in  small  needles.— The  tUver-mlt,  C*H*Ag(NO*)0*,  is  a  white  curdy  precipi- 
tate, yeiT  mudii  like  chloride  of  silyer,  yeiy  soluble  m  boiling  water  (blackening  if  too 
long  boiled),  from  which  it  separates  in  featherr  crystals  on  codling ;  slightly  soluble 
in  alcohoL — ^The  soduim-salt  is  unczyBtallisable.— The  HranHumitlt  is  yeiy  much 
like  the  barium-salt,  excepting  that  the  oystals  axe  laiger,  and  more  soluble  in  water. 
(Noad.) 

Niirotoluic  Etkers.-^The  Mylie  ether,  0«H^C^»)(NO*)0^  is  prepared  br  dis- 
tilling the  alcoholic  solution  of  the  acid  saturated  with  hydrodiloric  acid  gas,  till  the 
mixture  of  hydrochloric  acid  and  alcohol  begins  to  show  turbidity  with  water ;  the  oil 
remaining  in  the  retort  then  solidifies  to  a  crystalline  mass,  which,  after  being  washed 
with  carbonate  of  potassium  and  with  water,  is  dried  between  blotting-paper.  The 
ether  melts  in  the  water-bath,  and  forms  a  clear  liquid,  which,  on  cooling,  solidifies  to 
a  radiated  crystalline  mass.  It  has  a  pleasant  odour.  It  is  decomposed  by  potash  into 
alcohol  and  toluic  acid ;  does  not  form  an  amide  with  ammonia.    (Noad.) 

Methj^He  NUrotolttate,  0«H«r  CH')(NO>)0',  is  prepared  like  the  ethyl-compound ;  but, 
as  it  is  generally  contaminatea  with  bladk  greasy  secondary  products,  it  must  be  dis- 
solyed  in  strong  nitrio  acid,  boiled  therewith  for  a  short  time,  and  precipitated  by  water ; 
it  then  falls  down  in  oily  drops,  which  soon  solidify  in  the  oystalline  state.  It  may 
be  completely  purified  l^  distillation  with  water,  and  is  then  quite  colourless.  It  dis- 
solyes  easily  in  ether,  and  is  resolyed  by  potash  into  nitcotoluio  add  and  methylie 
alcohol.    (No ad.) 

DiNiTBOTOLTTicAciD,  C*H'(NO*)*0'. — ^This  acid  is  obtained  by  digesting  nitro- 
toluic  acid,  for  two  days,  with  a  mixture  of  equal  parts  of  fuming  nitric  and  fuming 
sulphuric  acid ;  and  is  precipitated  from  the  solution  by  water,  in  crystals,  which  may 
be  purified  by  recrystaUisation  from  boilins  water. — The  eilversalt,  C'H*Ag(NO')*0% 
is  a  white  precipitate.    (Temple,  Ann.  Ch.  Fharm.  cxy.  277.) 

^*   )n 

OxTTOLUAicio  Acid,  (C*H*0)>'q  or  Axidotolxjio  Acm,  G'H*(NH*)0*, has  been 

already  described  (iy.  321). 
DiaeotolU'Oxytoluamie  Acid,  C^«N«0«.C»H»NO«  (iy.  822). 

Appendix  to  Toluic  Acid, 

AlpHatolnle  Add,  G*HK)*.  (Canni zzaro,  Ann.  Ch. Fharm.  xcri.  216 ;  further, 
Compt  rend.  lii.  966;  liy.  1225;  Jahresb.  1861,  p.  421;  1862,  p.  267.— MoUer  and 
Strecker,  Ann.  Ch.  Fhaim.  cxiii.  64.) — Cannizzaro  found,  in  1855,  that  by  boiling 
cyanide  of  benzyl  (i.  573),  with  potash-ley,  an  add  is  obtained  haying  the  composition 
of  toluic  add,  but  melting  below  100^.  Moller  and  Strecker,  in  1857,  by  boiling 
yulpic  add  with  baryta-water,  also  obtained  an  isomer  of  toluic  add,  which  they 
denominated  alphatoluio  acid;  and  Cannizzaro  subsequently  found  that  this  acid 
was  identical  with  that  which  he  had  obtained  from  ben^lic  cyanide. 

Preparation. — Benzylic  cyanide  (i.  573)  is  boiled  with  stronff  potash-ley  till  the 
whole  is  dissolyed,  and  no  more  ammonia  is  giyen  off;  the  liquid  is  tiien  diluted  with 
water,  and  the  concentrated  filtrate  precipitated  with  hydrochloric  add  (Cannizzaro). 
— 2.  Vulpic  add  is  boiled  for  seyeral  hours  with  a  solution  of  barium-hydrate,  saturated 
while  warm  (potash  or  soda  would  produce  oxotolylio  acid,  iy.  217),  till  the  liquid  has 
become  colourless;  the  solution  is  then  filtered,  to  separate  oxalate  of  barium;  and 
the  filtrate  is  supersaturated  with  hydrochloric  add,  which,  as  the  liquid  cools,  throws 
down  the  greater  part  of  the  alphatoluic  add  as  a  crystalline  predpitate.  The  fil- 
tered solution,  when  eyaporated,  deposits  a  small  additional  quantity  of  the  same  acid, 
together  with  a  large  quantity  of  barium-chloride. 

Alphatoluic  add,  purified  by  recrystaUisation  from  boiling  water,  forms  broad,  thin, 
colourless,  shining  laminae,  haying  the  form  of  acute  rhombs,  yery  much  like  benanio 
acid.  It  has  an  odour  like  that  of  the  perspiration  of  horses.  It  melta  at  76'5°,  and 
giyes  off  (eyen  below  100^),  yapours  which  exdte  coughing.  It  boils  without  decompo 
sition  at  265*5°  (corrected;  the  temperature  directly  observed  was  262°).  The  specific 
gravity  of  the  solid  acid  is  nearly  1*3 ;  that  of  the  fused  acid,  compared  with  water  at 
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4^  18  1*0778  at  88^  and  1*0334  at  IZB^.  It  therefore  expands  Tory  strongly  in 
meltiDg.  It  dissolvea  sparmgly  in  cold,  freely  in  boiling  water,  and  Uie  aolnUon, 
saturated  at  the  boiling  heat,  deposits  the  acid  on  cooling  m  oily  drops,  which  after- 
wards solidify.    The  add  is  also  Teiy  solable  in  alcohol. 

The  alphatoluates  are  for  the  most  part  soluble :  those  of  the  alkali-metals  and 
alkaline  earth- metals  ciystallise  irith  difficulty,  on  aooonnt  of  their  great  solubility. 
The  solution  of  the  ammonium-salt  gives  alight-green  precipitate  with  cupric sulphate. 
— ^The  siher-Milt,  C'H^AgO^  forms  small  colourless  laminae,  soluble  in  boiling  water. 

Becompovitions. — 1.  Alphatoluic  acid  is  but  slowly  attacked  by  oxidising  agents,  but 
when  boiled  with  dilute  sulphuric  acid  and  potaasic  ehrofiuUe,  or  manganic  peroxide^ 
it  gives  off  carbonic  anhydride,  formic  acid,  and  benzoic  hydride. — 2.  When  warmed 
withfumiTiff  nitric  acid,  it  dissolves,  with  transient  red  coloration ;  and  the  eolation,  on 
cooling,  deposits  colourless  needles  of  a  nitro-acid,  which  forms  yellowish  solutioiis 
with  alkalis. — 3.  With  pentachloride  of  phosphorus^  alphatoluic  acid  yields  hydrodhlorie 
add,  phosphoric  ozychloride,  and  alphatoluic  chloride,  which  distils  over  as  a 
colourless  heavy  liquid.  This  chloride,  treated  with  ammonia^  yields  alphatolua- 
mide,  C"H'NO,  in  crystalline  scales  moderately  soluble  in  boiUng  water. 

4.  A  mixture  of  alphatoluate  and  formate  of  calcium  yields,  by  distillation,  alpha- 
toluic  aldehyde,  which  forms,  withacid  sulphite  of  sodium,  the  aystallineoomponiid 
C*H'O.NaHSO'.  On  separating  the  aldehyoe  from  this  compound  by  carbonate  of 
sodium,  and  dissolving  it  in  ether,  it  remains  in  the  form  of  a  gelatinous  mass.  By 
oxidation  with  nitric  add,  it  yields,  not  alphatoluic  add,  but  an  add  which  appears  to 
be  a  mixture  of  benzoic  and  nitrobenzoic  acids.    (Cann  izzaro.) 

Faraelilorotoliito  Aeld,  C^H'CIO*.— This  name  is  given  by  V oUrath  (Bull. 


saU,  G"H>*Ca"GlH)^3H*0,  crystallise  in  slender  needles,  soluble  in  water. 

TOZiVXC  A1LBBBT9S.  C"H*0  «  C"H'O.H.  (Cannizzaro,  loc.  cijf.)— This 
body  is  produced  by  distilling  a  mixture  of  toluate  and  formate  of  caldum  (p.  862). 
The  oily  distillate,  agitated  with  add  sulphite  of  sodium,  forms  a  crystalline  compound, 
which,  when  treated  with  carbonate  of  sodium,  yields  the  aldehyde  as  an  oil  having  a 
peppery  odour,  and  boiling  at  204^.  On  exposure  to  the  air,  it  gradually  takes  up 
oxygen,  and  is  converted  into  toluic  add.  With  alcoholic  potash,  it  forms  potassio 
toluate  and  toluylic  alcohol  (p.  869) : 

2C^K)   +  KHO     -     C»H»KO«  +  C«H"0. 
TO&VXO  AinrrD&ZSav  (G'H'0)*0,  is  not  Yniaim.—8alicylotoluie  A  nhy- 

(cm*oy) 

dride,  0>*H>*0*  «  C'H'O   \  0*,  is  formed  by  heating  dry  salicylate  of  sodium  with  an 

equivalent  quantity  of  toluic  chloride.  On  agitating  the  product  with  a  mixture  of 
water  and  ether  till  it  dissolves,  and  leaving  the  ethereal  solution  to  evaporate,  it 
remains  as  a  yellowish  visdd  mass.    (Kraut.) 

TO&VZC  CHZiO&ZBH.  C'H'0C!1.  Chlorids  of  OxtfMiyl  or  TohtoxyL 
(Ca hours,  Abn.  Gh.  Pharm.  cviii.  315.) — ^Produced  by  distiUing  toluic  add  with 
phosphoric  pentachloride.  Golourless,  strongly  refracting  liquid,  of  specific  gravity 
1*175,  boiling  at  214^ — 216^.  Fumes  in  moist  air,  and  reacts  with  water,  akohol,  and 
carbonate  of  ammonium  like  other  acid  chlorides.  Heated  with  salicylol,  it  yields 
tolusalicylol  (p.  170) ;  with  eugenic  add,  in  like  manner,  it  yields  eugenotduic  anhy- 
dride (ii.  605). 

TO&UZC  STBBS8.  Ethj/Uo  toluate,  G"H^(G»H*)0*,  is  obtained  by  passing 
hydrochloric  add  gas  into  an  alcohoHc  solution  of  toluic  acid,  distilling  to  about  two- 
thirds,  and  adding  water  to  the  residue.  It  is  then  predpitated  as  a  heavy  blade 
oil,  which,  after  washing  with  ammonia  and  water,  is  dried  over  chloride  of  calcium, 
and  rectified.  It  is  a  colourless  aromatic  liquid,  smelling  like  benzoic  ether,  having  a 
bitter  taste,  and  boiling  at  228^.    (N  o  ad.) 

Pheni/lio  toluatet  C*H^(G*H*)0^  is  obtained,  by  distilling  salicylotoluic  anhydride 
(see  above),  as  a  colourless  oil,  which  quickly  solidifies,  and  may  be  purified  by  boiling 
for  a  short  time  with  weak  potash-ley,  and  recrystallisation  from  ether-alcohol.  It 
forms  white  nacreous  lamins,  melting  at  71°  to  72°,  and  smelling  like  gerariums  when 
heated.    (Kraut.) 

TOXiVXBSVBp  or  BBM&TLZBBH'B.  CHi: — ^An  aldehyde-radicle,  related  to 
tolylene  or  benzylene  (ii.  577),  in  the  same  manner  as  ethylidene  to  ethylene. — ^The 
bromide^  G'H'Br',  is  formed  by  the  action  of  phosphoric  pentabromide  on  bitter-almond- 
oil,  CHH)  (p.  858). 


TOLUIDES— TOLUIDINE.  865 

Sy  heaJdag  tolmdiile^  xonniliBe,  and  othor  bases  with  bittar-almond-oil,  compoundB 
■e  obtained,  derived  ficm.  the  original  compound  by  substitution  of  1  at.  toluidene  for 
2  «t.hjdzoe«n. 

fcjHr ) 

met  (G*H")*'LN',  is  a  copper-coloured,  crystalline,  feebly  basic 
H      j 

eompound,  obtained  by  heating  rosaniline  with  bitter^almond-oil  to  100^  or  120^ 
(Schiff,  Compt.  rend.  Ixr.  46).  The  other  substitution-products,  just  mentioned, 
will  be  deseribed  under  Tolitidinb  (p.  867)  and  Toltuoix-diamimb  (p.  872)* 

VOlkmilBBft  Compounds  homologous  with  the  anilides  (iv.  419),  derired  £rom 
tolnidine-salts  by  abstraction  of  water,  or  from  toluidine  by  substitution  of  an  add- 
radicle  for  hydrogen,  and  produced  in  many  instances  by  heating  toluidine  with  adds ; 

C«HH).H.O  +  CH'-NH?  -  H«0     «    C'H«(C«H«0)JIH«. 
Acetic  add.  Toluidine.  Acototoloide, 

They  mi^  bo  regarded  as  amides  containing  the  radicle  tolyl  or  benxyl ;  e.ff,,  aceto- 

C«H"0) 
toluide  1-  tolylacetamide,    C^^  vK.    See  Toltiacbtaxidb,  ToLTLBBmAxmB,  &c. 

(pp.  871,  872). 


CnaPS*  "  Anddotokme,  C^H'(NH').— A  ciystalline  base,  produced 
by  the  reducing  action  of  snlphydric  add  or  ferrous  acetate  on  nitrotoluene.  It  has 
been  already  described  as  Bbkztljlmuib  (i.  676);  but  Gannizsaro  has  shown  that  a  base 
having  the  same  composition  but  different  properties,  is  formed  by  the  action  of  alco- 
holic ammonia  on  beo^lio  dilorids  (p.  867).  The  compound  thus  formed  is  a  true 
ammonia-base  or  amines  and  is  properly  designated  as  benzylamine  or  tolylamine, 

and  represented  by  the  formula   ]^  {^  *  whemas  the  base  obtained  by  reduction  of 

nitrotoluene  is  rather  to  be  regarded  as  amidotoluene  or  toluidine,  C^^ITH*). 

Preparation.  (See  i.  675). — ^For  preparins  toluidine  on  the  laige  scale,  Hugo 
Miiller  (Zeitschr.  f.  Chem.  1864,  p.  161 ;  Jahresb.  1864,  p.  423^  converts  ooinmer'* 
cial  toluene,  boiling  at  108°  to  114°  (pure  toluene  boils  at  111°),  into  nitrotoluene,  by 
poxning  a  mixture  of  nitric  and  sulphuric  acids  into  it  in  a  slow  stream  (if  the  action 
becomes  too  rapid,  dinitrotoluene  is  also  formed),  and  reduces  this  product  with  iron 
and  acetic  acid.  The  crystalline  toluidine  thus  obtained  is  freed  from  adhering  liquid 
base  by  drendiing  it  With  the  portion  of  American  petroleum  or  Burmese  naphtha, 
which  boils  between  80°  and  100°  (chiefly  heptylic  hydride),  and  finally  recrvstallising 
it  from  this  hydrocarbon.  E.  Sell  (Chem.  Soc  J.  zvi.  186)  prei>ajes  toluidine,  in 
considerable  quantihr,  from  that  portion  of  the  residue  of  the  aniline  manufacture 
{qtieues  dPanilirui),  which  boils  below  270°  (the  higher  portions  containing  paraniline, 
&c.,  iv.  352).  This  liquid  is  distilled  in  a  large  copper  retort  provided  with  a  long 
condensing-tube  not  cooled ;  the  portion  of  the  distillate  boiling  between  180°  and 
280°  is  subjected  to  fractional  distillation ;  the  several  portions  of  the  distillate  are 
treated  with  a  hot  solution  of  oxalic  add ;  and  the  sparingly  soluble  oxalate  of  tolni- 
cBne  is  decomposed  by  potash-ley  as  soon  as  a  sample  of  the  base  separated  by  ammonia 
solidifies  at  once.  The  brown  tcuuidinethus  separated,  which  ciystallises  on  cooling,  is 
washed  with  water,  pressed  between  paper,  and  distilled.  It  passes  over  between  198° 
and  200°,  and  solidMes  in  the  receiver  in  snow-white  crystali^  which  gradually  turn 
brown  in  contact  with  the  sir.    (Sell.) 

Toluidine  boils  at  206° — 206°,  under  a  pressure  of  780  mm.  (Stadeler,  J.  pr. 
Chem.  xcvi.  66.) 

Reactions, — ^Toluidine  is  absolutely  incapable  of  neutralising  dilute  sulphuric  add 
(Wanklyn,  Laboratory,  i.  3).  When  moderately  heated  with/tcfntn^ eulphwic  acid, 
it  forms  tolylsulphamio  or  sulphotolylamic  acid,  CH^SO*  (p.627;  Sell, 
ioe,  WA).— An  aqueous  solution  of  sulphate  of  toluidine  mixed  with  eyanate  ofpoiae- 

«tiifii»  deposits  white  needles  of  monotolylcarbamide,  C^' ^N*(Sell).  Finely- 
divided  toluidine  combines  rapidly  with  et^Ue  emanate,  fonning  tolyl- ethylcarba* 
CO  '\ 

mido,*^,  N«.    (Sell) 

H»  . 
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An  deoliolie  folntioii  of  toliiidine,  heated  (not  above  80^)  willi  an  cqnal  volnm  of 

carbame  diMilphide,  fbrms  ditolyl8ulphocarbamide,(C'H')nN*.    (SelL) 

Tolnidine,  fused  with  an  equal  weight  of  tuoeinie  acid,  forms  tolylsneeinimide^ 

era*     p,andditolylsnccinamide,  (CH^*  [n».  (Sell) 

A  mixtore  of  tolnidine  and  aoetie  add^  treated  with  trieklonde  of  pkotpkoruB,  yields 
ethenyl-ditolnidine,*  CHMN'(Hofmann;  see  p.  867).— With  bmsoie  i^rid^ 
(bitter-almond-oil),  tolnidine    forms    dibenzylidene-tolylamine,  C**H*'K'    » 

^&E.^*(Cm'y  (Schiff,  Jahresb.  xviii.  429).— With  mdnone  bxA jMreUoromiMone, 
tolnidine  forms  compounds  homologous  with  those  prodnced  by  aniline  (Hofmanny 
iy.  426). — ^A  mixture  of  1  at.  hydrMhlorate  of  tolnidine  and  1  at.  asobaufene  is  con- 
yerted  (at  230^)  into  a  black  mass,  containing,  together  with  unaltered  tolnidine,  a  rubj- 
red  colouring-matter  soluble  in  hot  water,  a  yi(Set  substance  somewhat  less  soluble  in 
water,  and  a  blue  substance  soluble  in  alcohol. — ^With  nitrobenzene,  in  like  manner,  a 
tany  greenish  mass  ia  formed,  which  does  not  contain  any  oolouring-mattexs  (Stade- 
ler,  Jahnsb.  1866,  p.  409). — Tolnidine  heated  with  half  its  weight  of  aoetate  qf  rosa- 
niUne,  forms  tritolyl-rosaniline  or  tolnidine -blue,  C"H»«(CH')«W».  (Hof- 
mann,  iy.  472.) 

Gyanotoluidine,  C'H'W (i.  576),  is  rasolyed,  byeyapoiationof  its  h^dzoehknte, 
■imiiBrly  to  cyaniline  Hy.  448\  into  sal-ammoniao^  hydvoohhaate  of  tolaidme^  oTamidi^ 
monoto^loxamide,  ana  ditolylozamide.  (Sell.) 

JMnvaUvee  qf  TclmdiiM  ooniaimnff  Aloohol^radieht, 

Phskyltoluidine,  C^'ff'N  -  Cni«(C«H»yNH«.— This  base,  which  Hoftnann 
obtained  by  the  dry  distillation  of  a  salt  of  tiitolyl-roeaniline  (iy.  472),  is  likewise  pro- 
duced, tQgmer  with  diphenylamine  and  ditolylamine,  by  heating  ^pdrochlonte  of 
tolnidine  with  aniline,  or  h^drochloiate  of  aniline  with  tolnidine.  The  three  baaee 
may  be  separated  by  fractional  distillation,  but  the  separation  is  <^iffl<*nlt,  as  their 
boiling-points  do  not  differ  by  more  than  25^  or  30^.  Phenyltoluidine  boils  at  about 
330^.    (De  Laire,  Girard,  and  Chapoteaut,  BulL  Soc.  Ghim.  1866,  ii.  360.) 

BBKSTLTOI.X7IDINX,       Or      ToLTLTOLUIDINB,      C»*B[>'N     -    C'H«(C*H»)JIH». 

Ditolylamine, — ^Produced  by  heating  1  at.  hydrochlorate  of  tolnidine  with  1|  at.  of  the 
free  base,  to  210^ — 240°,  in  a  long-necked  flask  provided  with  a  oondensing-tube,  or 
more  quickly  by  heating  the  mixture  in  a  sealed  tube  under  a  pressure  of  four  or  fiye 
atmospheres.  On  treating  the  nroduct  with  hydrochloric  acid  diluted  with  twentr  ov 
thirty  times  its  bulk  of  water,  tne  hydrochlorate  of  benxyltoluidine  is  decomposed  by 
the  water;  and  the  benirltoluidine  thus  separated,  floats  on  the  surface  as  an  oil  which 
solidifies  on  cooling,  ana  may  be  purified  by  reciystallisation.  It  boils  between  855^ 
and  360®.  It  foons  unstable  salts,  which  are  decomposed  by  water.  Nitric  addtnma 
it  jellow,  a  character  by  which  it  is  distinguished  ficom  diphenylamine.  (De  Laire, 
Oirard,  and  Chapoteaut,  loc.  cit,) 

DiBBNBTLTOLUiDiNB,  C»»H«»N  «  C'B[»(C»H^)«.NH«.— This  base,  isomerie 
with  tribeni^lamine,  (C'H*)H'N  (i.  676),  is  produced  by  heating  an  alcoholic  solutioB 
of  1  at  tolmdine  with  2  at.  benzylic  diloride,  and  subjecting  the  base,  separated  £rom 
the  product  by  potash,  to  a  repetition  of  the  same  treatment.  It  eiystallises  in  slen* 
der  needles,  melting  between  64'5®  and  65°  (triben£ylamine  crystallises  in  small 
tables,  and  melts  at  about  98°).  It  is  insoluble  in  water,  slightly  soluble  in  cold, 
easily  in  hot  alcohol,  and  becomes  yellowish  on  exposure  to  light. — ^The  hydrochlorate 
dissolyes  readily  in  alcohol,  and  is  decomposed  by  water,  with  separation  of  the  base. — 
The  ehloroflatmate,  which  is  also  decomposed  by  water,  oystalHses  from  an  alcoholic 
solution  mixed  with  ether.    (Cannisaaro.) 

Jkriwttives  qf  Toluidine  eofUaining  Jldehyde-radielee, 
These  compounds  are  formed  by  the  action  of  aldehydes  on  tolnidine.— -DMil^/ufi 


ditolvitUne,  C»«H«N«   -  C»*H>»(C'^0*.(NH*)«   -    (C^^Hy.CC'H^)*!^,  obtained  by 
the  action  of  acetic  aldehyde  on  toluidine,  crystallises  in  ydlow  nodules,  and  foims 

red  resinous  salts  with  tuAds.^lHaUylidene-ditolmdine,  (d^*y{Cm^yS*,  ia  obtained 
in  like  manner  with  acrolein,  as  a  brown  resinous  maa»,-^JlHb(mgylideneHUtoluidine, 

*  BtheoTl,  C*H>,  Is  the  trtotoraic  ndide  eommontyoiUed  Vifi&L  For  Hoftauim*i  fTttematic  aooicn* 
clatttre  of  nydrocarbont,  gee  Proc.  Roy.  Soc.  xr.  59. 
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C"BL«1!I»  «  (0(b^CrV)«M*,  produced  hy  the  aetioD  <kf  bittelMainoiid^U  on  tolai- 
dine,  eepantee  txm  aloohol  as  a  yellow,  erjatalline,  iDdiiftveiit  body,  which  melta 
w  boiluu  water,  and  la  eooTerted,  at  160<*,  into  TeUow  needlee,  melting  at  120®— 126^ 
ftnd  capable  of  combining  with  aokla  and  ohloadea.  (Sehif  i^  Zeitachr.  f.  Chem.  186d, 
p.  400.) 

EtkenfL-dMuUuis,  G'«H'«N'-G'«H"(CiBT'O^^H*)*.  (Hofmaan,  Fkoe.  Boy.  Soe. 
XT.  66 ;  Jahieeb.  186i,  pw  416.V— Thia  baae,  danced  ftom  2  at  tolnidine  by  aabatitution 
of  the  triatomie  fadtele  etheayl  (vinyl)  for  8  at  hydrossa,  ia  prodoeed  by  the  action  of 
tricfalozide  of  phoaphoma  and  ehlonda  of  aeetyl  on  t<£iidine  at  100^: 

OC'H^N  +   8C«H«0C1  +  PCI*     -     SC««H"«N«  +  PBW  +  OHCL 

Wbenpuiifled  by  lecrystallisationfromalcoholf  it  fatma  white  laminae,  Msembling  the 
eonesponding  pnenylH^mponnds. 

AioToLviDi»B,  or  BiAZOTOLVBKXjC'H'N*  •  O^'N^.Kfi'.  (G-ries8,Chem. 
Soc.  J.  zz.  86.) — ^The  ealta  of  this  base  (whidi  has  not  been>  obtained  in  the  free  state) 
ttzhibit  considerable  analogy,  in  their  properties  and  modes  of  formation,  to  the  corres- 
ponding aniline-derivatiTee  (ir.  430) ;  they  appear,  howsTer,  to  be  somewhat  more 
stable,  and  to  crystallise  more  readily. 

The  niiraie,  (rH'N*.NHO',  is  best  prepared  by  the  action  of  nitrons  aeid  on  an 
BicpmojiB  solution  of  nitrate  of  tolnidine,  bnt  it  may  also  be  formed  from  asoditolni- 
dme.  It  fbrma  long  white  needles,  which  are  decomposed  on  boiling  with  water, 
according  to  the  equation : 

0»H«N«jraO«  -f  H*0    -    CBPO  +  NHO«  +  N*. 

Nitrate  of  CtmoI. 

AgotoluMlae. 

The  otbar  salts  are  obtained  from  the  nitrate  in  the  same  manner  as  the  eoRespond- 
ing  phenyl-oompoonds.— The  ehl&roplatmate,  2(C'H«N*.H01).PtCl<,  is  precipitated,  in 
fine  yellow  prisms,  on  adding  platinie  chloride  to  a  dilute  solution  of  the  hydroehlorate. 
When  wnited  with  soda,  it  yields  an  aromatic  oil,  having  the  composition  of  chloroto- 
Inene,  C'H'Cl. 

The  tulpkaU,  O'H'N'.SHH)*,  is  obtained  in  brilliant  plates,  needles,  or  prisms, 
according  to  the  dicnmstances  under  which  it  crystallises.  When  heated  with  strong 
sulphuzie  aeid,  it  gives  off  the  whole  of  its  nitrogen,  and  is  eonrerted  into  disulpho- 
tolylenio  acid,  CH^^SH)*  -  C'H«.2SHK)«,  the  barium-salt  of  which,  C'H"Ba'%*0«, 
erystallisea  in  long  white  needles. — ^The  perhrawncU,  CH'N'.HBr',  is  precipitated  by 
bromine-water  from  aqueous  nitzate  of  aaotoluidine^  as  a  yellow  ou,  wmch,  after 
evaporation  of  the  excess  of  bromine^  solidifies  to  a  crystalline  mass. 

AzoDiTOLuiDiiTB,  C>'H"N*  -  C>'H"N'*.(NH')*,  or  DiASOTOLram-AiODOTO- 
LuxKB,  ]nTHyrNH*V — '^'^  ^^^  ^^  produced  bypassing  nitrous  acid  vapour  through  a 

solution  of  tolnidine  in  a  mnall  quantity  of  strong  alcohol  mixed  with  two  or  three 
times  its  volume  ot  ether,  till  a  drop  of  the  solution  leaves,  on  evapoiation,  a 
residue  of  yellow  needles.  The  scdution  of  these  o^stals,  left  to  evaporate,  deposita 
the  base  in  yellow  needles,  which  must  be  waahed  with  alcohol,  and  reciystallised 
from  a  miztore  of  aloohol  and  ether.  The  enrstala  have  a  strong  lustre,  andeofTespond, 
in  solubiUty  and  other  properties,  with  aaocnphenyl-diamine  (iv.459). 

The  oUoroplathuae,  C>«H**N*.2HCLPtCl«,  u  obtained  in  glittering  plates,  resembling 
iodide  of  lead,  on  mixing  an  alooholio  solution  of  the  base  with  pktinie  chloride;  it 
deflagrates  at  a  high  temperatare.    (Griess,  Chem.  Soe.  J.  xix.  67.) 

AsoPHB]rTLToi.uiDiNs,  C'H^'N'  -  G>*H'N'''.(NH*)*,  or  DiAaoTOLumfn-Axino- 

^'"°'™^  C*HVNH*u'  ^^^^^^  ^7  ^^  action  of  aniline  on  nitrate  of  aaotoluidine, 
crystallises  in  beautiM  long  yellow  needles.    (Griea s,  Oieni.  floe.  J.  xx.  87*) 

Ammnx  to  ToLiTmim. 

BMuajtaiBlM»CrH*N-i^g||N.    (Oanniaaaro,  BnlLSocGhim.  1864,ii.  126; 

1865,  ii  218.) — ^This  base,  isomeric  with  tolnidine,  is  formed,  together  with  tribenzyl- 
amine,  {CB^yN  (i.  874),  and  probably  also  with  dibensylamine,  (€rH*)>HN,  by  the 
action  of  alcoholic  ammonia  on  benzylic  ehloride,  C'H'Cl.  The  mixture,  after  a  few 
days,  deposits  tabular  crystals  of  tribensylamine,  and  on  evaporating  the  filtered 
liquid  in  the  water-bath,  imd  treating  the  residue  with  hot  water,  a  frirther  pCHlion  of 

8x2 
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tnbeiaxfiaaunB  reiiuiiiis  undissolved,  and  the  soliition  contunfl;  iogeXhm  wi£b.  att> 
ammonmc,  th0  hjdioehlonte  of  benzylamine,  and  probably  also  of  dibensjlamine.  The 
hjdrochlorate  of  bemylamine  10  separated  from  the  more  soluble  portion  bjfinetiocal 
cmtaUisadon ;  and  the  firee  base  separated  Iram  this  salt  hj  potash  is  oissolTed  in 
ether,  freed  firom  ether  by  evaporation,  dehydrated  by  Aised  -polub.  out  of  contact  vith 
the  air,  and  then  distilled — the  portion  whidi  gives  over  at  182^  being  collected  ^azt. 
For  complete  pariflcation,  it  is  converted  into  the  solid  carbonate  by  ftmoanzo  to  a 
stream  it  dnr  carbonic  anhydride ;  the  carbonate  is  washed  with  anhymons  edMr, 
and  dissolved  in  hydrochloric  add ;  and  the  crystallised  hydrochlorate  is  decomposed 
with  potash  as  above. 

Benzylamine,  thns^paxed,  is  a  coloorless  liquid,  not  altered  l^  light,  and  boiling 
at  182^ — 188^.  (Tolmdine,  described,  at  voL  i.  p.  575,  as  benzylamine,  is  crystalline  at 
ordinary  temperatnzes,  and  melts  at  40^).  It  mixes  with  water  in  all  proportions 
(tolnidine  is  but  slifhtlv  soluble  in  cold  water),  and  is  separated  therefirom  by  potash, 
with  iaint  yellowish  oolonr.  It  absorbs  carbonic  anhydride  rapidly,  forming  a  ays- 
talline  compound ;  has  a  strong  alkaline  reaction ;  forms  white  fumes  with  h^ydroehlo- 
ric  acid,  and  unites  with  adds,  producing  rise  of  temperatorei  Altogether,  it  appears 
to  be  a  stronger  base  than  tolnidine. — Bj/droehlorate  of  bemylamine,  CWVJlClg 
crystallises  in  striated  tables  ;  the  cklaroplaiinaU  in  orange-colotired  laminae. 

Dibenzylamine,  (C^')'HN,  isomenc  with  bemnrltoluidine,  has  not  been  isolated, 
but  appears  to  be  formed,  together  with  mono-  and  tri-bencylamine,  in  the  proeesa 
above  oescribed. 

IWibentylamine^  (CTH'/N,  isomeric  with  dibenzyltoluidine  (p.  866),  has  been 
already  described  (i.  674). 

C«H») 

F.k$nyl'h$ngylamin$^Q^^^^  »  C^'>K.    (Fleischer,  Aim.  Ch.  PhaifD. 

H  ) 
czzzviii.  p.  225;  Bull.  Soc.  Chim.  [1866],  ii.  235.^Thi8  base,  isomeric  with  Hof- 
mann's  tdylaniline  (iv.  454),  is  produced  by  mixing  aniline  with  bensylic  diloxide 
(boiling  at  170®).*    The  mixture  becomes  hot,  and  deposits  white  OTstals,  consisting 
of  jiydrochlorate  of  aniline,  together  with  phenyl-benzylamine : 

CTBPCl  +  2C^»N    -     C«H7N.Ha  +  C»«H»K. 

The  mixture  must  be  heated  to  160^  fbr  twenty-four  hours,  to  complete  the  reaction ; 
and  on  dissolving  out  the  hydrochlorate  of  aniline  from  the  product  by  water,  the  phenyl* 
benzylamine  remains  as  an  oil,  which  is  converted  by  hydrochloric  acid  into  crrstals  of 
the  hydrochlorate,  C'H^'N.HCl.  On  decomposing  this  salt  with  soda^  and  distilling 
the  liberated  base  under  a  pressure  of  45  millimetres,  the  greater  part  passes  over, 
between  200°  and  220®,  in  the  fbrm  of  an  oily  liquid,  which  solidifies  at  a  low  tempera- 
ture, and  may  be  purified  by  pressure  between  bibulous  paper,  and  xecrystallisation 
from  boiling  alcohoL 

Phenyl-benzylamine  crvstallises  in  colourless  four-sided  prisms,  insoluble  in  water, 
but  soluble  in  alcohol  and  in  ether.  It  melts  at  32®,  remains  in  a  state  of  surfusion  at 
12®,  and  boils  under  the  ordinary  pressure  at  a  temperature  above  810^.  (Tolylamline 
melts  at  87®,  and  boils  at  334®).— The  hydroohloraU,  G'*H^'N.HC1,  forms  colourleos 
crystals.— The  oxalate,  (C"H*'N)*.C*H'CM,  forms  white  laminae.— The  base  fbrms,  with 
ekloride  ofeadmmm,  the  compound  C^>«N.OdCl*. 

Phenyl-benzylamine,  fbsed  with  mercnric  chloride,  fonns  at  first  a  green  msas, 
which  dissolves  in  alcohol  with  fine  blue  colour ;  but  by  the  prolonged  action  of  heat» 
this  mass  assumes  a  dark  colour,  and  then  forms  with  alcohol  a  crimson  solution. 

Phenyl-bensylamine  treated  with  ckhride  0/ benzoyl  forms  phenyl-bensyl-ben- 
zamide,  (OH*)(C'H0(C'HH))N,  which  crystallises  in  oblique  prisnuk. 

TO&VOA.    8yn.  witii  Toluhnb. 

TO&VO&ZO  AOXB.    Syn.  with  Toxtiic  Acid. 

TOIiVOnnUPfaB.    Syn.  with  BaNZTLCTANiDB  (i.  5?d). 

TO&VOSAXIOni  or  TO&VOAaJUCnXO&.    See  Sax^tctiol  (p.  1 70). 

TOIiUOJLIJa.  C^'O.^Thfrradiele  of  toluic  acid  and  its  derivatives.  (Footnote, 
p.  869.)  H 

TOIiVBIO  JkOXD.   C»«H'«NO*  -  ^^^^^tq 

H     . 
MeJmd.     (Eraiit>  Ann.  Ch.  Phaim.  zeviii.  360.)  —  An  add   homologous  with 


'^.^Toivylyeie  AM,    Gfycoeol'to- 


•  ChlorotoloeiM  (aoeordlng  t«  F 1  e  I  •  eb  a  r),  but  the  boiliDg-poiat  ihowt  that  the  conpomid 
wat  rwiUj  bMsyllo  chloride  (p.  8M). 
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hippuric  acid,  produced  in  tHe  passa^of  toluic  acid  thiough  the  animal  body,  just  tLi 
hippuric  acid  10  formed  from  benzoic  add  ^iii.  158).  To  obtain  it,  tolnic  acid  i^ 
sWilowed  in  doses  of  several  grammes  Twluch  may  be  done  without  ixjniy  to  the 
health) ;  the  acid  urine  afterwards  voided  is  evaporated  to  a  svrup ;  this  residue  is 
exhausted  with  alcohol ;  the  solution  is  mixed  with  oxalic  add  and  left  to  evaporate;  and 
the  residue  is  finally  exhausted  with  alcoholic  ether.  The  yellowish  tolunc  add  still 
contaminated  with  oxalic  add*  which  remains  on  evapoxtating  this  last  solution,  is 
t>oiled  with  caldc  carbonate ;  the  caldum-salt,  which  crystallises  out  on  cooling,  is 
porifted  by  repeated  orystaUisation,  and  then  decomposed  by  heating  it  with  dilute 
hydrochloric  add ;  and  the  add,  which  czystallisee  out  on  cooling,  is  punfled  by  solution 
in  boiling  water.  It  may  be  obtained  in  huge  crystals,  by  spontaneous  evaporation  of 
the  alcoholic  solution. 

Toluric  add  crystallises  from  boiling  water  in  colourless  laminae ;  from  alcohol  in 
trimetric  prisms,  exhibiting  the  combination  ooP  .  oo^oo  .  ?« ,  also  with  oiP ;  they 
are  as  hard  aa  gypsum,  and  have  a  vitreous  and  nacreous  lustre.  The  add  is  inodo- 
rous, melts  at  160^ — 165®,  and  decomposes  at  a  stronger  heat,  emitting  an  aromatic 
odour.  It  dissolves  freely  in  boiling  water,  slightly  in  cold  water ;  in  s^ost  any  pro« 
portion  of  hot  alcohol,  abundantly  also  in  cold  alcohol,  sparingly  in  ether  firee  nom 
alcohol. 

Toluric  add,  boiled  with  hydrochloric  add,  is  resolved,  siinilarly  to  hippurio  add, 
into  tolnic  acid  and  glycocine : 

C"H"NO»  +  H»0    «    C«H»0«  +  C*H»NO». 
1V>liirio  add.  Tolale  Glyoodnc; 

add. 

To  In  rates. — ^Most  of  these  salts  are  soluble  in  water,  those  of  the  aUEali-metals 
being  the  most  soluble^ 

The  barium-^t,  C^H>*Ba"N*0«.6H*0,  crystallises  in  small  needles,  apparently  tri- 
metric, exhibiting  the  faces  ooP,  ooPoo  ;  it  dissolves  easily  in  hot  water. — ^The 
caldumsalt,  C'*H*"Ga"N*0*.8HK),  forms  flattened  czystals^  one  or  two  millimetres  long, 
and  stronglv  streaked  parallel  to  their  axis ;  very  sof^  and  having  a  silky  lustre ;  spar- 
ingly soluble  in  cold,  easily  in  hot  water. — The  eUver-Mlt,  C**H**Aglf  0',  obtained  by 
double  decompodtion,  is  very  soluble  in  hot  water,  and  se|)arates  in  well-defined  crys- 
tals on  cooling. — ^The  sodiwn-aalt  crystallises  firom  water  in  feathery  needles. 

The  solution  of  the  sodium-salt  forms  a  white  predpitate  with  neutral  acetate  of 
lead,  brownish-yellow  with  ferric  chloride.  The  latter  predpitate  is  soluble  in  alco- 
hol, and  melts  partially  when  boiled  with  water. 

TOIiinrx.  OH*. — ^The  radide  of  toluylic  alcohol  and  its  allied  compounds ;  * 
isomeric  with  zylyL  Free  toluyl,  rum[»  obtained  by  the  action  of  sodinm  on  to- 
luylic chloride,  is  a  thick  liquid,  boiling  at  296®.  (Yollrath,  Zeitschr,  f.  Chem.  [2]« 
ii.  488 ;  Bull.  Soc  Chim.  [1867],  i.  843.) 

TOIiinXAXm.    A  name  sometimes  applied  to  toluidine. 

TOXiiraxaDrik  A  name  sometimes  given  to  tolylene  or  benzylene^  C*H*i  but 
more  properly  bdonging  to  the  hydrocarbon  CH". 

TO&UTXZC  ACBTATB,  Cm\(>H*)0',  obtained  by  the  action  of  toluylic  chloride 
on  acetate  of  potassium,  or  (better)  on  acetate  of  silver,  is  a  li<^uid  having  an  agreeable 
odour,  and  boiling  at  226^.    Alcohcdio  potash  easily  converts  it  into  toluylic  alcohoL 

TO&inrZiZC  ACXB.    Syn.  with  ToLinc  Acid  (p.  861). 

TO&VT&ZO  JL&CM>BOL    C*H>*0  -  ^^{o.     2W«Mo  or  TbhtensfUo  Jlcokol. 

(Cannizzaro,  Compt  rend.  liv.  1226  ;  Jahresb.  1862,  p.  267.) — An  alcohol  isomerio 
with  xylylic  alcohol,  obtained :  1.  By  the  action  of  alcoholic  potash  on  tciluie  aldebydo 
(Cannizzaro): 

2C»H^  +  KHO    -   CH'KO*  +  C«H»0. 

Toluylie                                   Toluate  Tolurlic 

aldehyde.                               of  potaf-  alcoboL 

num. 

2.  By  the  action  of  alcoholic  potash  on  toluylic  acetate  (Vollrath)*  It  is  a  white 
crrstalline  body,  which  melts  at  58*5^ — 59*5^,  and  boils  at  217^  (xylylic  alcohol  is  an 
oil,  which  merely  becomes  visdd  at  — 18^,  and  boils  at  about  220^).  Toluylic  alcohol 
is  slighUy  soluble  in  oold  water,  somewhat  more  freely  in  boiling  water,  and  separates 

*  Th«  imme  toluyl  if  alio  applied,  Bomfftlnies.  to  CH'O,  the  radicle  of  toluie  add  ;  eometlnet  to  Um 
radicle  C^W,  more  properW  called  to  lyl ;  which  lattor  name,  on  the  other  hand,  is  civen  by  Yoll- 
rath  to  the  radicle  C"H«.  To  avoid  all  this  confusion,  It  Is  advisable  to  designate  C'H'  as  tolyl  or 
bensyl,  C«HB  as  toluyl,  and  CH'O as oxy  toluyl  or  iulaozyl.  • 
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thenfrom  in  oily  drop6»  which  alterwarda  aoBdiiV  in  needleniha^  eqfitab ;  it  im 
easily  BoihiUe  in  alcohol  and  in  ether,  l^itzic  add  eonTexta  it  into  tolnie  aldehyde. 
Heated  in  a  atream  of  chlonne-gaB,  it  is  oonrerted  into  tolnylio  chloride^  C^H*C1 ;  and 
thie  oompoiind,  heated  with  cyanide  of  potaseimn  in  alcoholic  oolnlion,  10  tranaloraBed 
intotoln^ccnranide,0^*N  -  CfH*CN,  which,  when  distilled  with  potaah,  yields  al- 
phatolnic  add  (p.  S64). 

TO&n&ie  OHbOBUMIt  G^H*01  (Yollrath,  Zaitschr  f.  Ohan.  [S],  ii  488), 
piodnoed  by  the  action  of  chlorine  on  stylene^  O'H'*,  at  the  boiling  heat,  is  a  fiqnid 
naTing  a  msag^ceable  odour,  and  boiluig  at  198^.  When  treated  witli  cyamide  of 
potaasinm,  in  presence  of  aleohdly  and  then  with  potash,  it  yields  a^ha^jiie  add, 

OfH«»0«  -  C5fH«  I  OT.COHO.    ^®®®  Xtltlic  Aom.) 

Tmbinruio  nr&TCmiB  and  snuratTMULVB.  Both  sulphide  and  sol- 
phydrate  of  potasdnm  act  very  strongly  on  tohiylic  chloride,  prodndng  in  the  one  case 
the  sulphide  of  toluyl,  (0"!H*}^  in  the  other  sulphydrate,  &B*MA  Both 
these  compounds  are  liquids  of  disapeeable  odour.  The  solphydrate  forms  a  bull^ 
white  preopttate  wi^  an  alcoholic  sobtion  of  mercoric  chloride^  and  yellow  with  acetate 
oflea^    (Vollrath.) 

TOSnWoT  93answ%B  CW  bp  C^X^^'^--^ iiuinatomie radide,  which  m^r 
be  Bupposed  to  exist  in  bensylio  alcohol,  benzyhunine,  tolylie  or  benxylic  bromide^ 
chloride,  &e.  The  name  ^entyl  ia  the  most  amyenient  to  i^  as  tolyl  is  too  mndi  like 
toluyL 

Ben^l  in  the  free  state,  G*^*^  is  obtained  by  heating  benzylic  diloride  with  ezoosa 
of  sodium  to  100^,  treating  the  pvoduot  with  ether,  and  eyaporating  the  ethereal  aoln- 
tion.  It  then  remains  as  an  oily  body,  which  ciystallisee,  after  some  time,  in  needles 
aikl  lamime.  When  j^rified  by  pressnze  between  paper,  and  rented  aystaUisation 
from  strong  alcohol,  it  fonns  wmte  monocUnie  ciystals,  exhibiting  the  combination 
QoPoo  ,  +1Pao  ,  ^Foo  .  oP  .  — ^Poo ,  tabular  fbom  predominance  of  —Poo ,  and  in- 
distinctly deavable  parallel  to  ooP  and  [  o»Pao  ].  The  foUowii^  angular  magni- 
tudes haye  been  approxiniately  detennined:  ooPoo  :  +Pao  ■-  16(^;  [odPoo]:  -i-P 
a  noP;  6P  ;  VPoo  «  131^^  Ben^l  mdts  between  61*60  and  62*6^  diatila 
without  decomposition  at  284^,  is  insoluble  in  water,  but  dissolyes  in  alcohol,  etlier, 
and  sulphide  of  carbon.  (Cannissaro  and  Eossi,  Ann,  Gh.  Phaim.  cxxi.  260 ;  Jah- 
zesb.  18(1,  p.  648.) 

Benzyl  is  likewise  produced  by  the  action  of  sodium  on  biomide  of  benzylidene, 
CH^z*  (p.  853).  Sodium  acts  rapidly  on  this  compound  at  180^,  hydrobromic  add 
beinff  ffiven  ofT,  and  a  thick  blade  mass  formed,  whidi  is  partly  soluble  in  ether.  On 
il^H)img  the  soluble  portion  of  the  product,  toluene  is  giyen  off  at  109^ ;  and  the  black 
resinous  residue,  if  further  distilled  in  a  stream  Of  aqueous  '▼apour,  giyes  oiF  an  oily 
liouid,  whidi  soon  solidifles  to  a  ciystalline  mass  of  ben^l,  C'^^  (Michael son  ana 
Lippmann,  Ann.  Gh.  Phazm.  Suppl.  iy.  113;  Jahresb.  1866,  p.  550\  The  authom 
regarded  the  product  thus  obtained  as  isomeric  with  bem^l,  and  callea  it  isobensyl, 
because  it  appeared  to  unite  directly  with  bromine,  instead  of  forming  substitntion- 
poducts,  like  the  benzyl  obtained  by  the  process  of  Cannizsaro  and  Bosd ;  but  Fit  tig 
has  shown  (Ann.  Ch.  Pharm.  czxxyii  271)i  that  benzyl  obtained  by  dther  process  acta 
in  the  same  manner  with  bromine. 

Several  substitution-deriyatiyes  of  the  molecule  C**H*^  called  dibenzyl-eom- 
ponnds,  haye  been  obtainedby  Stellingand  Fit  tig  (Ann.  Ch.  Pharm.  czxxvii.  267; 
Jahresb.  1866,  p.  647). 

Amidob9%Myl,  or  Diavkidodihenzyl,  0>«H>«N*  »  Gi«fiU(NH')>,  is  pradoeed 
by  reducing  nitzobenzyl  (p.  871)  with  tin  and  strong  h^drodiloric  add,  and  is  thrown 
down  by  ammonia — ^&om  ^Qie  sohition  previously  freed  from  tin — as  an  amoiphons  pre- 
cipitate. It  resembles  the  homolo^us  compotmd,  amidophenyl  or  benzidine  (iv.  411), 
and  ciystaUises  from  hot  water  in  colourless  scales,  wkich  are  nearly  insoluble  in 
cold  water,  very  soluble  in  alcohol,  melt  at  182^,  and  sublime,  almost  without  decompo- 
ntion,  at  a  hiffher  temperature.    It  is  a  base,  and  forms  crystalline  salts. 

The  kydroekUfraUt  C**H**N*.2HG1,  is  very  soluble  in  water  and  alcohol,  and  sepa- 
rates fr<nn  strong  hydroddoric  add  in  small  colourless  OTstals. — ^The  ekiotcpUtmaiej 
G>^i*N*.2HGlJPtGl*,  forms  easily  decompodble  needles,  united  in  concentric  groups. 
-^The  ndphaU^  G'^l<K'Jn30^  is  a  white  enrstaUine  powder,  slightly  soluble  in 
water.-— The nmUndojMlaU,  C^^^'S'.CTPO*,  is  a  crystalline  predpitate;  the  acid 
oxalate,  G*^>*K'.2G'H*0\8H*0,  is  depodted  in  hard,  transparent,  pmmatic  crystals, 
nearly  insoluble  in  cold  water. — T)a»  pho9fhat$  is  a  white  predpitate^ — ^The  ^kronuOa 
forms  easily  decompodble  yellow  needles. 

laonitrobenayl  is  easily  reduced  by  tin  and  hydrochloric  add  to  a  base,  irinch  soon 
changes  to  a  tarry  mass. 
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-  SromohenMfls, — ^Benqrl*  supeiided  in  water  and  mixed  wiUi  bromine^  jrieUfl  a 
pasty  aaaea  eonrngting  of  serenl  subetitatioii-prodiicts.  On  diseolving  the  product,  deco- 
Lnrised  with  soda-lej',  in  hot  alcohol,  dibromodibenzyl  crystaUiBee  out  first,  while  the 
monobrominated  compound  remains  in  solution. — Monobromodibengyl,  C'^H^^Br,  when 
purified  by  distillation,  is  a  colonrless  viscid  oil,  baring  a  specific  gravity  of  1*898  at 
9^.  It  solidifies  below  0^,  in  the  ciystalline  form,  boils  at  a  temperature  above  810^» 
and,  like  the  followin^^  compound,  is  not  decomposed  by  heatinp  to  140^  with  alcoholic 
solution  of  ammonia,  iodide  of  potassium,  or  cyanide  of  potassium. — Dibromodihentylt 
C^^H^Br*,  is  nearly  insoluble  in  cold  alcohol  and  benzene,  very  sparingly  soluble  in 
hot  alcohol,  melts  at  114^ — 116°,  and  crystallises  in  colourless  pnsms  or  needles. — 
Tribromodibmgyl,  C>«H"Br*  (or,  perhaps,  C^H^Br.Br*),  is  formed,  together  with  di- 
bromodibenzyl,  when  the  quantity  of  bromine  used  is  sufficient  to  cause  the  mass,  which 
is  party  at  first,  to  become  solid  and  friable.  It  is  still  less  soluble  in  alcohol  than  the 
dibrominated  compound,  and  in  the  pure  state  forms  nacreous  laminae,  which  deoom- 

gose  at  170°,  without  previous  fdsion. — HexbroTnodibemylf  0*R*Bi^,  is  obtained  by 
ringing  dibromodibenzyl  in  contact  with  excess  of  bromine,  and  recrystallising  the 
product  from  beiuene,  in  hard,  colourless,  well-defined  prisms,  nearly  insoluble  in  al- 
cohol. 

Brmnide  ofBeiufyl^  or  IHbr<mvid$  oflHbmgyl,  C^^H^fBi*. — This  compound  is  fonnedt 
together  with  monobromobemyl,  by  addins  bromine  to  an  ethereal  solution  of  bem^l ; 
and  crystallises  in  colourless  silky  needles,  not  fhsible  without  deoompootion.  It 
dissolves  in  boiling alcoholicpotash,  with fonnation of  monobiomodibeniyl.  (Mtoh- 
aelson  and  Lippmann;  Fittig.) 

Hiirobengyl,  or  Dinitrodibsneyl,  C>«H>*(NO*)*.— Fuming  nitric  add  aeta 
violently  on  benzyl,  even  in  the  cold,  converting  it  mto  two  isomeric  nitro-compounds, 
which  may  be  separated  fiom  one  another  by  oystallisation  from  aloohoL  The  hot 
satuiated  solution  first  deposits  long  slenaer  needles  of  nitrobenxyl,  insoluble  in 
water,  only  slightJv  soluble  in  hot  ah»hol,  ether,  chlorofoirm,  or  beniene,  and  melting 
at  106° — 107°.  The  mother-liquor,  when  concentrated,  deposits  the  mora  soluble  iach 
nitrohenryl,  partly  in  crystalline  nodules,  partly  as  a  thick  oiL  This  compound 
crystallises  from  alcohol  in  extremcJy  fine  needles,  which  form  a  bulky  woolly  mass 
when  diy,  and  melt  at  74^ — 76°.  These  nitro-oompounds  are  redneedt  by  tin  and 
hydrochloric  acid,  to  the  corresponding  amido-compounds  ^p.  870). 

NUrobromobmsvl,  C*'H>*(NO')'Br*,  is  produced  by  dissolving  bromobenzyl  in  warm 
fuming  nitric  acid  When  purified  by  washing  the  cnrstaJs  which  separate  on  cooling, 
with  hot  alcohol,  and  recrystallising  the  undissolved  powder  from  b^nsene,  it  farms 
well-developed  sword-shaped  crvstids,  which  melt  at  204° — 206°,  are  nearly  insoluble 
in  hot  alcohol,  more  soluble  in  hot  benzene. 


TOIiT&ACaTAinBab     or     BBnT&AOSTAMSDB,      C'HONO'       -> 
C 
CH'O  }•  N,  or  AOarOTOIiinilB,  G'H«(C*H*0).KH*.    (Biohe  and  Bir ard,  Ann. 


H    J 


Ch.  Pharm.  cxxiz.  77 ;  Jahresb.  1863,  p.  428.-— Stadeler  and  Arndt,  Jahresb. 
1864,  p.  426.) — This  compound,  homologous  with  phenylacetamide  (iv.  418),  is  pro- 
duced by  distilling  1  at.  toluidine  with  1  at.  acetic  acid,  and  renuuns,  on  treating  the 
last  portion  of  the  distillate  with  acidulated  water,  as  a  white  residue  melting;  at  146^ 
(Riche  and  Berard).  It  is  likewise  formed  in  die  manufacture  of  amline  hj  reduc- 
tion of  commercial  nitrobenzene  with  iron  and  acetic  add.  The  visdd  oils  iHiich  pass 
over  towards  the  end  of  the  operation,  contain  a  solid  body  which,  when  purified  by 
.pressure  between  paper  and  repeated  crystallisation,  exhibits  the  composition  A 
acetoluide  (Biche  and  Berard).  Stadeler  and  Arndt  found  the  solid  mass,  obtained 
by  repeated  distillation  of  crude  commercial  aniline  with  glacial  acetic  acid,  to  consist 
chiefly  of  acetanilide  and  acetoluide.  The  latter  was  separated  by  solution  in  strong 
sulphuric  or  acetic  add,  precipitation  with  water,  and  crystallisation,  or  sublimation  in 
a  stream  of  carbonic  anhvdriae. 

Acetoluide,  when  sublimed  or  quickly  crystallised,  forms  small  slender  needles  like 
sublimed  benzoic  acid ;  by  slow  crystiJlisation,  it  is  obtained  in  longer  and  thicker 
brittle  needles.  It  is  tasteless,  and  at  ordinary  temperatures  inodorous,  melts  at  146^ 
— 146'6°,  evolving  aromatic  cough-exciting  vapours,  and  boils  at  310° — 860^.  It  is 
sparingly  soluble  m  cold  water  (in  1786  pts.  6'6°),  easily  soluble  in  boiling  water,  also 
in  alccmol  and  ether.  It  dissolves  in  concentrated  adds,  and  is  predpitated  therefrom 
by  water — not  decomposed  by  boiling  with  dilnte  adds,  or  with  aqueous  alkalis 
(St&deler  and  Arndt).  According  to  Kicbe  and  Birard,  it  is  slowly  decom- 
posed by  boiling  with  aqueous  potash,  and  quickly  by  distillation  over  fased  potasdum- 
nydrate,  into  toluidine  and  acetic  acid ;  the  same  decomposition  is  easily  produced  by 
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akohoSie potash  (8 tideler  and  Arndt).  Its  sohitioii  in  stronff  Bolphuie  acid  m 
m  flue  groen  calour  on  addition  of  potassic  ehromate*    (St&deler  and  ArndU) 


TO&TabAlKZn*    Syn.  with  BamnrLAiaKX  (p.  867). 
TO&TZJUrSLZVa.    (yK\C^W)jm*,r—A  base  isomarie,  if  not  identical,  vitb 
phenyltolnidine  (iy.  464 ;  y.  866). 


C"H»*N  -  C*fl^O»H»OJHN    -    C'H%C'H»0)2IH«.    fJailUrd,  Compt.  rand.  Ix- 

1096  ;  Jahzesb.  1865,  p.  428.) — ^Prepared  b^  tieatinff  cmoride  of  benaoyl  with  tolni- 

dine,  washing  the  resulting  hard  mass  with  addnlated  water,  and  diss<dTUig  it  in 

boiling  alcohol  of  90  per  cent.    It  then  crystallises,  on  cooling,  in  long,  oolonileaB,  and 

inodorous  needles,  insoluble  in  water,  easily  soluble  in  aloohcd  and  in  ether.    It  melts  / 

at  100*^,  and  Toladlises  without  decomposition  at  282^.    When  heated  with  aUcalia,  it  | 

-is  resolved  into  benaoic  add  and  toluimne. 


(CO)*) 
C>H>*N*0     -    C'B>  y'SP.^BefUfyl^UTea  (Sell,  Cbem.  Soc  J.  xvi.  190;    Jahisab. 

H-  j 
1865,  p.  426)  separates,  on  mixing  a  hot  aqueous  solution  of  toluidine-«ulphate  with 
a  recently  prepared  solution  of  potassium-cjanate,  in  white  needles,  which  hare  a 
sweetish  taste,  dissolve  sparingly  in  cold,  easily  in  hot  water,  also  in  alcohol  and  in 
ether,  and  are  resolved,  at  168^,  into  ammonia  and  ditolvlcarbamide.  It  ia  related  to 
the  isomeric  compound  obtained  by  Noad  ftom  nitrotolylamide,  in  the  same  manner 
as  the  true  phenyl*urea  to  the  compound  which  Chancel  obtained  by  reduction  of 
nitiobenzamide    (See  Cabbaiobbs,  i.  754,  755.) 

Tolyl'9thylearhamide,  C"H»*NK)  -  (CO)''(C'H»XC«H»)H*N»,  is  obtained  by 
direct  combination  of  toluidine  with  ethylie  cyaniU^  and  separates  from  a  boilins  mix- 
ture of  aloohol  and  water,  in  white  crystals.  It  is  insoluble  in  water,  but  soluble  in 
alcohol.    (Sell,  loe,  oft.)  

Ditolylearbamide,G^*B>'^*0  -  (CO)''(C'H^)'H*N*,  is  produced  by  boiling  an 
alcoholic  solution  of  ditolylsulphoeaxbamide  with  mercnrie  oxide,  as  long  as  mercurie 
sulphide  is  thereby  separated.  The  filtered  solution  yields  ditoly  learbamide  in  white  crys- 
tals. It  is  likewise  obtained,  together  with  the  products  of  decomposition  of  ordinary  urea, 
by  the  dry  distillation  of  monotolylcarbamioe.  It  is  insoluble  in  water,  easily  soluble 
in  alcohol,  and  is  decomposed  by  strong  sulphuric  add,  in  the  manner  shown  by  the  equa- 
tion, into  tolylsnlphamic  or  sulphotol^^amic  add,  carbonic  anhydride,  and  water  (p.  527): 

C"H'«N«0  +  SHW)*     -    2(C'H»N.S0*)  +  C0«  +  H«0. 

JDitolyhulphoearbamide,  C^B}*]SP3   -  (G'HOsfN*,  is  obtained  by  wanning 

'a  concentrated  alcoholic  solution  of  toluidine  with  an  equal  volume  of  carbonic  disul- 
phide,  not  above  80^,  till  the  evolution  of  sulphvdric  add  ceases,  distilling  off  the 
excess  of  carbonic  disulphide,  and  recrvstallising  the  remaining  crystalline  mass  from 
aloohol.  It  Ib  insoluble  in  water  and  in  cold  alcohol,  has  a  bitter  taste,  and  forms 
Sarge  acuminated  prisms,  which  melt  at  164^,  and  sublime  without  deoompontion.  (Sell,) 

TOltYlfP'DlMVMSrFLmROUI^WTLXHMm    See  Pbbmiiamimbs  (iv.  478), 

TOVWMOanL    O^H*.—^yn.  with  BBMmjQot  (L  577). 


TO&TUnra-DIAmnL     CH'^liP  -  ^^'^"JN*.    (Hofmann,  Proe.  Bej. 

Soc.  zi  51 8>)— This  base,  first  obtained  as  a  by-product  in  Colin's  aniline  factory 
at  Paris,  is  prepared  by  distilling  dinitrotoluene  with  a  mixture  of  iron-filings  and 
acetic  add.  'Wnen  recently  prepared,  it  forms  crystals  which  become  slightly  coloured 
on  exposure  to  the  air,  but  may  be  rendered  colourless  again  by  treatment  with 
animal  charcoal.  It  melts  at  99^,  and  distils  without  decomposition  at  about  280^. 
It  is  dissolved  in  oondderable  quantity  bj^  boiling  water,  and  separates  on  cooling  in 
needles,  sometimes  an  indi  long.  It  is  eaofy  soluble  in  alcohol  and  ether.  Its  solutions 
have  an  alkaline  Dsaction. 

HydrobromaU  of  tolylene-diamins,  C*H'*N*.2HBr,  forms  short  needle-shaped  crys- 
tals, soluble  in  water  and  in  alcohol. — The  hydrochloraU  is  easily  soluble  in  water, 
even  at  ordinary  temperatures,  but  crystallises  easily  from  strong  hydrochloric  acid. — 
The  chloroplatinaie  forms  yellow  needles,  very  easi^  soluble  in  water. — ^The  mdphaie, 
C'H**N*.H*SO^  forms  long  well-defined  needles,  which  become  reddish  on  exposure  to 
the  air. 

Tolylene-diamino,  treated  with  cenanthol,  forms  dioenanthylidcne-tolylene* 
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diamine,  C"TP*¥P  -  ((PW*l^Cm*y^\  as  a  heavy  iiOQ-l)a6ie  oil,  soluble  in  aloo' 
hoi,   but  insoluble  in  water.    With  bitter-almond-oil,    in  like  manner,  it  yields 

dibenzylidene-toWlen©-diamine,C«>H»«N«  -(aC'HV(/8C'i[7'N»,  (Schmidt, 
Jahresb.  1866,  p.  429.) 

TO&T&nS-TBXAHmS.  (De  Laire,  Girard,  and  Chapoteaut,  Compt. 
rend.  bdiL  964 ;  liy.  416.)— Hofinann  has  shown  that  rosaniline  (it.  468)  has  tne 
composition  of  ditolylene-phenylene-triamine,  (C'H*)'(C*H^)H*N',  being  farmed  by 
elimination  of  6  at.  hydrogen  from  a  mixture  of  2  at.  toluidine  and  1  at.  aniline. 
Other  bases  of  similar  constitution  may  be  obtained  by  the  action  of  oxidising  or  dehy- 
drogenising agents  on  toluidine,  aniline,  and  mixtures  of  the  two : 

a.  Tntdj^em4riamme,  GS  ChrysoUduidine,  (P^B^^  -  ^^'^?'(n*,  is  a  yellow 
base,  resulting  from  the  oxidation  of  8  at.  toloidine : 

8(O'H0B?N  -  H«     -     (C»H«)»H^«. 

/i.  TriphenyUne-triamine,  or  ViolaniUne,  C»»H»W  -  ^^^/llSP.isayioletbase, 
finnned,  in  liks  manner,  firom  8  at.  aniline. 

(cflay) 

y.  Diphenykn&4olifUne-roianiline,  or  MauvamHne,  CH^^N*  »  (CrH*)"  V  N".— This 

H«    ) 
base  is  formed  (together  with  Tiolaniline  and  a  small  quantity  of  rosaniline)  when  the 
aniline  used  is  not  quite  free  from  toluidine : 

2((>H*)H*N  +  ((m')H«N  -  8H'     -    (C«H*)«(Cm«)H»N». 
Aniline.  Toluidine.  MauTanUioe. 

Mauvaniline  is  a  crystallised  base  of  light-brown  colour,  becoming  darker  when 
heated.  The  crystals  are  hydiated,  containing  2C**H>^*.H'0.  They  retain  their 
water  at  120^ — 130^,  and  give  it  up  only  at  a  temperature  at  which  they  begin  to 
decompose. 

MauTaniline  is  soluble  in  alcohol,  ether,  and  benzene,  insoluble  in  cold,  veiT 
soluble  in  boiling  water.  It  dissolves  in  adds,  forming  crystdlisable  salts,  which 
have  a  bronze-green  reflex,  like  those  of  rosaniline.  They  are  slightly  soluble  in  cold, 
moderately  soluble  in  boilkig  water,  and  in  strongly  acidulated  water.  They  rival  the 
salts  of  rosaniline  in  tinctorial  power,  imparting  a  fine  mauve  colour  to  silk  and  wooL 

ViolanUine,  mauvaniline,  rosaniline,  and  chrysotoluidine,  form  an  arithmetic  series, 
whose  common  difference  is  CH*.  The  formation  of  violaniline,  mauvaniline,  and 
chiysotoluidine  being  strictly  analoffous  to  that  of  rosaniline,  these  bodies  may  also 
be  exp^sted  to  result  from  the  oxidation  of  commercial  aniline.  It  is  well  known, 
indeed,  that  the  quantity  of  rosaniline  obtained  in  the  preparation  on  the  large  scale 
is  considerably  less  than  that  which  corresponds  to  the  quantity  of  aniline  and 
toluidine  transformed,  and  that  there  is  produced,  at  the  same  time,  a  quantity  of 
resinous  matter,  of  violet  to  brownish-yellow  colour,  and  possessed  of  basic  properties. 
This  resinous  matter  is  a  mixture  of  several  compounds,  extremely  difBcult  to  separate, 
and  doubtless  consisting  in  great  part  of  the  thi«e  homologues  of  rosaniline  just  men- 
tioned. The  authors  have,  in  fiict,  detected  mauvaniline  in  the  residues  of  the  prepaza* 
tion  of  rosimiline-salts ;  they  likewise  attribute  the  decided  violet  tint  e^diibitc^  by 
certain  commercial  aniline-reds  to  the  presence  of  mauvaniline,  and  the  yellow 
tint  sometimes  observed  in  commercial  rosaniline-salts  to  admixture  of  chrysotoluidine. 

8.  The  three  atoms  of  tvpic  hydrogen  in  each  of  the  bases  above  mentioned  ma^  be 
replaced  by  alcohol-radides,  etnyl,  methyl,  phenyl,  tolyl,  &c,  forming  derivatives 
analogous  to  triethyl-  and  triphenyl-rosaniline  (iv.  47 1»  472),  and  obtainable  by  simi- 
lar methods. 

ff.  The  secondary  monamines,  diphenylamine,  ditolylamine,  methyl-phenylamine, 
&C.,  subjected  to  the  action  of  dehydrogenising  agents,  likewise  give  off  6  at  hydro- 
gen, and  yield  substituted  triaminee  of  rosaniline,  chrysotoluidine,  and  violaniline ;  e.y. : 


3(CTB[')H«N  -  H-    -     [cS?|^- 

Ditolylamine.  TritolyUcbryio- 

toluidine. 


Syn.  with  Toltl-etetl-cabbaiiidb  (p.  872). 

Syn.  with  Tolyulstldxr  (iv.  464). 

This  name  is  given  byJaillard  (Compt.  rend.  lz« 
1096)  to  a  compound  obtained  by  heating  a  mixture  of  toluidine  and  salicylol  to  50^ 
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«nd  cmtaDunig  the  poduet  ficom  hot  alodhoL  It  lisniis  yellow  erj^stHa,  iaodofoof, 
insolnblo  in  ivater,  Bolvble  in  alcoho)  snd  ether,  melts  at  100^,  volitiliiww  at  a  Idg^cr 
temperature,  and  is  deoomposed  by  alkalies.  According  to  Jaillard,  it  has  the  same 
composition  as  tolylbensamide,  C**H"NO,  and  its  hydrochlorate  gives,  with  platinie 
chloride,  a  double  salt,  containing  2(C*«H"N0^a)PLCl«. 

TO&TUnrCKJZVXMDB,       or      SIKICarOTO&VZBa.         G*<H"NO*      a 
^^(^m'^l^  ~  CH^CH^OT-NH*.— This  compound  is  fonned  by  melting  equl 

weights  of  succinic  add  and  toluidine,  and  crystallising  the  cooled  mass  from  boiling 
water.  It  volatilises  without  decomposition,  dissolves  easily  in  hot  water,  alcohol,  and 
ether,  and  separates  from  solution  in  colourless  crystals. 


(C*H*0*)-l: 
H«      J 


Diidylmtoeinamide,  0>"H'«NK)'  -  (G'H^O*)"  ^  IT*,  is  the  portion  of  the  abore-men- 

tioned  product  insoluble  in  hot  water ;  it  cxystallises  from  hot  alcohoL    (SelL) 

TO&T&smbPHimOini  BKOMZBB  and  OK&OSZBB.  Syn.  with  T01.V- 
BMS-SVLFHOBBOMIDB  and  Toi.imiBHnJLFHOCKLOBira  (p.  869). 

TOliT&BinLFHUBOirs  HTIMUBB.  8yn.  with  ToLUBKB-suifKVBOVS  Aco) 
(p.  860). 

TdtTX-TMOSnT Jl  If  IMM.  By  heating  toluidine  with  oil  of  mustard  to 
100°  for  several  hours,  a  mass  is  formed,  which  solidifies  in  lamina  on  cooHng;  and 
mav  be  purified  by  reczystallisation  from  alcohol.  It  is  inodoroas,  insoluble  in  water, 
easily  soluble  in  alcohol  and  ether,  melts  at  100^,  and  is  converted,  by  oxide  of  lead  or 
meicuiy,  into  a  non-sulphuretted  compound,  which  crystallises  in  needles.  (Jail- 
lard.) 

TOmiAO.  An  alloy  of  copper  and  aine  containing  about  80  per  cent,  copper. 
(See  CoPFBB,  Allots  of,  iL  47i  49.) 

TOMBAXXVa*  Breithanpt^B  name  for  a  variety  of  niokel-glaaee  fimm  a  mine 
near  Lobenstein. 


TOVXA-BBAVS.  The  fruit  of  Dipierix  odorata^  a  leguminous  tree,  indigenous 
in  Guiana.  They  are  about  the  size  of  a  huge  almond,  rather  (^lindrical  than  flat, 
and  pointed  at  both  ends.  The  outer  shell  is  dark-brown,  wrinkled,  and  has  a  fatty 
lustre.  The  beans  have  an  aromatic  bitter  taste,  and  a  very  agreeable  odour,  like  that 
of  melilot  and  woodruff.  They  contain  coumarin  (ii.  98),  and  a  fixed  oil,  besides  sugar, 
ffum,  starch,  malic  add,  salts,  and  woodv  fibre  (Boullay  and  Boutron-Char- 
lard,  J.  Pharm.  xi.  426;  thid,  [8]  vii.  160).  They  are  used  as  a  perfume,  especially 
for  snulE 

The  so-called  English  tonka-beans  ffrom  Dipterix  oppodt\folia)  are  rather  smaller 
and  darker,  but  otherwise  not  essentisily  different  from  those  just  described. 


Phjfsalite,  F^rophyiolite.  Pyenite.  Schorlartiger  BerpL  Statt^en' 
stein, — ^A  tribasic  silicate  of  aluminium,  Al'0*.8iO*,  having  part  of  the  axygui  raplaeed 
by  fluorine.  It  occurs  in  trimetric  crystals,  exhibiting  the  combination  P .  odP, 
odJ^,  likejia.  266  (ii  147)i  also  with  the  basal  face  oP,  and  the  face  2$ oo  replacing 
the  terminal  edges  between  P  and  P ;  frequently  also  with  other  faces  subordinate. 
Axes  a  :  6  :  c  «  0*6286 : 1 :  0'4770.  AngleP  :  P  (brach.)  =  14lo  0' ;  P  :  P  (macr.) 
•«  101°  40' ;  P  :  P  (basal)  -  87^  18'.  The  crystals  are  usually  hemimorphoos,  the 
extremities  being  umike.  Cleavage  v^  perfect  parallel  to  the  base.  The  mineral 
also  occurs  granular,  coarse  or  fine.  Hardness  »  8.  Specific  gravity  »  3*4 — 3*66. 
Lustre  vitreous.  Colour  yellow,  white,  green  or  blue ;  pale.  Streak  uncolonred. 
l*ransparent  to  subtranslucent.  Fracture  subconchoidal  to  uneven.  Pyioelectric 
Before  the  blowpipe  on  charcoal,  it  does  not  fuse,  but  when  strongly  heated  becomes 
covered  with  small  blisters,  whidi  crack  as  soon  as  formed*  The  pale-yellow  varieties 
become  colourless  when  heated,  the  dark-yellow  become  rose-red  or  hyadnth-red. 
When  strongly  heated  in  a  glass  tube  with  mierocoemie  salt,  it  exhibits  the  fluorine 
reaction.  With  borax ^  it  slowly  ftises  before  the  blowpipe  to  a  colouriess  glsss; 
with  microcosmic  salt  it  forms  a  silidons  skeleton,  the  bead  becoming  opalescent  on 
cooling ;  with  carbonate  of  sodium  it  forms  a  tumid,  semitransparent  slsg ;  with  a  large 
quantity  of  the  sodium-salt,  a  tumefied  infusible  mass.  It  is  insoluble  in  adds ;  and 
when  digested  for  some  time  with  strong  sulphuric  add,  it  gives  off  hydrafluorie  add. 

The  analyses  of  topaz  from  Fahlun  in  Sweden,  and  Trumbull  in  Connecticut,  by 
Forchhammer  (J.  pr.  Chem.  xxix.  294 ;  xxx.  400),  gire  from  34*89  to  86*66  percent, 
idlica,  64*88  to  66*96  alumina,  and  about  17  percent,  fluorine,  showing  that topas  may 
be  regarded  as  a  mixture  or  compound  of  triba«ic  aluminium-silicate  with  silico-alumini6 


TOPAZ  SOCK— TOURMALINE.  875 

fluoride  in  the  propGrtion  npNseiited  lyy  the  fonaula  (2Al'F*£iF).6(Al*0*.SiO>). 
The  older  ana^eee  1^  BeneUns,  Vaoquelin,  and  Klaproth  gave  the  amount  of  fluorine 
about  8  per  eent.  too  low. 

Topaa  ooeom  in  gneiaa  or  granite,  with  tonzinaliae,  mioa,  and  becjl,  ooceaionally  with 
apatite,  fluor-apar,  and  tin ;  also  in  talooee  rock,  as  in  Biaidl,  with,  endase,  &c,  or  in 
mica-elate,  fine  topazes  come  from  the  Ural  and  Altai  Mountains,  ttom  Hi  ask  in 
Siberia,  and  from  Euntschatka,  of  green  and  blue  colours ;  from  Villa  Rica  in  Brazil, 
of  deep  yellow  oolour ;  blue  crystals  occur  at  Oaimgorm,  Aberdeenshircs  and  in  the  tin- 
mines  <tf  Scfalackenwald,  Zinnwald,  and  Ehrenfriedersdorf ;  smaller  crystals  also  at 
Schneckenstein  and  Altenberg  in  Saxony,  and  on  the  Mouxne  Mountains  in  Ireland.— 
JPyenite  is  a  massive,  saboolumnar  Tanety  of  topas  from  Altenberg,  Schlaekenwald, 
Zinnwald,  and  Eongsbeig. — Pk^salite,  or  PyrophysalUe,  is  a  coarse  nearly  opaque 
Tariety,  which  intnmesoes  when  heated.  It  is  found  in  yellowish-white  orstals,  of 
considerable  size,  at  Fossum  in  Norway,  and  at  Finbo  and  &oddbo  in  Finland ;  a  crys- 
tal was  found  in  this  last  locality,  weighing  eighty  pounds.  Topas  occurs  in  the  United 
States,  at  Trumbull  and  Middletown  in  Gonneotient,  and  at  C3rowder*8  Mountain, 
Korth  Carolina. 

The  finer  yaricties  of  topaa  are  mueh  Tslued  as  gems.  The  best  crystals  are  brought 
from  Mines  Quaes  in  BraaiL  The  ooazse  varieties  may  be  employed  as  a  substitute 
for  emery. 

TOY  AS  WOCMm  This  name  was  applied  by  Werner  to  a  rock  composed  of  quarts^ 
tourmaline,  lithomarge,  and  topas,  forming  a  considerable  vein  in  the  mica-slate  of 
the  Saxon  YoigUand. 

TOPAXOIiXTa.    A  name  sometimes  applied  to  yellow  garnet. 

VOMMMMTTMm    See  Uninm. 


TOXMCBvmAA.  The  roots  of  2brmmiiUa  treda  were  formerly  used  in 
medicine  as  lUd  tarmmUiila.  They  contain,  Id  the  fresh  state,  from  5  to  6  per  cent. 
of  a  tannin,  which,  according  to  Stenhouse,  forms  a  dark-green  precipitate  with  ferrous 
sulphate,  bluish-red  with  ferric  acetate;  it  is  also  precijMtated  by  gelatin  and  by  tartar- 
emetic.  It  has  been  proposed  to  substitute  this  root  for  that  of  zhatany  Ibr  use  in 
medicina 

The  leaves  of  the  plant  contain,  according  to  Sprengel,  63  per  cent,  water,  83  dry 
vegetable  substance,  and  4  ash.  The  ash  contains,  in  100  pts.,  12*0  per  cent,  potash, 
3*0  soda,  22*7  lime,  2*3  magnesia,  10*3  ferric  oxide^  6*1  alumina,  41*4  silica,  2*0  sul-* 
phuric  anhydride,  0*6  phosphoric  anhydride,  and  0*8  chlorine. 

VOM^MDOm  The  electric  orsan  of  the  Torpedo  Galvanii  has  been  examined  by 
Schulze  (Jahresb.  1869,  p.  622).  The  aqueous  extract  contains  a  proportionally 
large  quantity  of  urea  and  calcic  phosphate,  together  with  creatinine,  syntonin,  an 
organic  body  precipitable  by  tannin,  ana  several  compounds  preeipitableby  chloride  of 
zinc — some  in  the  crystalline,  others  in  the  syrupy  form.  Bespecting  the  electric  pro- 
perties of  the  torpedo,  see  'ELBCTRicrrT  (ii.  476). 

The  name  torpedo  is  likewise  applied  to  explosive  engines,  which  are  sunk  in  the 
water  of  harbours,  aod  fired  by  electricity  on  the  approMh  of  a  hostile  vesseL 

TOBBB&ira.    Syn.  with  Kiosm. 

V09MXOMMJUXAM  VACUUlt*  The  Space  above  the  mercor^  in  a  barometer^ 
tube,  which  is  free  from  air,  but  contains  vapour  of  mercury ;  the  tension  of  this 
vapour,  however,  is  imperceptible  at  ordinary  temperatures. 

TOinbOVCOWA  or  TV&VOmrA  OOto    Syn.  with  ciksaPA  On.  (L  749). 

TOVIiOirBOV  OI&.  A  brown  train-oil  obtained  from  Pagurus  Latro,  and  used 
by  the  negroes  of  Senegal  as  a  remedy  for  rheumatism. 

TOVSaiAZiZVB.    Schorl,    BubeUUe.   IndioolUe.   Aphrmte.    Apkrite,   ZeuxiU. 
-—A  well-marked  group  of  rhombohedral  double  silicates,  characterised  geometriodly  ' 
and  physically  by  hemimorphism  and  pyroeleetridty,  and  chemically  by  the  presence 

of  boracic  acid.  The  crystals  usually  exhibit  the  combination  ooP2  .  -^   terminated 

by  B  and  other  rhombohedrons.  The  primary  form  may  be  assumed  to  be  a  rhom- 
bohedron  B,  having  the  principal  axis  equal  to  0*4472,  and  the  angle  B  :  B  in  the 
terminal  edges  ■■  133^  lO' ;  but  the  magnitude  of  the  angle  differs  to  a  certain  ex- 
tent in  the  several  varieties.  The  ciystali  exhibit  traces  of  cleavage  parallel  to  B, 
They  are  brittle,  with  suboonchoidal  to  uneven  fracture. 

Hardness  —  7  to  7*6.  Specific  gravity  >■  2*94  to  3*8.  Lustre  vitreous.  Colour 
black,  brown,  blue,  green,  red,  or  white;  some  specimens  are  red  internally,  and 
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grMD  externally;  othen  xed  at  one  extzemitj,  and  green,  blue,  or  blaek  at 
other*  Ilie  aystals  exhibit  dichioism  (iii.  670).  Their  streak  is  nnoolouxod. 
They  are  transparent  to  opaque ;  nnlike  in  transparent  across  the  prism,  and  in  the 
line  of  the  axis.  Transparent  tourmalines  transmit  lig^t  only  whan  polarised  in  a 
plane  perpendicular  to  their  principal  axis  (iii.  666).  ^e  oystals  axe  strongly  pyxo* 
electric  (ii.  411). 

The  numeious  analvses  which  hare  been  made  of  tourmalines  (for  which  see  Bam - 
melsberg'sJftiMraA^Aefate,  pp.  673-679;  Dana's  Mineralogy^  ii.  272),  show  that 
these  minerals  contain,  as  protoxides,  magnesia,  ferrous  oxide,  manganous  oxide,  lime, 
lithia,  potash,  soda,  and  that  the  relative  proportions  of  these  bases,  especially  of  the  mag- 
nesia, ferrous  and  manganous  oxides,  vary  within  yery  wide  limits :  hence  Rammels- 
berg,  to  whom  the  greater  number  of  these  analyses  are  due,  divides  tourmalines  into 
magnesium-tourmalines,  magnesium-iron  tourmalines,  iron-tonr- 
malines,  iron-manganese  tourmalines,  and  manganese-toarmalines; 
the  last  two  varieties  contain  lithia,  the  others  do  not.  The  sesquioxides  contained  in 
tourmalines  are  alumina,  and,  according  to  most  authorities,  likewise  fenic  and  man- 
ganic oxides;  according  to  A.  Mitscherlich,  however  (J.  pr.  Chem.  ixxxvL  1),  the 
iron  and  manganese  in  tourmalines  are  wholly  in  the  state  ox  protoxide.  All  tourma- 
lines likewise  contain  boric  oxide  or  anhymide,  B*0',  which  may  be  regarded  as 
replacing  part  of  the  alumina.  As  the  most  general  expression  of  the  oompontion  of 
toozmalmes,  Bammelsberg  gives  the  formula : 

(2M*OJ3iO») .  »(E*O^B«0«)SiO«, 

M  denoting  a  monatomic  metal  (2  at.  of  which  may  of  course  be  replaced  by  IT^,  and 
£  a  triatomio  metaL  Most  tourmalines  contain  also  a  smaU  quantity  <n  fluorine, 
which  (as  in  topas)  may  be  regarded  as  replacinff  part  of  the  oxygen.  For  the  ftill 
discussion  of  the  formula,  see  B  ammelsberg  (&c.  cU,), 

The  following  are  examples  of  the  composition  of  the  several  varieties  of  tourma- 
line above  enumerated,  according  to  analyses  by  Bammelsberg : — 

a.  Magnesium-tourmaline,  from  Gouvemeur,  St.  Lawrence  County,  New  York: 
brown;  spedflc gravity  ■-  8*049.--^.  Magnesium-iron  tourmaline, from Tesas, 
Lancaster  Goun^,  Pennsylvania:  very  thin,  dark-green,  translucent;  specific  gzavity 
»  3*043. — 0,  Iron -tourmaline,  from  Sonnenbeiv,  near  Andreasberg,  in  tito 
Han:  spCNcific  gravi^  ■■  3*248  (the  heaviest  toumu£ne). — d.  Iron -manganese 
tourmaline,  from  Elba:  green,  often  reddish  or  blackish  at  one  end;  speeifie  ora- 
vity  «  8^112. — 0.  Manganese-tourmaline,  from  Paris,  in  the  State  of  Maine; 
dariL-red;  speeifie  gravity  i-  3*019: 

* 

tf>  0«  €•  dm  0m 


Fluorine   . 

2*28 

2*36 

1*64 

2-36 

2*68 

Phosphoric  anhydrid 

e.     . 

0*20 

012 

.          a 

0*27 

Silica 

88*86 

38*46 

86-51 

38*19 

88*38 

Boric  anhydride 

8*26 

8*48 

7-62 

7*89 

9*00 

Alumina  . 

81*82 

34*56 

32-92 

3916 

43*16 

Manganic  oxide 

•     . 

.      • 

•     . 

4*74 

M2 

Ferric  oxide 

1*27 

8*31 

8-13 

8*14 

Ferrous  oxide  . 

.     • 

009* 

9*62t 

? 

Magnesia. 

14*89 

911 

0*78 

1-00 

1*02 

Lime 

1-60 

0*71 

0-72 

0-84 

Soda 

1*28 

2*00 

1-36 

2*40 

2-60 

Lithia       .        • 

.             a 

•     . 

0*74 

117 

Potash 

0*26 

0*78 

0*68 

0*34 

0*68 

Loss  by  ignition 

8*19' 

8*80 

2*81 

3-28 

8-61 

The  colour  of  tourmalines  varies  according  to  their  composition :  red  totumalines 
(rubellite,  dberitet  daaurite,  apyrUe)  are  those  which  contain  lithium  and  manganese, 
with  little  or  no  iron  (manganese-tourmalines) ;  the  violet-blue  and  green  varieties 
generally  contain  lithium,  iron,  and  manganese  (iron-manganese  tourmalines) ;  the 
black  (schorl)  are  either  iron-  or  magnesium-iron  tourmalines ;  the  yellow  and  brown 
mostly  magnesium-tourmalines.  Hence  the  chemical  characters  of  tourmalines  vary 
to  a  considerable  extent,  according  to  their  colour. 

Tourmalines  not  containing  lithia,  when  heated  before  the  blowpipe,  form,  with 
8.trong  intumesence,  and  more  easily  in  proportion  as  they  contain  more  iron,  white  or 
yellowish  masses,  which  afterwards  melt  to  white,  yellowish,  or  grey  slags.  Heated 
with  fluor-spar  and^  acid  sulphate  of  potassium,  they  ^ve— like  all  other  tourmalines-^ 
the  reaction  of  boric  acid.  Magnesium-izon  tourmalines  yield,  after  swelling  up,  % 
white,  grey,  yellowish,  greenish,  or  brown  slag ;  iron-tourmalines,  after  intomesoencey 

Manganoua  oxide.  f  ConUining  0*11  manganous  ozldc 
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lifown  or  black  dags ;  iron-maDganese  tonrmalliieB  (the  dark-ooloixred  or  bine)  melt 
belioire  the  blowpi^  with  diflBcultj  and  slight  intnmeBeenoe,  to  grey  or  brownish  slags, 
and,  when  heated  in  a  fnmaoe,  bake  together  to  compact  dark-brown  masses.  Green 
tounnalbies,  heated  before  the  blowpipe,  become  white  and  opaque,  melt  on  yery  thin 
edges  to  an  enamel  covered  with  small  bnbbles,  and  when  heated  in  a  cmcible,  form 
porcelain-like  masses  without  fusing;  only  the  green  tourmaline  of  Brazil,  and  that  of 
Chesterfield  in  Massachusetts,  swell  up  before  the  blowpipe,  and  yield,  partly  a 
greyish-yellow  slag,  partly  an  unfused  Tiolet-green  mass ;  when  strongly  heated  in  a 
crucible,  they  form  an  opaque  brownish  slag.  Manganese-tourmalines  generally  exfo- 
liate before  the  blowpipe,  becoming  white  and  opaque,  and,  when  heated  in  a  cmcible, 
sometimes  sinter  sli^Uy  together. 

At  a  strong  red  heat,  all  tourmalines  lose  seTcral  per  cent,  of  their  weight,  in  conse- 
quence of  the  escape  of  silicic  flnoride,  and  perhaps  also  of  boric  fluoride.  It  is  only 
after  having  undersone  this  change  that  the  pulveiised  tourmaline  can  be  decomposed 
by  hydrofluoric  acid ;  whereas  tMs  add  acts  but  slightly  on  the  oriffinal  tourmaline, 
and  other  adds  still  less  or  not  at  all.  According  to  y.  Kobell,  pulverised  tourmaline  is 
imperfectly  decomposed  by  sulphuric  add  before  fusion,  almost  completely  after  ftision. 

Tourmalines  are  usually  found  in  panite,  gneiss^  or  mica-slate ;  they  also  occur  in 
dolomite  or  granular  limestone,  and  in  sandstone  near  dykes  of  igneous  rocks.  Large 
black  tourm^ines  occur  in  Greenland ;  at  Horlberg,  near  Bodenmais,  in  Bavaria ;  at 
Karinffbricka,  in  Sweden,  and  near  Bovey  in  Devonshire.  Small  brilliant  crystals, 
occurring  in  decomposed  felspar,  at  Andreasberg  in  the  Harz^  constitute  the  variety 
called  apkriie,  Eubellite  and  green  tourmalmes  occur  near  Ekatherinenburg  in 
Siberia ;  pink  crystals  are  found  in  Elba ;  pole  yellowish-brown  oystals  in  talc  at 
Windsch-Xappell  in  Carinthia;  green  at  Airolo,  in  Switzerland ;' white  specimens 
(aehreiUe)  come  from  St.  Gk)thflrd,  Siberia,  and  Elba.  Black  tourmalines  occur  with 
the  emery  of  Naxos.  Magniflcent  red  and  green  tourmalines  have  been  found  at 
F^s,  in  the  State  of  Maine,  some  above  an  inch  in  diameter,  transparent  ruby-red 
within,  surrounded  by  green  or  red  at  one  extremity,  and  green  at  the  other.  (Res- 
pecting other  American  localities,  see  Dana,  ii.  274.) 

TOUBlCA&Iira»  A&TI1*ZCXA&.  This  name  has  been  applied  to  sulphate  of 
iodoquinine,  on  account  of  its  optical  properties.    (See  QimnNB,  p.  25.) 

TOmuHAUnnMlOCX.  TCWMMT  a  Tinra' 'BTi  a TM,  Tourmaline  and 
quartz  are  found  united  in  rocks  like  mica  and  quarts,  and  thus  form  tourmaline-rock 
and  tourmaline-slate.  The  former  is  a  ciystaUo-granular  mixture,  containing  also 
crystals  of  felspar ;  in  the  latter,  tourmaline,  varying  in  structure  from  adcular  to  gran- 
ular, occurs  in  alternate  layers  with  granular  quarts.  These  slates,  by  taking  up  mica, 
pass  into  mica-slate,  or  by  taking  up  felspar  into  gneiss ;  the  mixture  callM  tourma- 
line-rock passes,  in  like  manner,  into  tourmaline-granite.  (Handw.  d.  Chem.  viii.  1046.) 

Syn.  with  Coffbb-itbitbs  (ii.  77). 

lOliSIUTJk  Tins  name  is  applied  to  certain  rocks,  resembling  both 
trachyte  and  dolerite  in  external  appearance,  and  consisting  of  oligoclaseor  labradorite 
and  amphibole  or  augite,  with  more  or  less  magnetic  iron-ore.  llie  mixture  is  fine- 
grained, and  usually  forms  a  grey  or  brown  mass,  in  which  small  cnrstals  of  the 
above-named  minerals  are  imbMlded.  Specific  gravity » 2*7  to  2*8.  The  proportion 
of  silica  in  the  rock  is  from  50  to  60  per  cent.  On  the  trachydolerite  of  the  Sieben- 
gebiive,  see  De iters  (Inaugural  dissertation ;  2)e  ccnnexu  inter trachy ten  et  boiolten, 
^.,  Bonnse.  1861 ;  Jahresb.  1861,  p.  1069);  on  that  of  Madeira  and  Porto  Santo, 
Cochins  (J.  pr.  Chem.  xdii.  129;  Jahresb.  1864,  p.  872). 


A  felspathic  rock,  having  a  rough  surface  of  fracture,  and  usually 
consisting  of  a  fine-grained  or  compact  ground  mass  of  sanidin,  oligoclase,  albite,  or 
labradonte,  or  two  of  these  minerals  together,  endosing  crystals  or  crystalline  particles 
of  these  felspars,  also  of  amphihole  or  augite,  and  dark-coloured  mica.  When  the  fel* 
spathic  ground-mass  is  decomposed,  the  rock  becomes  an  indurated  day,  and  is  then 
sometimes  called  do  mite;  such  an  altered  trachyte  occurs  on  the  Puy-de-D6me« 
Nodules  of  trachyte,  bound  together  by  a  trachytic  cement,  form  tr achy  te-conglo- 
merateortracnyte-breccia.  Trachyte-porphyries  are  trachytes  in  which  the 
ground-mass  is  more  or  less  compact,  and  the  imbedded  czystals  of  sanidin  are  more 
distinct  than  in  ordinary  trachyte;  the  rock  also  fre(}uently  contains  brown  or  black 
crystals  of  mica,  and  sometimes  small  crystals  or  grains  of  quartz.  On  the  trachytes  of 
theEugenesian  Mountains,  near  Padua,  see  G.  v.  Bath  (Jahresb.  1865,  p.  916);  on 
those  of  Auveigne,  Kossmann  {ibid,  918). 

«•    See  GxTX  (ii.  955). 

iiOOFOOOW.    The  goatVbeard,  7)ragopoff<m  pratenns,  a  composite  plant  oC 
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the  suborder  (Morac$0t  eontaSna,  aeoofdmg  to  Sprengel  (J.  £  techii.  Chem.  viiL 
868),  in  100  pts.  of  the  fresh  plant,  79*0  water,  19*0  ozganie  snbstuioe^  and  1-10  aah» 
1%«  adi  free  from  carbonic  add  contains,  in  100  pts. : 

RSO.        Na<0.       CaO.        llgO.       APO>.    Fe<OS.     Mn>0>.    SiO*.       SO*.       P«0».        CL 
24-6         2*4         83*9        7*4        1*4        0*3        0*2        8*9        8*6        9*8        7*4 


SiOS. 

F«»0> 

llii>0«. 

CaO. 

MgO. 

KH>. 

Na^O. 

CL 

SO*. 

27*84 

28*40 

14*70 

17-66 

6*15 

6*06 

2*71 

0*46 

2*68 

28*66 

29*62 

7*67 

14*91 

7*56 

6*89 

1*41 

0*66 

273 

4*84 

68*60 

9*63 

9-77 

0*91 

1*26 

0*62 

0*41 

3*92 

1-90 

1*11 

015 

42*24 

1808 

907 

9-21 

118 

1703 

rMPntATIOV.    A  term  applied  by  Graham  to  the  p^Mage  of  gases  and 
liquids  through  capiUary  tabes.    (See  Oasbs,  ii.  820 ;  and  Liamos,  iii.  722.) 

TXAVSmiATXOV.  A  physiological  term,  denoting  the  passage  of  liquids  from 
the  bloodyeesels,  without  laceration  or  perforation,  into  closed  or  open  cavities  of  the 
body,  into  the  parenchyma  of  the  organs,  or  sometimes  on  to  the  sur&ee  of  the  body. 
(See  Sebovs  Flttids,  p.  235.) 

TBJkV.  A  geological  term,  which  was  applied  to  melaphyre^  basalt,  doleritc^ 
diabase,  gabbro,  &&,  and  generally  to  more  or  less  compact,  dark-coloored,  enptiTe 
rooks,  before  the  several  species  ware  disringoished  aocording  to  their  oonstitaiWBtB> 
Thi^h^iorpkfjfry  is  an  old  name  for  the  so-called  greenstone-porphyries,  melaphyres,  and 
phonolites. 

T&AJP  JL  The  mineral  constituents  of  this  water-plant  and  of  the  water  of  a  pond 
near  Numberg,  in  which  it  grows,  have  been  examined  by  G-ornp-Be8anes(Aim. 
Ch.  Pharm.  cxviiL  220 ;  Jahresb.  1861,  p.  751^. — A  is  the  composition  of  the  ash  of 
die  plant  gathered  in  Jnne  (stem-leaves,  radical  leaves,  and  roots) ;  B,  that  of  the 
plant  gathered  in  May;  0  that  of  the  froit  (the  whole  in  percentages,  after  deduction 
of  charcoal  and  sand) ;  D,  the  composition,  in  100  pts.,  m  the  ignited  watea>residne 
(amounting  to  0*8044  pt*  in  10,000  pts.  of  water) : 

Ash 
percent. 

A.  15*92 

B.  29*46 

C.  7-75 

D.  .    . 

From  the  considerable  proportion  of  iron-  and  manganese -oxides  in  the  ash  of  the 
plant,  and  from  the  different  proportions  of  the  several  oonstitnents  in  the  plant-ash 
and  in  the  water,  Gomp-Besanes  concludes  that  water-plants  possess  the  power  of 
selecting  the  constitoents  of  the  nutritive  matters  presented  to  them. 

TSA88*  A  volcanic  mass  resemUing  pumice,  and  containing  silicates  decompofl- 
ible  by  slaked  lime,  so  that  it  is  available  for  the  preparation  of  cements.  (See  &li- 
c^TBS  OF  Galciux,  p.  251.) 

TKAWRSaiAITB.  A  name  applied  b^  Scheerer  (Pogg.  Ann.  xciii.  109) 
to  certain  pseudomorphs  of  hornblende  after  augite  (regarded  by  him  as  paramorj^ 
iv.  850),  ooeurring  at  Traversella  in  Piedmont  These  pseudomorphs  are  remarkable 
for  retaining  the  form  of  the  augite  crystals,  while  the  substance,  in  consequence  of 
the  transformation,  has  acquired  a  fibro-crystalline  structure,  so  that  the  augitio 
crystals  are  made  up  of  panulel  fibres. 

TBJBVa&xnro.  Calcareous  tu&,  occurring  at  Tivoli,  Viterbo,  Asooli,  and  other 
places  in  Central  Italy. 

TWnLA&Afl  or  TBZCAXiA.  A  substance  imported  from  Persia,  and  consisting 
of  the  hollow  cocoons  of  a  coleopterous  insect  {Larinua  maculatus).  The  larva  of  this 
insect  eats  the  branches  of  Echinops  persica,  for  the  sake  of  the  sagar,  starch,  and  gum 
contained  in  them,  and  afterwards  voids  these  substances  to  form  its  cocoon.  The 
organic  portion  of  trehala  consists,  according  to  Guibourt(J.  Pharm.  [3],  xxxiv.  81; 
Jfihresb.  1858,  p.  485),  of  66*5  per  cent,  starch,  4*6  sparingly  soluble  gum,  28*9  sugar, 
and  bitter  principle.  The  sugar,  called  trehalose,  appears  to  be  identical  with  the 
mycose  of  ergot-of-rye  (iii.  1698).  The  starch  differs  from  that  of  the  potato,  being 
more  like  that  of  sago,  or  still  more  like  the  insoluble  portion  of  gum-tragacanth. 
Trehala  yields  4*6  per  cent  ash,  of  which  3  pts.  are  solulue  in  water,  and  consist  of 
alkaline  carbonates,  sulphates,  and  chlorides,  with  small  quantities  of  phosphate ;  1*4 
pts.  insoluble,  consisting  chiefly  of  calcic  carbonate  with  a  little  ferric  phosphate ;  and 
0*2  sand.  Trehala  has  a  sweetish  taste,  swells  u^  in  water,  and  is  converted  into  a 
thick  mucilaginous  paste. 

See  Mtcosb  (iii.  1068). 

A  genus  of  gelatinous  aJgse.  TV*.  Tneunterica  was  found  by  Brandos 
to  contain,  in  the  dry  state,  84  pts.  of  a  substance  which  swelled  up  in  water,  and 
5  pts.  of  a  peculiar  crystallisable  resinous  body,  called  tremellin,  but  not  further 
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inTMtagated.  TV.  Notioe  oontaimi,  in  the  fteA.  itato,  97  per  cent,  water  and  2-5  dry 
tfnManee;  Uie  ash  ooneiets  maixily  of  potassiimi-Balts.    (Braeonnot.) 

TW—  ^—  p*— »*-*■-  A  name  given  by  Piddington  to  a  black,  scaly,  metallicaUy 
lostrons  mineral,  probably  an  impure  graphite,  containing  85*7  per  cent,  carbon, 
together  with  earthy  matters,  sulphide  of  iron,  and  water.  (Dana,  u.  80.) 

TBVKO&nra.    A  subspecies  of  hornblende  (iii  169). 

TAX.  In  this  Dictionaiy  tiie  syllable  tt%  prefixed  to  the  name  of  a  radicle  ooenzring 
in  any  compound,  denotes  that  the  compound  in  question  contains  three  atoms  of  that 
radicle:  e.g.t  trichloride  of  bismuth  «■  BiCP;  trioxide  of  antimony,  SbK>';  trisodic 
pho8phat^  Na"!PO^ ;  triethylamine,  (C'H*)*N,  &e.  The  preAz  Ur  is  often  used  in  the 
same  sense.    (See  Noxbncxjltubb,  it.  125,  127.) 

Individual  tri-compounds  are,  for  the  most  part,  described  under  the  several  general 
headings :  e.  g.,  trieMoride  of  bitmutk  under  biainjTH,  Ohi^bidbs  of;  triaodie  phoi- 
pkaU  under  &osfbatb8  ov  Sodhtx  ;  triet^flamme  under  J9xBTi.A]i]2a8,  &e. 

TmXAXJbT&-SV&»BXO]>XDB.  (0*H*)'SI.  TnaOflttiyiniodir.^TiaB  com- 
pound is  obtained  by  heating  allylic  sulphide  with  meth^lic  iodide  in  prismatic  crystals, 
soluble  in  water,  and  forming  an  aualine  liquid  with  silver-ozide.  (Cahours, 
Jahresb.  1866,  p.  476.) 

TmXAinX-CHbTCamnr,    C**HW*    »    i^^L|o*,  appears  to  be  produced 

by  heating  1  voL  acrolein,  3  vols,  am^lie  alcohol,  and  0*5  voL  acetic  add,  to  110*^  for 
twelve  hours.    It  is  decomposed  by  distillation.    (Alsberg,  Jahreeb.  1864,  p.  495.) 

See  TBiox^icTLAimfs. 


roSFS&BEA.  In  the  root  of  Trianospermajieifoliaf  a  climbing  cucurbi- 
taoeous  plants  indigenous  in  Brazil,  Peck  ho  It  (Arch.  Phaim.  [2],  cxiii.  104)  found 
a  drastic  bitter  principle  {toguyin),  a  small  Quantity  of  a  body  alighUy  soluble  in  alco* 
hol  and  water,  insoluble  in  ether,  and  ci^stallising  in  pointed  needles  (trianoapermin), 
and  another  (trianoapermiiin),  aystaUising  in  white  giains,  soluble  in  emer,  but 
insoluble  in  alcohol  and  in  water,  besides  several  resins. 

Syn.  with  Tbkoaia  (p.  878). 

n.    See  TsKSJXAKTBXLAxnn. 

iXMO  AGXB.  C«H»0«  -  (^.^'yjo*.  Maxwell  Simp- 
son, Proc  Boy.  Soc.  xii.  286;  xiv.  77;  Chem.  Soc.  J.  xviii.  331. — ^Wichelhaus, 
Ann.  Ch.  Pharm.  cxxxii.  60. — ^Hlasiwete,  Zeitschr.  Ch.  Pharm.  1864,  p.  734; 
Jahresb.  1864,p.  896.) — ^A  tribasic  acid,  formerly  called  carbaUgfUo  acid,  disoovned 
by  Maxwell  Simpson,  who  obtained  it  by  the  action  of  potash  upon  allylic  tzicyanide : 

C»H»(CN)«  +  3KH0  +  3H»0     -     C«H»K»0«   h  3NH». 

Dessaignes  (Gompt.  rend.  Iv.  510),  by  treating  aconitic  acid  with  sodium-amalgam, 
obtained  a  peculiar  acid,  which,  however,  he  did  not  succeed  in  preparing  in  the  pure 
state ;  and  this  acid  has  been  shown  by  Wichelhaus  to  be  identical  with  tricarbaUylic 
acid.  Lastly,  HlasiwetE  has  obtained  the  same  acid  by  the  action  of  sodium-amalgam 
on  aconitic  ether. 

Preparation. — 1.  Prom  Allylic  tricyanide. — 1  at.  allylic  tribromide  and  8  at. 
pure  potassium  cyanide  are  heated  to  100°  in  a  closed  flask  for  sixteen  hours  with  a 
uurge  quantity  of  alcohol,  and  the  decanted  alcoholic  solution  is  boiled  with  potassium- 
hydrate  as  long  as  ammonia  is  evolved.  The  alcohol  is  then  distilled  off;  the 
remaining  potassium-salt  decomposed  by  nitric  acid ;  the  dried  mass  exhausted  with 
alcohol ;  and  the  acid  remaining  after  evaporation  of  the  alcohol,  first  converted  into 
an  ammonium-salt,  then  into  the  less  soluble  silver-salt.  By  decomposing  the  latter 
with  sulphydrie  add,  the  triearballylic  add  is  obtained  j^nae  (Simpson). — 2.  From 
Aconitic  acid. — The  sodium-salt  obtained  by  the  action  of  sodium-amalgam  on 
aconitic  acid  is  predpitated  with  acetate  of  lead ;  the  washed  precipitate  is  decom- 
posed with  sulphydric  add ;  the  acid  thereby  liberated,  is  repeatedly  crystallised,  and 
then  converted  into  a  silver-salt,  to  free  it  from  obstinately  adhering  resinous  substance, 
and  this  salt  is  decomposed  by  sulphydric  acid  (Wichelhaus). — When  ethylic  aconi- 
tate  is  mixed  with  a  quantity  of  sodium-amalgam  (containing  0*8  per  cent,  sodium), 
Bufildent  to  form  a  thick  unctuous  mass,  the  mixture  being  cooled  from  time  to  time, 
and  this  mass  is  treated  with  ether,  the  ethereal  solution  boiled  with  potash,  ^en 
neutralised  and  predpitated  with  acetate  of  lead,  a  lead-salt  is  obtained,  which,  when 
decomposed  by  sulphydric  acid,  yields  triearballylic  add.    (Hlasiwetz.) 

Phopsr^tM.— Triearballylic  add  forms  colourless   ctystaJs,  which   (according  to 
Millers  determination)  are  tiimetrie,  and  exhibit  the  combination  odPoo  .  ooP  .  ^^oo 
.  ooP2.2f2.    Angle  ooPoo  :  JPoo    -   113^84';  ^foo  :  j^f  oo    -  m°  62';   ooPoo 
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:  ooP  «  184<>0';  ooP :  odP  =-  92<»0';  oofoo  :  oof  2  -  U79  S8';  wfn  :  2l?2 
-  142'' 19';  ooP:2f2  «  147'' 37';  oof  2 :  2P2  -  153°  1'.  The  erystak  cleave 
perfectly  parallel  to  oo^&oo .  The  add  is  easily  soluble  in  irater  and  in  alcohol,  spar- 
ingly soluble  in  ether,  and  has  an  agreeably  acid  taste.  It  resembles  succinic  acia  in. 
not  being  decomposed  by  nitric  acid,  and  in  forming,  after  neutralisation,  a  rod-brown 
precipitate  with  ferric  chloride ;  but  it  is  distinguished  from  that  acid  by  melting  at 
1 58°,  and  decomposing  at  a  higher  temperature.    (Simpson.) 

Tricar  bally  lates. — ^The  neutralised  solution  of  the  acid  eives  precipitates  with 
the  chlorides  of  barium  and  calcium  only  after  addition  of  aloohoL — The  bariumrsaUg 

Ci'H**Ba*0>*.6HK),  giyes  up  its  water  at  130°  (HlasiwetB).— The  calchim-saU, 

C"H**(ia'0i'.4H'0,  is  a  white,  amorphous,  slightly  soluble  powder.— The  et^pric  saU^ 

C>*H>*Gu*0»,  is  a  bluish-^;reen,  the  lead-salt,  Gi'H^Pb^",  a  white  piedpitate.  The 
aqueous  solution  of  the  aad,  boiled  with  recently  precipitated  mercurie  oxide,  yields  a 
filtrate,  which  on  ev^orafcion  dcjposits  white  dystals,  haYins  a  silyery  lustie. — The 
eiltfer-ealt  contains  C^'AgK)*. — ^The  sodium-aalte  of  tricarbaUylic  acid  are  easily  solu- 
ble, and  difficult  to  ciystallise. — ^The  disodie  saU  has  probably  the  composition 
<>H«Na«0*.2HH).    (Simpson.) 

TBXCAMMAJJUnao  BTBns.    The  etfyUc  ether,  /^^|o',  is  Ibnned  by 

passing  hydrochloric  acid  gas  into  a  solution  of  tricarbaUylic  acid  in  absolute  alcohol, 
and  distilling  the  product,  after  freeing  it  from  excess  of  alcohol.  It  is  a  oolonrlraa 
liqiiid,  boiling  between  295°  and  805%  slightly  soluble  in  water,  and  having  a  sharp 
taste.    (Simpson.) 

The  amylic ether,  ^  ((yfm\n^*  prepared  in  like  manner,  is  a  heavy  oily  liquid, 

having  a  sharp  taste,  and  a  very  high  boiling-point.    (Simpson.) 

(CfHW)"') 
Glveerm-triearbaUylio  acid,     (CH*)"* }  0*  ?,  is  formed  by  heating  tricarbaUylic  add 

H*    ) 
with  twice  its  weight  of  glycerin  to  200°  for  several  hours.    On  neutralising  the  pro- 
duct with  baryta,  and  treating  the  salt  left  on  evaporation  with  absolute  alcohol,  to 
remove  the  excess  of  glycerin,  a  barium-salt  is  obtained,  which  appears  to  have  the 

composition     (C"H»)''>0».    (Simpson,) 

Ba*^) 


Ctt'As'0*.5H*0. — A  eupric  arsenate,  allied  to  tyrolitey  ooenr* 
ring  in  stellate  groups  and  dendritic  crusts  on  fUil-ore  at  an  unnamed  locality  in 
Siberia. 

It  has  a  verdi^s-green  colour  and  silky  lustre ;  hardness  ■»  2.  When  heated  in 
a  tube,  it  decrepitates  very  strongly,  gives  off  a  large  quantity  of  water,  and  becomes 
dark-brown.  The  dehydrated  mineral  melts  to  a  b^id  on  charcoal,  in  the  outer  blow- 
pipe-fiame ;  in  the  inner  flame  it  gives  off  arsenic  vapours,  and  is  reduced  to  granules 
of  copper.  It  dissolves  easily  and  completely  in  hydrochloric  and  in  nitric  add, 
without  evolution  of  gas.    (B.  Hermann,  J.  pr.  Chem.  bmii.  212.) 

T&XCBOPTXira.  Syn.  with  Cafuxart  Ptbitbs  or  Natitb  Su£FHIDB  of  Nigxil 
(iv.  42), 

Syn.  with  FAHLUznTB  (ii.  615). 

Syn.  with  THBiDiLCiuic  (p.  788). 

TAZSBCTXh  BTDAZDB  or.  C^'H"  »  C"B.".IL  Hydride  of  Cocinfl,^A 
hydrocarbon  of  the  marsh-gas  series,  occurring  in  American  petroleum.  It  boils  at 
216° — 218°,  has  a  strong  turpentine-like  odour,  bums  with  a  very  smoky  flame,  and  is 
converted  by  chlorine  into  chloride  of  tridecyl,  C^'H^Cl.  (Pe  louse  and  G  ah  ours, 
Jahresb.  1863,  p.  530.) 

T&ZBTBT»»&TCa&Z«,  or  TKZSTBT&ZV.    C«H»>0*  «  ^(^^)t|^'-    ^ 

This  compound,  which  Beboul  and  Loureen90  obtained  by  treating  die^yl-ehlorfay- 
drin  with  sodiam-ethylate  (ii.  884),  is  likewise  produced  by  heating  1  vol.  acrolein, 
1  vol.  alcohol,  and  0*5  vol.  acetic  add  to  100° ;  also,  in  small  quantity,  by  gently  heating 
a  mixture  of  acrolein  and  alcohol  saturated  with  sulphurous  add  gas ;  but  in  this  case 
brown  resinous  products  are  likewise  formed. 

Triethylin  is  a  liquid  having  a  pleasant  ethereal  odour,  somewhat  soluble  in  water, 
boiling  at  186°,  and  of  specific  gravity  0*8955  at  15°.  (Alsberft  Jahresb.  1865,  p. 
495.) 
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nUBMSMWL    See  the  next  article. 

TrnXmemiMUUfUtruom  OOMCPOTOBS.  (A.  t.  Oeffele,  Chem.  Soc. 
J.  zvii.  106;  Ann.  Ch.  Pharm.  cxxxii.  82;  Jahresb.  1864,  p.  478. — Gahours,  Ann. 
Ch.  Pharm.  cxzxy.  352;  czxxvi.  161;  Jahresb.  1865,  p.  476.— I) eh n,  Ann.  Ch. 
Fhorm.  Sujppl.  iy.  83  ;  Jahresb.  1866,  p.  479.)-  Ethylic  raonosnlphide,  (C»H»)«S,  and 
ethylic  iodiae,  when  heated  together,  unite  and  form  triet hylic  sulphiodido, 
(C'H')'SI ;  this  compound,  decomposed  by  moist  oxide  of  silver,  yields  the  corresponding 
hydroxylate,  (CH»)'S(HO) ;  and  from  this,  which  is  a  strong  base,  the  correspond- 
ing chloride,  sulphate,  nitrate,  &c.,  may  be  prepared  in  the  usual  way.    (v.  0 ef f el  e.) 

Bromide  and  chloride  of  ethyl  unite,  in  like  manner,  with  ethylic  sulphide,  but  less 
xeadily  than  the  iodide.     (Gahours.) 

Triethylic  sulphiodide  is  also  produced  by  the  action  of  ethylic  iodide  on  ethylic 
snlphydzate  ^mercaptan),  or  of  hydriodic  acid  on  ethylic  sulphide  (Cahours),  thus : 

G*H».H.S  +   2C«H»I     -     (C«H*)«SI   +   HI. 
2(C«H»)«S  +   HI     -     (C«H»)"SI  +  C*H».H.S. 

Triethylic  stdphobiomide  is  further  produced,  together  with  other  sulphobromides 
of  ethyl  and  ethylene,  by  heating  ethylic  sulphide  with  ethylenic  bromide  and  water, 
the  reaction  taking  place  by  several  stages,  as  follows : 


(C«H»)«S  +  C*H*Br«     -     (C«H*)S  +   2GTI»Br. 

Ethvllc  Ethyle'itc  Ethylenic  Rthylic 

lulphida.  bromido.  sulphide.  bionide. 


C»H*S  +   C»H<Br*     =     (C«H<)«SBi». 
Ethylenic         Ethylt'Olc  Ethjleule 

lOlphMa  bromide.  nilphodlbro- 

mide. 

(C«H»)«  +  G«H»Br     -     (C«H«)»SBr. 
EthTlte  Ethylic  Triethylic 

•ulpUde,  bromide.  lulpbobro- 

mlde. 

(G*H»)«B  +  G^*Bi*     -     (G«H«)(G«H»)«SBi». 

Eihrlic  Ethylenic  Ethylene-diethyltc 

salpoide.  bromide.  solphodlbromide. 

The  mode  of  separating  these  products  will  be  described  further  on. 
The  constitutions  of  these  triethylic  sulphur^compounds  may  be  represented  in  three 
different  ways.    The  iodide,  for  example,  may  be  regarded : 

a.  As  triethyUo  solphiodide,  (G'H*)'   ^. 

/9.  As  iodide  of  triethylsulphine,  (C^*;^*'.I. 

7.  As  sulphuroos  triethiodidA,  S^^  H    j  ^  . 

In  the  first  of  these  formulae  the  sulphur  is  diequivalent,  in  the  second  trieqain^ 

lent,  and  in  the  third  tetraequivalent,  as  in  sulphurous  add,  -g-tfO*.    The  last   is, 

perhaps,  the  most  probable  view  of  the  constitution  of  these  bodies. 

In  tiie  ethylenic  sulphodibromide,  obtained  by  Dehn,  in  Uie  manner  above  men- 
tioned, the  sulphur  may,  in  like  manner,  be  regarded  as  hexequivalent,  as  in  snlphnrie 
add;  thus: 

((C^H*)" 
(C^«)«Bi»     -     Sulphuric  Diethylene-dibiomide,  &^<  (C*H*r. 

i    Br« 

((C^H*)" 
(C^*)(C^»)«8Bi«     =     Sulphuric  Ethylene-diethyldibromide,  sM  (C^»)«. 

t     Br* 

Sulphurous  Bromotriethide,  S(G'H*)'Br. — This  com^und  is  produced,  as 
above  stated,  by  heating  1  at.  ethylic  sulphide  with  1  at  ethylic  bromide,  to  130^ — 
140^,  fbr  eight  or  ten  hours.  It  ciystallises  in  colourless  rhombic  needles,  is  ex- 
tremely soluble  in  water,  sparingly  soluble  in  alcohol,  insoluble  in  ether.  (Gahours; 
DeJin.) 

Sulphurous  Chlorotristhide,  8(G*H*)*G1.— Ethylic  chloride  heated  to  100<> 
for  sixty  hours  with  ethylic  sulphide  yields  only  traces  of  this  compound  (Gahourf<). 
Behn  prepares  it  from  the  mixture  of  products  obtained  by  heating  ethylic  sulphide 
with  ethylenic  bromide  (supra)  as  follows: — The  watery  portion  of  the  product, 
containing  snlphurons  bromotriethide,  sulphuric  dibromo-diethylenide,  and  sulphuric 
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dibromo-ethylene-diethidft,  is  sepatated  from  the  oilj  layer  (containing  dnthjlcDie 
salphide),  and  evaporated ;  the  residue  is  redissolved  in  water ;  the  fihrate  digested 
witn  recently- precipitated  silTer-oxide,  and  a  small  quantity  of  silver-snlphide  ;  and 
the  liquid  (freed  from  silver  and  sulphuric  add)  is  supersaturated  with  hydn>chlori6 
acid,  concentrated,  and  fractionally  precipitated  with  platinic  chloride.  The  first 
scanty  precipitates  thereby  obtained  consist  of  the  chloroplatinates  of  sulphuric  di- 
chloTo-diethylenide,  S(C'H*)'Cl*.PtCl*,  and  sulphurous  dichloro-ethylene-diethid**, 
8(C^«)(C'H*)«Cl*.PtCl* ;  finally,  the  chloroplatinate  of  sulphurous  chlorotriethide 
ctystallises  oot ;  and  this  salt,  decomposed  by  sulphydric  acid,  yields  sulphurous 
cUorotfi  ethide. 

Sulphurous  chlorotriethide  volatilises  with  vapour  of  water,  deliquesces  in  moist 
air,  is  insoluble  in  ether,  very  slightly  soluble  in  alcohol,  and  crystallises  from  a 
syrupy  aqueous  solution  in  white  needles.  It  unites  with  metallic  chlorides. — The 
eMoromercurate,  S(0^H*)'C1.4HgCl',  crystallises  in  needles  or  laminsB,  which  dissolve 
in  66*8  pts.  water  at  20°  (or  in  8  pts.  at  80°),  melt  and  partially  sublime  at  a  temp>e- 
rature  a  little  above  100°. — The  chtorostannaU  is  a  very  soluble  salt,  eryBtaUising  in 
needles.    (Dehn.) 

The  chloroplatinate,  2S(C*H*)*Cl.PtCl*,  prepared  as  above,  crystallises  from  a  hot 
•saturated  solution  in  small  light  red  needles,  and  by  slow  cooling  of  a  warm  non-sal  n- 
rated  solution  in  garnet-red,  well-developed  crystals,  which  (according  to  A.  Knop's 
determination)  are  monoclinic,  and  usually  exhibit  the  combination  ooP  .  oP  .  ooPk  . 
+  poo ,  the  last  two  faces  being  subordinate,  and  sometimes  wanting,  whereby  the 
crystals  acquire  a  rhombohedral  character.  Ratio  of  axes,  a  \  h  :  e  a  0*6746  :  1  : 
11068.  Angle  A:  r  -  66°  6';  ooP  :  ooP  (clinod.)  -  78°  62';  ooP  :.  oP  «  68° 
40'andlll°20';  oP:  +Poo  =  162°  0';  ooP  :  ooPoo  «  129°  SO*.  The  crystaN 
melt  at  about  170°,  dissolve  in  80  pts.  water  at  20°,  in  3  to  4  pts.  at  100°,  are  nearly 
insoluble  in  alcohol,  and  quite  insoluble  in  ether.     (Dehn.) 

Sulphurous  Hydroxyltriethide^S^^y  -a^  ^  or  HjfdtaU  of  IVietfylnUpkine, 

(G'H*)'S.HO,  prepared  by  agitating  or  boiling  the  iodide  with  recently-precipitated 
silTer-oxide,  forms  a  strongly  alkaline  solution,  which  quickly  absorbs  carbonic  acid, 
precipitates  metallic  salts  like  hydrate  of  potassium,  and  dries  up  over  oil  of  vitriol  to 
a  crystalline,  extremely  deliquescent  ma^s  (v.  Oeffele).  According  to  Dehn,  it  dis- 
solves the  skin  like  caustic  potash,  eliminates  ammonia  from  its  salts  when  wanned 
with  ihem,  emitting  at  the  same  time  a  slight  odour  of  ethylic  sulphide :  forms  a 
g^reen  precipitate  with  cupric  sulphate,  black  at  the  boiling  heat ;  white  with  zinc-sul- 
phate and  lead-acetate,  the  precipitate  in  either  case  being  insoluble  in  excess ;  with 
alum,  &c.  it  forms  a  gelatinous  precipitate,  easily  soluble  in  excess. 

Sulphurous  lodotriethidej  S(0'H*)*I,is  prepared  by  heating  equivalent  quan- 
tities of  ethylic  sulphide  and  iodide  to  106° — 110° ;  or  1  at  mercaptan,  2  at.  ethylic 
iodide,  and  1  at.  absolute  alcohol  to  140°.  It  separates  from  alcoholic  solution  in 
small  crystals,  belonging  to  the  trimetric  system,  and  exhibiting  the  combination 
oof  00  .  Poo  .  Poo  .  ooP,  often  tabular  from  predominance  of  ootoo ,  and  with  the  faces 
Too  generally  occurring  hemihedrally.  The  salt  dissolves  easily  in  water  and  in  hot 
alcohol,  but  is  nearly  insoluble  in  ether  ;  when  heated  above  100°,  itmelts,  and  decom- 
poses into  ethylic  sulphide  and  iodide,  without  separation  of  iodine. — When  the  ether- 
alcoholic  mother-liquor  remaining  in  the  preparation  of  the  iodide,  and  containing  a 
large  quantity  of  free  iodine,  is  shaken  up  with  mercury,  the  compound  S(C-H*)"I.HgP 
is  formed,  and  ciystallises  from  alcohol  in  light-yellow  needles  or  laminee,  sparingly 
soluble  in  water.    (Dehn.) 

Sulphurous    Nitratotriethide,   S*')^^*/.  or  titrate  of  Trieifylsulphine, 

(C'H*)'.SNO',  obtained  by  treating  the  hydrate  with  nitric  acid,  forms  deliquescent 
aeedles,  tiniting  in  radiate  laminae ;  it  combines  with  nitrate  of  silver,  forming  the 
scaly  double  salt,  S(C«H*)'(NO*).AgNO',  sparingly  soluble  in  cold  water  and  in 
alcohol. 

Sulphurous    SulphatotrUthide,    '^Y-^^J! ,ot  Sulphate  of  Triethyls^ai^hinc, 

j;(C'H»)»S]*.SO*,  obtained  by  decomposing  the  chloride  with  silver-sulphate,  forms 
indistinct  crystalline  agSTf^gates,  easily  soluble  in  water,  sparingly  in  alcohol. 

Acetate. — When  sulphurous  bromotri ethide  is  decomposeil  with  acetate  of  lead,  and 
the  filtrate  freed  from  lead  by  sulphydric  acid,  crystalline  cnists  are  formed,  which 
separate  from  alcohol  covered  with  a  layer  of  ether,  in  large  crvstals  containing  bro- 
mine— perhaps  a  compound  of  sulphurous  bromotrief  hide  with  snlphurousacetotriethide ; 
and  by  completely  removing  the  bromine  with  ncetat«  of  silver,  the  acet  otriethi  de, 
or  acetate  ot  triethylBulphine,(CH*)"S(C*H'02),  is  obtained asagununy  mass. 
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slightly  soluble  in  abiolote  alcohol,  and  precipitated  therefrom  in  flocks  by  ether. 
(Dehn.) 

Sulj^hurotu  lodomethodiethide  and  lodo-amyldiBthide  are  obtained,  like  sulphurous 
iodotnethide,  by  heating  ethylic  sulphide  with  methylic  or  amylic  iodide.  The  former, 
treated  with  eilver^mde,  yields  a  deliquescent  hydrate ;  and  from  this  a  platinum-salt 
may  be  obtained,  ciystaUising  in  needles^  and  containing  2CH*(C^H*)'SClJPtCK 
(Cahours ;  Dehn.) 

See  TiuTTLPHTCiTB  (p.  895.) 

The  ash  of  three  species  of  this  genus,  used  as  fodder  for  cattle— 

Tiz.,  2V.pra^0n««, common  clover  (I.),  Tr.prateTiae  perenne  (II.),and  TV.  mediumillL) — 
has  been  analysed  hv  Way  and  Ogston  (Roy.  Agr.  Soc.  J.  xi.  [2],  536 ;  Jahresb.  1850, 
p.  668),  with  the  following  results :  j  ^  ^^ 

Water,  in  100 ^ts.  of  air^dried  substance.        .        .81-0        81*0        78*6 
Ash  per  oent.  in  dry  substance         ....      9'56        8*45        7*97 
Sulphur  per  cent,  in  dry  substance  ....      0*27        0*10        0*20 

Compo9iHon  of  the  Jsh  in  lW>pt3. 

K«0.  Na«0.  C«0.  MgO.  Fe^O».  SO*.  SIO«.  CO«.  P«0».  KCl.  NaCL 

L  36*4  .    .  22*6  41  0*2  1*8  0*6  28*5  6*7  2*4     1*5 

U.  22*1  2*8  26*6  10*2  0*8  21  1*1  22*7  8*5  .  .      8'4 

in.  34-7  .   .  24-5  4*5  0*2  11  0*6  25*5  6*4  0*8    2*5 

Way  (Boy.  A|pr.  Soc.  J.  ziv.  [1],  171),  has  also  dstermined  the  peroentage  composi- 
tion, of  .the  fbllowing  species : 

Water.      AUm-        Fat.        Sugar.     Cella- 
min.  loM. 

Dr.praUnse       ....    810  4*3  0*69  8*4  3*7 

Tr.  praterue  perenne  .                 .81*0  8*6  0*78  8*0  4*9 

7V.  incamatum  ....    821  2*9  '  0*67  6*7  5*8 

Tr,  medium        ....     741  6*3  0^92  9*4  6*2 

Tr.proctmibeM  ....    83-5  3*4  0*77  7*2  3*7 

Tr,repe7i8 79  7  3*8  089  81  5*4 

Volcker  (Soott  Agr.  Soe.  J.,  July  1858),  gives  the  following  composition:  No.  I. 
for  Ih^.pratense  (red  dover) ;  No.  IL  for  2V.  repens  (white  clover) ;  No.  III.  for  2V.ily- 
Mdium  (Alsike  clover) :  j^  j^^  ju^ 

Water 80*6  83*6  76-7 

Nitrogenous  substance  3*6  4*5  4*8 

Non-nitrogenous  substance  13*8  10*2  16*4 

Ash 2  0  1*6  2*0 

100  pts.  of  the  dry  seed  of  TV.  pratense  give  4*68  pts.  ash,  of  which  1*21  is  soluble  in 
water,  8*19  soluble  in  hydrochloric  acid,  and  0*28  consists  of  silica;  14*5  grms.  of  the 
«ir-dried  plant  of  TV.  pratetue  grown  in  sand  yielded  0*96  grm.  ash,  and  the  same 
quantity  of  the  plant  grown  in  artificial  soil  yielded  1*6  grm.  ash,  containing  respec- 
tively: 

In  Mod.       In  artificial 
■oil. 

Soluble  in  water    ....     0*52  0*66 

Soluble  in  hydrochloric  add  .        .    0*35  0*94 

Silica 009  0^8 

0*96  1*68 


rzo  AOn.  C*H'N«0«  «  (CN)«O.C»H»(NH*)0.  (Wohler  and  Lie- 
big,  Ann.  Ch.  Pharm.  liz.  296.) — This  acid,  containing  the  elements  of  cyanic  anhy- 
dride and  aldehyde-ammonia,  is  obtained,  together  with  other  products,  by  passing  the 
vapour  of  cyanic  acid  over  aldehyde.  The  action  is  violent,  and  therefore,  to  avoid 
projeetion,  only 'a  few  grammes  of  aldehyde  should  be  used,  and  the  vessel  kept  cool 
with  ice.  The  mass  soon  enters  into  ebullition,  giving  off  carbonic  anhydride,  and 
concretes  into  a  thick  substance,  like  calcined  borax ;  frequently  also  a  syrupy  mass  is 
obtained,  in  which  crystalline  crusts  gradually  form.  This  product  contains  trigenie 
acid,  cyamelide,  aldehyde-ammonia,  and  perhaps  other  accidental  products.  On  dis- 
solving it  in  moderately  strong  hydrochloric  acid,  boiling  the  solution  as  lone  as 
vapours  of  aldehyde  continue  to  go  off,  and  then  filtering,  the  trigenie  acid  crvstallises 
out  on  cooling;  if  yellow,  it  must  be  decolorised  with  animal  charcoal.  Its  rormation 
may  be  represented  by  the  equation : 

Cm*0   +   3CNH0     =     C«H'N«0«  +   C0«. 
Aldehyde.  Cynnic  Trluenlc 

acid.  acid. 

3l2 
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Trigenic  acid  crystaUisee  in  BmaU  prismB,  slightly  soluble  in  water,  neaily  inaola- 
ble  in  aloohoL  When  sabjected  to  dry  distillation,  it  melts  and  carbonises,  giving  off 
alkaline  raponrs,  which  have  the  odoor  of  chinoline,  and  appear  to  consist  of  that  alk*- 
loifd ;  C3niiiic  acid  is  also  produced. 

Trigenic  acid  is  not  precipitated  by  nitrate  of  silver  nnless  ammonia  is  also  added, 
in  which  case  trigenate  of  nlver^  C^H'AgN'O',  is  precipitated  in  the  form  of  a  powder, 
appearing  undf^r  the  microscope  to  consist  of  crystalline  spherules ;  when  exposed  to 
light,  it  acquires^  a  violet  tint.  It  dissolves  in  boiling  water,  and  is  deposited  in 
the  pulrenuent  state  on  cooling.  Between  120^  and  130^  it  gives  off  water,  and 
becomes  light-brown ;  and  at  160^  it  melts,  turning  black,  and  giving  off  a  thick 
vapour  having  the  odour  of  chinoline. 

TBMHbOCBZV*  Arrow-^au. — ^A  ^nus  of  plants  belonging  to  the  juneaginareoos 
order.  TV.  maritmum  contains,  according  to  Sprengel  (J.  tochn.  Chem.  v.  298 ;  vi. 
92),  in  100  ptfl :  76*0  water,  207  oiganic  substance,  and  2*24  ash  (L).  TV.  palmsire 
contains  75*0  per  cent,  water,  22-7  organic  substance,  and  2*12  ash  (11.).  The  aaheaof 
these  two  plants  contain,  in  100  pts. : 

KSO.        Nft*0.         CaO.       MgO.      At<0>.    F«^0>.  1IdH>>.  «0S.         a.         F*0».       80*. 
L  17-7        22-8         100        22        02        17      .   .      4*4       8-28        4*9        8-8 
II.  13-7        20-7        14-6        3-9        0*2        0*4       1-6      6*1       13-0        0-6      2©-l 
The  root  of  TV.  nuiriHmum  is  said  to  yield  a  laige  quantity  of  staich. 
TBia&TOO&KAaoo  ACIB.    See  Gltooixamic  Acnw  (iL  905). 

TWLmmjrvW  flr^******^  (Cm^^yV.—TnignatUhylamme,  (Petersen  and 
Gossmann,  Ann.  Ch.  Pharm.  ci.  310 ;  cii.  312  ;  Jahresb.  1857i  p.  888. — ^Petersen, 
Ann.  Ch.  Pharm.  czxxii.  158 ;  Jahresb.  1865,  p.  420.)— This  base,  originally  regaided 
as  trihexylamine  (tricapronyjamine),  is  produced  by  heating  sulphite  of  onanthjl- 
ammonium  with  three  tunes  its  weight  of  a  mixture  of  quicklime  and  slaked  lime : 

3((rH>*XNH*)S0»  +   8CaO     =     (CrH»)«N  +   2NH«  +   3CaS0*. 

It  is  also  formed  by  heating  cBnanthyl-ammonium-sulphite  by  itself  to  260^ — 270^  in 
a  sealed  tube.  When  purified  bv  lx>iliii^  with  sodic  carbonate,  washing  with  water, 
and  rectifying  in  a  stream  of  hydrogen,  it  forms  a  liquid,  pale-vellow  by  tzansmitted, 
greenish-yellow  by  reflected  light,  and  strongly  efflorescent ;  it  nas  an  alkaline  reac- 
tion, a  peculiar  aromatic  odour,  and  an  alkaline  aromatic  taste,  producing  afterwaidi 
a  scratching  sensation  in  the  throat.  It  is  lighter  than  water,  and  nearly  insoluble 
therein,  easily  soluble  in  alcohol  and  in  ether.  It  precipitates  alumina  and  ferric  oxide 
from  their  salts,  and  redissolves  them  in  excess ;  does  not  decompose  ammonia-saltB. 
The  base  turns  brown  on  exposure  to  the  air;  its  salts  are  all  deliquescent,  easily 
alterable,  and  form  oily  drops  or  syrupy  ma88es.--The  chloroplaiimUe,  2C>H**KCL 
PtCl^  separates  firam  alcoholic  solution,  by  evaporation  in  a  vacuum,  in  yellow  shining 

scales. 

The  base,  left  in  contact  for  several  weeks  with  ethylic  iodide,  or  heated  with  it  to 
100^  fbr  24  to  48  hours,  forms  a  red  oily  mass,  consisting  of  iodide  of  triheptyl- ethyl- 
ammonium,  ((rH»)XC«H»)NI.  /^-ln.^.» 

nuBaPTnxBHn.Bnt08Avzx.zva.   C«H»^N«   -   \^!JJN*    - 

(C«H«)«) 

(G'H'Vl-N'. — Triemant^lidene-dirosatUline,    (H.  Schiff,  Compt.  rend.  IxL  46; 

(CPB}*y) 

JahresD.  1865,  p.  420.) — ^Produced  as  an  acet&te,  by  the  action  of  mnanthol  on  crystal- 
lised acetate  of  i^Maniline  at  ordinary  temperatures,  and  separated  by  potash,  firom  the 
blue  alcoholic  solution  of  that  salt,  in  red  crystalline  flocks : 

2(C*H")H*N«  +  3G^"0     -     (C»H»«)«(C'H")«N»  +  3HK). 

RoumiUiM.  (Enuitbol.  Tribeptgrlidene-dtrouu 

niline. 

It  forms  eiystalliae  copper-coloured  salts,  insoluble  in  water,  and  several  platinum- 
salts.  Both  the  base  and  its  salts  decompose  even  below  1 00^,  especially  in  presence  of 
excess  of  OBnanthol,  yielding  a  yellow  resinous  mass,  consisting  mainly  of  heptyli- 
dene-dibenzylidene.diamine,C"H«N«  -  (C'H»«)(C'H«)«N«.  This  compound 
scarcely  exhibits  basic  properties,  but  nevertheless  forms  a  yellow  platinum-salt, 
2(C*'H?'N*.HCl).PtCl*.  Its  formation  probably  takes  place  in  the  manner  represented 
by  the  equation : 

Triheptyltdenc-  H«7)tylldene-  Heptylfd«ii»- 

dlrMnniUne.  dipnenvlmie-  dibentylldene- 

dLimin*.  diamine. 
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See  Htdbogabboxtlic  Acids  (iji.  189). 

lTS  or.    Syn.  ^th  NmtAn  of  Bxfhbvtl- 
TBOCBBCUBAMMOirnjif.    (See  PHEKiruLBiMoinuMs,  iy.  476.) 

■i^Ti^^iiM  ■  w.^A'WJirfvmrm^^   ^m  n^iy—  ■■■»■■  w  w.vm   r!<TTl<0*  «  (CtH*)    ^rx, 

18  formed  bj  heating  1  voL  acrolein,  3  vols,  met  hylic  alcohol,  and  0*5  vol.  acetic  acid, 
to  100^  for  several  hours.  It  is  a  liquid  having  an  agreeable  odour,  somewhat  soluble 
in  water,  boiling  at  148"^,  and  having  a  specific  gravity  of  0*9433  at  0^.  (Alsberg, 
Jahresb.  1866,  p.  496.) 

See  the  next  artic 


VXWTlMUttWMUWtO'UB  OOSIFOUVBB.  (Gahours,  Ann.  Ch. 
Pharm.  czxzvi.  161 ;  Jahresb.  1866,  p.  476. — Dehn,  Ann.  Ch.  Pharm.  Snppl.  iv.  83 ; 
Jahresb.  1866,  p.  479.) — These  compounds  are  analogous  in  composition  to  the  tri- 
ethylsxdphurous  compounds  above  described  (p.  881),  and  are  obtained  by  similar  re- 
actions. 

Sulphurous.  lodotrimethide,    &A^^^*,    or  Iodide  of  TnmetJ^Uulpkmef 

(CH')'S.I,  is  produced  by  direct  combination  of  methylic  sulphide,  (CH*)^,  and  me- 
thylic  iocUde,  CHI ;  the  two  substances  unite,  at  ordinary  temperatures,  to  a  white 
crystalline  mass,  which  dissolves  easily  in  hot  water,  and  separates,  by  slow  evaporation, 
in  large  prisms,  quickly  tuminff  brown  on  exposure  to  light.    The  same  compound  is 

Srodnc6<(  toeeUier  with  methylic  sulphydrate,  by  heating  methylic  sulphide  with  hy- 
riodic  acid  in  a  sealed  tube  (Cahours) : 

2(CH«)«S  +  HI     -     (OH»)«SI  +   CIP.H.a 

A  mixture  of  methylic  sulphocyanate  and  methylic  iodide  also  solidifies  on  cooling  to 
a  crystalline  mass  consisting  mainly  of  sulphurous  iodotrimethide.  This  compound 
is  slightlj  soluble  in  strong  alcohol,  insoluble  in  ether,  and  crystallises  from  aqueous 
alcohol  in  white  needles,  made  up  of  small  rhombic  tablets.  The  aqueous  solution 
is  partly  decomposed  on  evaporation,  yielding  methylic  sulphide  and  free  iodine. 
(Dehn.) 
The  iodide,  decomposed  with  recently-precipitated  silver-oxide,  yields  sulphurous 

hydroxyltrimethide,  S^'jWq     >     or    hydrate    of      trimethylsulphine, 

(OH^SHO,  which  is  a  strongly  alkaline  base,  and,  when  neutrali^  with  hydrochloric 
acid,  yields  the  corresponding  chloride  in  colourless  deliquescent  prisms. — ^The 
ckloropUtiinate,  2(CH')*SCl.PtCl\  crystallises  from  hot  water  in  sparingly  soluble 
orange-yellow  prisms. — The  chloroaurate  and  chloromercurate  also  crystallise  distinctly. 
The  other  salts,  obtained  by  decomposing  the  iodide  with  silver-salts,  are  crystallisable 
and  deliquescent  (Cahours). — The  nitrate  forms,  with  nitrate  of  silver,  a  sparingly 
soluble  double  salt,  which  crystallises  in  needles.    (Dehn.) 


f(CH«)« 
Sulphurous  lodO'ethyldimsthide,  S^^-ICH*    ,is  produced  by  the  combina- 
tion of  methylic  sulphide  with  ethylic  iodide.    (Cahours.) 

Sulphurous  Dibromodimeihide,  S^'^j'-o^  ' ,  is  produced  byadding  bromineto 

methylic  sulphide  difiiised  through  half  its  bulk  of  wnter,  and  treating  the  resulting 
reddish-yellow  crystalline  compound  with  a  few  drops  of  methylic  sulphide.  It  is 
deliquescent,  and  separates  from  its  colourless  aqueous  solution,  by  evaporation  in  a 
vacuum  over  oil  of  vitriol,  in  amber-yellow  octahedral  crystals.  Moist  silver-oxide 
converts  it,  at  ordinary  temperatures,  into  the  corresponding  oxide,  S(CH')*SO,  which 
does  not  exhibit  any  alkaline  reaction.    (Cahours.) 

^f(C«H7' 
Sulphurous  Dibromo'ethylene-tetramsthidef  S^-ilCB*)* ,  is  produced,  by 

(  Br* 
heating  1  at.  ethylenic  bromide  with  2  at.  methylic  sulphide  to  100^,  as  a  crystalline 
mass,  which  dissolves  readily  in  water,  and  crystallises  in  a  vacuum,  in  colourless 
well-defined  crystals.  It  is  deliquescent,  is  dissolved  in  all  proportions  by  hot  water, 
less  easily  by  aloohol,  is  insoluble  in  ether,  and  is  precipitated  by  ether  from  l^e  alco- 
holic solution  in  white  prisms.  With  silver-salts  it  yields  silver-bromide,  and  very 
deliquescent  salts ;  with  recently-precipitated  silver-oxide,  a  caustic  alkaline  solution, 

containing  the  oxide,  §"{  (CH*)*.— The   chloropiatinaU,    (C*H*)(CH*)*S*CI'.PtCl«,  is 

(      O 
orange-yellow  and  crystalline.    (Cahours.) 
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Sulphurous  Tribromo'ethenylhexm€th%d4j  Sv(C'H')'*,i»pi<odiioedby 

(     Br« 

bination  of  3  at.  mcthylic  sulphide,  fCH*)'S,  with  1  at.  monobrometbylenic  biomide, 
CH'Br.^]^.  It  is  crystalHflable,  deliquescent,  and  reacts  with  silTer-exide  like  fhe 
preceding.    (G  a  h  o  u  r  s. ) 

Iodoform  dissolves  easily  in  methylic  sulphide,  and  ciystallises  out  unaltered,  on 
leaving  the  liquid  to  evaporate;  but  the  mixture,  if  heated  to  180^,  turns  brown,  and 
deposits  a  dark-coluurod  crystalline  mass,  analogous  in  composition  to  the  bremide  laat 
decribed.     (C ah  ours.) 


TAZMBTBTXi-TBIAVBOVB  COBCPOUVUB.     (C  ah  ours,  loo.  eU.y—Tel- 

lurous  iodotrimethidej  T^^y    |  ^ ,  pnxineed  by  direct  eombination  of  methylie 

telluride  with  methylic  iodide,  is  cr>'stalline,  slightly  soluble  in  water,  easily  soluble 
in  alcohoL  The  alkaline  base,  obtained  from  it  by  the  action  of  silver-oxide,  yields, 
when  neutralised  with  hydrochloric  acid  and  treated  with  platinic  chloride,  a  cUoro- 
pUtUnaUt  2(CH')*TeOl.PtClS  isOttorphous  with  the  coirespDnding  sulphur-compoimd. 
Similar  compounds  are  formed  with  ethylic  telloiide  and  iodide ;  also  with  toe  cor- 
responding selenides  and  iodides. 

See  IhMORPHiSM  (ii.  831). 

A  mineral  from  the  palagonite  tufa  of  Cape  Passaro,  in  Sicily, 
in  which  it  occurs  mixed  with  siderosiUcite.  It  contains  31*82  per  cent.  SiO*,  33-9d 
Fe»0«,  6-26  A1«0»,  252  CaO,  4-67  MgO,  419  Na»0,  and  34  K«0.  (S.  v.  Waltera- 
hansen,  Vulcanische  Gesteinetp,  232.) 

TtttKgtr  A  <l  TM  ir  J« AMm  a.    Syn.  with  Tbihspttlamims  (p.  884). 

TSX€BVAWTBTZADBVa-]>XROSAVIXXVa.     Syn.  with  TbiKepttUDKMb- 

DIBOSAMILINB  (p.  884). 

TBXOnunra.  A  name  applied  by  Haidinger  to  the  sulphide  of  iron,  FeS^  oeeor- 
ring  in  meteorites.    (Jahresb.  1863,  p.  905.) 

T&XOZAim^Amira.  (C^H"0)'N.  (J.  Erdmann,  Ann.  Ch.  Ffaarm.  exxz. 
211 ;  Jahresb.  1864,  p.  420.)— A  base  produced  by  heating  anhydrous  valeral-ammo- 
nia,  or  a  mixture  of  Taleral  and  strong  aqueous  ammonia,  to  130®  in  sealed  tubes  for  six 
or  eight  hours : 

8(C»H'»0.NH»)     -     (C*H"0)«N  +  2NH». 

Erdmann  designated  this  base  as  triami/lidenoxydammonia,  or  trioxamyltdene ;  the 
name  and  fonnula  abore  given,  which  represent  the  base  as  analosous  to  hydrobenza- 
mide,  &c,  were  suggested  by  Petersen.    (Ann.  Ch.  Pharm.  cxxxii.  158.) 

To  obtain  the  pure  base,  the  oily  layer,  which  floats  on  the  liquid  when  the  reaction 
IS  completed,  is  distilled  with  water ;  the  non-volatile  portion,  separated  from  the 
water,  is  dissolved  in  strong  hydrochloric  acid ;  and  the  hydrochlorate,  (C*H"0)'N.HC1, 
which  separates  from  the  solution  in  crystalline  crusts,  is  washed  with  a  little  Water, 
pressed  between  filter-paper,  recrystallised  from  alcohol,  washed  with  ether,  and  then 
shaken  up  with  ammonia  and  etlier.  The  resulting  solution  yields  the  base,  on  evapo- 
ration, as  a  colourless  viscid  oil,  having  a  pungent  odour  wnen  warm,  and  a  specific 
gravity  of  0*879  at  22^.  It  is  partially  decomposed  by  distillation,  with  evolution  of 
ammonia,  has  a  strong  alkaline  reaction,  is  but  slightly  soluble  in  water,  easily  solu- 
ble in  alcohol,  and,  when  once  separated,  unites  but  slowly  with  acids,  forming  erv8- 
tallisable  salts.— The  chloroplatmaie,  2(C>^H**0*N.HCl).PtCl',  is  resinous,  and  crys- 
tallises from  alcohol  in  yellowish-red  granules. 

Trioxamylamine,  heated  for  several  hours  with  eth^lie  iodide,  is  partially  acted  on, 
forming  an  iodide,  which,  when  treated  with  silver-oxide,  yielfis  a  very  bitter  alkaline 
base,  obtainable  in  the  form  of  a  soft  yellowish  resin. 

:TAlAL£LSnr.    Syn.  with  PsEUDOPtJBPuaiy.    (See  PuRFXTBiir,  iv.  751.) 

See  PnoTKiN  (iv.  738). 

A  variety  of  anhydrous  calcic  sulphate,  composed  of  contorted 
plates. 

Syn.  with  Spodumene  (p.  403). 

Lithio-ferroso-manganous     phosphate,    (Li*;Fe;Mn'^'PH)'. 
(See  Phosfhatbs,  iv.  572.) 


TXIVIA  SA&TS.    A  name  sometimes  applied  to  salts  oontaimng  three  diflle- 
rent  bases,  such  as  microcosmic  salt,  Na(NH*)lIPO*. 
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Fenoflo-mangftiioiui  phosphate.  (3de  Phosphatbs,  !▼•  571.)    . 
Syn.  with  Thomsohitib  (p.  784). 


Quar£  aluminiflre  tripoUen.  Argile  tripolienne.    Terra  tripotUana, — 

A  mineral  consisting  chiefly  of  silica,  with  smali  quantities  of  alumina,  ferric  oxide, 
and  water,  occurring  massive  in  beds  and  nodules  in  various  formations.  Its  struc- 
ture is  coarsely  or  finely  earthy,  sometimes  rather  slaty  in  the  mass ;  of  whitish,  yel- 
lowish, greyi^  to  blaickish  colour;  sometimes  spotted  or  striped;  doll;  opaque; 
somewhat  rough  to  the  touch;  soft  to  friable,  and  of  specific  gravity  1*86  to  2*7.  It 
may  be  regarded  as  an  earthy  variety  of  opaL 


H'fiPO*.    See  Sulphub,  Oxygbm- Acids  op  (p.  689), 

A  name  sometimes  applied  to  the  gluten  of  wheat. 

A  genus  of  grasses  including  wheat.  The  rootstock  of  Tr.  re^^ena 
(couch-grass)  is  distinguished  by  its  sweetish  taste.  Pfaff  found  in  it  a  peculiar  sugar, 
which  Bcffzelius  regarded  as  mannite.  Stenhouse  ^Ann.  Ch.  Phaim.  li.  364),  by 
exhausting  the  extract  of  the  plant  with  alcohol,  obtained  no  mannite,  but  needle- 
shaped  mrstals  of  add  potassic  oxalate,  and  an  uncrystallisable,  easily  fermentable 
sugar.  V  dicker,  however  {ibid,  liz.  380),  has  freauently  observed  the  occurrence  of 
mannite  in  the  extract  of  couch-grass  root;  he  founa,  indeed,  that  the  extract  of  roots 
grown  in  the  hot  and  dry  summer  of  1849,  solidified  almost  entirely  to  a  mass  of 
needles  of  mannite.    (Handw.  d.  Chem.  viii.  1031.) 

Bespecting  the  composition  of  wheat  (TV*,  mdgare^  &c),  and  of  its  ash,  see  CuuuJ.i 
(i.  824—828). 


A  hydrated  silicate  of  cerium,  lanthanum,  calcium,  &c.,  occurring^ 
in  the  syenite  of  the  island  of  Lamo,  near  Brevig  in  Norway,  in  imbedded  tetrahedrons 
exhibiting  no  distinct  cleavage,  but  only  a  concho'idal  fracture.  Hardness  »  5-6.  Specific 
gravity  —  3*90  to  4-66.  Colour  brown  to  yellow ;  streak  yellowish-grey.  Lustre 
semi- metallic.  Opaque  or  translucent  on  the  edges  only.  When  heated  before  the 
blowpipe,  it  often  splits  violently,  swells  up,  and  turns  white.  With  borax,  it  forms 
a  reddish-yellow  bead,  becoming  colourless  on  cooling ;  when  heated  in  a  tube,  it  gives 
off  water  and  fluorine.  In  the  pulverulent  state,  it  dissolves  in  hydrochloric  acid,  with 
evolution  of  chlorine  and  separation  of  gelatinous  silica. 


A  term  formerly  used  to  denote  tlie  third  in  a  series  of  oxides,  the 
first  and  second  terms  of  which  were  called  protoxide  and  dentoxide.  (See  Nomen- 
CLATUBa,  iv.  123.) 


(better  known  as  VB09T&)  is  the  third  radicle  of  the  series  G"H^'*^*. 
Kxi sting  in  combination,  its  formula  is  C*H^  In  the  free  state  it  can  hardly  be  said 
to  be  known  as  an  actual  substance,  but,  in  aooordance  with  received  doctrines,  its  for- 
mula must  be  C*H**,  and  it  is  probably  identical  with  the  hydride  of  hexyl  occurring 
inpetJK>leum  (iii.  158). 

fsotrityl,  or  isopropyl,  differs  from  propyl,  and  has  been  obtained  by  Schor- 
lemmer  (rroc.  Roy.  Soc  xvi.  86),  by  acting  on  iodide  of  isopropyl  with  sodium  in 
presence  of  ether.  It  is  a  colourless  mobile  liquid,  resembling  the  hexyl-hydride  of 
petroleum  in  smell,  bat  having  a  lower  boiling-point,  viz.  68°.  Specific  gravity  at  10^ 
-i  0*6769.  It  is  easily  attacked  by  chlorine  in  the  cold,  yielding  C*H'  01.  With  chlorine 
and  iodine  it  gives,  not  O\H"01,  but  0*H*^CP,  and  pi  cruets  still  more  highly 
chlorinated.     Dilute  chromic  acid  oxidises  it  to  acetic  and  carbonic  acids. 

Isopropyl  combines  with  alcohol-radicles  when  it  is  liberated  nascent,  in  presence  of 
the  ]»diclee  also  in  the  nascent  state.  Thus  Schorlemmer  (loc.  cit,)  obtained 
amylisopropyl,  CH**,  a  colourless  liquid,  boiling  at  109^ — 110^  and  of  specific 
gravity  0-6980  at  16*5°,  by  attacking  a  mixture  of  iodide  of  amyl  and  iodide  of  isopropyl 
with  sodium. 

The  difference  in  structure  between  normal  trityl  and  isotrityl  is  expressed  by  the 
following  formuUe : 


Compound  of  Compound  of 

normal  tritvl.  isolrlul. 

CHK)S»  /OBP» 

H  ^^ 


0. 


IB 


CH» 

H 

B 


(See  Sbcondart  Alcohols,  p.  216).     Our  knowledge  of  the  entire  trityl-group  is  very 
imperfect,  and,  for  the  most  part,  of  very  recent  date. 


c 
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Of  nonuil  trityl-oompounda  we  know  common  batyrio  add,  which  Is 

CH«CH»  J  ^ 

H  CH« 

H  "'         Ah« 

^^^^  Hoio. 

being  "  propylated "  acetic  acid,  or,  what  is  the  same  thing,  a  oomponnd  of  nonnal 
propyl  with  ozatyl  (O  »  C-  OH  /.    (Fr a nk  1  a  n d  and  D  a p  j^  a.) 

PnypyUmine,  obtained  by  Mendius,  who  treated  cyanide  of  ethyl  with  nascent 
hydiogen,  is  a  normal  trityl-componnd,  giving,  as  Chapman  and  Thoip  have  shown, 
propione-aldehyde  and  propionic  acid  when  subjected  to  the  process  of  *' limited 
oziaadon." 

Hydride  of  propyl  must  bebng  to  both  the  normal  and  the  iso-series,  as  is  obvioiis 
on  inspection  of  ue  formulte : 

Normal  propyllc  hydride.  Itopropyllc  hydride. 


CH» 

Ah« 
6r* 


rCH»  CH» 

^'       or        <iH^ 

H  6h* 


In  both  normal-  and  iso-hydride  of  propyl,  there  is  an  atom  of  carbon  which  is 
directly  united  with  two  atoms  of  hydrogen  and  with  two  equivalents  of  carbon  be- 
longing to  aeparate  atoms  of  carbon.* 

With  the  exception  of  butyric  acid  and  its  derivatives,  propylamine  and  its  deriva- 
tivee,  cyanide  of  propyl  and  propyl-hydride,  wherein  the  two  series  become  ftued 
togetber,  there  is  at  the  present  date  (1^^  no  known  compound  which  can  be  said 
with  certainty  to  contain  normal  propyl.  Whether  a  numerous  set  of  normal  propyl- 
compounds  is  inherently  impassible,  or  only  not  discovered,  remains  to  be  seen. 

One  of  the  earliest  (if  not  the  earliest)  recognitions  of  the  trityl-group  is  to  be  found 
in  Chancers  note  in  the  Comptes  Rendus,  xzxvii.  410  (1853),  which  describes  a 
trityl-alcohol  extracted  by  fractional  distillation  from  hiige  quantities  of  crude  amylie 
alcohol.  Great  uncertainty  surrounds  this  research  of  Chancers,  which  requires  con- 
firmation by  the  much-improved  methods  of  later  years,  before  we  can  receive  it  as  an 
established  fact  that  some  varieties  of  fusel-oil  contain  tritylic  alcohol. 

Attempts  to  form  normal  trityl-alcohol  by  synthesis  have  hitherto  failed.  Attempts 
have  been*made  to  produce  it  by  means  of  propylamine,  prepared  by  the  method  of 
Mendius  from  cyanide  of  ethyl  and  nascent  hydrogen,  l^trous  add  attacks  the  pro- 
pylamine, but  no  modification  of  the  method  of  experimenting  has  yet  succeeded  in 
converting  the  propylamine  into  the  normal  alcohol.  The  attempt  to  make  it  through  the 
aldehyde— which,  if  Williamson's  reaction  were  of  general  application,  should  be  formed 
by  the  distillation  of  a  mixture  of  propionate  and  formate  of  barium — ^has  miscarried 
even  earlier  in  the  process,  for,  according  to  recent  researches,  propione-^ehyde  itself 
fails  to  be  formed. 

It  yet  remains  to  try  to  add  hydrogen  to  the  normal  propione-aldehyde  obtained 
by  the  oxidation  of  Mendius's  propylamine,  or  to  chlorinate  the  hydride  of  propyl,  and 
then  proceed,  through  the  resulting  chlorine-compound,  to  the  acetic  ether  and  aleohoL 

Isopropyl-compounds  are,  on  the  other  hand,  obtained  with  fiidlity,  and  in  a  per- 
fectly satis&ctory  condition. 

Berthelot  has  shown  that  propylene,  the  define  of  the  group,  is  easily  hydrated 
by  means  of  acids  : 

C«H«  +  HK)     -     C«H«0. 

Propy-  liopropyl* 

Irae.  alcohol. 

Erlenmeyer  has  transformed  glycerin  into  iodide  of  isopropyl,  which  is  capable  of  giving 
the  isoalcohol : 

HKJOH  HKJH 

H(l)OH    •(•   6HI      -        h6i     •!•  3HH)  +  2P. 
H«COH  H«tH 

Glycerin.  Iodide  of 

liopropyl. 

«  A  •trikinft  example  of  the  Talue  of  the*e  lateit  developmenU  of  chemical  theory  hat  Jott  been 
given  by  Schorlemmer,  who  h«»  prepared  hydride  of  ifopropri  by  the  action  of  aliie  and  hydrochloric 
acid  on  iodide  of  iiopropyl.  It  it  identical  with  normal  hydride  of  propyl,  giriog  noranal  chloride  of 
propyl  when  attacked  by  chlorine  in  pretence  of  iodine. 
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Finally,  Friedel  has  added  hydrogen  to  acetone,  and  prodaced  the  iso-aloohol.    Thiii 
important  reaction  completely  dean  up  the  stractare  of  the  iBopropyl-componnds : 

CH»  CH» 


CH« 
CH» 


Acetone. 


Str    -  ntoH. 


OH 


I 


I  CH«  H« 

laopropvU 
alcohol. 


(See  SaooHSABT  Axcohols,  p.  216.)  J.  A.  W. 

TBZTT&  A&OOBO&8.  Normal  trityl  alcohol  is  not  known  with  certainty.  It 
ia  said  to  boil  at  96®  to  97^i  and  to  be  a  fruity  liquid,  rezy  soluble  in  water,  but  not 
soluble  in  all  jproportions,  and  to  be  contained  in  some  samples  of  crude  amylic  alcohol. 
(Chancel,  CompL  rend.  [18631  zzxvii.  410.) 

A  tritylsulphuzie  add,  fozmed  by  the  action  of  sulphuric  add  on  the  alcohol,  is  also 
described. 

Uotrityl  alcohol,  or  Isoproppl  alcohol,  or  P$eudopropyl  alcohol,  or 
Propylenc'hydrate, — ^Formed,  as  just  described,  from  propylene,  glycerin,  or 
a4setone. 

Preparation,^a,  Yram  Oxalate,  or  Acetate  of  Isopropyl,  which  may  be  easily 
decomposed  by  potash  or  soda.  If  the  alcohol  is  wanted  in  lax^  Quantities,  this 
would  probably  prove  the  most  conrenient  process,  inasmuch  as  the  iodide  of  isopropyl, 
from  which  the  oxalate  or  acetate  may  be  readily  prepared,  is  easily  obtained  pure 
and  in  laige  quantity. 

fi.  From  Acetone. — One  toL  of  acetone  is  added  to  6  vols,  of  water,  and  then  treated 
with  sodium-amalgam.  After  a  while,  an  oil^  layer  separates.  The  whole  liquid  is 
then  to  be  distilled,  and  the  oily  distillate  mixed  with  water,  and  again  treated  with 
sodium-amalgam.  By  repeating  this  process  six  times,  a  transformation  of  much  of 
the  acetone  into  the  isoalcohol  is  effected.  In  order  to  purify  the  product,  it  is  dried 
with  carbonate  of  potasdum  and  distilled,  then  rubbed  up  with  powdered  and  well- 
dried  chloride  of  caldum.  The  mass  is  subsequently  dried  in  a  Tacuum  oTer  sulphuric 
acid,  when  the  acetone  evaporates,  leaving  a  (ur  powder,  consisting  of  the  compound  of 
isoalcohol  with  chloride  of  calcium.  Simple  heating  drives  off  the  isoalcuhol  from 
this  compound,  and  rectification  suffices  to  pnrifjr  it  completdy.  (Linnemann,  Ann. 
Oh.  Pharm.  cxxxvi.  37.) 

Properiid.—lBOipiopyl  alcohol  is  a  colourless,  not  veiy  mobile  liquid,  having  a 
peculiar  odour,  not  at  all  resembling  that  of  amyl  alcohol.  Boils  at  83® — 84°,  under 
a  pressure  of  739  mm.  At  16®,  its  specific  gravity  is  0*791.  It  does  not  freeze  at 
— >20®.  It  does  not  act  on  polarised  light.  It  is  veiy  difBcult  to  dzy,  mixing  with 
water  in  all  proportions,  and  forming  several  hydrates  of  considerable  stability.  Thg 
existence  of  these  hydrates  was  first  observed  by  Erlenmeyer,  and  afterwards  confirmed 
by  Linnemann.    The  following  is  the  composition  of  these  hydrates : 

I.  (3C^*0.2H*0)  boils  at  78®— 80® ;  specific  gravity,  0-882  at  16<>, 
n.  (2C*H«0.HK))  „  80® 

ni.  (3C*H«0.H«0)  „  81®;  spedfic gravity,  0800  at  16®. 

The  second,  discovered  by  Erlenmeyer,  simulates  common  alcohol,  having  exactly 
the  same  percentage  composition  as  that  substance.  It  boils  only  slightly  higher 
than  common  alcohol,  and  retains  water  so  strongly,  that  it  does  not  render  blue 
the  white  anhydrous  sulphate  of  copper.  In  order  to  dehydrate  it  completely,  it  is 
well  to  use  a  little  metallic  sodium.  To  distinguish  between  this  hydrate  and  common 
ethyUc  alcohol,  the  readiest  plan  is  to  submit  the  liquid  to  the  action  of  iodine  and 
phosphorus,  which  transforms  the  one  into  iodide  of  isopropyl,  and  the  other  into  iodide 
of  ethyl.  The  resemblance  extends  very  &r.  Both  compounds  yield  acetic  add 
on  oxidation,  the  hydrate  of  isopropyl  alcohol  giving,  however,  carbonic  acid  in 
addition. 

The  characteristic  propeityof  isopropyl  alcohol  is,  that  it  yields  acetone  by  oxidation 
with  dilute  chromic  acid.  This  important  observation  was  made  by  Friedel,  after  it 
had  been  predicted,  in  a  most  remarkable  manner,  by  Kolbe,  who  had  had,  so  to 
speak,  a  vision  of  the  secondary  alcohols  with  their  leading  characteristics.  On 
pushing  the  oxidation  further,  the  acetone  breaks  up  into  acetic  acid,  carbonic  anhy- 
water: 


C 


CH» 
CH« 
H 
OH 


fCH» 
+   O     »      CJCH"  +  HH). 

lo 


Ifopropyl  Acetooe. 

•IcohoL 
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'CH' 

CH«  +  O*     «      C-I 
,0 

Acetone.  Acetic 

acid. 


rCH* 

O      +  C0«  +  HK). 
OH 


Bromine  attacks  isopropjl  alcohol,  withdrawing  hydrogen,  and  leaving  acetone.  In 
practice,  this  reaction  is  very  complicated,  the  hjdrobromic  acid  resulting  from  this 
change  attacking  some  of  the  isoalcohol,  and  giving  bromide  of  isopropyl,  and  the 
acetone  suffering  a  further  attack. — ^Distilled  with  acitaU  of  jfotassium  aod  nUpkurio 
acid,  it  yields  acetate  of  isopropprl. — Digestion  at  140°  with  acetic  acid  also  gives  the 
acetate  of  isopropyl.     The  butync  ether  is  formed  similarly,  and  distils  at  about  130^. 

J.  A.  W. 


TKZTT&  3BTBSRS.  The  normal  trityl  ethers  are  scarcely  knovn,  bat  wvend 
isotrityl  ethers  hara  been  prepared : — 

Bromide  of  leopropyl,  CH'Br,  is  obtained  by  heating  the  alcohol  with  hyditv 
bromic  acid,  also  by  the  action  of  bromine  on  the  iodide  of  isopropyl.  It  b  a  liquid. 
I^»ecific  gravity  »  1*320  at  13^.    Boiling-point  -  60°  to  63^  at  739  mm.  pnesaiv. 

Chloride  of  Isopropyl,  0*11^01,  prepared  by  the  action  of  hydrochloric  acid  on 
the  alcohol,  is  a  liquid,  boiling  at  36 -*  to  38",  at  741  mm.  pressure.  Specific  gravity 
at  10*"  =  0-874. 

Cyanide  of  Trityl,  C*H'.CN.  (See  Bottbokitbilk,  i.  698.) — This  compound  ia 
obtained  &om  normal  butyric  acid,  and  yields  normal  but^Tic  acid  and  ammonia  when 
it  is  nuide  to  take  up  water. 

Cyanide  of  Isopropyl,  CWCS.  ^Erlenmeyer.J — ^When  1  at  iodide  of  iso 
propyl  and  1  at.  cyanide  of  potassium,  dissolved  in  aloonol,  are  digested  in  the  water- 
bath,  iodide  of  potassium  is  formed,  the  licjnid  acquires  a  very  disaigreeable  smeil,'  and 
there  results  an  alcoholic  solution  of  cyanide  of  isopropyl.  It  is  difficult  to  sepant« 
the  alcohol  from  the  cyanide,  which  boils  at  about  80°.  On  boiling  cyanide  of  isopro- 
pyl with  alcoholic  potash,  ammonia  is  evolved,  and  isobutyrate  of  potassium  produced  : 

C«H^CN  +  2H«0     -     C^^COOH  +  NH». 

Isobntyrio  acid  is  quita  distinct  from  butyric  acid,  and  waa  the  first  recognised  eooimplo 
of  an  iso-£Eitty  acid. 

Iodide  of  Isopropyl,  C*H^I.  (Erlenmeyer,  Zeitschr.  Ch.  Pharm.  186],  pp. 
362,  673.) — Obtained  by  the  action  of  hydriodic  add  on  propylglvcol,  iodide  of  aU^l, 
isopropyl  alcohol,  propylene,  or  glycerin.  It  is  most  conveniently  prepared  by  dis- 
tillmg  glycerin  with  a  great  excess  of  strong  hydriodic  acid : 

C»H«0«  +  6HI     =     0»m  +   8H«0   +  2I« 

The  reaction  is  perfectly  neat,  if  proper  precautions  be  taken.  The  conditions  to  h% 
satisfied  are  these : — The  hydriodic  acid  used  must  be  sufficiently  strong  (boiling-point 
about  126°) ;  if  too  dilute  it  may  be  concentrated  by  distillation,  the  strong  arid  re- 
*  maining  benind  in  the  retort.  There  must  be  always  great  excess  of  hydriodic  acid. 
The  io(£ne  set  free  should  be  reconverted  into  hydriodic  acid  by  means  of  phosphorus. 
The  operation  succeeds  either  on  the  small  or  the  large  scale.  The  iodide  of  isopropyl 
has  been  recently  manufactured  in  quantity. 

Preparation, — 100  lbs.  of  iodine,  6  lbs.  of  phosphorus,  and  100  lbs.  (or  rather  more> 
water,  are  employed.  A  little  of  the  water  is  wanned,  aod  put  into  a  laise  vessel ;  and 
the  iodine  and  phosphorus  and  water  are  added  by  degrees,  and  well  stirred  up.  The  stir- 
ring renders  the  reaction  quite  manageable.  The  first  quantity  of  water  is  wanned  to 
start  the  reaction,  afterwaids  the  water  is  added  cold.  In  this  way  there  is  obtained  a 
strong  solution  of  hydriodic  acid  containing  also  some  phosphoric  acid.  This  solution 
is  put  into  an  iron  still  and  distilled,  until  very  concentrated  hydriodic  add  begins  to 
pass  over.  When  the  concentration  is  sufficient,  a  charge  of  1 1  lbs.  of  glycerin  is  put 
into  the  still,  and  3  lbs.  of  phosphorus  added  by  degrees.  A  very  enersetic  action  is  thus 
set  up,  and  iodide  of  isopropyl  distils  over  very  rapidly,  accompanied  by  water  and  hy- 
driodic acid.  When  the  action  has  become  moderate,  a  second  charse  of  11  lbs.  of 
glycerin  and  3  lbs.  of  phosphorus  is  introduced  into  the  still.  When  the  second  charge 
las  worked  off,  a  small  third  charge  may  be  put  in. 

Ultimately  the  products  are  iodide  of  isopropyl,  hydriodic  acid,  and  phosphoric  add. 
When  the  phosphoric  acid  has  accumulated,  it  is  necessary  to  distil  off.  The  hydriodic 
add  is  readv  for  a  second  operation.  By  operating  as  above  described,  a  quantity 
of  iodide  of  isopropyl  may  be  obtained,  very  close  upon  that  required  by  theory,  and 
in  a  series  of  opeiations  very  nearly  all  the  iodine  used  may  be  transformed  into  the 
oiganic  iodide. 
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'  The  iodine,  as  it  is  set  free,  is  transformed  into  hydriodic  acid  by  the  action  of  the 
phosphorus  and  water,  and  becomes  available. 

If  an  insufficient  quantity  of  hydriodic  acid  be  allowed  to  act  on  the  glycerin  in  the 
above  process,  the  iodide  of  isopropyl  will  be  contaminated  with  iodide  of  allyl. 

Maxwell  Simpson  has  shown  that  iodide  of  allyl  is  transformed  into  iodide  of  iso- 
propyl by  treatment  with  hydriodic  acid. 

Properties. — Iodide  of  isopropyl  is  an  oil,  boiling  at  89°  to  90°,  under  a  pressure  of 
735  mm.  Specific  gravity  1*70  at  15°.  In  smell  it  resembles  iodide  of  ethyl.  It  is 
nearly  insoluble  in  water,  and  dissolves  phosphorus  and  iodine. 

With  sodium,  in  presence  of  ether,  it  gives  propylene,  hydride  of  propyl,  and  di- 
isopropyl  (Schorlemmer). — Bromine  drives  out  the  iodine,  forming  a  bromide  of  the 
radicle. — CA/ortn^  attacks  it  more  deeply,  giving,  among  other  products,  trichlorhydrin, 
C"H*C1*. — "With  oxalate  of  silver,  it  gives  oxalate  of  isopropyl. — With  acetate  of  silver, 
it  yields  acetate  of  isopropyl,  boiling  at  90° — 93°,  according  to  Fried  el. 

With  oxide  of  silver  and  foater,  it  gives  isopropyl  ether,  ^,^7  [  O,  isopropyl  alcohol, 

andpropylene,  C*H'. 

With  alcohdio  potash  it  gives  propylene.  It  reacts  on  ammonia,  giving  some  pro- 
pylene and  an  organic  base.  It  forms  new  bases  when  made  to  act  on  aniline  or  on 
rosaniline. 

Carefully  oxidised  with  dilute  chromic  acid,  it  gives  acetic  and  carbonic  acids,  and  no 
propionic  acid.    (Chapman  and  Thorp.)  J.  A.  W. 

T&XTTXiv  BTBBZBB  Ol*.  This  compound  appears  to  occur  in  American  petro- 
leum (Bon aids).  By  heating  to  276°  a  mixture  of  bromide  of  propylene,  C'H^r', 
iodide  of  potassium,  and  water,  with  metallic  copper,  there  is  obtained  propylene,  hy- 
dride of  propyl,  and  carbonic  acid.  Hydride  of  propyl  is  a  gas,  which  is  soluble  in 
alcohol  J.  A.  W. 

Xaimt  A  ihi  nMf  or  9MOVnUkMSNMm    N^ H    . — This    base    is  isomeric 

tH 
with  trimethylamine,  which  has  often  been  mistaken  for  it.     The  only  process  by 
which  it  has  been  prepared  is  that  of  Mendius,  viz.,  by  the  hydrogenation  of  cyanide 
of  ethyl : 

C«H*CN  +  H«     =     C«H»N. 

To  prepare  propylamine,  36  grms.  of  cyanide  of  ethyl,  500  grms.  of  common  alcohol, 
200  gnns.  of  water,  and  500  grms.  of  20  per  cent,  hydrochloric  acid,  are  allowed  to 
act  on  excess  of  granulated  zinc,  and  then  distilled.  The  distillate  is  put  back  once, 
and  400  grms.  of  hydrochloric  acid  are  added.  The  product  is  distilled  to  get  rid  of 
the  alcohol,  then  excess  of  alkali  added  to  the  residue,  and  the  distillation  continued, 
'whereupon  propylamine  and  water  come  over. 

From  36  grms.  of  the  cyanide  of  ethyl,  9  grms.  of  pure  propylamine  have  been  ob- 
tained (Mendius).    Propylamine  is  diried  by  distillation  from  solid  potaesh. 

Properties. — Bright^  colourless,  highly  refracting,  very  mobile  liquid,  possessing  a 
peculiar,  strongly  ammoniacal  odour,  very  different  from  that  of  methylamine.  It  is 
miscible  wich  water,  becoming  hot  in  contact  with  it.  Boils  at  50°.  Its  aqueous  solu- 
tion precipitates  the  oxides  of  iron,  copper,  lead,  aluminium,  nickel,  cobalt,  and 
mercury,  and  does  not  dissolve  the  precipitate  when  added  in  excess. 

The  precipitate  formed  with  silver-solutions  is  soluble  in  excess. 

The  propylamine,  prepared  as  just  described,  is  a  true  normal  propyl-compound, 
giving,  on  oxidation  with  dilute  chromic  acid,  propione-aldehyde  and  propionic  acid, 
and  not  giving  anv  carbonic  acid  or  acetic  add.    (Chapman  and  Thorp.) 

It  combines  with  acids,  forming  ciystallisable  salts. — The  chloride,  NC'H'HCl, 
fr^rms  very  deliquescent  crystals,  freely  soluble  in  alcohol,  almost  insoluble  in  ether. 
A  little  above  100°  it  melts,  and  sublimes  unchanged.  It  may  be  obtained,  in  large 
SijUare  plates,  by  crystallisation  from  strong  alcohol. — ^The  ehloroplatinate,  2NC'H''C1. 
I  tCl*,  is  moderately  soluble  in  hot  water  and  alcohol,  und  insoluble  in  ether.  It  often 
f<  rms  fine  crystals,  a  quarter  of  an  inch  long. 

Sulphate  of  propylamine  is  crj-stalline  and  deliquescent. 

On  treating  propylamine  with  iodide  of  ethyl,  the  following  products  are  obtained: 


(C^^  (C«H» 

N  J  C»H»         M  C«H» 


(C«H» 
nJC'H*. 
Ih  (C«H»  (C»H» 

HI  HI  C*H»L 


The  last  compound,  iodide  of  triethyl-propylammonvum,  is  a  white  crystalline  nuuw, 
insoluble  in  potash-ley.    From  its  alcoholic  solution  it  crystaUiB«'8  in  long  needles. 
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Oxide  of  silrer  reacts  upon  it,  giving  a  strongly  caustic  solution  of  hjdiate  of 
ammoDiiim-hase.-~Tho  chhroplatmate,  2NC*H'iO*H*)*Cl.PtGl«,  fonmi  deep 
coloured  octahedrons,  rather  soluble  in  alcohol  ana  water.  (Mendi  us,  Ann.  Cil 
cxxi.  129.)  J.  A.  W. 

VWLVmUMMM,  or  VSOVT&XWBf  C^',  the  oleflne  of  the  trityl-group, 
discovered  by  Reynolds  in  1861.  It  is  olstained,  more  or  less  impure,  when  f^sel-oil 
or  valerianic  add  is  passed  through  a  red-hot  tube ;  b^  the  destructive  distiUatioii  oC 
oleic  acid  with  lime  or  soda-lime ;  and  by  the  destructive  distillation  of  sugar  mixed 
with  an  equal  weight  of  soda-lime.  According  to  Dusart  (Ann.  Ch.  Pharm.  xevii. 
127),  it  is  obtained  on  distilling  an  intimate  mixture  of  equivalent  quantities  of  oxa- 
late of  calcium  and  acetate  of  potassium. 

It  is  prepared  most  conveniently  by  acting  on  iodide  of  allyl  with  mercury  and 
strong  hydrochloric  acid.  The  mercury  should  contain  a  trace  of  zinc,  according^  to 
Xhe  observation  of  von  Thten.     The  following  are  the  details  of  the  process : — 

Iodide  of  phosphorus  is  prepared  by  acting  on  1  pt.  of  phosphorus  with  8  pts.  al 
iodine.  60  grmn.  of  this  iodide  of  phosphorus,  and  60  grms.  of  glycerin,  distilled 
together,  yield  30  grms.  of  iodide  of  allyl.  From  this  quantity  of  the  iodide,  8  litres 
of  propylene  may  be  obtained  by  employing  160  grms.  of  mercury  and  50  gnoa.  of 
Aiming  hydrochloric  acid.  The  gas  obtained  in  this  operation  is  chemically  pure  pro- 
pylene.   (Be  r  the  lot  and  De  Luca,  Ann.  Ch.  Pharm.  xcii.  306.) 

According  to  Bieth  and  Beilstein,  chloride  of  carbon,  acted  upon  by  cine-ethyl, 

Jields  a  mixture  of  propylene,  ethylene,  and  chloride  of  ethyl,  also  chloride  of  nne. 
odide  of  isopropyl  and  alcoholic  potash  also  give  propylene. 
Pntperties. — Colourless  gas,  not  condensable  at  — 140-'.  It  has  a  distinct  phoaphoric 
odour,  as  is  genenUly  the  case  with  the  olefines,  and  a  sweetish  taste.    Aoooroiiig  to 
yon  Than : 

100  vols,  of  water  absorb  44  vols,  of  propylene  at    0^. 

6^ 
lO*. 
160. 
2(P. 

Absolute  alcohol  dissolves  12  to  15  times  its  volume  of  this  gas — glacial  aoetie  acid 
5  volumes. 

Like  ethylene,  it  combines  readily  with  chlorine  and  bromitief  and  is  capable  of 
uniting  with  iodine ;  the  resulting  compounds  are  C«HK:J1«,  CH«Br»,  C«H«I«. 

It  is  absorbed  by  cuprous  chloridcy  but  not  to  the  same  extent  as  ethylene.— .TVmnm;^ 
tulphuric  acid  absorbs  it  very  readily. — Common  oil  of  vitriol,  hydroehloriCf  kydro^ 
bromic,  and  hydriodic  acids  combine  with  it  far  more  readily  than  with  ethvleno. 
These  acids  convert  it  into  isopropyl-compounds. — On  oxidation  with  dilute  ehromie 
aeidf  it  gives  acetic  and  carbonic  acids.  It  is  not  very  readily  oxidised. — With  per^ 
manganate  of  potassium  in  an  acid  liquid,  it  gives  the  same  products  as  with  chzomie 
acid ;  with  permanganate  in  an  alkaline  liquid,  acetic  and  formic  acids.       J.  A.  W. 

TRXTTUnnC   A&COSO&.     C«H*0'    B»    ^^§?  (O*.  Trityl,  or  Propylfflyeol, 

— ^Prepared  from  the  tritylenic  acetate  just  described,   by  distillation  with  caustie 
potash,  in  the  oil-bath.    It  is  a  colourless  oily  liquid,  sweet  to  the  taste,  soluble  in 
water  and  alcohol  in  all  proportions,  and  soluble  in  12  to  13  pts.  of  ether.     Its 
specific  gravity  at  0°  is  1-061.     Boning-point  188^  to  ISQO. 
Platinum-black  oxidises  it  to  lactic  acid : 

C»H»0«  +   0»     -     C«H«0«   +  H«0. 
Tritylenic  hydrate.  Lactic  acid. 

Digested  at  100°  for  some  hours  with  strong  hydriodic  acid,  it  gives  iodide  of  iso- 
propyl (Wurtz): 

C«H»0«  +   SHI     «     CHI   +   2H«0  +   P. 

With  pentachhride  of  phosphorus  it  gives  chloride  of  propylene,  C*H*C1*. 

Heated  with  dilute  nitric  acid,  it  is  broken  up  into  glycollic  acid,  whilst  concentrated 
nitric  acid  resolves  it  into  oxalic  acid.  J.  A.  W. 
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covered  by  Wurts.  320  grms.  acetate  of  silver,  192  grms.  bromide  of  propylene,  and 
sufficient  glacial  aceticacid  to  bring  the  mixture  into  a  semifluid  state,  are  heated  in  the 
water-bath  for  four  days,  then  mixed  with  ether  and  filtered,  and  the  filtrate  is  distilled. 
The  acetate  is  a  colourless  neutral  liquid,  soluble  in  10  pts.  of  water,  and  boiling  at 
186°.     Ita  specific  gravity  at  0°  -   1*109. 
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The  bromide,  CR'Bi^f  formed  directly  £rom  propylene  and  bromine,  is  a  colour- 
less oily  liquid.  Specific  gravity  «  ]'974.  Boiling-point  144^.  It  is  a  conrenient 
oompoond  for  the  preparation  of  proplylenenieiiTatives. 

The  chloride,  G*H«C1*,  is  a  liquid  boiling  at  lOS^'.     Specific  grayity  »  1161. 

The  cyanide,  C*H*(CN)*,  was  discovered  by  Maxwell  Simpson.  1  at.  tritylenic 
bromide  and  2  at.  cyanide  of  potassium  are  heated  with  a  laige  quantity  of 
alcohol  to  100^  for  about  16  hours.  The  product  is  then  filtered,  and  deprived  of 
alcohol  by  evaporation.  The  residue  is  treated  with  ether,  and  the  ethereal  solution 
evaporated  to  get  rid  of  the*ethflr,  and  then  distilled.  In  tiiis  way  tritylenic  cyanide 
is  obtained  as  a  liquid,  boiling  between  277°  and  290^.  It  is  soluble  in  water,  alcohol, 
and  ether. 

Heated  with  1 J  vols,  of  strong  hydrochloric  acid  to  100°,  it  suffers  a  veiy  interesting 
change,  yielding  pyrotartaric  acid.  In  order  to  extract  this  acid,  the  residue,  after  the 
zeaction,  is  treated  with  absolute  alcohol,  which  dissolves  the  acid ;  the  alcoholic  solu* 
tion  is  evaporated,  to  drive  off  the  alcohol ;  and  the  residue  crystallised  from  aqueous 
solution,  and  finally  dissolved  in  ether,  which  on  evaporation  leaves  the  pyrotartaric 
add  in  a  state  of  purity : 

C»H«(NC)«  +  4H*0     -     CHKH  +  2NH». 

Cyanide  of  Pyrotartaric 

propylene.  add. 

The  iodide,  tJ"Jl*I*,  is  a  liquid  which  does  not  solidify  at  — 10°.  It  was  discovered 
by  Berthelot  and  De  Luca  (Ann.  Ch.  Fharm.  xcii.  311).  Prepared  by  exposing 
iodine  in  contact  with  propylene  to  sunlight,  or  by  heating  it  to  50^  or  60°.  The  result- 
ing liquid  is  freed  from  excess  of  iodine  by  treatment  with  potash.  It  is  decomposed  by 
alcoholic  potash  into  propylene  and  other  products. 

The  sulphide,  G'H'S*,  is  a  white  amorphous  powder,  obtained  by  the  action  of 
tritylenic  biomide  on  an  alcoholic  solution  of  sulphide  of  sodium. 

The  sulphocarbonate,  C'H'CS',  is  easily  obtained  firom  an  alcoholic  solution  of 
Bulphocarbonate  of  sodium  and  tritylenic  bromide.  It  is  a  thick  liquid  of  disagreeable 
smell,  and  of  a  yeUowish-brown  colour.  Specific  gravity  ->  1*31  at  20°.  It  may 
be  distilled  in  a  stream  of  hydrogen.  J.  A.  W. 

TiUT « iiF H 1  OAT Ji    or    mOPT&PRTCXTB.     0*H*0«    -  ^^j^4^^|o«  - 

(C«H7'(H0*).  Glycerylenic  Alcohol,  (Carius,  Ann.  Ch.  Pharm.  cxxxiv.  71; 
Jahresb.  1865,  p.  498). — A  tetratomic  alcohol,  homologous,  at  least  in  composition, 
with  phycite  or  erythromannite,  C*H*H)*  (ii.  604;  iv.  633).  The  corresponding 
dichlorhydrin,  (CH^)C1*(H0)^  is  produced  by  addition  of  hypochlorous  acid  to  ordi- 
nary glyeezio  epichlorhydrin  (i.  894) : 

and  ficom  this  compound,  the  alcohol  is  obtained  by  the  action  of  aqueous  alkalis : 
(0»H*)a*(HO)«  +   2KH0     =     (C»H*)»'(HO)*  +   2KCL 

To  prepare  propylphycite,  the  dichlorhydrin  just  mentioned,  or  the  corresponding 
dichlorobromhydrm  (p.  894),  dissolved  in  3  vols,  alcohol,  is  mixed  with  10  vols, 
water,  and  gradually  with  an  excess  of  finely-divided  hydrate  of  barium  suspended 
in  water,  the  liquid  being  ultimately  warmed  till  it  becomes  inodorous.  The  baryta 
is  then  carefully  precipitated  with  sulphuric  acid ;  the  filtrate  is  exactly  neutralised 
with  carbonate  of  lead ;  the  dissolved  lead  removed  by  sulphydric  add ;  the  chlorine 
by  carefdl  addition  of  mlver-carbonate ;  any  silver  still  remaining  dissolved  by  sulphy- 
dric acid ;  and  the  solution,  which  is  generally  colourless  (if  not,  it  must  be  decolorised 
with  animal  charcoal),  is  evaporated  over  the  water-bath.  The  residue,  after  being  re- 
dissolved  and  evaporated,  consists  of  pure  propylphycite.  If,  however,  the  dichlorhydrin 
used  in  the  preparation  is  not  free  from  onunary  glyceric  dichlorhydrin,  the  product 
will  be  contaminated  with  glycerin.  In  this  case,  the  solution,  freed  from  barium  and 
chlorine,  must  be  predpitatod  with  basic  lead-acetate  not  added  in  excess,  and  the 
washed  precipitate,  C*H*.H'Pb"0*,  decomposed  by  sulphydric  acid. 

Propylphycite  is  a  colourless,  solid,  amorphous  mass,*  which,  on  exposure  to  the  air, 
quickly  deliquesces  to  a  glutinous  liquid.  It  has  a  sweetish  taste,  is  easily  soluble  in 
alcohol,  does  not  decompose  at  150°,  and,  if  carefully  heated,  volatilises  with  only  par- 
tial decomposition.  In  its  chemical  relations  it  resembles  phydte,  C^H**0^  like  the 
sugars,  it  is  yeiy  easily  altered  by  adds,  alkalis,  and  oxidising  agents.  On  evaporating 
it  with  dilute  adds  or  bases,  it  turns  brown,  and  a  humus-Uke  body  is  separated. 

*  la  removing  the  chlorine  with  silTer-carbonate,  or  the  chlorine  and  tMrium  by  illT«r-iulphate,  a 
ciytulline  sulwtance  wat  obtained,  nearly  related  to  propylphycite,  and  perhaps  containing  C^H^O^. 
(Carius.) 
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With  cupric  oxide  and  ^tasli,  it  forms  a  blue  solution,  which  does  not  deposit  enpioTis 
oxide  on  boiling,  eyen  if  the  propylphycite  has  previously  been  treated  with  cUlnlie 
,  sulphuric  acid.    From  a  neutral  silrer-solution,  it  reduces  the  metal  at  the  boiling 
heat ;  from  an  ammoniacal  solution,  even  at  ordinary  temperatures. 

Propylphycite  contains  four  atoms  of  hydrogen  replaceable  by  metals  or  other 
radicles,  two  of  them  apparently  with  greater  facility  than  the  other  two.  In  concezk- 
trated  solution  it  takes  up  lime,  baryta,  lead-oxide,  and  even  lead-  or  silvei^carbonatc 
The  solution  containing  lime,  baryta,  or  lead-oxide  yields,  with  alcohol,  white  bulk^ 
precipitates,  soluble  in  water,  and  decomposible  by  carbonic  acid.  The  leud-compuuxid, 
in  aqueous  solution,  is  not  completely  decomposed  by  sulphydric  acid,  the  filtrate  still 
giving  a  precipitate  with  sulphide  of  ammonium.  The  compound  formed  on  adding^ 
basic  acetate  of  lead  to  a  solution  of  propylphycite,  is  a  bulky  precipitate,  soon 
becoming  granular,  and  containing  C'H*.H'Pb"0^ 

Nitropropylphycite^  C*H*^*(NO")0*,  is  formed  by  dropping  a  scarcely  liquid  solution 
of  propylpnycite  into  cooled  fuming  nitric  acid,  and  sejparates,  on  pouring  the  liquid 
into  water,  as  a  colourless  viscid  mass,  nearly  insoluble  in  water,  but  soluble  in  alco- 
hol and  ether.  The  nitro-compound  becomes  mobile  at  100^,  distils  for  the  most  port 
without  decomposition,  if  careAilly  heated,  but  when  quickly  heated,  decomposes  sud- 
denly, though  without  explosion.  Zinc  and  hydrochloric  acid,  added  to  its  alooholie 
solution,  produce  chloride  of  ammonium  and  propylphycite. 


TSITYX»BTCinC      or      VSOVTXiPRTCrTXO     ACZB.       C*H*0*      » 

'    TTi    '   (O^    (GariuB, /oe.  et/.)— Produced  by  dissolving  propylphycite  in  nitric 

acid  of  specific  gravity  1*2,  diluted  with  an  equal  volume  of  water,  repeatedly  evnpo- 
nting  the  solution,  neutralising  with  carbonate  of  barium,  filtering  from  oxalate*  of 
barium,  and  precipitating  the  concentrated  filtrate  with  alcohol.  The  and,  separated 
from  the  barium-salt  by  sulphuric  acid,  is  a  colourless,  amorphous,  strongly  arid, 
deliqueaoent  mass,  which  decomposes  at  160^,  either  in  the  fi?ee  state  or  combined  with 
bases,  yielding  oxalic,  acetic,  and  perhaps  also  glyoollic  acid. 

The  propylphydtates,  excepting  the  lead-  and  silvetr-salts,  ara  easily  soluble ;  the 
gUver-mtt  is  very  quickly  reduceid  in  ammoniacal  solution. — ^The  acid  barium^^a/t, 
C»H'«Ba"0»»  -  C«H*Ba"0».C*H«0*,  is  an  indistinctly  crystalline  powder.— The  arid 
ealciumrsalt,  O^wOa^O'*  -  (?HH)a".0».C»H«0»,  is  not  crystaUisable,  but  is  precipi- 
tated by  alcohol  from  its  aqueous  solution  in  flocks. — The  acid  lead-soft,  C*H>*Pb''0  s 
C*HfPb''0*.C*H*0*,  precipitated  by  neutral  lead-acetate,  is  floccnlent  at  first,  hut 
afterwards  changes  to  a  crystalline  powder,  composed  of  microscopie  prisms. — ^The 

normal  Uad-saU,  O^H'FIH)^,  precipitated  by  basic  lead-aoetate,  is  an  amorphoiu 
powder. 


or 
C5»H«C1*0«  •  C»H*.C1«(H0«).     Glycerylmic  Dichlorhydroxylate.    (Carius,  f^.  cU: 
This  compound  is  formed,  as  already  stated  (p.  803),  by  addition  of  hypochloiousacid 
to  glyceric  epichlorhydrin. 

To  prepare  it,  epichlorhvdrin  is  added  in  the  dark,  and  with  frequent  agitation,  to 
a  cooled  solution  of  hypochlorous  acid  (prepared  by  passing  chlorine-gas  into  water  in 
whic^  mercuric  oxide  is  suspended,  and  containing  from  6  to  8  per  cent,  of  the  acid), 
till  the  odour  becomes  barely  perceptible ;  the  solution,  filtered  from  mercuric  oxychlo- 
ride  and  diluted,  is  immediately  treated  with  sulphydric  acid  gas,  till  the  excess  of 
hypochlorous  acid  is  decomposed  and  the  mercury  is  precipitated ;  the  filtrate  is 
then  saturated  with  common  salt ;  and  the  dichlorhydrin,  already  partly  separated  aa 
an  oily  liquid,  is  further  extracted  by  agitation  with  ether,  and  purified,  after  evapo- 
ration of  the  ether,  by  heatine  it  to  160® — 170°  in  a  stream  of  dry  carbonic 
anhydride,  whereby  any  glyceric  aichlorhydrin  formed  at  the  same  time  is  decomposed. 

Propylphydtic  dichloniydrin,  thus  obtained,  is  a  liquid,  rather  mobile  when  wann, 
but  of  the  consistence  of  glycerin  at  ordinary  temperatures ;  it  is  heavier  than  water, 
has  a  somewhat  rancid  odour,  dissolves  easily  in  alcohol  and  in  ether,  but  is  nearly  inso- 
luble in  salt-water.  When  heated  above  200®,  it  decomposes,  giving  off  hydrochloric 
add,  and  vapours  smelling  of  acrolein.  By  potash  in  aqueous  solution,  it  is  eauily 
converted  into  propylphycite : 

or   VmonXPBTCITIO  BICB&OAOBaOMST- 

r,  C»H*  jgQ    ,  is  produced  by  heating  1  at  of  the  dichlorhydrin  to  120®,  in 
sealed  tabeSiWith  1  at.  dry  bromine.  It  is  a  mobile  liquid,  having  a  sliarp  odour,  docom- 
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posing  at  160^,  ineolublA  in  wat«r,  bat  deoompoMd  by  it,  with  separation  of  bromine 
and  hydrochloric  acid.     With  alkali s,  it  reacts  like  the  dichlorhydrin.     (C  arine.) 

TftZTT&VBlrCITXC  ur  FSOPTZiPBTCXTXO  MTUJUftS.  (C  a  r i  u  8,  loc.  cU. ) 
— JHaceto^opylphffcit*^  C*HMI*(C*H''0)*0*,  is  obtained  by  heating  the  dichlorhydrin  to 
100®  with  sodic  acetate  and  glacial  acetic  acid,  neutralising  with  sodic  carbonate,  and 
exhausting  with  ether.  It  is  a  viscid  bitter  liquid,  easily  soluble  in  water,  not  capable 
of  being  distilled  without  decomposition.  Baryta  decomposes  it  into  acetic  acid  and 
propylphycite. 

Triethylpropylphtfcite^  C*H*.H(C*H*)*0*,  is  produced  by  gradually  mixing  an  alco- 
holic solution  of  the  dichlorobromhydrin  with  diluted  and  cooled  sodium-ethylate,  or 
by  heating  it  to  150^  with  absolute  alcohol.  It  is  a  colourless,  faintly  smelling  liquid, 
easily  soluble  in  water  and  in  potash-ley,  heavier  than  water,  and  dissolving  calcium- 
chloride  in  considerable  quantity.  Boiling-point  =  192'8^  at  0*758  met.  Vapour- 
density,  obs.  «   6'66 ;  calc.   «   6"79. 

Tetrethylpropylphycite,  C'H^(CH*)^0*,  is  produced,  as  shown  by  the  equation : 

(CH?^a|0*  *   C^'I     -    Nal  +  ^(^.\o<, 

by  warming  the  triethylic  ether  with  sodium  as  long  as  hydrogen  is  thereby  evolved, 
and  distilling  the  resulting  sodium-compound  with  an  equivalent  quantity  of  ethylic 
iodide.  It  is  a  rather  mobile  colourless  liquid,  which  boils  between  160^  and  160^, 
and  exhibits,  more  plainly  than  the  preceding  compound,  the  odour  of  sugar  heated 
above  its  melting-point. 

Diaceto-^itth^ropylfktfeUe,  C^*(G*H"0)*(C'H*)^0\  is  formed,  together  with 
ethylic  acetate^  by  heating  trieth^lpropylphycite  to  150^  for  several  hours,  with  3  vols, 
glacial  acetic  acid.  It  is  a  thick  colourless  liquid,  which  boils  at  about  210^,  and  is 
decomposed  by  baryta-water  into  barium-acetate,  and  a  liquid  compound  sdiuble  in 
water,  probably  consisting  of  diethylpropylphydte. 

LSra.    Syn.  with  Thbombolitb  (p.  788). 

Native  tetrasodic  carbonate,  or  sesquicarbonate,  2Ka*O.HK).8CO*.2aq. 
(See  Cajzbokatbs,  i.  796.) 

TKOOSTira.  A  silicate  of  manganese  and  zinc,  from  Sterling,  in  New  Jersey 
(p.  264). 

See  the  next  article. 


BOXVM.  The  common  nasturtium,  TroptBoUvm  maftts,  contains  in  100 
pts.,  besides  the  ordinary  plant-constituents,  21  pts.  volatile  oil,  8'6  lime,  2*3  silica, 
and  0*9  of  a  peculiar  acid  called  tropseolicacid.  The  volatile  oil  and  the  tropseolic 
acid  are  found  in  the  entire  plant,  especially  in  the  fruit  and  seed-coatings.  The  vo- 
latile oil  has  a  peculiar  odour,  a  sharp  burning  taste,  and  reddens  the  skin. 

Tropseolic  acidis  extracted  from  the  herb  or  the  seed  with  alcohol;  and  on 
boiling  the  solution  with  water,  and  evaporating  the  filtrate,  the  acid  crystallises 
in  slender  needles.  It  is  white,  reddens  litmus  strongly,  and  forms  cr}*stalli8able 
salts  with  potash  and  soda  (Miiller,  Ann.  Ch.  Pharm.  xxv.  208).  Whether  this 
body  is  really  a  peculiar  acid,  further  investigation  must  decide.  According  to  expe- 
Timents  by  v.  Fayr,  communicated  by  Kochleder  ^Jahresb.  18d7r  p*  622),  tlie 
crystals  obtained  by  Miiller  were  nothing  but  sulphate  of  potassium,  which,  however, 
does  not  agree  with  Miiller^s  statement  that  they  were  soluble  in  alcohol  and  ether. 

The  seeds  and  flower-buds  of  TV.  majus  pickled  with  vinegar  are  sometimes  used 
instead  of  capers. 

TRO»Z»B.  C«H»NO.  (Kraut,  Ann.  Ch.  Pharm.  cxxviii.  280  ;  cxxxiii.  87  ; 
Jahresb.  1863,  p.  448 ;  1865,  p.  448.) — An  organic  base,  produced,  together  with 
atropic  acid,*  by  the  decomposition  of  atropine  with  alkalis : 

C»*H«^0«      -      C»H«0«    +    C»H"NO. 

Atropine.  Atropic  acid.  Tropine. 

Atropine,  heated  with  hot  saturated  baryta-water,  disappears  almost  entirely,  while 
only  traces  of  a  volatile  base  are  produced.  On  precipitating  the  baryta  from  the  re- 
sulting solution  by  carbonic  acid,  atropate  of  tropine  remains  in  solution ;  and  on 
agitating  the  filtered  liquid  with  hydrocnlonc  acid  and  ether,  the  atropic  acid  is  dis- 
solved by  the  ether,  while  hydrochlorate  of  tropine  remains  in  the  watery  liquid.  The 
base  separated  from  this  salt  by  silver-oxide  solidifles  in  the  crystalline  form  over  oil 
of  vitnol,  and,  when  distilled  at  a  temperature  above  230^,  passes  over  as  a  turpen- 
tine-like mass,  and  ultimately  forms  crystals  containing  CH'^NO.^H'O. 

*  The  nnme  '*atropir  add"  has  al«o  been  given  to  an  imperfectly  known  acid,  said  by  Rlehter  to 
exiit  in  bellaaunna  (i.  474). 


896  TRUFFLE— -TSCHEN. 

Atropine  is  likewise  resolved  into  atropic  acid  and  tiopine,  by  the  actioii  of  fiimiiig 
hydrocnloric  acid. 

Tropine  is  inodorons  in  the  cold,  bat  gives  off  odorons  Taponrs  when  heated.  It 
has  a  strong  alkaline  reaction,  dissolves  easily  in  water  and  in  alcohol,  and  remsins 
as  an  oil  on  evaporation.  From  solution  in  anhjdrons  ether,  it  crystallises  over  oil  of 
vitriol  in  coloarless  anhydrous  tables,  C*H'*NO,  which  melt  at  61*2''. .  It  does  not 
absorb  carbonic  acid  from  the  air,  forms  salts  which  crystallise  well,  and  its  aqneons 
solution  precipitates  the  oxides  of  silver  and  copper,  the  precipitates  not  being  soluble 
in  excess  of  the  reagent.  From  the  solution  of  bydrochlorate  of  tropine^  CH'*N0^C1, 
strong  potash-ley  throws  down  oily  drops,  soluble  in  ether  and  in  water. 

The  chloroplatinate,  2(C"H>*N0JaCl)JPtCl%  forms  huge  orange-red  crystals,  easily 
soluble  in  water,  but  insoluble  in  alcohol.  The  double  salts  farmed  l^  the  hydiVH 
chlorate  with  mercuric  chloride,  and  by  Uie  hydriodate  with  mercuric  iodide,  are  also 
sparingly  soluble,  and  easily  crystallisable.  Auric  chloride  forms,  in  the  solution  of 
the  hydrochlorate,  a  yellow  precipitate,  which  melts  and  dissolves  in  warm  water,  and 
then  crystallises.— Pfcrafe  o/  tropins,  C*H'*NO.C«H»(NO«)H),  is  a  yellow  precipitate, 
which  crystallises  from  water  in  needles. — AtropaU  of  tropine^  C*H"Nb*.(?B[*0". 
4H*0,  is  uncrystallisable,  nearly  solid,  and  ropy  at  ordinary  temperatures,  deliquesoeiit 
at  higher  temperatures.  In  a  2  per  cent,  aqueous  solution  it  does  not  prodnoe  dilata- 
tion of  the  pupiL 

Tropine  is  not  decomposed  by  boilins  with  hydriodic  acid,  or  by  heating  to  140^, 
with  hydrochloric  add.  When  distilled  with  dry  hydrate  of  barinm,  it  gives  off  am- 
monia and  methylamine,  together  with  other  products. 

Hydriodate  of  Ethvltropine,  0'H>\C*H>)NO.HI,  is  ossify  fonned  by  disnlr- 
ing  tropine  in  ethylic  iodide.  The  free  base  separated  from  it  by  silvecHcuddd  ia  a 
brown  amorphous  mass,  which  is  insoluble  in  ether,  soluble  in  absolute  alcohol,  and  does 
not  take  up  another  atom  of  ethyl  when  treated  with  ethylic  iodide. — The  plaHnum^-' 
salt,  2rC*H>\C*H*)N0.HCl].PtCl«,  is  a  light-yellow  crystalline  powder,  precipitable  bj 
alcohoL 


Tuber  eibariwn  (Lycopodon  tuber,  L.). — An  edible  fungus,  belongs 
ing  to  the  &mily  of  the  Gasteromycetes,  forming  round,  blackieh,  warty  knobs^ 
yeUowish-white  within,  veined  like  nutmegs,  having  a  peculiar,  agreeable,  musklike 
odour,  and  aromatic  taste.  Trufies  grow  underground,  often  in  gronps :  they  oocur  in 
all  temperate  climates,  especially  in  oak,  beech,  and  chestnut- woods,  and  thrive  best  in 
a  calcareous  marly  soil. 

The  aroma  of  the  truffle  is  very  volatile,  and  passes  over  witii  water  in  distiUationu 
According  to  Lefort,  truffles,  when  perfectly  ripe,  contain  about  70  per  cent  water. 
The  organic  constituents  of  the  truffle  are  mannite,  malic  acid,  dtnc  acid,  a  non- 
saponifiable  fat,  besides  the  ordinary  constituents  of  vegetable  substances.  Glucose, 
which  (according  to  Vauquelin,  Braconnot,  and  Juefort)  occurs  in  Agaricut 
eduHs,  is  not  found  in  truffles  (according  to  Lefort).  The  peculiar  odoriferous  prin- 
ciple of  the  truffle  does  not  belong  to  the  class  of  volatile  oils :  the  colouring-matter 
exists  chiefly  in  the  spores. 

TSCBBrr KUI ITB  or  TSCBX^TKZVZTB.  A  silicotitanate  of  iron, 
cerium,  &c.,  occurring  massive  and  apparently  amorphous,  near  Miask  in  the  Ilmen 
Mountains.  It  is  nearly  opaqoe,  with  velvet-black  colour,  dark-brown  streak,  and 
strong  vitreous  lustre.  Hardness  ^  5*0  to  6*5.  Specific  gravity  *  4*50  to  4-66. 
Fracture  flat  concho'idal.  When  heated  before  the  blowpipe,  it  quickly  glows,  swells 
up  very  strongly,  turns  brown,  and  melts  to  a  blade  bead.  With  fluxes  it  gives  the 
reactions  of  iron,  manganese,  and  silica.  When  heated  in  a  tube,  it  leaves  a  little 
water.  It  dissolves  in  hydrochloric  add,  leaving  a  jelly  of  silica.  It  contains,  ac- 
cording to  an  approximate  analysis  by  H.  Bose  (Fogg.  Ann.  Ixii.  591) : 

SIOS.  TiOS.  CeO;  LaO;  DiO.    FeO.  CaO.  MgO.  HaO.    K<0;NaO. 

21*04  20-17  47*29  11-21  8-50  0*22  0*83  0-12; 

whence  its  composition  appears  to  be  expressible  by  the  formula  HdTSiO'.M'TiO'. 
A  mineral  from  Ooromandel,  analysed  by  Dam  our  (Jahresb.  1861,  p.  824)  appears  to 
have  the  same  composition.  Another  mineral,  analysed  by  Schubin(Berz.  Jahxesb. 
zxvi.  373),  and  designated  as  tschewkinite,  has  been  shown  by  Eokscharow  to  consist 
of  orthite. 


Chinese  coins  of  brass-yellow  to  bronze-yellow  colour,  containing  (in 
100  pts.)  55  to  64  per  cent,  copper,  26  to  35  zinc,  generally  from  1  to  2  per  cent.  tin. 
2  to  4  per  cent,  iron,  and  between  1  and  6  per  cent,  lead ;  some  of  them  contain  also 
small  quantities  of  antimony,  arsenic,  and  nickel  (Popplein,  Chem.  Ceutr.  1859, 
p.  484.) 
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TSOBSBBIXOllPB.  Ammonia-alum  (p.  580),  occarring  in  a  bed  of  lignite  at 
Tschormig  in  Bohemia;  alsOi  according  to  Petere  (Leonb.  Jahreeb.  f.  Mia.  18C1, 
p.  666),  in  that  of  Tokod,  near  Oran  in  Hvngaiy. 

TftOBWrKOriTa.    Syn.  with  Tschrffkixitb. 

TSCBOBirOSBlK.    Bumian  black  earth.    (See  Soils,  p.  844.) 

T83MBOVO.  A  miztorpof  white  lead  with  alumina,  ferric  oxide,  and  silica,  vtwd 
by  the  Chinese  as  a  red  colour  for  painting  on  porcelain.    (Salv^tat) 

T8ZWCk>]«m  is  another  red  colour,  used  for  porcelain-painting,  consisting  chiefly 
of  stannic  and  plumbic  silicates,  together  with  small  quantities  of  oxide  of  copper,  or 
cobalt  and  metallic  gold.    (Sa  1  t ^ t a t.) 

TVBmt  CZBASIVIK.    Syn.  with  Trttfflb. 

TrasirSa  A  mineral  allied  to  lithomam  or  kaolin,  oocurrinff  on  the  banks  of 
the  Tweed.  It  is  massive,  compact,  with  a  bmish-wbite  colour,  and  slightly  waxy  to 
dull  lustre ;  opaque ;  sectile.  Misrdness  «  2*5.  Specific  gravity  »  2*4  to  2*6.  Before 
the  blowpipe  it  becomes  light-blue  and  brittle,  and  forms  a  colourless  glass  with  borax. 
The  following  analyses  are  by  Thompson  and  Bichardson  {T^mson*^  Outlines  of 

Mineralogy,  i.  244) : 

81 0«.  A1»0^.        CaO.  MgO.  FeO.  HK>.  | 

44-30        40-40         076         0-50  .     .         13-60     -       99-45.  ! 

43-80         40-10         0-64        0-56         0*94         1421      =     100-24. 

TWAy  CAXiCA&BOirS.     Thin  name  is  applied  to  agaric  mineral,  or  rock -milk 

(iii.  697),  when  so  hard  as  not  to  be  friable. 

TWA,  VO&CAWXC.  Earthy  or  compact  masses  with  white  fhicture,  consisting 
of  the  hardened  mud  formed  by  mixture  of  volcanic  ash  (i.  420)  with  water. 

TU&ZF-TXBSa  lAriodendron  tuHptfera. — The  root-bark  of  this  tree  is  said  by 
Emmet  to  contain  a  crystallisablo  bitter  principle  called  liriodendrin  (iii.  726), 
which,  however,  Boucharaat  was  unable  to  prepare.  The  latter,  however,  obtained  ^in 
tulip-tree  bark  a  crystalline  body,  which  he  called  piper  in. 

TU&VOmrAt  TV&ZCOOVAt  or  TA&&ICOOVA  OBb.  Syn.  with  Cabipa- 
on.  (i.  749). 

TV&VOUJilJi.  C"H*^0*. — A  crystallisable  bitter  principle,  contained,  according 
to  Caventon  ( J.  Pharm.  [8],  zxxv.  189;  Jahresb.  1869,  p.  683),  in  the  bark  of 
Carapa  Ttdueuna.  Is  is  prepared  by  exhausting  the  aqueous  extract  of  the  bark  with 
alcohol,  mixing  the  solution  with  milk  of  lime,  evaporating  it  after  the  insoluble 
matter  has  settled  down,  and  treaiinff  the  residue  with  chloroform.  The  resulting 
solution,  when  left  to  evaporate,  yields  tiducunin  as  a  light-yellow,  amorphous, 
resinous  mass,  having  a  very  bitter  taste,  slightly  soluble  in  water,  easdv  soluble  in 
aloohol  and  in  chloroform,  insoluble  in  ether.  It  is  turned  blue  by  sulpnuric  acid  in 
the  cold,  and  by  oxab'c,  tartaric,  or  citric  acid  when  heated. 

See  p.  904. 
I  also  called  Wolfram.  Atomic  tmghi,lB4.  Symbol,  W. — A  metallic 
element,  occurring  as  tungstate  of  iron  and  manganese  in  wolfram,  a  mineral  some- 
what abundant  in  Gomwali,  Saxony,  Bohemia,  and  other  localities :  it  occurs  also  as 
tungstate  of  calcium  (scheelite  or  tungsten)  in  Bohemia,  Saxony,  and  other  places ; 
and  as  tungstate  of  lead  (scheeletine)  at  Zinnwald  in  Bohemia,  Bleiberg  in  Carinthia, 
and  in  Chile. 

Metallic  tunssten  is  obtained:  1.  By  heatinff  trioxide  of  tungsten  (tungstic  oxide  or 
anhydride)  to  bright  redness  in  a  stream  of  nydrogen. — 2.  Bj  mixing  the  trioxide 
to  a  stiff  paste  with  oil,  charring  the  mixture,  and  then  heating  it  intensely 
for  several  nours  in  a  crucible  linra  with  charcoal.^-'d.  By  passing  the  vapour  of 
tungstic  chloride  or  oxychloride  mixed  with  hydrogen  through  a  reid-hot  glass  tube. 
(Wohler,  Ann.  Ch.  Pharm.  zdv.  266.) 

4.  By  passing  the  vapourof  tungstic  chloride  over  stronffly  heated  sodium,  and  washing 
out  the  resulting  sodium-chloride  with  water.    (A.  Biche,  Ann.  Ch.  Phys.  [3],  1.  6.) 

6.  Bv  i^iting  nitride  of  tungsten  in  hydrogen-gas,  or  in  a  porcelain  crucible  sur- 
ronnded  with  charooal-powder.     (Wohler,  Jahresb.  1860,  p.  308.) 

Tungsten  obtained  by  the  first  process  is  described  by  Wohler  as  a  steel-grey 
powder,  which  melts  into  globules  at  a  very  intense  heat.  According  to  Biche,  the 
metal  obtained  as  above  forms  small  crystalline  grains,  which  acquire  metallic 
lustre  by  bnmishiug,  and  scratch  glass  with  facility ;  it  is  infusible  in  the  strongest 
forge -fire,  but  may  be  melted  by  the  current  of  a  Bunsen's  battery  of  200  pairs, 
being  pajrtially  oxidised  at  the  same  time,  and  burning  with  a  blue  flame.  The 
metid  obtained  by  the  second  process  is  also  heavy,  of  iron-grey  colour,  very  hard, 
and  difficult  of  fusion.  The  third  process  yields  the  metal  as  a  shining,  dark  steel- 
grey,  specular  deposit,  which  may  be  detached  from  the  glass  in  hard  brittle  cruets. 
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The  specific  gmvity  of  tungsten  redaced  by  hydnwen  is  17-2  to  17*0  (W  oh  I  er) ;  17  9  to 
18*2  (Bernoulli,  Jahresb.  1860,  p.  162);  that  ofthe  metal  reduced  by  chaiooal  is  17*1 
to  17*2  (Bernoulli) ;  of  that  redu^  from  the  chloride  by  hydrogen,  16'54.  (Wohle  r.) 

Tungsten  reduced  from  the  nitride  (4)  is  pulyerulent,  and  has  a  specific  gnmty  of  17*5 ; 
that  obtained  by  igniting  acid  potassium-tungstate  in  hydrogen,  hss  a  specific  grarity 
of  18-26.    (Wohler.) 

Pulremlent  tungsten  heated  in  the  air,  bums  easily  to  tungstic  oxide ;  but  compact 
tungsten  may  be  heated  in  the  air  without  sensible  change,  excepting  at  the  yeiy  hi^ 
temperature  of  the  electric  current,  as  above  mentioned.  Nitric  acid  and  nitiomnlriatic 
acid  conyert  tungsten  into  tungstic  acid,  and  the  same  change  is  produced  by  heatine 
it  in  contact  with  the  alkalis  or  with  nitre.  Pulverulent  tungsten  is  also  oxidised  aod 
dissolved,  by  boiling  it  in  a  solution  of  caustic  alkalis  or  alkaline  carbonates. 

Tungsten  forms  two  classes  of  compounds,  in  one  of  which  it  is  tetrafcomic,  and  in 
the  other  hexatomic : 

Tungstous  Chloride,  WCl^  Tungstic  Chloride,  Wd*. 

Tungstous  Oxide,  WO*.  Tungstic  Oxide,  WO*. 

Ther«  are  also  oompoundB  of  intennediate  composition,  which  may  be  ref^aided  aa 
r(«ulting  from  the  union  of  tungstous  and  tungstic  compounds:  f.y.,  W*C1^  ■* 
WC1*.WC1«. 

TUWOSTni  AJUMYB  OV.  These  alloys  have  not  been  much  studied. 
Wohler  and  Michel  (Ann.  Ch.  Pharm.  cxv.  102),  by  fusing  15  pts.  tungsten-triozidfs 
80  pts.  cryolite,  80  pts.  of  a  mixture  of  potassium-  and  sodium-chloride  in  equivalent 
proportions,  and  16  pts.  aluminium  at  a  ftJl  red  heat,  obtained  a  regulus,  which, 
when  the  excess  of  aluminium  was  dissolved  out  by  dilute  hydrochloric  acid,  left  an 
alloy  of  tungsten  and  aluminium,  Al^,  as  an  iron-grey  crystalline  powder,  of  BpeaSe 
gravity  6'6S,  and  appearing  under  the  nucrosoope  to  consist  of  rhomoic  prisms.  This 
alloy  IS  not  attacked  by  concentrated  acids  in  tne  cold,  but  is  oxidised  bv  hot  nitric 
add,  with  separation  of  vellow  tungstic  acid.  Hydrochloric  add  dissolves  it  with 
deep  brown  colour.  It  is  decomposed  by  hot  soda-ley,  which  dissolves  the  ahmdmimi, 
and  leaves  pure  tungsten. 

Tungsten  alloyed  with  steel  in  the  proportion  of  9  or  lOpts.  of  theformer  to  90*^  of 
the  latter,  yields  an  alloy  of  extraordinary  oardness.  Acoozoing  to  F.  A.  B er  noull  i, 
(Pogff.  Ann.  cxi.  673 ;  Jahresb.  1860,  p.  163),  a  very  hard  tungstiferous  cast-steel 
mayhe  pbtained  b^  fusing  turnings  of  grey  cast-iron  with  tungsten-trioxide.  The 
reduction  of  this  oxide  to  metallic  tungsten  is  effected  only  by  the  mechanically  mixed 
carbon  of  the  grey  cast-iron,  not  by  that  which  is  chemically  combined  with  the  iron; 
accordingly,  white  cast-iron  fused  with  tungsten-trioxide  does  not  yield  tungstea-steel. 
and  after  addition  of  charcoal  merely  an  alloy  of  tungsten  and  iron. 

Copper,  lead*  sinc^  antimony,  bismuth,  cobalt,  and  nickel  unite  with  tunfnten,  only 
when  ttie  two  metals  are  simultaneously  reduced  firom  their  oxides.  The  aOoys  which 
ihey  form  are  so  difficultly  fusible,  that  those  which  contain  mors  than  10  per  cen^ 
tungsten  do  not  yield  reguline  masses ;  and  those  which  contain  volatile  metals  decom- 
pose when  strongly  heated,  leaving  nothing  but  metallic  tungsten.  Iron  is  the  only 
metal  which  alloys  with  tungsten  in  all  proi^rtions  up  to  80  per  cent,  of  the  latter,  with 
which  proportion  a  mass  is  formed,  not  fusible  at  any  attainable  temperatnre. 
(Bernoulli.) 

TmrOBTXV,  BKOMZBBB  OV.  (Bonnet,  J.  pr.  Chem.  x.  206.— Borck, 
ibid.  Uv.  264 ;  Jahresb.  1861,  p.  844.— Biche,  Ann.  Cb.  Phya.  I  6 ;  Jahiesb.  1867, 

E.  186. — ^Blomstrand,  J.  pr.  Chem.  Irrrii  408;  Jahzesb.  1861,  p.  227.)— Tungsten 
eated  in  bromine-vapour  tmites  direc^  with  it,  forming  pKoduots,  the  composition  of 
which  has  been  variously  stated  by  di£rarent  chemists.  According  to  Borck,  the  pro- 
duct consists  partly  of  tne  tetrabromide,  or  tungstous  bromide,  WBr* ;  partly 
of  the  pen  tabromide,  or  tungstoso-tungstio  bromide,  WBr**  'm  WBi^.WBz*, 
both  of  which  sublime  in  black  needles,  the  former,  however,  bdng  more  volatile  than 
the  latter,  and  very  deliquescent. — ^According  to  Biche,  tungsten  heated  to  redness  in 
bromine-vapour,  is  converted  into  the  hexbromide  or  tungstic  bromide,  WBif, 
partly  in  the  form  of  a  fused  mass,  partly  in  sublimed  needles,  of  a  diestnut-brown 
colour.  This  comi)ound,  when  exposed  to  moist  air,  is  converted  superficially  into  the 
violet  oxybromide,  WBr^O,  and  finally  into  tungstic  add;  water  converts  it  immedi- 
ately into  tungstic  add,  with  brisk  effervescence. — ^According  to  Blomstrand,  the  pro- 
duet  of  the  action  of  bromine-vaj^ur  on  heated  tungsten  consists  mainly  of  the  penta* 
bromide,  W»Br" (probably  resulting  &om  the  combination  of  WBH  and  WBr^)^nuxed, 
if  air  and  moisture  have  not  been  exduded,  vrith  the  oiybromides,  WBr^O  and  WBr"0*. 
The  black  needles,  described  by  Borck  as  the  tetrabromide,  consist,  according  to 

Blomstrand,  of  the  former  of  these  oxybromides.  

The  pentabromide,or  tungstoso-tun^^stie  bromide,  WBr**,  after  repeated 
sublimation,  has  a  bluish-black  colour;  it  boils  and  sublimes  near  its  melting-poiot» 
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giying  oif  adark  pmple-red  yapoiir,  which,  on  cooling,  condenses  to  a  eompact  efystal- 
fine  mass,  or  to  shining  quadratic  prisms.  In  contact  with  water  or  moist  air,  it  is 
converted  into  hydrobromic  acid  and  bine  oxide  of  tongsten,  WO*.  AUnlis  dissolTe 
it,  without  evolution  of  hydrogen.  When  heated  in  contact  with  the  air,  it  is  converted 
into  the  oxjbromide,  W&*0',  which  sublimes,    (fi  orck.) 

Oxybromid€9, — ^Two  of  these  compounds  are  known,  derived  from  tunostio  oxide, 
WO*,  by  replacement  of  1  and  2  at.  oxygen  by  equivalent  quantities  of  bromine. — 
Tungatic  dioxyhromide,  WBr»0«  or  WBr*.2W0«,  first  observed  by  Bonnet,  is  fonned, 
together  with  the  pentabromide,in  the  first  stage  of  the  reaction  of  bromine  on  metalho 
tungsten  when  air  is  not  completely  excluded ;  and  in  a  purer  state  by  the  action  of 
bromine  on  the  dioxide.  It  forms  yellow  crystalline  scales,  of  the  colour  of  brass  or 
mosaic  gold.  It  is  invisible,  is  resolved  by  heat  into  tungstic  oxide  and  tungstic  mon- 
oxybromide,  and  converted  by  water  into  tungstic  acid.    (Blomstrand.) 

The  manoxybnmide,  WBrK)  «  2WBr». WO*  (described  by  Borck  as  the  tetrabromide, 
p.  898),  is  beiat  obtained  by  the  action  of  bromine,  at  a  gentle  heat,  on  sulphide  of 
tungsten  (prepared  in  the  wet  way),  or  upon  a  mixture  of  tungstic  oxide  and  diareoal; 
it  likewise  invariably  occurs,  as  an  intermediate  producti  when  the  pentabvmide  and 
the  dioxybromide  are  simultaneously  produced.  Its  colour  is  very  mudi  like  that  of  the 
pentabromide,  onlv  of  a  lighter  black-brown ;  its  vapour  is  brown-red ;  it  crystal- 
lises in  woolly  needles,  and  yields  tunjistie  acid  with  water.    (Blomstrand.) 

The  compound  W'JBr'^.WK)*,  described  by  Bonnet,  does  not  appear  to  exist. 

TOMOBTav,  CBSOmXBBS  OV.  (Wohler,  Fogg.  Ann.  ii.  845.---Malaguti, 

Berz.  Jahresb.  xv.  103. — H.  Boss,  ibid,  xviii.  200 Borck,  J.  pr.  Ghem.  liv.  254  ; 

Jahresb.  1851,  p.  345.— Biche,  Ann.  Ch.  Fhys.  [3],  1.  5;  Jahresb.  1856,  p.  872; 
1857,  p.  184.— Blomstrand,  J.  pr.  Chem.  Ixxxii.  408;  Jahresb.  1861,  p.  228. — 
Forcher,  Wien.  Akad.  Ber.  xliv.  159;  Jahresb.  1861,  p.  282. — ^Debray,  Compt. 
rend.  Ix.  820;  Jahresb.  1865,  p.  212.)— Chlorine,  like  bromine,  acts  directly  upon 
tungsten,  forming  products,  the  composition  of  which  has  been  variously  stated 
br  different  chemists.  According  to  recent  investigations,  however,  the  compounds 
obtained  by  heating  metallic  tungsten  in  dry  chlorine-gas,  are  WCl'  and  W*C1**, 
analogous  to  the  bromides ;  but  the  hexchloride  is  more  easily  obtained  in  the 
separate  state  than  the  hexbromide,  apparently  because  a  lower  temperature  is  suffi- 
cient tat  its  formation..  If  oxygen  is  present,  oxychlorides  are  also  formed,  analogous 
to  the  oxybromides  above  described.  According  to  Wohler  and  Borck,  the  tetradilo- 
ride,  WC1\  is  obtained,  as  a  dark-red  compound,  by  heating  tungsten  in  chlorine-gas ; 
but,  according  to  Blomstrand,  this  red  product  is  obtained  only  when  oxygen  is 
present,  and  is  really  an  oxychloride ;  the  tetrachloride,  indeed,  does  not  appear  to 
exist,  at  least  in  the  separate  state,  not  being  formed  even  when  one  of  the  higher 
chlorides  is  heated  in  hydrogen-gas  (Blomstrand).  Riche,  on  the  other  hand,  states 
that  it  is  produced  in  this  manner,  but  is  very  difBenlt  to  obtain  pure,  being  easily 
resolved  into  the  hexchloride  and  metallic  tungsten. 

Hexchloride  of  Tungeten,  or  Tungatic  Chlctridet  WCl'.— This  compound' 
is  formed,  together  with  the  following,  when  tungsten  bums  in  chlorine-gas;  in 
smaller  quantity  also  by  heating  sulphide  of  tungsten  in  chlorine ;  and,  together  with 
oxychlorides,  by  the  action  of  chlorine  on  an  i^ited  mixture  of  tungstic  oxide  and 
charooaL  It  is  less  volatQe  than  the  pentachlonde  and  oxychlorides,  which  may  there- 
fore be  removed  from  it  by  sublimation.  It  forms  dark-violet  scales,  or  fused  crusts, 
having  a  blackish-grey  colour  and  bluish  metallic  iridescence ;  by  carefbl  sublima- 
tion it  may  be  obtained  in  blackish-violet  needles  having  a  metallic  aspect  It  melts 
at  WA^  (Gahours),  at  180^  (Forcher),  to  a  black  bquid,  and  yields  a  dsrk-red 
vapour  (Forcher);  reddish-yellow  (Blomstrand);  it  decrepitates  on  cooling 
(Blom  strand).  The  vapour-aensity,  taken  at  the  heat  of  boiling  mercury,  is,  accord- 
ing to  Debray,  11*50;  at  the  heat  of  boilinff  sulphur,  11*86;  the  calculated  density 
for  a  two-voluice  condensation  is  13*75,  which  is  considerably  higher  than  the  experi- 
mental numbers.  Debray  observes,  however,  that  it  is  very  difficult  to  obtain  the 
hexdiloride  quite  firee  fhnn  pentachloride  (which  has  a  lower  vapour-density)  even  by 
repeated  sublimation  in  chlorine-gas.*  The  hexchloride,  heated  in  contact  with  the 
air,  is  converted  into  cinnabar-red  flocks  of  WC1*0,  and  soft  yellowish-white  flocks  of 
hydrated  tungstic  acid,  WH»0*.H'0,  or  W0".2H»0  ;  in  moist  air,  or  in  contact  with 
water,  it  is  completely  resolved  into  hydrochloric  and  tungstic  adds.  It  dissolves  in 
alkalis,  forming  tungstates ;  with  alcohol  it  yields  ethylic  chloride  and  blue  tungsten- 

•  J.  Persos  (Ann.  Ch.  Phjrs.  [4],  1. 98 ;  Jabretb.  1R6S,  p.  SIS)  rrgtrds  timgfteB  m  a  matal  belonf- 
Ing  to  the  artrolc  and  antimony  gi  nup,  iU  oxid«'S  beiPg  represented  by  the  ionnul«  Tu'O*,  Tu*0<, 
Tu'O*,  the  chlorides  and  bromioei  by  corresponding  formul*,  and  Iheatcmlc  weight  of  the  metal  being 
lAS-S.  According  to  this  view,  the  vapour-dentity  of  tungstic  chloride,  TuCl',  should  bo 
188-3  -f    b.Virb  ^  Q.f  (.jg  _,  ,|.4Q^  ^YAth  agrees  very  nearly  with  Deville's  detera^natlon. 
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oxide,  VnO*,  which,  in  contact  with  the  air,  is  quicUy  convertod  into  yellow  tnngBtic 
Qjdd&.    (Fore  her.) 

The  Pen taeklorids,  or  Tunsfstoso-tungstic  Chloride,  WH)i^*^WCl\yfCl*^ 
is  produced  by  the  combostion  of  metallic  tunesten  in  chlorine,  and  in  smaller 
quantity  by  heating  the  sulphide  in  chlorine,  mixed  in  both  cases  with  the  htixchlo- 
ride,  from  which,  and  fifom  the  oxychloride  formed  at  the  same  time,  if  moisture  is 
present,  it  may  be  separated  by  snblioiatioD,  as  its  boiling-point  lies  midway  between 
that  of  the  hexchlorioe  and  that  of  the  oxychloride  (Forcher).  The  pentaehloride 
is  likewise  obtained  by  gently  heating  nitride  of  tungsten  in  chlorine-gas,  and  by  the 
action  of  chlorine  on  an  ignited  mixture  of  tungstic  oxide  and  charcoal. 

Pentaehloride  of  tungsten  forms  dark«red  needles,  or  larger  crystals  of  a  pnrple-red 
colour.  It  is  more  volatile  than  the  hexehloride,  melts  to  dark-red  drops,  and  its 
▼apour,  which  resembles  nitrous  anhydride,  quickly  condenses  in  soft  crystalline 
masses.  By  water  or  moist  air  it  is  converted  into  yellowish-green  tungstic  acid ; 
alkalis  dissolve  it  slowly,  with  evolution  of  hydrogen,  and  txansieut^blue  coloration, 
forming  solutions  of  tungstates.    (Forcher.) 

According  to  Blom  strand,  on  the  other  hand,  the  pentaehloride  is  much  leeis 
volatile  than  the  hexrhloride,  and  to  obtain  it  pure,  the  mixture  of  pentaehloride  and 
hexehloride,  produced  as  above,  must  be  heated  in  an  atmosphere  of  hydrogen  ;  care 
being  taken  that  the  heat  does  not  rise  too  high,  in  which  case  metallic  tungsten 
would  be  separated.  The  pentaehloride  thus  obtained  may  be  rcsublimod  in  hydro- 
gen-gas, or  better  in  carbonic  anhydride.  Its  colour  is  like  that  of  the  hexehloride, 
but  of  a  darker  blackish-grey,  without  the  violet  tint.  It  melts  and  volatilises  mnch 
less  easily  than  the  hexehloride ;  ^yields  a  greenish-yellow  gas ;  crfstalHses  readilj 
in  shining  blackish  needles ;  and  solidifies  from  fusion  in  the  ciystallice  form.  Water 
decomposes  it,  with  considerable  rise  of  temperature,  and  separation  of  a  blue-black 
oxide,  while  the  liquid  assumes  a  deep  greenish-fellow  colour,  which  it  loses  after 
some  time,  and  more  quickly  when  heated,  depositing  a  greenish  precipitate.  The 
same  appearances,  but  with  deeper  colours,  are  produced  by  treating  the  compound 
with  alxalis  or  with  hydrochloric  acid. 

It  is  clear,  fh>m  the  preceding  statements,  that  the  so-called  peutachlorides  obtained 
by  Blomstrand  and  by  Forcher  were  not  identical.  It  is  most  probable  that  Forcher'a 
compound  is  the  true  pentaehloride,  inasmuch  as  Biche  (Jahresb.  1856,  p.  878),  by 
heating  the  hexehloride  in  hydrogen-gas,  obtained,  not  the  pentaehloride,  but  the 
tetrachloride,  WCl*,  though  he  states  that  this  compound  is  very  difficult  to  prepare 
in  a  definite  state,  being  easily  resolred,  by  too  strong  a  heat,  into  metallic  tungsten 
and  the  hexehloride.  Altogether  the  chemistiy  of  the  chlorides  and  bromides  of 
tungsten  is  still  in  a  very  unsatisfactory  state,  and  requires  further  investigation. 

Osjrelilorldes. — ^T^*o  of  these  compounds  are  known,  analcnous  to  the  oxybromidea, 
and  producible  by  simihir  reactions.— 7Wn^«^u'  dioxychtoride,  WC1*0*,  or  WC1'.2W0*, 
is  most  easily  prepared  by  heating  the  dioxide  in  chlorine-gas ;  it  is  also  produced,  in 
considerable  quantity,  when  a  mixture  of  the  trioxide  and  eharooal  is  ignited  in 
chlorine-eas,  especiaUy  when  the  proportion  of  charcoal  to  tungstic  oxide  is  as  5  :  1  or 
4:1.  Sue  oxide  of  tungsten  also  yields  this  compound  when  heated  in  chlorine, 
either  alone  or  with  charcoal ;  and  it  is  even  produced,  though  in  small  quantity  and 
impure,  when  drv  chlorine  is  passed  over  native  wolfriun,  finely  pulverised  and  ignited 
(Forcher).  The  dioxychlonde  forms  lemon-yellow  or  deep  goiden-ydlow  fiocSs,  or 
shining  scales,  which  volatilise  between  266^  and  267°,  in  vapours  of  a  deep  but  pure 
yellow  colour  (colourless,  according  to  Blomstrand).  It  is 'converted,  slowly  by 
moist  air,  more  quicklv  by  water,  into  hvdrochloric  add  and  yellow  hydrHt(<d  tungstic 
acid,  WH'O^.HH).    Alkalis  dissolve  it,  forming  tungstates.    (Forcher.) 

The  nwnoxychloride,  WC1*0,  or  2WC1*.W0*,  is  formed  when  the  precniing  com- 
pound is  heated,  the  condition  essential  to  its  formation  being  not  so  much  a  high 
temperature,  as  a  sudden  raising  of  the  heat  above  140^.  It  is  also  invariably  pro- 
duced, together  with  the  yellow  dioxychloride,  in  the  processes  above  given  for  the 
preparation  of  the  latter,  and  when  tungsten  or  the  sulphide  is  burnt  in  chlorine- 
gas,  the  presence  of  air  or  moisture  not  being  completely  excluded.  It  is  of  a  cinnabar 
or  scarlet  colour,  but  sometimes  crystallises  in  slender  needles  of  a  lighter  red  tint, 
or  in  orange-yellow  flocks  made  up  of  slender  ciystals ;  in  fused  crusts  it  has  a 
carmine  ooK>ur.  It  is  the  most  fusible  and  volatile  of  all  the  chlorine-compounds  of 
tungsten,  and  forms  a  deep  reddish-yellow  vapour,  which,  in  contact  with  the  air,  is 
converted  into  yellowish-white  hydrated  tungstic  acid.  By  water  and  moist  air,  it  is 
quickly  converted  into  hydrochloric  and  tungstic  adds,  and  by  alkalis  into  a  tungstate. 
(jBlomstrand;  Forcher.) 

The  vapour-density  of  this  oxychloride  was  found  by  Bebray  to  be  10*74  at  the 
temperature  of  boiling  mercuiy,  10*27  at  that  of  boiling  sulphur.    The  density,  caleii- 
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lated  from  the  fonniila  WCl^O,  for  a  two-Tolnme  oondensation,  \a  11*86 ;  according  to 
the  foimula  and  atomic  weight  proposed  by  Per  sos  (footnote,  p.  899),  it  is  9*87. 

TVWCMTHV,  BBTBCnoar  AVB  BaVnttATZOV  OV.  1.  Blowpipe 
Beactiont. — ^AU  tongsten-componnds  form  colourless  beads  with  borax  and  phos- 
phorus-salt^ in  the  outer  blowpipe-flame.  With  borax,  in  the  inner  flame,  thev  form  a 
yellow  glass,  if  the  quantity  of  tungsten  is  somewhat  considerable,  but  colourless  with 
a  smaller  quantity.  With  phosphorus-salt  in  the  inner  flame  they  form  a  glass  of  a 
pure  blue  colour,  unless  metallic  oxides  are  present,  which  modify  it ;  in  presence  of 
iron,  the  glass  is  blood-red,  but  the  addition  of  metallic  tin  renders  it  blue. 

2.  Beaetion$  in  Solution, — The  only  soluble  compounds  of  tungsten  are  the 
tungstates  of  the  alkali-metals  and  alkaline  earth-metals,  most  of  the  metatungstatas 
(formed  from  ordinaiy  tungstates  by  addition  of  tungstic  acid  or  abstraction  of  part  of 
the  base),  and  certain  sulphotungstates.  Insoluble  tungsten-compounds  may  be  decom- 
posed by  fusion  with  alkaline  carbonate  and  nitrate,  whereby  an  alkaline  tungstate  is 
formed,  which  may  be  dissoWed  out  by  water.  The  behaviour  of  tungsten-solutiomi 
towards  many  reagents,  differs  according  as  the  solution  contains  or£nazy  tungstie 
acid  or  metatungstic  acid,  the  metatungstates  being  more  soluble  than  the  corr»* 
sponding  tungstates ;  but  the  following  characters  are  common  to  both  modifications  v^- 

1.  A  soluble  tungstate,  supersaturated  with  sulphuric,  hydrochloric,  phosphorief 
oxalic,  or  acetic  acid,  yields,  on  the  introduction  of  a  piece  of  zinc^  a  beantifid  blue 
Colour,  arising  from  the  formation  of  blue  oxide  of  tungsten ;  this  effect  is  not  produced 
with  nitric,  tartaric,  or  citric  acid.^A  soluble  tunestate,  mixed  with  sulphide  of  «m- 
moniujn,  and  then  with  excess  of  add,  yields  a  light-brown  precipitate  of  tungstie 
sulphide,  soluble  in  sulphide  of  ammonium. — Sulphydrio  acid  does  not  precipitate  the 
acidulatBd  solution  of  a  tungstate,  but  turns  it  blue,  owing  to  the  formation  of  the  blue 
oxide.  These  diaracters,  together  with  the  blowpipe-reactions,  are  sufficient  to  dis- 
tinguish tungsten  firom  all  other  metals.  The  distinguishing  characters  of  tungstates 
and  metatungstates  will  be  described  further  on  (pp.  905,  912). 

3.  Estimation  and  Separation. — ^Tungsten  is  always  estimated  in  the  fbrm  of 
tungstic  oxide,  WO'.  When  tungstic  acid  is  present  in  a  solution  not  containing  any 
other  fixed  substance,  it  is  sufficient  to  evaporate  to  dryness,  and  ignite  the  residue. 
The  tungstic  oxide  is  then  obtained  in  a  state  of  purity,  and  contains  79*3  per  cent,  of 
the  metaL  Tungstous  oxide,  WO",  is  easily  converted  into  tungstic  oxide  by  fusion 
with  carbonate  of  sodium. 

The  best  method  of  separating  tungstic  acid  from  the  fixed  alkalis  is  to  treat  the 
solution,  after  exact  neutralisation  with  nitric  acid,  with  a  solution  of  mercitrous  ni- 
trate. Mercurous  tungstate  is  then  precipitated,  and  the  mercury  may  be  expelled 
from  the  dry  precipitate  by  careful  ignition  in  a  good  draught. 

The  separation  of  tungstic  acid  trom  the  earths  may  be  effected  by  decomposing 
the  compound  with  nitrio  acidj  and  treating  the  decomposed  mass  with  carbonate  ^ 
ammonia^  which  dissolves  the  tungstic  acid. 

Tungstic  acid  may  be  readily  separated  from  many  metallic  oxides— such  as  the 
oxides  of  iron,  manganese,  nickel,  cobalt,  lead,  &c. — by  fnsingthe  whole  with 
carbonate  of  sodium,  and  digesting  the  fused  mass  wiUi  water,  whidi  dissolves  the 
tungstic  aad,  and  leaves  the  oxides  undissolved. 

Fromtitanic,tantalic,andniobic  acids,  tungstic  acid  is  separated  by  amsTumia, 
which  dissolves  only  the  latter.  The  separation  is  facilitated  by  addition  of  ammO' 
mum-sulphide.  If,  however,  the  substance  containing  these  acids  has  been  ignited, 
mere  digestion  in  ammonia,  or  sulphide  of  ammonium,  will  not  dissolve  the  tungsten : 
in  this  case  it  is  best  to  fuse  the  mixture  with  sulphur  and  carbonate  of  sodium, 
whereby  the  tungsten  will  be  converted  into  soluble  sulphotungstate  of  sodium. 

The  separation  of  tungstic  from  chromic  acid  may  be  effected  by  treating  the 
solution  with  excess  of  hydrochloric  acid,  and  boiling  with  alcohol.  The  chromic  add 
is  thereby  reduced  to  chromic  oxide,  which  may  be  predpitated  by  ammonia,  the 
tungstic  add  remaining  in  solution. 

To  separate  tungstic  from  moly  bdic  acid,  it  is  best  to  dissolve  the  two  in  an  al- 
kali, add  tartaric  add  and  excess  of  hydrochloric  acid,  which  produces  no  precipitate, 
and  throw  down  the  molybdenum  as  sulphide  by  sulphydric  acid. 

From  silicic  acid,  tungstic  add  may  be  separated  by  fusing  the  mixture  with  acid 
sulphate  qf  potassium,  and  digesting  the  Aised  mass  with  water,  which  will  dissolve 
the  tungsten  as  alkaline  tungstate,  and  leave  the  silica.  The  tungstic  add  may  then 
be  precipitated  from  the  solution  by  mercurous  nitrate.  Tungsten  has  not,  however, 
been  found  in  any  natural  silicate. 

The  separation  of  tungsten  from  tin  is  especially  important,  as  wolfram  is  often 
associated  with  tin-ores,  and  the  two  metals  likewise  occur  together  in  many  tantalites 
aud  columbites.    When  stannic  and  tungstic  acid  exist  together  in  solution,  they  are 
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easily  sepamted  by  sulphydric  acid,  wliich  precipitat«8  the  iin  from  tlie  aodnlaied 
liquid  as  aUnnic  sulpDide,  and  leaves  the  tnngsten  in  solution.      When   BtMrrir 
and  tnngstic  oxides  are  mixed  together  in  the  solid  state^  the  sepantion  may  be 
efleeted  by  igniting  a  weighed  qnantity  of  the  mixture  in  a  coreied  pewriain  cmoble, 
and  naesing  a  stream  of  hydrogen-gas  into  the  erneible^  throng^  &  bole  in  the  cover. 
The  loss  of  weight  thereby  occasioned  is  about  equal  to  that  idiieh  would  eocrespond 
to  the  oofflj^ete  reduction  of  the  tin-oxide  to  metal,  and  of  the  trioxide  of  twngelen  to 
dioxide.    The  ignited  residue  is  then  boiled  with  hydrochloris  add,  the  tin  is  precipi- 
tated from  the  filtered  solution  by  hydrochloric  add,  and  the  predjMtated  sulphide  is 
converted  by  roasting  into  stannic  (aide.  Lastly,  the  dioxide  of  tnngsten  is  oooTevied, 
by  ignition  in  the  air,  into  tnoxide,  and  the  latter  is  weighed.    The  separatkm  cannot 
be  effiicted  by  fosiqg  the  mixtore  with  add  sulphate  of  potassium  (H.  Rose  and 
Dexter,  Fogg.  Ann.  xcii.  336;  Jahresb.  1864,  p.  731).    Aooordiug  to  Bammela- 
berg  (Fogg.  Ann,  cxx.  66;  Jahresb.  1863,  p.  678),  the  separation  effiscted  by  the 
preceding  method  is  not  oom|dete,  unless  the  heat  applied  is  strong  enough  to  lednee 
the  tongsten  as  well  as  the  tm  to  the  metallic  state,  sod  in  that  case  a  small  quanti^ 
of  tin  is  volatilised.    He  recommends,  as  a  better  method,  to  ignite  the  mixtnre  of  thfs 
two  oxides  repeatedly,  and  till  no  more  loss  of  weight  takes  place,  with  6  or  8  pts.  of 
jal-ammoniac.    To  prevent  the  deposition  of  stannic  oxide  on  the  outside  of  the  cm- 
cible,  it  should  be  enclosed  within  a  larger  one,  and  heated  rather  quickly.     The 
Iresidual  tnngstic  oxide  is  finally  ignited  in  contact  with  the  air. 

A.  Atomic  Weight  of  Tungaten*  —The  older  determinationaof  the  atomic  weight  of 
this  metal,  by  Bezxelius  and  others,  did  not  lead  to  correct  results.  Schneider  (Ann. 
Gh.  Fharm.  Ixxvii.  261 X  by  redudng  tnngstic  oxide,  WO",  in  a  cmrent  cf  hydrogen, 
Ibnnd  that  100  pts.  of  the  oxide  yielded  7d'816  pts.  of  metallic  tungsten ;  and  on 
teoxidiaing  the  metal,  he  found  that  79*327  pts.  of  tungsten  yielded  100  pts.  of  the 
trioxide.  The  mean  of  these  results  gives  W  ■•  184*12.  Marchand(tJMtf.  bccviL 
261),  by  similar  experiments  of  reduction  and  oxidation,  foond,  as  a  mean  value, 
W  ■>  184*1 ;  Bore k  (J.  pr.  Chem.  liv.  264)  found,  in  like  manner,  the  number  184 ; 
and  the  same  result  has  been  obtained  by  Dumas  (Ann.  Gh.  Fharm.  cxiiL  23). 
This  last  number  may  be  regarded  as  tJie  true  atomic  weight  of  ton^ten,  supposinf, 
as  most  of  the  chemical  jeCktions  of  tnngsten  seem  to  show,  that  its  highest  oxide 
has  the  composition  WO',  and  the  conespondinff  chloride  WGl*. 

The  proposal  of  Fersos  to  resazd  tnngstic  oxiae  as  Tn^O*,  the  corresponding  chloride 
as  TuCl*,  the  atomic  weight  of  tnngsten  being  163'3,  has  already  been  noticed  (p.  899). 
The  agreement  of  the  vapour-density  of  tnngstic  chloride  calciuated  from  this  formula 
with  Debray's  experimental  number,  is  certainly  remarkable;  but,  on  the  other  hand, 
the  spedfic  heat  of  the  metal,  as  determined  by  Begnault,  agrees  better  with  the 
atomic  weight  184  (according  to  the  law  of  Dulong  and  Fetit)  than  with  163*3 
(see  Hb4T,  iii  30) ;  moreover  the  composition  of  the  tungsten-compounds  is,  on  the 
whole,  more  conveniently  represented  by  tbe  ordinaiy  formula,  than  by  those  suggested 
by  Fersos. 

TUVOSTBVf  V&iriMUCDB  Ol*.  Tnngstic  oxide,  after  ignition,  is  but  sparinoly 
dissolved  by  hydrofluoric  add ;  predpitated  tnngstic  add  forms,  with  hydrofluoric  acid, 
a  yellow  milky  liqnid,  soluble  in  a  luge  quantity  of  water.  The  solution,  when  slowly 
evaporated,  yields  a  yellow  syrup,  which  at  a  higher  temperature  gives  off  a  portion  of 
its  acid,  and  solidifies  to  a  greenish  fissured  mass.  This  mass  is  not  decomposed  by 
ignition  in  a  dose  vessel ;  it  redissolves  imperfectly  in  water,  forming  a  milky  liquid ; 
the  insoluble  part  consists  of  tungstic  add,  which  retains  a  portion  of  the  hydroflnoric 
acid  so  obstinately,  that  the  latter  can  only  be  expelled  by  ignitinff  the  tungstic  add 
with  lumpa  of  ammonium-carbonate.  The  solution  contains  tungstic  add,  with  exceea 
of  hydrofiuoric  acid.  (B  e  r z  e  li  u s.) 

Tuiustic  fluoride,  WF*,  forms,  with  the  more  basic  metallie  fluorides,  oompounda 
which  have  not  yet  been  isolated,  and  are  known  only  in  combination  with  tungstatea 
(Berzelius).  These  double  oxyfluorides,  which  are  produced  by  treating  tungstatea 
with  hydrofluoric  acid,  appear  to  be  isomorphous  with  the  corresponding  fluosiucates, 
fluostonnates,  and  fluotitanates.  Thus  cupric  oi^uotnngstate,  GuWG'F',  and  cupric 
fluotitanate,GuTiF*,form  isomorphous  compounds  with  fluoride  of  ammonium  ;  whence 
it  appears  as  if  oxygen  could,  in  certain  cases,  replace  fluorine  atom  for  atom,  although 
the  ratio  of  the  atomic  weights  of  these  elements  is  not  the  same  as  that  of  their 
equivalents.    (Marignac,  Ann.  Gh.  Fharm.  cxxv.  862 ;  Jahresb.  1862,  p.  144.) 

TWOATBir  mil  Hit /I  Till  Native  tungstate  of  caldum,  also  called  scheelite 
(p.  907). 

TVarCMTBVf  vmUBB  Ol".  When  either  of  the  chlorides  of  tungsten  is 
placed  at  the  sealed  end  of  a  long  slass  tube,  and  in  front  of  it  a  few  dried  lumps  of 
sal-ammoniac,  the  empty  part  of  the  tube  then  heated  to  redness,  and  the  heat 
gradually  extended  to  the  dosed  end,  so  that  the  two  salts  may  be  voUtilised  and 
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Biiz  in  the  gaseoiu  form  at  a  red  heat,  double  deeompoeitioii  takes  place ;  and  after 
the  ezceae  of  eal-ammoniae  has  been  removed,  the  entire  inner  enr&ce  of  the  tabe  ie 
found  to  be  corered  with  ablack  specular  semimetallic  coating,  which  may  be  separated, 
paitlr  in  brittle  erusts,  partly  as  a  black  powder.  This  product  oonsists  either  of 
nitriae  of  tungsten,  or  of  a  compound  of  that  substance  with  an  amide  of  tungsten, 
called  by  Wohler  tungsten -ni  tret  amide,  and  containing  either  2  WN'.W(NH*)', 
or  W'N*.2W(NH*)'.  It  gives  off  a  large  quantity  of  ammonia  when  fused  with  potash, 
and  IB  oonTeited  into  tun«4Stic  oxide  by  ignition  in  the  air.  By  the  action  of  ammonia- 
gas  on  tuxiffstie  oxide,  at  a  moderate  red  heat^  compounds  are  formed  containing 
nitride,  amide,  and  oxide  of  tungsten.  When  finely-diTided  tungstic  oxide,  spread  in 
a  thin  layer  on  the  inside  of  a  glass  tube,  is  heated  in  dry  ammonia-gas,  tungsteu- 
nitretamidoxide,  3WN^2W(NH*).2WO*,  is  formed,  as  a  bUck  substance  which  is 
not  decompoeed  by  adds  or  alkalis,  gives  oS  ammonia  when  heated  alone^  and  when 
heated  in  the  air,  burns  with  vivid  glow  to  yellow  tungstic  oxide.  (Wo  hie r,  Ann.  Ch. 
Phaim.  ixxiil  190^  cv.  258;  Jahresb.  1850,  p.  803;  1858,  p.  168.) 


or.  Tungsten  forms  three  oxides — vis  WO',  WO",  and 
WO* — ^neither  of  which  exhibits  basic  properties,  so  that  there  are  no  salts  of  tungsten 
in  which  the  metal  replaces  the  hydroffen  of  an  add,  or  takes  the  electropositive  part. 
The  dioxide  fDrms  a  deflnite  compound  with  soda,  and  the  trioxide  «diibits  decided 
add  tendendes,  uniting  with  basic  metallic  oxides,  and  forming  definite  crystallisable 
salts  called  tungstates.  The  oxide,  WO*,  may  be  regarded  as  a  compound  of  the 
other  two,  that  is  as  a  tungstate  of  tungsten,  WO*. WO*. 

Bloside  of  Tucaten,  or  Taagstoiia  Ozldef  WO*. — This  oxide  is  obtained  as  a 
brown  powder  when  tungstic  oxide  is  reduced  by  hvdrogen  at  a  temi>erature  not  ex- 
ceeding low  redness.  Tungstic  oxide  may  also  be  deprived  of  oxygen  in  the  wet  wa;^, 
by  nouring  diluted  hydrochloric  add  over  it,  and  placing  zinc  in  the  liquor :  the  tri- 
oxide then  gradually  changes  into  the  dioxide»  in  the  form  of  brilliant  aystalline 
plates  of  a  copper-red  colour.  No  saline  compounds  of  this  oxide  with  adds  are 
juiown.  When  digested  in  a  strong  solution  of  potassic  hydrate,  it  dissolves,  with 
disengagement  of  hydrogen-gas  and  formation  of  potassic  tungstate. 

A  tungtUU  oftodium,  Na^W0*-Na'0.2W0',  is  obtained  by  adding  to  fosed  tung^ 
state  of  sodium  as  much  tungstic  oxide  as  it  will  take  up,  and  exposing  the  mass,  at  a 
rvd  heat,  to  hydrogen-gas.  After  dissolving  out  the  neutral  undecomposed  tungstate 
by  water,  the  tungstite  remains  in  golden-yellow  scales  and  regular  cubes,  possessing 
the  metallic  lustre  and  a  striking  resemblance  to  gold.  This  compound  is  not  decom- 
posed by  sulphuric,  nitric,  or  nitromuriatie  add,  or  by  alkaline  solutions,  but  yields 
to  hydrofluoric  adcL    It  cannot  be  prepared  by  uniting  soda  directly  with  the  dioxide. 

THoxide  of  Toagstoat  Toagslte  OstAo  or  Aii]ijdiido»  WO*.— < 
This  oxide  occurs  native  as  tungstic  ochre,  wolfram- ochre^  or  wolf ramine, 
accompanying  wolfram  or  other  ores  of  tungsten,  in  Cumberland,  at  St  Leonard 
near  Limoges,  in  Moume  County,  Connecticut,  and  in  Cabarras  County,  North 
Carolina ;  sometimes  in  cubes^  sometimes  pulverulent  and  earthy,  of  a  bri^t-yellow 
or  yellomsh-green  colour. 

Tungstic  oxide  is  prepared  firom  scheelite  (native  tungstate  of  caldnm),  or  from 
wolfram : 

1.  Finely-pulverised  scheelite  is  decomposed  by  nitric  or  hydrochloric  add ;  the 
soluble  nitrate  or  chloride  of  caldum  is  washed  out  with  water,  and  the  remaining 
tungstic  acid  is  ignited. 

2.  Finely-pulverised  wolfram  is  repeatedly  digested  with  sta*ong  hydrochloric  acid, 
at  last  with  addition  of  a  little  nitric  acid,  to  <Ussolve  out  the  iron  and  manganese, 
the  tungstic  add  which  remains  is  washed  and  dissolved  in  aqueous  ammonia ;  the 
solution  evaporated  todiyness ;  andthereddual  add  ammonium-salt  heated  in  contact 
with  the  air :  tungstic  oxide  then  remains  in  pale-yellow  scales. — 8.  One  pt.  of  pul- 
verised wolfram  is  Aised  with  2  pts.  carbonate  of  potassium ;  the  fused  ma^s  is  digested 
with  water;  the  filtered  solution  mixed  with  sal-ammoniac  and  evaporated ;  and  the 
residue  is  ignited  in  a  cmdble,  and  then  treated  with  zinc  and  hydrochloric  add,  whereby 
brown  dioxide  of  tungsten  is  produced,  which,  when  ignited  in  the  air,  yields  the  pure 
trioxide  (Wohler). — 4.  Pulverised  wolfmm  is  fused  for  an  hour  with  2  pts.  chloride  of 
caldum ;  the  fused  mass  is  treated  with  water,  which  leaves  tungstate  of  caldum  un- 
dissolved ;  this  salt  is  decomposed  by  boiling  with  hydrochloric  acid ;  the  residual 
tungstic  add  is  dissolved  in  ammonia  (to  free  it  from  siliea^ ;  and  the  ammonium-salt, 
obtained  on  evaporating  the  filtrate,  is  ignited  in  contact  with  the  air.    (Wohler.) 

The  solution  of  alkaline  tungstate  obtained  by  either  of  the  preceding  methods  may 
also  be  mixed  with  mercurous  nitrate,  whereby  a  pradpitate  of  meicurous  tungstate  is 
obtained,  which  on  i^ition  leaves  pure  tungstic  oxide. 

Anhydrous  tungstic  oxide  is  a  lemon-yellow  or  sulphur-yellow  powder,  darker  or 
lighter  according  to  the  mode  of  preparation.    Nordenskjold,  by  fasing  the  tungstic 
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hydrate  with  boiax  in  a  pottery-fiiniace,  obtained  the  anhydiooB  oxide  in  small 
parent  tables  or  ahort  prisniB  belonging  to  the  trimetric  system.  Debray  (Compt. 
rend.  It.  287),  by  strongly  igniting  a  mixture  of  sodic  carbonate  and  tnngatate  in  a 
current  of  hydrochloric  acid  gas,  obtained  the  tungatic  oxide  in  octahedral  ctystala — 
some  small  and  translucent  with  yellowish  colour,  others  larger,  black,  and  opaque. 

TungsUc  oxide  has  a  speciflc  gravity  of  5'27  (Herapath),  6*13  (d*£lhujar),  7*14 
(Kros  ten).  It  is  tasteless,  insoluble  in  water  and  in  most  acids,  only  slightly  soluble 
lu  strong  hydrochloric  and  in  hydrofluoric  acids.  When  heated,  it  becomes  transiently 
darker  and  greenish,  at  very  high  temperatures,  but,  according  to  Bernoulli  ( Jahrcab. 
1860,  p.  153),  the  sreeniah  and  the  yellow  oxides  have  exactly  the  same  oompositiaii. 
Tungstic  oxide  melts  at  the  heat  of  a  forge-fire,  and  volatilises  quickly  when  heated  i» 
charooal  before  the  oxyhydrogen-blowpipe.  When  heated  for  ten  or  twenty  minutes 
before  the  oxyhydrogen-blowpipe,  in  a  covered  platinum-crucible,  it  forms  a  ciysfalline 
crust,  the  sur&ce  of  which  exhibits  crystals  apparently  formed  by  sublimation  ;  no  sub- 
limate is,  however,  formed  on  the  sides  of  the  crucible.  In  hydrochloric  add  gaa,  tungstie 
oxide  volatilises  easily,  forming  a  sublimate  of  pale  -yellow  stellate  needles.  (Schafarik.) 

Tungstic  oxide  turns  greenish  on  exposure  to  light,  probably  in  oonsequenoe 
of  the  reducing  action  of  organic  particles  in  the  air.  According  to  Liesegang 
(Jahresb.  1866,  p.  214),  when  exposed  to  iieht  in  contact  with  organic  mbtUmctf,  it  is 
reduced  to  blue  oxide.  When  heated  to  redness,  in  contact  with  charcoal  or  kydrooen^ 
it  is  reduced  to  dioxide  or  metal,  according  to  the  temperature  and  the  duration  of  the 
action ;  by  ignition  with  potaanum  or  »odium,  it  is  reduced  to  metal ;  by  ignition  in 
dry  ammonia-ffaa,  it  is  converted  into  oxynitretamide  of  tungsten  (p.  903  X  by  heating 
with  sulphur  to  blue  oxide. — ^When  it  is  heated  with  pentacKUmde  of  pko.<tphorv9,  oxy- 
chloride  of  phosphorus  passes  over,  together  with  small  quantities  of  tungstic  chloride 
and  oxychloride,  WCl^O ;  the  greater  part  of  the  tungsten,  however,  remains  in  the  rs- 
sidue  which,  when  treated  with  water,  yields  hydrochloric  add  and  a  mixture  of  tungstie 
oxide  with  the  blue  oxide.  (Gerhard t  and  Chiozza,  Ann.  Oh.  Pharm.  Ixxxvii.  290; 
Jahresb.  1853,  p.  895 ;  see  also  Schiff,  ifnd.  1857,  p.  106  ;  We  ber,  ibid.  1859,  p.  79.) 

Tungstic  oxide  is  also  reduced  by  nnc  and  hydrochloric  aeidy  by  ttantunts  cUoride, 
or  by  boiling  with  organic  bodies  and  waters— first  to  the  blue  oxide,  then,  by  further 
reduction,  to  the  brown  dioxide. 

TrNGSTic  Acid. — Timgstic  oxide  dissolves  in  aqueous  alkalis  or  alkaline  car- 
bonates, slowly  in  the  cold,  more  quickly  at  the  boiling  heat,  forming  solutions  of 
tungstates ;  and,  on  precipitating  the  hot  solutions  of  these  salts  with  an  add,  tung- 
stic monohydrate,  or  tungstic  acid,  H*WO^  »  IPO. WO*,  isobtained  as  a  yellow 
precipitate ;  it  dissolves  in  hydrofluoric  acid,  and  separates  from  the  solution  in  cxystals 
on  evaporation. 

By  mixing  a  dilute  solution  of  an  alkaline  tungstate  with  hydrochloric  nitric,  or 
sulphuric  add,  a  white  ^latinous  precipitate  is  obtained,  having,  when  air-dried,  the 
composition  of  tungstic  dihydrate  or  hydrated  tungstic  acid,  26^*0. WO*  « 
H-WO^.H'O. — ^This  hydrate  is  likewise  formed  by  the  decomposition  of  tungstic  chlo- 
ride, or  oxychloride,  with  water ;  after  washing  and  drying,  it  is  sometimes  yeUowish- 
grey  and  translueent,  sometimes  black  and  opaque ;  when  finely  pulverised,  it  is  said 
to  dissolve  in  200  pts.  of  boiling,  and  300  pts.  of  cold  water.  (Anthon,  J.  pr. 
Ohem.  ix.  6. — ^Riche,  Ann.  Oh.  Phys.  [3],  1.  5.) 

Tungstic  add  reddens  litmus,  and  dissolves  in  aqueous  fixed  alkalis,  and  in  ammonia. 

TuNOSTATXS. — ^Tungstic  acid  unites  with  bases  in  various  and  often  in  very 
unusual  proportions.  The  salts  have  been  examined  by  Berzelius  (Poeg.  Ann. 
iv.  147;  viii.  267),  Anthon  (J.  pr.  Ohem.  viii.  899;  ix.  6,  8,  and  337).  Bifarguo- 
ritte  (J.  Pharm.  [3],  yii.  222),  Laurent  (Ann.  Oh.  Phvs.  [51,  xxi.  54),  Lots  (Ann. 
Oh.  Pharm.  xci.  49;  Jahresb.  1854,  p.  339),  Scheibler  (Berl.  Akad.  Ber.  1860, 
p.  208;  Jahresb.  1860,  p.  154),  and  Marignac  (Ann.  Oh.  Phys.  [3],  Ixix.  6;  Jah- 
resb. 1862,  p.  143) ;  but  the  results  of  these  investigations  are  not  very  accordant^ 
inasmuch  as  the  salts  often  differ  considerably  in  composition  and  properties,  accord- 
ing to  the  mode  of  preparation  adopted.  Lnurent,  from  the  behaviour  of  the  ammo- 
nium-tungstates,  was  led  to  admit  the  existence  of  five  isomeric  or  polymeric  modi- 
fications of  the  tungstates ;  but  from  recent  investigations,  it  appears  that  the  num- 
ber of  modifications  of  tungstic  acid  and  its  salts  may  be  reduced  to  two,  vis. : 

1.  Ordinary  tungstic  acid,  which  is  insoluble  in  water,  and  forms  insoluble 
salts  with  all  metals,  except  the  alkali-metals. 

2.  Metatungstic  acid,  which  is  soluble  in  water,  and  forms  soluble  salts  with 
nearly  all  metals. 

Ordinary  Ikingetates, 

Ordinaiy  tungstic  add  forms  both  neutral  and  add  salts.  The  neutral  tungstates 
contain  WWO\  or  MH).WO';  the  add  salts  were  formerly  supposed  to  be  either 
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diaeid,  Br0.2W0»  «  Mn\^O^WO",  ortriacid.  MK).8W0»  «  M»W0<.2W0»,  Aceoiding 
to  Scheibler,  however,  the  acid  tnng^tates  have  in  general  the  fbnxrala  SM'O.TWO' 
4H'0,  and  may  be  regarded  as  double  salts  composed  of  seeqnitnnffBtates  and  tetra- 
tungstates — 1.«.,  as  2M*0.3WO«  +  MP0.4W0*,  op  perhaps  of  diacid  and  triacid  salts, 
2(BfH).2WO»)  +  MK).3WO»(aocOTdingtoPersoz,2M»0.2H*0.3TuK)*).  According  to 
Lanrent,  the  empirical  formnlaof  theacid  salts  is  6MK).12WO'.xH'0 ;  and  according 
to  Marignae,  this  formula  agrees  with  the  analytical  results  more  nearly  than  that 
given  by  Scheibler;  but  the  percentage  composition  deduced  from  the  one  formula 
oifj^  so  little  from  that  given  by  the  other,  that  it  is  difficult  to  decide  between  the 
two  by  analysis.  Scheiblei^s  formula,  however,  which  is  the  more  simple  of  the  two,  is 
generally  preferred.  Marignao  designates  these  salts,  which  he  regards  as  containing 
5  at  basic  oxide  to  12  at.  tungstic  anhvdride,  or  5  at.  monatnmic  metal  to  6  at.  tung- 
sten, as  paratung  states;  he  finds  that  the  ammonium-salt  having  this  composition 
cannot  be  oonverted  into  the  neutral  tungstato  by  digestion  with  ammonia.  They 
Bit  produced  more  easily,  and  crystallise  bettor,  than  acid  tungstates  containing  any 
other  proportion  of  base  and  add. 

Of  the  ordinary  tungstates,  only  those  of  the  alkali-metals  and  magnesiiim  are  so- 
luble in  water,  and  these  are  but  sparingly  soluble.  They  may  be  prepared  in  the  wet 
way  by  dissolving  tungstic  oxide  or  tungstic  acid  in  alkalis,  or  alkaline  carbonat4»8, 
most  easily  at  the  boiling  heat  They  are  also  easily  formed  by  fusing  tungstic  oxide 
with  the  hydrates,  carbonates,  or  add  sulphates  of  the  alkali-metals.  They  have  a 
bitter  metallic  taste,  and  excite  an  unpleasant  feeling  in  the  throat  The  insoluble 
tungstates  are  prepared  by  igniting  tungstic  oxide  with  metallic  oxides  or  carbonates, 
or  from  the  soluble  salto  by  predpitation ;  also  by  fiising  an  alkaline  tungstate  with 
the  corresponding  metallic  chlorides  (chloride  of  calcium,  for  example);  on  exhausting 
the  mass  with  water,  the  insoluble  tungstate  remains  in  the  crystalline  state  (Man rose, 
Ann.Ch.  Pharm.  Ixxxi.  243;  Ixxxii.  356,  367).  Larger  crystals  are  obtained  by  adding 
chloride  of  sodium  to  the  fosed  mixture.  (Geuther  and  Forsberg,  ibid.  cxx.  268. — 
8chultse,ifriii.  cxxvi.  56.) 

Those  tungstates  which  are  insoluble  in  water  are  also,  for  the  most  part,  insoluble 
in  dilute  adds ;  by  heating  with  concentrated  acids,  they  are  decompose^  with  separa- 
tion of  tungstic  acid  (a  character  by  which  they  are  distinguished  from  the  meta- 
tungstetes);  in  the  case  of  phosphoric  acid,  the  predpiteted  tungstic  add  dissolves  in 
excess.  At  ordinary  temperatures,  tungstates  are  but  imperfectly  decomposed  by 
concentrated  adds,  chiefly  oecause  a  certain  quantity  of  soluble  tungstic  add  is  formed 
at  the  same  time  (p.  911^.  Alkaline  tungstates  in  solution  are  decomposed  by  sul- 
phuric, hydrochloric,  nitnc,  and  acetic  adds,  the  greater  part  of*the  tungstic  add  being 
separated  as  a  yellow  or  white  hydrate,  which  does  not  dissolve  in  an  excess  of  the  pred- 
piteting  add  (except  phosphoric  add) ;  it  dissolves,  however,  in  a  large  quantity  of  water. 

The  predpitato  obtaineid  from  cold  solutions  is  frequently  white,  but  gradually  turns 
yellow  even  in  the  cold,  and  more  quirkly  when  heated.  The  oompodtion  of  this 
white  precipitate  has  been  variously  stated.  Scheele  regarded  it  as  pure  tungstio 
oxide,  which  however  is  not  correct;  according  to  Anthon  and  Biche,  it  is  the 
dibydrate,  W0'.2H'0 ;  according  to  Marisuac  and  others,  it  contains  a  basic  tung- 
state, or  it  is  a  compound  of  tungstic  acid  with  the  precipitating  acid.  Whether  the  pre- 
cipitate retains  alkali  or  acid  depends  on  the  relative  quantity  of  the  predpitating 
aad,  the  dilution  of  the  liquid,  and  perhaps  aljo  on  the  temperature. 

Insoluble  tongstates,  whose  bases  are  insoluble  in  alkaline  carbonates,  are  deoomposed 
by  fusion  with  alkaline  carbonate. 

.  Solutions  of  alkaline  tung^states  give  white  predpitates  with  salts  of  barium^  itroH' 
iiuhif  ealcium,  aluminium,  'zinc,  lead,  and  mercuricwn ;  yellowifih-white  with  mercU' 
rous  nitrate;  peach-blossom-colonred  with  chloride  of  cobalt;  bluish-white  with 
nitrate  of  copper. — Stannous  chloride  forms  a  yellowish  precipitate,  which,  when 
warmed  with  nydrochloric  or  sulphuric  add,  turns  blue,  from  formation  of  blue 
tungsten-oxide. 

Ferroci/anide  of  potassium  forms  in  solutions  of  alkaline  tungstates,  after  addition 
of  hydrochloric  acia,  a  brown  flooculent  precipitate,  soluble  in  pure  water  free  from 
acid  (distinction  from  metatungstates).  Solutions  of  alkaline  tungstates  are  not 
altered  by  tincture  of  gaUe^  till  an  acid  is  likewise  added,  in  which  case  a  thick  cho- 
colate-coloured precipitate  is  formed.  Tungstic  add,  previously  precipitated  by  adds, 
is  also  coloured  brown  by  tincture  of  galls.  Alksline  tungstates,  ignited  with  sal' 
ammoniac,  out  of  contact  with  the  air,  yield  a  tungstate  of  tungsten  and  the  alkali- 
metal,  together  with  a  black  substance,  probably  consisting  of  oxynitretamide  of 
tungsten  (p.  903).  For  the  blowpipe-reactions  of  tungstates,  and  the  reactions  of 
soluble  tungstates  with  sine  and  with  sulphide  of  ammonium,  see  p.  901. 

Alkaline  tungstates  are  sometimes  used,  in  place  of  stannates,  as  mordanta ;  they  are 
also  employed  for  rendering  light  fabrics  non-inflammable  (i.  1 102). 
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TuNOSTATBS  OF  Aluminivx. — ^Tho  neutrol  mU,  obtained  by  preoipitatiiig  m 
neutral  alkaline  tungstate  with  alunii  is  white,  flocculent,  insolable  in  water,  Imt  nolnble 
in  aqueous  ammonia  and  in  acids. — The  add  aalt^  Al*0*.7WO'.9BK)  (at  100°),  obtained 
by  precipitation  with  an  acid  tungstate  of  alkali-metal  is  curdy,  united  in  Jnsinoiu 
lumps,  and  forms,  when  dry,  a  vitreous  mass,  having  a  conchoidal  fracture.    (lH>t8.) 

TuxfG8TA.TB8  OF  AMicoNii7K.->a.  The  fuuttol  solt  is  formed  by  4igt«ting 
tungstic  acid  or  oxide  with  aqueous  ammonia ;  on  evaporating  the  solution,  ammonia  ia 
given  oSy  and  an  acid  salt  remains. 

/B.  The  sesquiacid  salt,  2(NH*)«0.8WO».3H*0  -  (NH*)*HXW0<)«.2HK).  smneUmea 
crystallises  m)m  a  verjr  concentrated  neutral  solution  of  tunsitic  acid  in  ammonia,  in 
warty  crystals,  which  give  off  ammonia  in  contact  with  the  airTTeaving  the  following  salt. 

r  8(NH*)*0.7WO».6HH)  =  (NH^«H»(W0*y.2H«0.— This  salt,  to  which  Marig- 
sao  assigns  the  formula  6(NH*)'0.12W0".11H*0,  is  obtained  by  slow  evaporation  of 
a  cold  solution  of  tungstic  acid  in  ammonia  (Lotz;  Scheibler).  Itfoims  viteeoua 
rhombic  tables  or  prisms,  acuminated  with  four  faces  resting  on  the  edges  of  the 
prism.  It  has  a  biting  bitter  taste,  reddens  litmus  slightly,  diasdlves  in  36  to  28  pta. 
of  cold  water,  is  sparingly  soluble  also  in  aqueous  ammoma,  and  insoluble  in  aioohol. 
The  solution  gives  with  nitric  acid  a  white  precipitate,  which  turns  yellow  gradually 
in  the  cold,  immediately  on  boiling.  When  ignited  in  a  dose  vessel,  it  leaves  bine 
oxide  of  tungsten,  and,  when  ignited  in  contact  with  t^  air,  it  leaves  pure  tungatie 
oxide,  which  retains  the  form  of  the  crystals. 

When  the  solution  is  evaporated  by  heat,  small  shining  ciystals  are  obtained 
(oblique,  striated,  rhombic  pnsms,  according  to  llarignac),  containing  3(NH*y^O. 
7WO*.3HH)  [or,  according  to  Laurent,  6(KH«)K).12WT)>.tia'0 ;  aeootding  to  Ma- 
rignac,  6(NH«)«0.12WO».6H«0]  ;  they  give  oflr-2  at.  water  at  160^  and  are  recon- 
verted into  the  hexhydrated  salt  by  solution  in  water,  and  slow  evaporation.  (Scheibler.) 

9.  An  anrnonio-trihydric  tetratungstate,  (NH*)*0.3H«0.4WO«  «  (NH*)*H«(W(>»y, 
is  always  formed  (according  to  Riche)  when  a  solution  of  ammonium-tungstate  is 
left  to  evaporate  slowly ;  and  separates  at  ordinaiy  temperatures  in  shining  lamins 
containing  8  at  water ;  at  40^ — 60°,  in  needles  containing  2  at.  water. 

Accordm^  to  Wohler  and  Anthon,  an  acid  tungstate  of  ammonium  is  produced, 
with  evolution  of  ammonia,  when  tungstate  of  potassium  or  sodium  is  boiled  with  sal- 
ammoniac.  According  to  Laurent,  Lots,  and  others,  the  salt  thereby  formed  is  a 
double  tungstate  of  ammonium  and  potassium  or  sodium. 

f.  The  salt,  2(NH*)*0.6WO».6H«0  -  (NH*VH«(W0«)».2H*0,  oystallises  on  cool- 
ing from  a  solution  of  the  salt  7,  saturated  while  hot,  in  rhombic  octahedrons,  solnble 
in  26  to  29  pts.  of  water.  On  recrystallising  it  ficom  water,  thin  nacreous  needles  are 
sometimes  formed,  containing  2[(NH«)*H*(WO«)«].3HK).    (Marignac) 

TuKOSTATB8orBABiUH.--<i.  The  nmtral  salt,  BaTWO*  «-  BaO.WO*,  is  ob- 
tained, in  the  anhydrous  state,  by  precipitation  from  the  solution  of  a  neutral  tungstate 
of  alkali-metal.  It  is  a  white  powder,  insoluble  in  water,  decomposed  by  the  stronger 
acids,  and  also  by  alkaline  carbonates,  both  in  the  wet  and  in  the  dry  way.  According 
to  Scheibler,  uie  precipitate  formed  by  chloride  of  barium  in  a  solutioii  of  neutral 
sodlum-tungntate  is  alwajre  a  mixture  of  different  salts ;  but  the  neutxal  tungstate  may 
be  obtained  pure  b^  heating  the  metatungstate  with  hydrate  of  burium,  or  by  drop- 
ping baryta-water  into  a  moderately  dilute  and  boiling  solution  of  acid  tungstate  of 
sodium,  (3NaK).7WO'),  as  long  as  the  resulting  precipitate  is  redissolved ;  the  solution 
on  coolinjg  deposits  a  double  salt,  and  the  cooled  mother-liquor  yields,  with  excess  of 
baryta-water,  a  white  bulky  precipitate,  which  soon  becomes  dense  and  crystalline, 
and  then  forms  spionlar  octahedrons  of  pure  neutral  barium-tungstate.  The  salt  Uius 
obtained,  as  well  as  that  prepared  from  the  metatung^state,  contains  2Ba1¥^0*.H'0. — 
The  anhydrous  salt  is  formed,  in  the  dry  waj,  by  fiising  together  2  pts.  sodium-tung- 
state,  7  pts.  barium-chloride,  and  4  pts.  sodium-chloride,  and  crystallises  in  colooriess 
octahedix>ns,  aj^arenily  isomorphous  with  the  calcium-salt;  they  are  decomposed  by 
strong  nitric  acid  at  the  boiling  heat  only.    (Geuther  and  Forsberg.) 

fi.  Acid  salt,  8Ba0.7WO".8H*0.— Obtained  by  preciiatation  ftom  the  add  sodium- 
salt.    White ;  becomes  anhydrous  and  yellowish  1^  ignition.    (Lots.) 

SodMforie  tungstate,  ^^ 1 7WOM4H«0  (Scheibler), or  g^Jol  12WO«.24H«0 

(Marignac),  separates  in  thin  plates  on  cooling,  from  a  hot  solution  of  add  sodium- 
tungstate,  after  addition  of  baryta-water. 

TuNGSTATB  OF  Gadxium  is  obtained  in  colourless  crystals,  perhaps  isomor- 
phous with  the  caldum-salt^  by  fusing  4  pts.  sodium-tungstate  with  11  pts.  cadmium- 
ohloride  and  16  pts.  common  salt  (Oeuther  and  Forsberg).^An  ammmio-cadmie 
tungstate,  4(8Gd0.7WO<).[8(NH«)K).7WOn  -t-  86H*0,  is  obtained,  as  a  white  bulky 
predpitate,  on  mixing  the  solutions  of  add  ammonium-tungstate  and  cadmium-sul- 
phate.   (Lots.) 
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TiTHOSTATa  OJT  Caloivu,  Ca'^WO*,  or  CaO.WO*,  oconn  naUve,  as  scheelite  or 

4P2 
tungsten,  in  qoadratic  pyramids  F,  modified  by  the  faces  2Poo  and  —^  the  latter 

oeonning  hemibedrally.  For  P,  the  length  of  the  principal  axis  is  1*0S58 ;  the  angle 
P  :  Pin  the  terminal  edges  »  107^  20';  in  the  lateral  edges  -  113"^  51'.  The 
djnstals  deave  indistinctly  parallel  to  P,  more  distinctly  parallel  to  2P<x>.  The 
mineral  likewise  occurs  leniform,  with  columnar  structure,  and  massire  granular. 
Hardness  ■■  4*5  to  5.  Specific  ^vity  »  6  to  6*076.  Lustre  vitreous,  inclining  to 
adamantine.  Colour  white,  inclining  to  yellow  and  brown.  Streak  white.  Sub- 
transparent  ^  to  subtranslucent.  Fracture  uneyen.  Brittle.  Scheelite  is  usually 
associated  with  crystalline  rocks,  and  is  found  associated  with  tin-ore,  topaz,  fluor-spar 
apatite,  or  wolfram,  in  quartz.  It  occurs  at  Caldbeck  Fell,  near  Keswick,  in  fint" 
crystals;  also  in  Bohemia,  Saxony,  Hungary,  and  Sweden,  at  Coquimbo  in  Chile,  and  in 
Konroe  and  Huntingdon  counties,  Connecticut. 

l^angstate  of  calcium  maybe  obtained  in  crystals,  by  fusing  wolftam  with  excess  of 
caldnm-ehloride,  and  boiling  out  the  soluble  salts  from  the  slowly-cooled  mass 
(Manross,  Ann.  Ch.  Pharm.  Ixxxi.  248)— also  by  heating  the  amorohous  salt  with 
time  in  a  stream  of  hydrochlorie  acid  gas  (D  eb  r  ay,  ibid.  cxxt.  97).  The  same  salt  is 
obtained  by  precipitation  as  a  white  powder.  It  is  insoluble  in  pure  water,  and  in 
acidulated  water. 

TuNGSTATBS  OF  CKBOMitTiL—The  neutrol  sait,  CrH)«.3WO».13H«0,  obtained  by 
precipitation,  is  light-green,  easily  soluble  in  acids,  and  turns  yellowish-grey  in  drying. 
—An  add  salt,  Cr*0».7WO*.9H*0,  obtained  by  precipitation  fipom  the  acid  ammonium- 
salt,  is  a  light  greyish-green  powder,  greenish  straw-yellow  after  ignition.    (Lotz.) 

TvNOSTATB  OF  CoBALT,  CoWO\  is  obtained  in  blue-greenish  translucent 
crystals,  by  Aising  1  pt.  sodium-tungstate,  2  pts.  cobalt-chloride,  and  2  pts.  common 
■ait.    (Schultse.) 

TuNosTATB  OF  GoFPBB. — ^Ths  mixturo  obtained  by  fusing  2  pts.  sodium- 
tungstate  with  3  pts.  cupric  chloride  and  4  pts.  common  salt^  leares,  after  treatment 
with  dilate  nitric  acid,  white  translucent  quadratic  pyramids,  on  which  yellowish- 
brown  crystals  are  implanted.    (S ch ul tze.) 

TunesTATBS  OF  I&ox. — a.  Ferric  tungdtate  is  obtained,  by  precipitating 
ferric  chloride  with  acid  ammonium-tungstate,  as  a  cream-coloured  powder,  which 
dissolves  in  tongstate  of  ammonium  on  boQin^,  and  in  ferric  chloride  even  at  ordinary 
temperatures.  Ferric  tungstate  is  also  precipitated  by  ammonia  from  solution  of  ferric 
metatungstate,  while  an  ammonio-ferric  tungstate  remains  dissolved.  The  same 
double  salt  appears  to  be  formed  by  the  action  of  ammonia  on  the  crude  tungstic  acid 
obtained  by  treating  wolfram  with  nitromuriatic  acid.  Borck  obtiuned  in  this  manner 
a  double  salt  containing  Fe"0«.6(NH*)>0.6WO»  +  6HK). 

fi.  Ferrous  tungstate,  Fe"WO\  is  formed,  by  precipitating  ferrous  sulphate  with 
add  tungstate  of  ammonium,  as  a  brown  precipitate,  becoming  darker  when  heated 
ont  of  contact  with  the  air.  The  same  salt  is  obtained  by  fusing  1  pt.  tungstate  of 
sodium  with  2  pts.  ferrous  chloride  and  1  pt.  common  salt,  in  thick,  deep  black,  highly 
lustrous,  opaque  crystals,  having  the  form  of  native  wolfram ;  they  are  non-magnetic, 
their  powder  is  of  a  dark  violet-brown  colour,  and  specific  ^vity  a  7*1  (Geuther 
and  For s berg).  Debray,  by  igniting  a  mixture  of  tungstic  oxide  and  fenic  oxide 
in  a  stream  of  hvdrochlorio  add  gas,  obtained  crystals  of  ferrous  tungstate  (together 
with  crystals  oi  magnetic  iron-ore  and  tungstic  oxide),  exactly  like  those  of  native 
wolfram. 

Ferroeo-manganous  Tungstate,  (Fe;Mn)'^0\  or  (FeO ; MnO).WO». — 
This  is  the  composition  of  wolfram,  the  prindpal  ore  of  tungsten,  which  occurs  in 
trimetric  crystals  having  the  axes  a  :  b  :  o  »  0*8231  :  1  :  0*861.  Angle  ooP  :  ooP 
(macr.)  =  78<»  66';  c»P2  :  ooP2  -  44°  44';  too  :  Pjo  (basal)  -  80°  48 :  Jtoo  : 
Jtoo  «r  64®  40'.  Observed  combination  ooP  .  a)P2  .  ootoo  .  jtoo  .  Poo  .  P. 
Cleavage  parallel  to  ootoo .  It  al6o/l*cur8  lamellar,  columnar,  and  massive  granular, 
the  particles  being  strongly  coher^.  Hardness  =  6  to  6*5.  Specific  gravity  ^  7*1 
to  7*66.  Lustre  submotallic.  C  jur  dark-grey  or  brownish-black.  Streak  dark* 
reddish-brown.  Opaque,  somet*'  <^8  feebly  magnetic.  According  to  the  proportions 
of  iron  and  manganese  in  wolf  n,  the  vanetira  may  be  included  in  three  groups,  re- 
presented by  the  formulae  MnVO'.SFeWO*,  MnW0*.4FeW0*.  and  MnW0«.5FeW0*. 

Wolfram  is  often  associated  with  tin-ores;  also  with  galena  in  veins  traversing 
greywacke ;  also  in  quartz  with  native  bismuth,  tungstate  of  caldum,  pyrites,  galena, 
uende,  &c.  It  occurs  in  Cornwall  and  Cumberland,  on  the  island  of  Bona  in  the 
Hebrides,  at  Limoges  in  France,  and  at  numerous  localities  in  Saxony  and  Bohemia ; 
also  in  the  United  States.  The  crystals  from  Zinnwald,  Bohemia,  are  remarkable  as 
hemitropes.    (Dana,  ii.  363.) 
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Geuther  and  Fonbeig  have  obtained  sereral  ciyBtaUiMd  tnngBtetee  of  ison  and 
manganese,  by  faaing  tungstate  of  Bodium  with  chloride  of  manganeM  and  fhloride  ctf 
iron  in  Tarions  proportions. 

TuMOSTATBB  OF  Lbad.— The  neutral  aaltj  Pb"WO«,  or  FbO.WO*,  oocors  natiTB 
a8scheeletine,a  mineral  oocnrring  in  quadratic  oystalsj  iaomorphouB with molybdata 
of  lead  (iii.  1039).  Lenfffch  of  principal  axis  >-  15692.  Angle  P :  P  in  the  tezminal 
edges  s  99^  42*,  in  the  lateral  edges  «  131°  30'.  The  crystals  are  often  indistinctlj 
aggregated.  Cleavage  imperfect  parallel  to  oP,  «till  more  imperfect  paralli^l  to  P. 
Hardness  a  2*75.  Specific  gravity  »  7*87  to  8'13.  Lust)^  resinous,  subadaman- 
tiue.  Colour  green,  yellowish-grey,  brown,  and  red.  Streak  unooloured.  Faintlj 
translucent.  The  mineral  occurs  at  Zinnwald  in  Bohemia,  with  quarts  and  mica ; 
in  Carinthia  with  molybdate  of  lead ;  and  in  Chile,  probably  near  Coquimbo. 

Neutral  tungstate  of  lead  is  produced  artificially,  as  a  white  powder,  by  precipitation 
from  the  neutral  sodium-salt.  By  fusing  tungstate  of  sodium  with  4*7  pts.  of  chloride 
of  lead  in  a  closed  crucible,  a  dark-green  mass  is  obtained,  having  its  cavities  lined 
with  colourless  shining  crystals  of  tungstate  of  lead.  (Manross,  Ann.  Ch.  Phann. 
Ixzxii.  357.) 

The  acid  lead-salt,  8PbO.7WO*.10H*O,  is  formed,  on  mixing  acid  ammonium-tun^- 
state  with  a  soluble  lead-salt,  as  a  white,  flocculent,  afterwards  pulyerulent  predpi- 
tate,  insoluble  in  water,  dilute  nitric  acid,  aqueous  nitrate  of  lead,  or  tungstate  of 
ammonium,  but  soluble  in  caustic  soda.    It  gives  off  7  at.  water  at  100°. 

TuxosTATBS  OF  LiTHiUM. — The  neutral  salt  ia  prepared  with  tunsstic  acid 
and  carbonate  of  lithium,  either  in  the  wet  or  in  the  dry  way;  and  crystaUises  from 
the  aqueous  solution  in  oblique  rhomboidal  prisms  (C.  Q-melin),  or  in  octahedrons 
(Anthon),  having  a  rough  bitter  taste  and  alkaline  reaction,  easily  soluble  in 
water.— The  acid  ealt,  3Li«0.7WO».19H«0,  or  Li«H»(W0*)M6HK)  (Scheibler),  is 
prepared  like  the  corresponding  sodium -salt,  avoiding  an  excess  of  tungstic  acid,  which 
would  lead  to  the  formation  of  a  metatungstate.  It  crystallises  in  large  monoclinie 
prisms  and  tables,  permanent  in  the  air,  somewhat  less  soluble  than  the  neutral  salt; 
melts  only  at  a  high  temperature,  and  solidifies  to  a  porcelain-like  mass  on  cooling. 

TuNOSTATBS  OF  Maonbsium. — Solutious  of  msgnesium-salts  are  not  precipi- 
tated by  neutral  tungstates  of  aUcaU-metaL  By  boiling  magnesium-carbonate  aiid 
tungstic  oxide  with  water,  a  solution  is  obtained  which  on  evaporation  yields  small 
shining  scales,  permanent  in  the  air,  having  a  harsh  bitter  taste,  and  easily  soluble  in 
water  (Anthon).— The  neutral  salt,  M^VfO*  »  MgO.WO*.  is  obtained  by  ftisii^ 
1  pt.  sodium-tungstate,  2  pts.  magnesium-chloride,  and  2  pts.  common  salt,  and  boiling 
out  the  more  soluble  salts,  in  colourless,  octahedral  and  prismatic  crystals,  which  are 
gradually  decomposed  by  heating  with  strong  nitric  add :  they  are  isomorphous  with 
the  neutral  calcium-salt.    (Geuther  and  Forsberg.) 

AmTnonio-moffneeian  Tungstatee. — The  salt  ^^^tt^VqI  7W()'.10H'O  separates  gradu- 
ally, IB  small  nacreous  crystals,  from  a  mixture  of  the  hot  concentrated  solution  of  the 
tungstates  of  magnesium  and  ammonium. — Another  double  salt,  oo^pmto  [  l^^^- 

24H'0,  separates,  on  cooling,  as  a  crystalline  powder,  from  a  boiling  solution  of  acid 
ammonium-tungstate  mixed  with  sulphate  of  magnesium. 

TuNQSTATBS  OF  Manoa.nb8e.— Mauganous  salts  yield  a  white  or  yellowish 
precipitate  with  neutral  or  acid  tungstate  of  ammonium. — The  neutral  ealt,  MnWO*, 
prepared  in  the  dry  way  like  the  magnesium-salt,  forms  thick,  light  gamet-brown, 
nignly  lustrous,  rhombic  crystals,  of  specific  gravity  6*7  ;  at  the  same  time  there  are 
formed  yellow  needles  having  the  same  composition  as  the  preceding  (Geuther 
and  Forsberg). — The  acid  eSt,  8Mn0.7WOMlH*0,  is  a  gummy  yellowish  precipi- 
tate, which  gives  off  only  3  at.  water  at  100°.    (Lotz.) 

The  tungstates  of  iron  and  manganese  have  been  already  described  (p.  907). 

TuNGSTATBS  OF  Mehcxtbt. — «.  Mercvtio  Salts. — A  basic  saUt,  8Hg0.2WO',  is 
obtained  by  precipitating  a  boiling  solution  of  mercuric  chloride  with  an  insufficient 
quantity  of  potassic  tun^tate.  It  is  a  white  heavy  powder,  insoluble  in  water. — ^An 
add  salt,  2Hg0.3WO",  is  obtained,  as  a  white  insoluble  body,  by  precipitating  a  solu- 
tion of  neutral  mercuric  nitrate  with  neutral  tungstate  of  potassium.  Both  these  salts 
are  decomposed  by  boiling  alkalis,  with  separation  of  mercuric  oxide,  and  leave 
tungstic  oxide  when  ignited. — An  amTtumio -mercuric  tungstate,  Hg''(NH*)*(WO*)»  HK), 
is  obtained,  as  a  heavy  white  precipitate,  on  mixing  mercuric  nitrate  with  acid  tungstate 
of  ammonium. 

p.  Mercurous  tungstate,  Hg*O.WO»,  or  Hg*WO*  (Anthon),  is  formed,  on  adding 
nicrnirous  nitrate  to  an  alkaline  tungf^tate,  as  a  yellow  precipitate,  becoming  dark- 
ycUuw  when   dry,  insoluble  in   water,   leavinf*  tunsntic  oxide  when  iimiteoL    The 
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inBolnbility  of  this  salt  renders  it  arailable  for  the.separation  and  estimation  of  tang- 
Btio  acid. 

Tun  a  STATS  of  Moltbdbmum  is  precipitated  from  a  mixture  of  molybdic  chlo- 
ride and  tungstate  of  ammoninm,  on  addition  of  sal-ammoniac.  After  washing  -with 
sal-ammoniac,  then  with  alcohol,  and  drying,  it  is  a  dark-purple  body,  permanent  in 
the  air,  and  easily  soluble  in  water;  ammonia,  added  to  the  aqueous  solution,  throws 
down  an  ammonio-molybdic  tungstate.  The  solution  of  molybdic  tungstate  oxidises 
and  becomes  decolorised  on  exposure  to  the  air,  and  deposits  molybdic  tungstic  acid. 
(Berselius.) 

TxTKOSTATB  OF  NicxBL,  3Ni0.7WO'.14HK),  obtained  on  adding  sulphate  of 
nickel  to  acid  tungstate  of  ammonium,  as  a  light-green  precipitate,  which  unites  into 
lumps  of  the  consistence  of  turpentine  (Lotz).  By  fusing  1  pt.  sodium-tungstate  with 
2  pts.  nickel-chloride  and  2  pts.  common  salt,  the  neutral  tungstate  of  nickel,  NiWO^,  is 
obtained  in  well-defined,  brown,  highly  lustrous,  translucent  crystals,  having  the 
aspect  of  zinc-blende.    (Schultze,  Ann.  Ch.  Pharm.  cxxxi.  56.) 

TuNOSTATBS  OF  PoTABSiuM. — These  salts  are  formed  by  adding  pulverised 
wol&am  to  about  an  e(^ual  weight  of  fused  carbonate  of  potassium,  continuing  the  heat 
for  some  time ;  on  boihng  the  cooled  and  pulverised  mass  with  wat.er,  evaporating  the 
filtrate  to  dryness,  and  treating  the  residue  with  lukewarm  water,  the  neutral  salt 
dissolves,  while  the  acid  salt  remains  behind. 

The  neutral  salt,  K^0\  or  K'O.WO*,  crystallises  from  a  hot  saturated  solution  on 
cooling,  or  on  evaporation  by  heat,  in  anhydrous,  thin,  needle-shaped,  hexagonal  crystals, 
easily  soluble  in  water,  decrepitating  when  heated,  and  melting  at  a  redheat  (Marig- 
nac). — The  monohydrated  neutral  salt,  K^O^.H^'O,  is  obtained  by  gradually  adding 
46  pts.  of  tungstic  oxide  to  a  concentrated  solution  of  potc^sic  carbonate  heated  to 
60^ — 80^,  and  crystallises  from  the  hot  filtered  solution  on  cooling,  in  needle-shaped, 
sometimes  aggregated  crystals  It  has  a  rough  and  somewhat  bitter  taste,  is  easily 
soluble  in  water,  insoluble  in  alcohol ;  on  pouring  alcohol  on  the  aqueous  solution,  the 
salt  crystallises  at  the  surface  of  contact. — The  dihydrate,  K*W0*.2H'0,  ciystalliaes 
by  evaporation  of  the  solution  over  oil  of  ritriol,  at  a  temperature  not  above  10°,  in 
large,  shining,  oblique,  rhombic  prisms  or  tables,  which  quickly  effloresce  in  dry,  and 
deliquesce  in  moist  air. — The  pentahydratey  K^0*.5H^,  ciystallisos,  according  to 
Anthon,  in  colourless  six-sided  prisms,  but  the  conditions  of  its  formation  are  not 
particularly  stated. 

Thea«a  «i/^  (K«0.2WO».2H«0.  according  to  Anthon  and  Riche;  3K«0.7WO».6H«0, 
according  to  Scheibler ;  6K'0.12WO'.llH'0,  according  to  Laurent  and  Marignac)  is 
formed  by  Adding  tungstic  acid  to  the  neutral  salt,  infusion  or  aqueous  solution  ;  or  by 
treating  this  solution  with  any  other  acid;  or  by  passing  a  stream  of  carbonic  anhy- 
dride through  it.  The  salt  is  then  deposited  as  a  crystalline  powder,  consisting  of 
iridescent  scales,  while  metatungstate  of  potassium  remains  in  solution.  The  acid 
tunestate  tastes  like  the  neutral  salt ;  it  has  an  acid  reaction,  dissolves,  according  to 
Kiche,  in  46  pts.  cold  and  15  pts.  boiling  water ;  according  to  Marignac,  in  71  pts. 
water  at  20^.  When,  however,  a  saturated  solution  is  prepared  by  boiling  an  excess 
of  the  salt  with  water  for  several  days,  the  cooled  solution  contains  1  pt  of  the  salt, 
after  one  day,  dissolved  in  5*6  pts.  water;  after  26  days,  in  11*9  pts.  water;  after 
153  days,  in  15*6  pts.  water — this  last  degree  of  solubility  remaining  unaltered  for 
six  months  (Mari  gnac).    The  salt  is  insoluble  in  alcohol. 

TuNOSTATBs  OF  SiLVBB.— An  ocid  argewtie  salt,  Ag»0.2WO»,or  Ag«WO*.WO«, 
is  obtained  by  precipitating  acid  tungstates  of  alkali-metal  with  nitrate  oi'silver,  as  a 
white  anhydrous  salt,  insoluble  in  water,  slightly  soluble  in  acetic  or  phosphoric  acids, 
more  easily  in  ammonia.  When  ignited,  it  turns  brown,  and  cakes  together  to  a  me- 
tallically lustrous  mass. — ^An  acid  argentous  salt,  Ag^0.2W0',  is  form^i,  according  to 
Rautenberg,  by  the  action  of  hydrogen  on  an  ammoniacal  solution  of  the  argentic  salt. 
It  is  a  bUick,  glittering,  crvstalline  powder,  which  is  decomposed  by  nitric  acid, 
leaving  tungstic  oxide ;  potash  dissolves  the  tungstic  acid,  leaving  argentous  oxide. 

TuNOSTATBS  OF  SoDiTJM. — The Vi^w^ro/ «a/^,  Na*WO*,  or  Na'O.WO',  is  prepared 
like  the  neutral  potassium-salt.  It  crystallises  in  transparent,  colourless,  nacreous, 
rhombic  tables  or  scales,  containing  Na'W0*.2H*0,  having  a  bitter  taste  and  alkaline 
reaction,  permanent  in  the  air,  soluble  in  4  pts.  of  cold  and  2  pts.  of  boiling  water, 
insoluble  in  alcohol,  and  precipitated  thereby  from  its  aqueous  solution.  It  may  be 
recrystallised  without  decomposition.  When  heated  to  200*^,  it  gives  off  all  its  water, 
and  becomes  opaque ;  and  at  a  temperature  somewhat  below  redness,  it  melts  to  a 
transparent  liquid,  which  solidifies  in  the  crystalline  form  on  cooling.  This  salt  is 
sometimes  used,  in  place  of  stannate  of  sodium,  as  a  mordant  in  dyeing  and  calico- 
printing;  also  for  rendering  linen,   cotton,  &;c.,  uninfiamniable  (see  Combustiok, 
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i.  1102).    For  the  methods  of  prepaiiDg  it  on  the  laige  scale,  see  Richardson  and 
Watts'B  Chemical  Technology,  i.  [4],  48). 

Acid  saUs.—Ttxti  BaltSNa'^OjWO*,  according  to  Lota  and  Scheibler(6NaK).12WO', 
aecording  to  Laurent  and  Marignac),  is  prepared  similarly  to  the  correspoDdinif 
potHBsium-salt — ^namely,  by  fusing  the  neutral  salt  with  a  sufficient  quantity  of  tungatie 
oxide,  and  boiling  the  product  with  water ;  or  by  boiling  a  solution  of  hydrate,  carboii- 
ate,  or  neutral  tungstate  of  sodium  with  tungstic  oxide,  and  leaving  the  rfsuliing 
solution  to  crystallise ;  or,  again,  by  fusing  wolfram  with  one-third  of  its  weight  of 
anhydrous  carbonate  of  sodium.  It  crystallises  from  cold  aqueous  solntions  with 
16  at  water  (Scheibler)  [28  at.  water,  aecording  to  Marignac's  formula],  in 
laige  striated  monoclinic  prisms,  of  specific  gravity  3*897  at  14",  sometunee 
flattened  to  six-sided  tables.  It  has  an  astringent  and,  at  the  same  time,  sweet  and 
bitter  taste;  reddens  litmus;  dissolves  in  2*22  pts.  water  at  0°,  and  in  0-24  pt. 
at  100^  (Sch  eibler);  in  about  12  pts.  of  cold  water  (Marignac).  When  water  at 
35° — 40^  is  saturated  with  Uiis  salt,  the  cooled  solution  retains  1  pt.  of  aalt  dis- 
solved in  9  pts.  water ;  but  gradually  (in  about  7  months),  so  much  separates  omt  that 
1  pt.  remains  dissolved  in  nearly  12  pts.  water.  If  the  salt  be  boiled  for  some  time 
with  water,  a  solution  is  formed,  which,  when  cold,  contains,  after  one  to  twelve  dajs^ 
1  pt.  salt  to  0*68 — 2*6  pts.  water ;  and  after  seven  months,  1  pt.  salt  to  9*7  pts.  water 
(Marignac).  The  salt  effloresces  in  dry  air,  gives  off  1 2  at  water  at  1 00",  and  the  rest 
at  300°,  leaving  the  anhydrous  salt,  3Na*0.7 WO',  of  specific  fpivity  6*49,  and  still  per- 
f(H:tly  soluble  in  water.  It  melts  at  a  red  heat,  and  solidifies  m  the  crystalline  state  oo 
cooling ;  water  then  extracts  from  it  the  alkaline  sesqniacid  salt,  2Na*0.8WC)',  leaving 
the  anhydrous  tetratungstate,  Na*0.4W0',  in  the  form  of  a  laminar  or  sealy  erystalfine 
mass,  having  a  nacreous  lustre.  This  last-mentioned  salt  is  quite  insoluble  in  water ; 
it  does  not  melt  at  a  moderate  heat»  but  when  more  strongly  heated,  cakes  together  to 
a  semifused  mass,  containing  deep  blue-green  crystals  (?  of  sodio-tnngstous  tongstate). 

When  the  solution  of  the  salt,  dNa*0.7W0*,  is  evaporated  by  heat,  erystala  are 
obtained,  containing  smaUer  quantities  of  water  than  the  above — ^viz.,  at  60^ — 80^, 
monoclinic  crystals  containing  3Na'0.7WO'.15H*0;  and  at  100*',  shining  octahedrona, 
containing  3Na«.7WO».12H«0,  or  6Na«O.12WO«.20H«O.    (Marignac.) 

A  salt  containing  2Na'0.6WOM2H'0,  is  obtabed,  according  to  Forcher,  in  bril- 
liant translucent  crystals,  by  prolonged  digestion  of  the  neutral  salt  with  water,  or  by 
saturating  a  Mrarm  solution  of  that  salt  with  tungstic  add. 

A  diacid  salty  Na'0.2WO'.2H'0,  is  precipitated  from  the  solution  of  the  neutral 
salt  by  hydrochloric  acid,  as  a  crystalline  powder  (Rammelsberg,  Pogg.  Ann.  xciv. 
614).— The  anhydrous  diacid  salt,  Na*0.2W0*,  or  Na'WO^WO*,  is  formed  by  fusing 
1  at  of  the  neutral  tungstate  with  1  at.  tungstic  acid,  and  is  found  in  needles  lining 
the  cavities  of  the  resulting  crystalline  mass.    (Forcher.) 

Ammanio'sodic  Tunffstaies.—a.  Thesalt,  ^/^^ixtQl  7  W0*.3H'0,  crystallises  in  white 

nacreoQS  scales,  from  a  warm  concentrated  solution  of  1  at.  neutral  sodium-tungstate, 

mixed  with  rather  more  than  1  at  chlorideof  ammonium. — fi, .  o/wmxtQ  ( 36 WO*.  1 4H'0 

separates  in  crystalline  scales,  on  pouring  a  boiling  solution  of  1  at  sodium-tungstate 
into  a  boiling  solution  of  2  at  sal-ammoniac,  a  large  quantity  of  ammonia  beingat  the  same 

time  evolved. — 7.  The  salt  6  [t/^jQ4N,Q\.12WOM2H*0,or  perhaps,  in  the  pure  state, 
4^NH^*0  [  ^^^*^^*>  crystallises  in  nacreous  rhombic  laminse,  on  mixing  the  solutionsof 
the  acid  tungstates  of  sodium  and  ammonium.  It  is  soluble  in  water,  but  is  resolved  by 
reerystallisation  into  the  ammonium-  and  sodium-salts.-~<.  The  ^^/nh«\*0  [  ^^^^' 

16HK),  is  prepared  similarly  to  the  preceding,  which  it  resembles.    (Marignac.) 

BariO'Sodie  tunastate  has  been  already  desmbed  (p.  906). 

Potassio-sodic  Tungstates, — ^A  mixture  of  the  tungstates  of  potassium  and  sodium 
deposits,  first,  crystals  of   the  acid  potassimo-salt,   then    two  double    salts,  viz^ 

^|q|.12WO».16H«0,  in  monoclinic  crystals,  and  6(4^^Vl2WO».26H«0,  in  ob- 
lique rhombic  octahedrons,  and  lastly,  the  acid  sodium-salt    (Marignac.) 

TuNOSTATBS  OF  Stboktivm. — Th»  noUral  Salt,  SrWO\  is  prepared  like  the 
barium-salt,  which  it  resembles.  By  fusing  1  pt.  of  sodium-tungstate  with  2  pts. 
strontium-chloride  and  2  pta.  common  salt,  it  is  obtained  in  white  transluoent  oystels, 
having  the  form  of  native  tungstate  of  lead.    (Schultze.) 

The  acid  salt  (Sr0.2WO*.4H>0  according  to  Anthon,  3Sr0.7WO*.4£PO  according  to 
Lots),  prepared  like  the  add  barium-salt,  is  white,  insoluble  in  cold  water,  decompiled 
by  acids,  and  becomes  anhydrous  when  heated. 
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TuKosTATB  OF  Thobinuh. — ThoriiiTim-ialtfl  give  white  floeculent  precipitates 
vrith  the  neutral  and  acid  tungstates  of  alkali-metal. 

TuNOSTATB  OF  TiN. — ^A  soliition  of  ammonio-stannic  chloride  is  precipitated  by 
acid  ammonitun-tuDgstate,  in  white  flocks,  soluble  in  excess  of  the  tin-salty  also  in 
phosphoric,  oxalic,  and  tartaric  acids.     (Lotz.) 

TuNGSTATB  OF  TxjNGSTBN,  W»0»  «  WO«.WO«.— This  IS  the  blue  oxide  of 
tungsten,  already  mentioned  as  being  formed  by  the  reduction  of  tungstic  oxide  by 
zinc  and  hydrochloric  acid,  &c.  It  is  likewise  produced,  as  a  flue  blue  powder,  when 
tungstate  of  ammonium  is  heated  to  redness  in  a  retort. 

Tu2YOSTATES  OF  Ubanivx. — The  uranicsalt  is  a  light-yellow  precipitate,  insolu- 
ble in  water,  but  soluble  in  the  stronger  acids,  and  in  ammonia  (Berzelius).< — An 
acid  uranous  saltf  2UO.WO".6H^O,  is  obtained,  by  precipitating  uranous  chloride  with 
an  acid  tungstate  of  alkali-metal,  as  a  brownish  precipitate,  scuuble  with  green  colour 
in  hydrochloric  acid.    (Kammelsberg.) 

TuNOSTATB  OF  Vanadivk,  precipitated  by  alkaline  tungstates  from  vanadic 
salts,  is  brown,  somewhat  soluble  in  water,  and  oxidises  in  the  air  with  formation  of 
yanadic  acid. 

TuNOSTATB  OF  Yttriux,  YW0^2H'0,  is  a  white  pulyerulent  precipitate, 
slightly  soluble  in  water.    (Berlin.) 

Tttnostatb  of  Zinc,  Zn'WO^  is  obtained,  by  fusing  1  pt.  sodium-tungstate, 
2  pts.  zinc-chloride,  and  2  pts.  common  salt,  and  boiling  the  mass  with  water,  in 
colourless  square  prisms,  with  octahedral  fkces,  probably  isomorphous  with  the  cal- 
cium-salt.   (Geuther  and  Forsberg.) 

AmmofUum-zinC'tungatate,  /^^hm^O  C  7W0'.3H*0,  is  obtained  by  precipitating  sul- 
phate of  zinc  with  acid  tungstate  of  ammonium,  in  small  snow-white  needles,  which 
dissolye  sparingly  in  boiling  water,  more  easily  on  addition  of  ammonium-tungstate, 
zinc-sulphate,  oxalic  acid,  tartaric  acid,  or  phosphoric  add.    (Lotz.) 

Mbtatttnostic  Acid. 

SoluhU  Modification  of  Tungstic  Acid, — ^This  add  is  mostly  produced  in  the  de- 
composition of  tungstates  by  the  stronger  adds  at  ordinary  temperatures ;  also  by  the 
action  of  tungstic  acid  on  tungstates.  Pure  metatungstic  acid  is  obtained  by  decom- 
posing a  warm  concentrated  solution  of  barium-metatimgstate  with  dilute  sulphuric 
acid  ;  the  filtrate,  evaporated  oyer  oil  of  yitriol  in  a  yacuum,  yields  crystals,  apparently 
quadratic  octahedrons,  of  hydrated  metatungstic  acid,  IfWO^TH'O,  or  H'O.WO*  -i*  7aq. 
(Scheibler),  ormore  correctly,  H«WO«.8WO*.8lH«0,  or  H*0.4WO»  +  81aq.  Forcher, 
by  decomposing  the  lead-salt  with  sulphydrie  add,  and  leaving  the  filtrate  to  evapo- 
rate, obtained  metatungstic  acid  in  sulphur-yellow  crusts,  apparently  made  up  of 
octahedrons. 

Metatungstic  acid  is  very  soluble  in  water ;  the  solution  has  a  sour  and  intensely 
bitter  taste. 

A  solution  containing    2*70  per  cent.  WO*  has  a  specific  gravity  of  1*0257  at  17'5^. 

12-68  „  „  „  1-1276 

27-61  „  „  „  1-8274 

48-76  „  „  „  1-6848 

The  solution  may  be  boiled,  and  evaporated  to  a  syrup  over  the  water-bath,  without 
alti^ration ;  but  on  further  concentration  by  heat,  ordinary  yellow  insoluble  tungstic 
add  separates  out  suddenly. 

Strong  gulfhuric  acid  added  to  a  concentrated  solution  of  metatungstic  add  forms  a 
white  precipitate  which  disappears  on  addition  of  water.  Aqueous  metatungstic 
acid  dissolves  zinc  and  iron,  with  evolution  of  hydrogen,  blue  oxide  of  tungsten  being 
formed  at  the  same  time. 

A  colkndal  modification  of  metatungstic  add  is  obtained  by  dialysing  a  6  per  cent, 
solution  of  sodium-tungstate  mixed  with  a  quantity  of  hydrochloric  add  exactly  suffi- 
cient to  saturate  the  alkali  contained  in  it.  The  solution  remaining  on  the  dialyser 
after  a  few  days  (amountinff  to  80  per  cent,  of  the  liquid  used),  has  a  bitter  astrin- 
gent taste,  is  not  gelatinised  by  acids  or  salts  even  at  the  boiling  heat,  and  when 
evaporated  to  dryness,  leaves  yitreous  scales  which  adhere  strongly  to  the  porcelain 
dishes.  They  are  colourless  if  the  eyaporation  has  taken  place  in  a  vacuum,  do  not 
lose  their  solubility  by  being  heated  to  200^,  but,  at  a  temperature  near  redness,  are 
conyerted  into  insoluble  tungstic  oxide,  with  loss  of  2*42  per  cent,  water.  The  dry 
soluble  add  is  rendered  sticky  by  water,  like  gum.  Its  solutions  exhibit,  at  19°,  the 
following  spedfie  gravities : 
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Specific  gravity       .        .        .     10475        1-2168        1*8001        2*596        3243. 
(Graham,  Chem.  Soc.  J.  zrii.  318;  Jabrrab.  1864,  p.  179.) 

Metatungstates,  M«0.4W0»,  or  MW0*.3W0».— These  salto  have  been  nLamined 
chiefly  by   Scheiblur   (J.  pr.  Chem.  Izxx.  204;  Jahrcsb.  1860,  p.  155);  bat  tiia 
ammonium-salt,  which  was  the  first  known,  was  discovered  by  Margueritte  (Ann. 
Ch.  Phys..  ^3],  zvii.  475).     They  have  the  composition  of  qnadracid  tungstates,  but 
the  tnngstic  acid  obtained  from  them  is  not  ordinary  tnngstic  acid,  but  the  ntoze 
soluble  modification.      They  are  formed  from  ordinary  tungstates   by  addition  oi 
tungstic  acid,  or  by  abstraction  of  part  of  the  base.     The  metatungstatee  of  tha 
alkadi-metals  are  best  prepared  by  boiling  the  solutions  of  the  corresponding  tungstates 
for  some  time  with  hydiated  tunestic  acid,  H^WO'.H'^O,  or  by  dropping  an   add 
(phosphoric  acid  being  the  best  adapted  for  the  purpose)  into  the  solution  of  an 
alkaline  tungstate,  as  long  as  the  tungstic  acid  separated  in  the  firtrt  instance  redia- 
flolves.     The  other  metatungstatee  may  be  prepaid  from  those  of  the  alkali-naetals  by 
double  decomposition,  and  very  easily  by  decomposing  the  metatungstate  of  barium 
with  soluble  sulphates.    The  metatungstates  may  also  be  prepared  by  the  direct  com- 
bination of  metatungstic  acid  with  bases,  or  by  its  action  on  carbonates,  nitrates,  or 
chlorides,  all  of  which  it  decompoaes. 

The  metatungstates  are  for  the  most  part  soluble  and  crystallisable ;  some  are  very 
soluble,  and  leave  amorphous  gummy  masses  when  evaporated ;  according  to.  Marig- 
nac,  they  react  nearly  neutral,  colouring  litmus  violet;  tbey  efSoresce  in  diy  air,  and 
give  off  the  greater  part  of  their  crystaUisation-water  below  100^.  The  metatung- 
states of  the  alkali-metak  do  not  melt  at  a  red  heat,  but  merely  bake  together,  decom- 
posing at  the  same  time,  with  formation  uf  blue  oxide.  Their  solutions  do  not  pre- 
cipitate the  salts  of  the  earth-metals,  or  of  the  heavy  metals,  excejpting  those  of  lead 
and  merettrosum.  They  give  no  precipitate  with  jerroef/anide  of  potassium. — Acids 
added  to  the  solutions  of  metatungstates  do  not  precipitate  either  white  or  yeUow 
tungstic  add. — Zine  and  hydrochloric  acid  colour  them  blue,  changing  to  reddish- 
violet  (not  lo  brown  like  the  ordinary  tungstates :  Forch  er).  These  reactions  are  suffi- 
cient to  distinguish  the  metatungstatee  £>m  the  acid  tungstates,  with  which  they  are 
in  some  cases  isomeric.  They  are,  however,  easilv  reconverted  into  ordinary  tang- 
states  by  addition  of  aqueous  alkalis,  the  solutions  being  then  predpitated  by  acids,  as 
well  as  by  the  salts  of  the  alkaline  earth-metals  and  other  metals. 

Metatungstic  add  predpitates  the  solutions  of  organic  bases  in  flocks,  and  may 
therefore  be  used  as  a  reagent  for  these  bases;  the  solution  of  a  metatungstate 
addulated  with  a  mineral  acid,  or  ordinary  tungatate  of  sodium  mixed  with  excess  of 
phosphoric  add,  may  be  used  for  the  purpose.  This  reaction  with  metatungstic  add 
IS  said  to  be  even  more  delicate  than  that  with  phospho-molybdic  add,  a  distinct 
turbidity  being  produced  by  metatungstic  add  in  a  solution  containing  not  more  than 
1  pt.  in  200,000  of  quinine  or  strycluune. 

Metatungstate  of  Ammonium,  (NH<)«W*0".8IP0,  or  (NH*)»0.4W0«  +  8aq. 
according  to  Scheibler;  2(NH«)»W*0>M6H=0,  according  to  Lotz.--^This  salt, 
discovered  by  Margueritte,  is  produced  by  boiling  tungstate  of  ammonium,  either  alone, 
whereupon  ammonia  is  given  off,  or  with  tungstic  acid,  which  is  dissolved.  On  evapo- 
rating the  solution  to  a  syrup,  ordinary  ammonium-tungstate  separates  out  first,  and 
the  filtrate  deposits  the  metatungstate  in  highly  lustrous  transparent  octahedrons, 
which  6£9oresce  on  exposure  to  the  air.  The  salt  is  very  soluble  in  water,  melting  at 
first  at  the  bottom  of  the  liquid,  like  phosphorus.  The  solution  is  strongly  refractive, 
is  not  precipitated  by  hydrochloric  or  nitnc  add,  but  when  mixed  with  ammonia,  and 
evaporated,  yields  crystals  of  ordinary  acid  tungstate,  8(NH*)*0.7WO"  (Lotz). — From 
the  mother-liquor  of  the  octahedral  metatungstate  just  described,  Mar;|ueritte  ob- 
tained the  salt  (NH*)*0.6W0*  t  13aq.,  in  well-defined  crystalline  lanunse.  •—  The 
potassium'  salt,  K'W^0".8HK),  obtained  by  boiling  the  tungstate  with  tungstic  acid, 
crystallises  in  shining  octahedrons  resembling  the  ammonium-ftalt.  The  same  solu- 
tion yields  slender  needle-shaped  ciystals,  which,  however,  are  converted  into  the 
octahedral  salt  by  recrystallisation;  the  salt  appears  therefore  to  be  dimorphous 
(Scheibler). — The  sodium-salty  Na*W*O".10H*O,  also  crystallises  in  shining  octa- 
hedrons, apparently  regular,  of  specific  gravity  3*84,  and  very  efilorescent.  One  part  of 
water  at  ordinary  temperatures  dissolves  10*69  pts.  of  these  crystals,  forming  a  solu- 
tion of  specific  gravity  3*019  ;  hot  water  dissolves  the  salt  in  all  proportions.  The 
salt  gives  off  all  its  water  at  a  heat  much  below  redness,  and  if  it  has  not  been  too 
strongly  heated,  still  dissolves  completely,  though  slowly,  in  water  (Marignac).  In 
other  respects  it  behaves  like  the  potassium-  and  ammonium-salts.    Margueritte  like- 
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wim  roentioBs  a  salt  oontaining  NanV^*0*'.4HK>.— The  litkhtm-Mli  dries  np  orer  oil  of 
vitriol  to  an  amoiphons  mass. 

Metatungstate  of  Barium^  BaW*0".9HH),  is  obtained  by  mixing  tbe  warm  oonoen- 
trat«d  solutions  of  ammonimn-metatnngBtate  and  bariam-cnloride,  and,  when  purified 
by  recrystallisation,  forms  large,  shining^  qnadratic  octahedrons,  modified  by  the  pris- 
matic faces  and  the  perpendicular  end-faces.  They  have  a  specific  grarity  of  4*298, 
effloresce  in  the  air,  ana  giye  off  6  at.  water  at  100^;  at  a  rea  heat  the  salt  becomes 
yellow  and  insoluble.  The  crystals  are  decomposed  by  cold  water  into  the  insoluble 
triacid  salt^  BaW0'*.6H*0,  and  free  tnngstic  acid,  which,  howerer,  recombine  at  the 
boiling  heat.  The  metatungstate  dissolves  easily  in  boiling  water ;  the  solution  yields 
metatangstie  add  when  decomposed  by  dilute  sulphuric  add,  and  the  other  meta- 
tnngstates  (as  those  of  magnesium,  zinc,  cadmium,  cobalt,  nickel,  &c.),  by  double  de- 
compoaition  with  s<duble  sulphates.— The  •trontmrn'SaUy  SrWH)>'.8H*0,  obtained  like 
the  barium-salt,  ciystallises  in  quadratic  octahedrons,  modified  by  the  faces  oP  and 
odPoo  .—r-The  caieium-^aUt  formed  by  decomposing  chloride  or  carbonate  of  caldum 
with  metatungstio  add,  crystallises  with  difficulty. — ^The  mtj^^nmum-Mlt,  MffW*0". 
8H.'0,  fonns  shining,  probably  monoclinic  ciystals,  permanent  in  the  air.-— ^e  glu^ 
cinum'ScUt  is  yeiy  soluble,  but  crystallises  from  a  syrupy  solution,  in  delicate  deliques- 
cent laminie. — ^The  alununium^alt  dries  up  to  an  amorphous  mass. 

MetaiunffBtaie  of  Cadmium^  CdW^O**.10HK),  forms  shining  quadratic  octahedrons, 
pemument  in  the  air. — ^The  eeroua  soli,  GeW^O".10HK),  prepared  by  decomposing 
oe(Tonfl  carbonate  withmetatungstie  acid,  ciystallises  in  pale,  lemon-yellow,  monodinie 
crystals,  pennanent  in  the  air. — ^The  lanthanum-'  and  dviymmmrtalU  are  also  ciystal- 
lisable.— The  eobdU-saU,  CoW«0".9H'0,  ciystallises  in  quadiatic  octahedrons;  the 
cuprie  salt^  CuW^O'MlH*0,  in  lamine  and  tables,  probably  belonging  to  the  mono- 
clinic  system. — ^The  ferrie-saU  dries  up  to  an  amorphous  mass ;  its  solution,  mixed 
with  ammonia, yields apredpitate  of  feme  tungstate, while  ammonio-ferric  tungstate 
remains  in  solution. — The  fiirrow  9ait,  prepared  by  dissolving  iron  in  metatungstio 
acid,  is  crystallisable,  but  difficult  to  obtain  pure.  The  solution,  which  has  a  fine 
blue  colour,  contains  blue  oxide  of  tungsten,  ss  wall  as  the  ferrous  salt — ^The  lead- 
salt,  FbWK)».6HH>  (Lotz),  or  PbWH)».6H>0  (Scheibler),  is  obtained  by  predpi- 
tating  a  moderately  concentrated  solution  of  the  add,  or  the  ammonium-salt,  with 
acetate  of  lead,  as  a  white  floceulent  salt,  which  dissolves  in  a  large  quantity  of  hot 
water,  and  ciystaUises  by  slow  evaporation  in  slender  silky  needles,  easily  soluble  in 
nitric  add.— The  manganous  salt,  MnW^O'MOH'O,  forms  beautiful,  nght-yellow, 

auadratic  octahedrons,  with  perpendicularly  truncated  summits ;  they  are  permanent  in 
tie  air. — ^The  msreurous  salt,  Hg'W^O*'.26HK)  (?),  is  obtained  on  adding  mercnrons 
nitrate  to  the  tree  add,  or  an  idkaline  metatungstate,  as  a  white  bulky  precipitate, 
which  shrinks  considerably  in  diying^  and  assumes  a  lemon-yellow  colour. — The 
niekeUsoLt,  NiW<0".8HK),  forms  monodinie  prisms  and  tables. — ^The  sUver-salt, 
Ag^*0''.8H'0,  is  beet  prepared  by  mixing  the  boilinff  solutions  of  equivalent  quan- 
tities of  sodium-metatnngstate  and  silver-nitrate,  wiSi  addition  of  a  few  drops  of 
nitric  acid ;  the  dear  solution,  on  cooling,  debits  the  salt  in  waxy  crusts,  consisting 
of  microscopic  octahedrons.  It  dissolves  easily  in  water,  crystallises  by  evaporation 
over  oil  of  vitriol,  but  romains  as  an  amorphous  mass  when  Uie  solution  is  evaporated 
by  heat.— The  eme^saU,  ZnWH^iMOH'O,  is  veiy  soluble,  and  crystallises  with 
difficulty, 

Ethylie Metatungstate,  probably  (C*H*)*W^h.8H*0,  is  produced  Cheating 
the  silver-salt  with  ctiiylic  iodide  in  sealed  tubes,  and  remains,  on  distillinff  on  the  free 
ethylie  iodide,  exhaustinff  with  absolute  alcohol,  and  evaporating  quickly  m  aTacuum, 
as  a  thick  visdd  syrup,  which  slowly  dries  up,  over  oil  of  vitriol,  to  a  greenish  fissured 
mass.  It  is  very  unstable,  and  is  instantly  decomposed  by  water,  yielding  tungstie 
hydrate. 

Ordinary  tungstate  of  silver,  heated  with  ethylic  iodide,  does  not  yield  a  tungstio 
ether. 


(See  p.  899.) 
OV.    (See  p.  900.) 

TmiiSVBWf  FHOSFBinaS  OV.  Phosphoms  and  tungsten  combine  di- 
rectly, but  without  incandescence,  when  finely-pnlverised  metallic  tungsten  is  heated 
to  redness  in  phosphorus-vapour.  The  resnltinffoompound  is  a  dull  dark-grey  pow- 
der, very  difficult  to  oxidise,  and  containing  W'P*. — ^Another  oomjwund,  W^I^,  is 
obtained  in  beautiful  crystalUne  groups,  like  natural  geodes,  by  reducing  a  mixture  of 
2  at  pho^horic  and  I  at.  tungstie  annydride,  at  a  ver^  high  temperature,  in  a  crud- 
ble  lined  with  diazcoaL  The  crystals  are  six-sided  pnsms,  sometimes  an  inch  long 
having  a  steel-grey  colour  and  strong  lustre ;  spedfio  gravily  «  6'207.    This  eom- 

VoL.  V.  8  N 
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pound  is  a  good  condoetor  of  electricity,  is  scftrcdy  osidiBed  vhen  heated  to 
bnt  burns  with  great  splendour  on  chiucoal  in  a  stream  of  oiygen,  or  on  fnaed  cfalo* 
rate  of  potassium ;  it  is  not  attacked  by  any  add,  not  eren  by  nitromnriatic  add. 
(Wohler,  Chom.  Soc.  J.  t.  94.) 

TUWCMTBV,  SV&FBXDBS  MP.  The  disulpkide,  WS*,  Js  fomied  when 
tungsten,  or  one  of  its  oxides,  is  heated  to  redness  with  sulphur,  or  ccvtain  Tolatito 
sulphur-compounds.  It  is  prepared  by  igniting  tungsten  or  tungstic  oxide  with  6  pi&. 
of  cinnabar,  or  by  passing  the  lapour  of  carbonic  disulphide  or  snlphydrie  acid  over 
tungstic  oxide  heated  to  redness  in  a  porcelain  tube ;  also  hf  igniting  the  twsMlphwIa 
in  a  close  reesel  (Berselius  and  Borok).  lUche  prepares  it  by  fusing  equal  pacts  of 


arid  potassium-tungstate  and  sulphur  in  a  emcible,  and  lixiviating  the  mass  with 

Disulphide  of  tungsten  is  (aeerading  to  Berselius)  a  greyiah-white  powder,  aeqwir- 
ing,  by  pressure,  a  steel-grey  colour  and  metallic  lustre.  Aoeotdinff  to  Itiche,  it  ferma 
slender,  soft,  black,  needle-shaped  crystals,  which  soil  the  ftngens  like  grn^hite.  It  is 
oxidised  by  ignition  m  the  air,  or  in  Tapour  of  water,  also  when  gently  heated  with 
nitric  or  nitromuriatic  add.  It  is  not  altered  by  fusi(Mi  with  ^awde  of  pi,4BJiiiiwi 
(Wohler  and  T.Uslar.) 

Thetri9ulphide,  or  TunffBtia  SulpkidB,  W&F,  has  hitherto  been  obtained  oi^y 
in  the  wet  way.  It  is  prepared  by  dissoiYing  tungstic  oxide  in  sulphydnte  of  aaaM>- 
nium  or  potassium,  and  predpitating with  an  add;  or  fay  sstnratiag  an  aqmam 
solution  of  slkaline  tungstate  with  snlnhydric  add,  and  predpitating  with  hydrodhlorie 
add.  It  is  black  when  dry,  and  yields  a  liTar^oloured  powder;  SasdhrM  aUghtly  in 
cold  water,  more  eanly  in  boiling  water;  and  ispreci^tated  almost  eompleteiy  bj  asl- 
ammoniac  and  other  salts,  and  by  adds.  When  boiled  with  hydrochloric  add,  the 
predpitate  becomes  denser  and  dazkeiHSoloQred,  ultimately  black-blue,  but  remaias 
soluue  in  water.  It  dissolves  easily,  especially  when  recently  predpitatod,  in  hydrate 
or  carbonate  of  potassium,  and  in  ammonia.  When  ignited,  alone  or  with  cyamda  of 
potassium,  it  is  reduced  to  the  disulphide. 

Trisulphide  of  tmigsten  unites  readily  with  basic  metalUe  sulphideB,  forming  sul- 
phur-salts called  sulphotungstates,  represented  for  the  most  part  by  the  fonrala 
m'WS\  or  H'8.WS^,  analogous  to  that  of  the  neutral  tungstates.  The  sulphotoag- 
states  of  the  alkali-metals  and  alkaline  earth-metals  may  be  prepared  by  dissorring  the 
trisulphide  in  the  corresponding  snlph^drates,  or  by  treatiBg  the  oomsponding  toa^ 
states  with  sulphydrio  add  When  tnsnlphide  of  tungsten  is  dissoWed  in  a  cauae 
alkali  or  an  alkalme  carbonate,  a  tungstate  is  formed,  iMother  with  the  sulphotaqg- 
state ;  and  the  resulting  solution  yields,  with  adds,  a  li^t  red-brown  predpitate  of 
tungstic  oxy sulphide^  which  does  not  turn  black  when  bdled  with  hydrochloric 
add.  The  insoluble  sulphotnngstates  of  the  eaith-metals,  and  heary  metala,  are  ob- 
tained by  predpitation,  or  by  boiling  a  solution  of  alkaline  snlphotungstate  with  the 
corresponaing  oxides. 

The  ammonium'MUt  (NH*)'WS*,  separates  from  a  eonoentrsted  solution  in  yellowish- 
red  crystals ;  and  the  mother-liquor,  when  left  to  etaporate,  deposits  yellow  reetsngular 
tables.  The  salt  is  somewhat  sparingly  soluble ;  it  decrepitates  when  heated,  and  when 
ignited  out  of  contact  of  air,  leayes  tungstic  sulphide  in  lumps  haying  a  metallic  lustre. 

The  p&taigivm-salt,  K'WS*,  separates  from  its  aqueous  solution,  on  eyaporatioa,  in 
anhydrous  yellow  crystals,  or  smooth,  pale,  four-nded  red  prisms,  with  dihedral  sum- 
mits, and  IS  predpitated  by  alcohol  in  delicate  dnnabai^red  prisms.  The  a<|[ueous 
solution,  mixed  witn  a  small  quantity  of  hydrodikric  add,  yields,  by  eyaporation,  a 
black  mass,  condsting  of  an  add  suiphotung8tat^  £>a2WS*,  or  K^WS^.WS*.— The 
aqueous  solution  of  we  neutral  salt.,  boiled  with  cuprie  hTdrate,  yields  eapric  sulphide 
and  tungstate  of  potassium.  If  the  solution  of  the  sul]^iotuiigstate  contains  also 
tungstate  of  potasnum,  or  if  the  tungstate  be  fused  with  sulphur  and  the  fused  mass 
dissolved  in  water,  the  solution  yields  by  eyaporation  lemon-yellow  rectangular  plates 
of  the  oxyndphotungstaU,  E*WS*0'.2H*0.  A  solution  of  2  pts.  potassium-sulpbo- 
tungstate  and  1  pt^tasdum-nitrate,  yields  rub^-red  transparent  crystals  of  a  double 
salt,  containing  k'wS^JKNO*,  which  detonates  like  cnnpowder  when  heated  to  eom- 
mendng  rr^ess,  yielding  a  pale-yellow  mass,  ftom  iraich  water  extracts  tnngistate  snd 
sulphotaxigstate  of  potassium,  leayinff  disulphide  of  tungsten. 

The  M<&m-«a^,  Na^WS^,  czystalhses  with  difficulty  fh)m  the  aqueous,  more  easily 
Arom  the  alcoholic  solution,  by  spontaneous  eyaporation.  The  crystals,  when  exposed 
to  the  air,  soon  become  moist  and  yellow.  There  is  also  an  add  salt,  soluble  in 
water  and  in  tdoohol. 

The  htuiwm-9<dt  is  pepaied  bypasdng  sulphydrie  add  gas  through  water  in 
which  tungstate  of  banum  is  suspended,  and  etrstaUises  by  eyaporation  in  yellow, 
ttanspttent,  crystalline  crusts.  When  tungstic  sulphide  is  dissolyed  to  saturation  in  Pio- 
le  of  barium,  the  yellow  solution  yidds,  by  eyaporation,  a  biown  amorpDoos 
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mass. — ^The  eatoium^'aaU,  prepared  Ifte  tbe  bofimnHnlt,  is  an  ftmorpihovui  nuuw,  easily 
soluble  in  water  and  in  alcolx)! ;  the  eirontmm-  and  maffneHum-talUt  prepared  in  like 
manner,  are  also  solnbla  in  water  uid  in  alcohol;  tM  former  separates  in  lemon- 
yellow  radiate  crystals,  the  latter  is  nnerystallisable.  The  solutions  of  the  ealdnm-, 
strontiiim-,  and  magnestnm-salts  take  up  an  additional  quantity  of  tnngstie  snlphide, 
and  then  leave,  on  evaporation,  brown  or  brown-red  amoiphons  masses. — ^The  mtm^ 
noua  saitj  Mn'WH*,  also  dissolves  in  water,  forming  a  yellow  solution. 

The  cadntuan-Mlt,  Od*WS*,  and  the  eine-taU  are  yellow  precipitates,  the  latter 
separating  gradually ;  the  ceriumsalt  is  also  a  yellow  jwedpitate^  which  separates 
only  after  24  hours. — The  sulphotungstates  of  eobilt,  copper,  lead,  and  wiekd,  iN/m- 
aeated  by  the  general  formula  IC^S*,  are  brown  or  blade-brown  predpitates. — ^The 
mereunc  soli,  Hg^8\  is  predpitated,  on  mixing  the  solutions  of  mercuric  chloride  and 
potassium-sulphotungstate  in  equivalent  proportions,  in  orange-yellow  ilodEs ;  with  an 
excess  of  mercorie  chloride,  the  predpitate  is  white;  with  an  excess  of  the  alkaline 
sulphotungstate,  black.-— The  mereuroua  salt,  Hg*Wa*,  is  a  black  predpitate;  the 
mlwr-eaii,  Ag*W8*,  daric-brown.— The  etannotu  $aU,  8n''WS^  is  precipitated  in  brown 
flocks ;  the  etaimia  salt,  8n>*(W8*)*.Sn'*8',  in  greyish-yellow  flocks.-~The  plaimie 
salt,  Vt*^(WS*y,  and  the  auric  salt,  Au"'(WSn*,  are  black  predmtates;  the  butmOk- 
salt,  Bi-'C  WS«)»,  dark-brown,  nearly  black.— The  /mi?  saU,  Fe'X  W80*,  w  a  dark-brown 
bulky  pndpitate.  Feiious  salts  do  not  predpitate  a  solution  of  potassium-snlpho- 
tungstate.    (Berselius.) 

TmrCMm-annBTZi.  WrOH*)^  (Riche,  Compt  lend.  zlii.  208.— 
Cab  ours,  Jahresb.  1861,  p.  368.) — ^When  tungsten  is  heated  with  methylic  iodide  to 
240^  in  a  sealed  tube  for  several  days,  a  visdd  liquid  is  formed,  from  which  ether- 
alcohol  extracts  iodide  of  tungsten-methyl,  consisting,  according  to  Biche,  of 

W(CH*)«I*,  but,  according  to  Cahours's  analysis,  of  W^  |  ^p^*,  a  composition  which 

is  in  accordance  with  the  known  atomidty  of  tungsten.  This  iodide  crystallises  in 
colourless  tables,  melts  at  11<^,  and  fHiien  agitated  with  recently-predpitated  silver- 
oxide,  is  converted  into  oxide  of  tnngsten-methyl,  or  tungstie  oxytetra- 

m  6  thide,  W** )    (y»    •    ^I^his  oxide  dissolves  in  adds,  forming  uncrystallisable  salts, 

remaining,  when  concentrated,  as  viscid  liquids,  from  which  the  oxide  is  repredpitated 
by  alkalis. 

Tungsten  heated,  in  like  maimer,  with  tikyUe  ioduU  is  scarcely  attscked,  only  a  few 
needles  of  tnngstie  ozyiodide  being  formed,  which  float  about  in  tbe  liquid.   (K  i  c  h  e.) 

TUJiWno  09WK90VM9Bm  Compounds  in  which  tungsten  is  hexatomic,  vis., 

wa«,  wo»,  w(CH"  w  ico. 

TmrOSTOBI&IOIO  ACUMk  (Mari|[nae,  Ann.  Ch.  Phys.  [4],  iii.  6; 
Jahresb.  1864,  p.  220.)— Tliese  are  tetnbasie  aeids,  containing  both  silieon  and  tung- 
sten.   Thdr  names  and  formulae,  as  given  by  yarigaac,  are  as  foUews : 

Silicoduodedtnngstic  or  Silicotnngatic  add  .        .        .    4HH).8iO«.12WO*. 

Tungstosaidc  a<Sd 4H*0.12WO«£iO«. 

Silicodedtungstio  add 4HK>.&0«.10WO'. 

Tliey  may  be  regarded  as  tnngstates  of  silicon  and  hydrogen,  the  first  two  havixiff  the 
connMMition  H"Si*«0«.12W0*,  which  is  referable  to  that  of  an  addtnngstate,  MK).2wO'. 
The  potassium-  or  sodium-salt  of  the  first  of  these  adds  is  produced  by  boiling 
gelatinous  silica  with  add  tangitate  of  potaedom  or  sodium,  its  formation  probably 
taking  place  as  represented  by  the  equation : 

or^®:i2W0^!    ^  ^'^^^y"  -  Jt'Si^O'.iaWO'  -^  4K(H0), 

The  resulting  solution  yields,  with  mercuxous  nitrate,  a  precipitate  of  mercurous 
silicotungstate;  this,  when  decomposed  bf  an  exactly  equvalent  quantity  of  hy- 
dochlorie  add,  yields  a  solution  of  hydric  silicotungstate^  or  silieotungstie 
acid;  and  the  other  silicotungstates,  which  are  all  soluble,  are  obtained  by  treating 
the  add  with  carbonates. 

Silioodeeitungstieacidis  obtained  asan  ammonium-salt  by  boiling  gelatinous 
silica  with  solution  of  add  tnngstate  of  ammonium ;  and  from  this,  the  add  and  its 
other  salts  may  be  obtained  in  the  same  manner  as  the  preceding.  The  dliooded* 
tungstatesare  very  unstable,  and  the  add  is  deecmiposed  by  mere  evaporation,  depositing 
silica,  and  being  converted  into  tungstosilicie  acid,  which  is  isomsric  with  dlioo* 
tungstao  acid,  and  likewise  decomposes  carbonates.  All  three  of  tbese  adds  are 
capable  of  exchanging  either  one  h^  or  the  whole  of  their  basic  hydrogen  tot  metals, 
thereby  forming  add  and  neutral  salts ;  silieotungstie  add  also  fonns  an  add  sodium- 
salt,  in  vrtiich  only  one-fourth  of  the  hydrogen  is  replaced  by  sodium. 

3k2 
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SOlMtaiicstto  Aeia,  4H*O.SiO*.12WO*  »  H*SiWiK)«.— The  eoacntnted  solu- 
tion of  thiB  add,  obtained  as  above,  yields  the  acid,  bv  spontaneons  eT^M>nUi«n,  m 
large»  shining,  colourless  (or  slightly  yellowish),  quadratic  octahedrons,  oontAining 
H'SiW^K)^  .  29H«0.    They  are  combinations  of  P  .  ooPoo  .  oP,  hsTing  the  ai^le 
P :  P  in  the  terminal  edges  »  109^  9' ;  in  the  lateral  edges  - 1 10^  6'.    They  effloiM^e 
in  contact  with  the  air,  begin  to  melt  at  36°,  and  fuse  completely,  at  53°,  to  a  liquid 
which  yields  another  crystalline  hydrate.    At  100°  they  give  off  25  at.  water,  another 
portion  at  a  higher  temperature,  and  the  remainder  at  850°;  at  this  tempeiatiire, 
jQOweTer,  the  acid  retains  its  solubility ;  but  at  a  stronger  heat»  it  is  oonreited  into  aa 
insoluble  mixture  of  silicic  and  tungstic  anhydrides.    The  other  hydrate^  aboT« 
mentioned  as  separating  from  the  melted  acid,  contains  H'SiW^'O^ .  22H*0,  and  is 
likewise  formed  when  the  acid  separates  from  a  solution  containing  hydrochloric  or 
Bulphurie  acid.  The  crystals  are  combinations  of  a  rhombohedron  (R)  with  the  baaU 
end-face  and  a  subordinate  acute  rhombohedron,  whereby  they  acquire  the  character 
of  cubo-octahedrons  (B  :  B  in  the  terminal  edges  i-  88°  48  ;  oP:  B  »  124°  25*) ; 
they  are  distinguished  from  the  octahedral  cry/i^Js  by  their  permanenee  in  the  air. 
SilicotungEtic  acid  diBsolves  easily  in  water  and  in  alcohol;  the  aqueous  solutioB, 
saturated  at  18°,  contains  1  pt  of  the  octahedral  acid  to  0*104  pt  water,  and  has  a 
density  of  2*283.    The  alcoholic  solution  mixes  with  an  equal  volume  of  etiier  without 
turbidity ;  but,  on  adding  more  ether,  the  concentrated  ethereal  solution  separates  as  a 
svrupy  layer,  which  forms  a  clear  solution  in  water,  but  becomes  turbid  and  gives  up 
the  ether  when  heated.    The  same  syrupy  liquid  (which  does  not  contain  any  silico- 
tungstic  ethers),  is  obtained  by  exposing  either  the  octahedral  or  the  rhombohedral 
crystals  to  ether-vapour. 

Silicotungstates. — Silicotungstie  acid  is  a  stronff  add,  decomposing  carbonates, 
and  easily  forming  double  salts.  The  salts  are  all  soluble  in  water,  excepting  the  mer- 
curous  salt,  and  almost  all  crystallise  well.  They  are  not  altered  by  boiling  with 
hydrochloric  add.  Caustic  alkalis  and  alkaline  carbonates  throw  down  silidc  add 
from  their  solutions;  the  predpitate  formed  by  ammonia  redissolves  at  the  boiling 
heat  When  heated  to  redness,  they  glow  slighUy,  and  leave  a  residue  containing  frse 
tungstic  anhydride. 

Silicotungstate  of  Aluminium  is  obtained  by  dissolving  aluminium-hydrate  in 
silicotungstie  add,  or  by  adding  the  latter  to  a  solution  of  aluminium-chloride^  in 

Lwge  regular  octahedrons  containing  Ar<H"Si«W"K)»*87H*0,  or  2Al*0*.6H«0.3(SiO* 
12W0') .  87aq.  The  cold  solution  is  rendered  turbid  by  addition  of  ammonia,  but 
becomes  dear  again  when  warmed,  and  yields,  after  evaporation  of  the  excess  of 
ammonia,  an  octahedral  double  salt,  containmg  2Al*0'.9(NH*)*0.8(SiOM2WO*) .  75sq. 
Ammonium-Balta. — ^The  octammouic  or  tetrabagie  tali,  (NH')'SiW*H)^.16H*0  « 
4(NH«)K)J3iOU2WOM6aq.,  is  produced  by  saturating  the  add  with  ammonia,  or  by 
prolonged  boiling  of  a  solution  of  silioodedtungstate  of  ammonium,  and  remains,  on 
leaving  the  solution  to  evaporate,  in  opaque  white  nodules.  By  boiling  with  hydro- 
chloric add,  it  is  converted  into  the  tetrammonie  $dU,  (NH^)^H^SiW**0^.6H'0.  Both 
these  salts,  when  heated  with  ammonia,  yield  sparingly  soluble  add  tnngstate  of 
ammonium,  which  separatee,  and  silicodedtungstate  of  ammonium,  which  crystallises 
on  evaporation. 

Barium- $aHs. — On  mixing  a  solution  of  silicotungstie  acid  with  carbonate  of 
barium  till  a  permanent  precipitate  of  neutral  salt  is  produeedi  the  dear  liquid  yields, 

on  evaporation,  monodinie  prisms  of  the  dibaryiic  salt,  &«H*SiW»«0**.14H*0,  which, 
by  prolonged    contact   with  the  mother-liquor,  are  converted  into  a  more  highly 

hy^rated  efflorescent  salt,  containing  ]^*H^W>*0«.14HK>.  On  adding  chloride  of 
barium  to  an   excess  of  a  hot  solution  of  sodium-silieotungstate,  a  double  salt, 

Ba'Na*SiW*K>^.28HK),  separates,  on  cooling,  in  ciystals  araarently  having  the  form 
of  rhombic  octahedrons.  They  are  decomposed  by  continued  waahing>  learing  a  pol- 
vemlent,  nearly  insoluble  tetiabasie  salt.  ^ 

Calcium-Baltt.— The  dicalcU  or  aeidseUt,  Ca*H*SiWiH)«*.22HK),  crystallises 
from  a  syrupy  solution  in  velry  large,  shining,  rhombohedral  crystals,  B  .  oP,  perma- 
nent in  Uie  air.  The  warm  solution  takes  up  carbonate  of  caldnm,  but  the  resulting 
neutral  salt  is  not  crystallisable.  ^ 

Magn€8%um-9aH9.^Th<b  add  mU,  Mg'H«SiWi*0«.16H>0,  forms  tridinieprisms, 
permanent  in  the  air. — ^The  neutral  $ak  is  not  ciTstallisable. 

The  mercurous  salt,  Hg'SiW'H)**,  is  a  heavy  yellow  prcdi^tate,  insoluble  in 
water,  very  slightiy  soluble  in  dilute  nitric  acid. 

Poiassium'Salts.--a.  The  neutral  salt,  K*BiW^K>*\lABH),  prepared  by  boiling 
gelatinous  silica  with  add  potassium-tungstatOi  crystallises,  on  cooling  from  the  hot 
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filtered  8oliition«  in  hard  granular  croBts,  -which  may  be  purified  by  reaystalUBation ; 
the  ciystalB  look  like  cnbibSi  but  exhibit  doable  refiraction.  The  salt  diseolTee  in  10  ptsL 
water  at  18^,  and  in  lees  than  8  pta.  boiling  vater. — $.  The  teirapoUune  taU, 
K^H^SiWO^* .  16H'0,  ayBtallises,  on  eTaporatinga  solution  of  the  neutral  salt  mixed 
with  hydrochloric  acid,  in  large,  colourless,  shining,  hexagonal  prisms,  with  pynouidal 
summits,  odP  .  P.  Ajigle  P :  P,  terminal  «=  144^  46'  ^  lateral  -  14P  80 ;  prismatie 
faces  loogitodinally  striated.  The  crystals  effloresce  shghtly  in  the  air,  and  at  100^ 
give  off  their  water  of  crystallisation,  together  with  1  at.  of  the  basic  water.  Ther 
dissolTe  in  3  pta.  water  at  20°. — y,  A  solution  of  the  tetrapotassic  salt  mixed  witn 
hydrochloric  acid,  then  evaporated  and  left  to  cool,  deposits,  first  a  pulverulent  very 
acid  salt,  then  crystals  of  the  tetrapotassic  salt ;  but  when  these  two  salts  are  left  for 
some  time  in  the  mother-liquor,  toey  both  disappear,  and  another  salt  is  deposited  in 
monodinic  prisms  containing  2E'H'SiW"0*' .  26H'0';  they  are  decomposed  by  solution 
in  water,  the  liquid,  when  evaporated,  yielding,  first  crystals  of  rhombohedral  siliootung- 
bUc  acid,  then  the  salt  /S,  and  lastly  the  salt  7. 

The  silver- a altf  AJ^H*SiW**0** .  7B.H),  sepanites  as  a  crystalline  precipitate  when 
carbonate  of  silver  is  dissolved  in  silicotungstic  add,  or  when  this  add  is  added  to  a 
solution  of  silver-nitrate.  It  is  slightly  soluble  in  water,  easily  soluble  in  dilute 
nitric  acid. 


Sodium-salte.—^t.The  neutral  salt,  Na"SiWi'0*'.7H^0,  isprenaredlike  the  neutral 
potassium-salt,  and  crystallises  by  spontaneous  evaporation  in  slender  needle-shaped 
crystals.  The  saturated  solution  contains  0*21  pts.  water  to  1  pt.  of  the  salt,  and  has 
a  specific  gravity  of  305  at  10°.— /3.  The  tetrasodic  salt,  Nam^SiWH)*',  caystallises 
xrom  a  solution  of  the  neutral  salt  mixed  with  hydrochloric  add,  with  amounts  of 
water  varying  according  to  drcunistances.  If  the  dystallisation  takes  place  at  40° — 
60°,  or  from  a  solution  containing  hydrochloric  add,  at  ordinary  temperatures,  tri- 
clinic  tabular  crystals  are  obtained,  containing  1 1  at.  water.  A  pure,  ooncentratedy 
aqueous  solution  deposits,  at  ordinary  temperatures,  nacreous,  efflorescent,  tridi- 
nic  prifims  with  18  at.  water.  A  hot  concentrated  solution  deposits,  on  cooling, 
first  crystals  of  the  11-hydrated  salt,  afterwards  tridinie  prisms  differently  modified 
and  containing  a  different  amoimt  of  water,  and  finally  the  18-hvdrated  salt.  When 
nitric  acid  is  used,  in  place  of  hydrochloric  acid,  in  the  preparation  of  the  tetrasodic 
salt,  the  mother-liquor  yields  on  concentration  a  doable  salt,  4NaNO*.3(Na*H*SiW*'0*'. 
13HH)),  in  hjgroscopic  tridinie  prisms,  mostly  twins  with  the  combination-&ce  oof  00. 
— 7.  The  diiodic  salt,  Na'H*SiW*H)**.14H»0,  crystallises,  on  evaporating  a  solution 
of  the  tetrasodic  salt,  mixed  with  sulphuric  or  silicotungstic  acid,  m  tridinie  tabular 
crystals,  very  much  hke  those  of  the  tetrasodic  salt  deposited  from  a  warm  solution. 
This  salt  decomposes  when  dissolved  in  water.  • 

TnagstosUicle  Aeld,  H*Wi^iO«-4H*0.12WO*.SiO«(Mari^nao).— This  acid, 
isomeric  with  siliootungstic  add,  is  produced  when  a  solution  of  sihcodedtungstic  add 
is  evaporated  to  dryness  by  heat,  and  crystalliaea  from  a  aolution  filtered  frran  silica, 
and  evaporated  to  a  syrup,  in  tridinie  prisms,  exhibiting  the  dominant  combination 
oo'^P  .  ooF^ .  oof  00  .  oP,  with  domAS  and  hemip^ihids  subordinate.  The  crystals 
deliquesce  in  damp  air.  They  melt  below  100°  m  their  water  of  crystallisation,  And 
then  dry  up  with  intumescence.  At  200°,  the  residue  crumbles  to  a  fine  powder, 
which  contains' 2  at.  water,  and  redissolves  in  water,  with  rise  of  temperature ;  Uie  add 
does  not  lose  its  solubility  even  when  heated  above  300°.  It  is  also  easily  soluble  in 
alcohol,  and  behaves  to  ether  like  silicotungstic  add  (p.  016). 

The  tungstosilicates  are  obtained  by  saturating  the  add  with  carbonates. 
Some  of  them  are  uncrystalli sable,  and  others  are  distingaished  from  the  corresponding 
silicotungstates  by  their  crystalline  form,  degree  of  solubility,  and  amount  of  wator 
of  crystallisation ;  but  there  is  no  diaracteristio  reaction  by  which  the  two  isomerio 
acids  can  be  distinguished  one  from  the  other. 

Tungstosilicate  of  aluminium,  2Al«0'.6H*0.8(12WO".SiO«).75H«0,  o^stal- 
lises  from  a  Bympy  solution  of  gelatinous  alumina  in  tungstodlicic  add,  in  tndinic 
prisms,  resembling  the  calcium-^t,  aud  frequently  tinited  in  twins  bv  the  face  oo'JP. 

The  ammonium'Salt  has  not  been  obtained  of  definite  composition. 

Barium-salt. — On  saturating  a  solution  of  tungstosilidc  acid  with  baryta-water,  a 
predpitate  is  formed,  whidi  redissolves  in  the  add  liquid  on  stirring,  until  more  than 
2  at.  baryta  have  been  added,-  after  which  it  unites  into  a  layer,  oily  when  warm, 
resinous  in  the  cold,  and  drying  up  in  contact  with  the  air  to  a  vitreous  mass,  consisting 
of  the  neutral  barium-salt,  Ba«SiW"0«>.9^'0,  or  4Ba0.12WO«.SiO< .  Oaq.  It  becomes 
glutinoQs  again  in  contact  with  wator,  and  after  prolonged  contact  crumbles  to  a 
powder,  which  in  the  air-dried  state  contains  4Ba0.12WO*.SiO' .  27aq. 

The  acid  <?a/c«ttW-»a/<,  2CaO.2H»O.12WO«.SiO*.20aq.,  forms  tridinie  crystals, 
qd',P  .  QoF, .  ooP  00  .  oP  &c.,  tabular  from  predominance  of  cot  00 ;  it  is  hygroscopic  ia 
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moutt  MP.    SoiMtimM  toc/Aer  mI^  KHOJHH>.flf  12W0*Jfi(F) .  47a9.»  ww  obteined 
IB  miBfl  riiiaiiig  tEieliiiieoiyttoli,  Uim  hygto$eoj^t  uum  the  foffmer* 

Poiti99imm^salts.—Thib  neutral  mOt^  4K*0.12WO'J9iO*.20toq^fonBB  HBaLlili- 
defined  prinnafcie  crystals  belonging  to  the  trimetrie  system. — The  tetngitoiMme  &cid 
9aU,  BK*0.8H*0.13WO*J8ia' .  7aq^  likewise  erystBllises  in  the  tiimetm  systeoh  ud  in 
short  haid  {^sas,  odP  .  Poo  .  oP,  haying  the  angle  <»P  :  o»P  -  101<»  0';  ooP  . 
f»  m  mo  0';  Pod  :  Poo  (basal)  -  116<>  26r;  or  in  finable,  naeMaf«s>  siz-saded 
tobies,  arrBngcd  in  ladiate  groups. 

Sii>diuitk^eiilts.— The  aeid  saU,  2Na*0.2HK>.12WO'BiO* .  lOaq.,  forms  large  xfaon- 
bohddxone,  B  -  ^R,  haying  the  terminal  angle  B:  B  m  87^  (r.^The  neutnd  sM 
ixras  not  obtained  in  the  cryiialline  fonn. 

flUSoodeoltoiigstle  aetO,  H*9iW>n)~  =:  4d*OJ3iO*.10WO*,  is  obtained  bjr 
heatinff  gelatinoos  silica  with  acid  tongstate  of  ammonium,  precipitating  with  mercn- 
toios  nitrate,  or  better  with  silye^>nitrate,  in  the  cold,  and  decomposing  t£e  predpitats. 


after  thorough  washing,  with  hjrdrochloric  add,  careftillj  ayoidii^  an  excess.  On 
eyapoiating  the  filtered  solution  in  a  yacunm,  at  ordinair  temperatures,  the  acid 
remains  as  a  transparent  yellow  glass,  containing  H*9iW**0**.3H*0.  On  exposure  to 
the  air,  it  rapidly  araorbs  water,  splits  into  fragments,  and  finally  deliquesces.  With 
alcohol  and  ether,  it  behayes  like  silicotungstie  acid.  The  aqueous  solution  may 
sometimes  be  repeatedly  evaporated  without  alteration,  but,  in  most  cases,  it  easily 
splits  up  into  gelatinous  sOica  and  tun^stosilidc  add.  It  does  not  pndpitate  the 
salts  of  caldum,  magnesium,  lead,  or  alummium ;  with  nUrate  of  sUner,  it  fonns  a  heayy 
yellowish  predpitate,  easily  soluble  in  dilute  nitrie  add ;  with  mereunmt  miraU  a 
white  precipitate,  slightly  soluble  in  nitric  add. 

Mostof  Uie  silioodedtungstates  are  difficult  to  obtain  in  the  pure  statsi,  on  aeooant  of 
th^ir  great  solubility.— l%e  anmonimm-MU  contains  (NH*)"SiWiH)" .  8HK).— The 
nefaralpota$tiim-$alt  appears  toerystallise  with  17  at  water;the  aetdMtU,  K*H^W**0* 
with  8  at.  and  10  at  water;  an  anmofdo-potataie  Bait,  KXKH^)*H^W»15H^,  was 
likewise  obtained.— The  barium-salt,  Ba^SiW^H)**,  is  obtained,  by  adding  the  add  to 
an  exceite  of  barium-chloride  solution,  as  a  yisdd  insoluble  precipitate,  which,  when 
dried  in  the  air,  contains  22  at  waten — ^The  tilffsr^dolt,  dried  at  100®,  containa 
Ag«iW»«0".8H«0. 

TlrtflMTOBO-VOSraSTZC  OOBB^OmreS*     Compounds  intermediate   in 
oomposition  between  tungstbus  and  tungstic  compoundst  «^.,  W*C1^*  ^  WCl^.WCl*; 


TOVCWTOirS  COlKVOWIMia  GompoaadB  in  which  tungsten  is  quadri- 
equiyalent :  e.g,,  WCl*,  WO*,  WS«,  &c 

VUiMAUUr.  A  substanee  isomeric  and  perhaps  idsntical,  with  eeUnlose, 
(C*H*K>*),  occurring  in  the  mantle  of  Asdd&a,  and  sq^axated  therefrom  (firom  the  mantle 
of  GSynthia,  lor  example)  by  snecessaya  treatment  with  wate]^  alcohol,  ether,  adds, 
and  alkalis.  It  then  remains  as  a  colouriess  mass,  exhibiting  the  structure  <d  the 
original  substance  (Schmidt,  Ann.  Oh.  Pharm.  liy.  818). — Berthelot  (Compt 
rend,  xlrii.  227)  boils  the  mantles,  first  with  strong  hydrochloric  add,  then  with 
potash-ley  of  specific  gravity  1'28>  and  washes  the  residue  thoroughly  with  distilled 
water. 

Tuliidn  exhibits  most  of  the  diaraeteristie  pgoperties  of  cellulose,  anditsinsolubihty 
in  various  liquids ;  but  it  is  more  stable,  not  beug  altoed  by  nitric,  hydrochloric,  or 
acetic  add,  <»  strong  potash-solution,  even  afl«r  prolonged  boiling;  neither  is  it 
bladmied  by  fluoride  of  bofon.  In  fnminf  nitrio  or  sulphuric  add,  it  deliqnesces  to 
a  colotirless  liquid ;  and  if  the  liquid  obtained  with  sulpnuric  add  be  boiled  for  some 
time  with  water,  tlie  rssoking  solution  wiU  be  fennd  to  contain  glucose,  or  a  similar 
sugar. 

8yn.  with  Tdbwt&. 

A  name  ^yplied  by  Hermann  to  a  masdye  variety  of  brown  hmnatite, 

2FeK)'.HK),  ooenxring  near  theBiver  Tur^  in  the  tJnl ;  it  appears  to  be  identical  with 
Brdthaupt's  ijfdrok^atite  firam  Siebenhits,  near  Ho(  in  Bavaria.  (Handw,  d.  Chem. 
viil  1043.) 

^yn.  with  Tcmaauim  (p.  876). 

CO.  Cureuma,  Radix  Oureuma.  Darra  merita, — ^The  root  of  Am4h 
mmn  Curcuma,  a  plant  cultivated  in  India  and  Java.  It  contains,  according  to  Pelle- 
tier  and  Vogel,  a  strong-smelling  volatile  oil,  sum,  a  yellow  colouring^matter  (<n«fva- 
fnin),  a  brown  colouring-matter,  starch,  cellnkse,  and  a  small  quantity  of  calcium- 
chloride.  It  is  used  for  dyeing  wool  and  silk ;  but  the  colour,  though  a  fine  yellow, 
is  not  durable.     It  is  also  employed  in  phannaoy  for  colouring  certain  ointments, 
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and  (aflpeoially  ia  Indift)  u  an  iagradiMt  of  cnnT-powdar  and  otfaeor  oondioMiiU.*^ 
Alooholio  tincture  of  tumeric,  or  paper  stained  with  the  aiueona  or  akoholio  fiolntiiOB« 
is  used  as  a  test  for  alkalis,  and  for  boric  acid  (i.  639). 

The  root  of  Caima  mcioeat  a  plant  of  frequent  ooeuxrence  in  West  Africa*  is  said  to 
be  coactJlj  similar  to  East  Indian  turmeric-root,  in  taste,  smell,  and  chemieal  reactiona 
(Baniell,  Pharm.  J.  Trans,  six.  258.) 

VUAMMUVS  B&init  Fenous  fbRieyanids,  pnspared  by  precipitating  a  teatoaB 
salt  with  ferricjanide  of  potassium.     (See  CrAifiDn  or  laoir,  ii.  244.) 

YimSBXTB.  A  silicate  of  aluminium,  iron  (ferricum),  calcium,  and  magnesinnif 
occurring  at  Mont  Sorel  in  Dauphin^  and  at  Tavetsch,  in  yellow  monodinic  crystals, 
haTing  an  adamantine  lustre  and  oonchoidal  fracture.  Axes  a  :  6 :  0  »  1 :  0*921096  : 
0-95844.  Angle  5  :  0  »  102^'  42^ ;  ooP  :  +  P  -  14lo  28'|  -fP :  -hPoo  »  148<>  44'; 
odP  :  odPoo  b  181^  58'.  In  the  mineral  from  Tavetseh,  the  combination  ooP  .  eoPl 
ooP2.  ooPoD.oP.  +Pflo.  [iPflo].rtP«l  .  [P«].P.  2P2  .  +4P.  +JP.  -JP 
was  observed.  In  that  from  Baupnm^  the  iaces  —Poo  and  [2Poo  j  likewise  occur. 
(0.  T.  Bath,  Jahxesb.  1863,  p.  824.) 

TUmanaemTMiaMWi  9^  e^lB^  Patent  Yilhw,  Ozychlorideoflead.Pb^CIH)'. 
(iiL  546). 

See  Bbassica  (i.  654). 

L  Tenbenihma,  ThribenHime,  TBrpenim, — ^This  teim  is  1^ 
^ed  to  several  oleoresins  exuding  from  coniferous  trees  ;  also  to  the  semifluid  resin  of 
I^iacia  TereHnihus,  a  tree  belonging  to  the  terebenthaceous  order.  To  obtain  the 
turpentine,  incisions  are  made  in  ue  oark  of  the  trees,  and  the  resinous  juice,  which 
exudes  chiefly  during  the  summer,  is  collected ;  it  is  then  rendered  more  fluid  by 
-warming  with  water,  and  strained  through  straw-fllters,  to  free  it  ftom  needles,  baik, 
and  other  extraneous  substances. 

Ihe  several  varieties  of  commercial  turpentine,  obtained  from  fir-  and  pine-tzees,  an 
more  or  less  viscid  solutions  of  resins  in  a  volatfle  oil,  the  proportions  of  these  consti- 
tuents varving  according  to  the  source  and  age  of  the  turpentine.  Some  kinds  axe 
clear  and  homogeneous;  others  are  more  or  less  turbid,  hfti^w^g  in  aaflpennoB  grannlo- 
crystalline  masses,  whii^  gradually  settle  to  the  bottom* 

American  turpentine,  obtained  chiefly  from  Pinu$  auttralU,  and  German 
turpentine  from  the  Scotch  fir  {Pinus  sylveitris),  axe  yellowish,  viscid,  granular 
liquids,  having  a  strong  aromatic  odour,  and  pungent  bitter  taste ;  they  become  clear 
when  warmed,  are  highly  inflammable,  and  bum  with  a  vetr  smoky  flame.  These 
turpentinSs  consist  of  v(datile  oil  and  colophony  (i.  1087) ;  and  on  boiling  them  with 
water,  the  volatile  oil  goes  off  with  the  steam,  while  tne  resin  remains,  intimately 
mixed  with  small  quantities  of  oil  and  water,  forming  a  dingy  yellow  turbid  mass, 
called  ^  boiled  turpentine,"  which  is  brittle  when  col{  bat  becimies  soft  and  plastic 
when  heated.  At  a  stronger  heat,  the  water  and  the  remaining  portion  of  volatile  oil 
are  given  off,  and  the  colophony  remains  as  a  transparent  resin,  more  or  less  coloured, 
according  to  the  degree  of  heat  to  which  it  has  been  exposed.  Colophony  was  formerly 
•aid  to  Im  a  mixture  of  two  isomeric  acid  resins,  pinic  and  sylvic  adds  (iv.  649,  650 ; 
V.  648);  but  the  recent  investigations  of  Maly  (Ann.  Gh.  Pharm.  cxzxii.  249; 
Jahrasb.  1864,  p.  408),  have  diown  that  it  consists  mainly  of  abietic  anhydride, 
C^H^O*,  which,  when  treated  with  aqueous  alcohol,  tftkes  up  water,  and  is  oonveited 
into  abietic  acid.  0**H»*0*.» 

French  turpentine  (from  Pmus  flian'^ma)  resembles  American  toipentine  in 
^pearance,  odour,  and  taste.  It  hardenawith  calcioed  magnesia  more  jN«dily  than 
any  other  kind  of  turpentine. 

Stjasburg  turpentine  is  a  dear  non-grsAuIar  Uqnid,  obtained  from  the  silver 
flr  (Abies  pectinata\  and  from  the  SDruce-flr  {Mm  eceoeUa)*  The  turpentine  from  the 
former  of  these  tzees  is  mobile,  ydlow,  has  a  pleaaant  odour  of  lemon,  and  a  sharp 
bitter  taste.  That  from  the  spruce-flr  is  dark-yellow, has  a  strong  balsamic  odour,  and 
sweetish  aromatic  taste.  The  resinous  portion  of  both  these  turpentines  coiUains 
abietic  add,  together  with  two  indifferent  redns,  one  (abietin)  eolnble  in  absolute 
alcohol,  the  other  insoluble.  The  water  with  which  these  turpentines  are  distilled  to 
get  off  the  volatile  oil,  is  said  to  ooctain  succinic  add. 

Venice  turpentine— r«re6s»^t»a  vtmeiia,  s.  larieina,  from  the  laich  (ImHx 
europmay—ui  said  to  be  contained  in  peculiar  sacs  in  the  upper  part  of  the  stein,  and 
to  be  obtained  by  puncturing  them.  It  is  a  wpy  liquid,  colourless,  or  brownidi  in- 
clining to  green,  having  a  somewhat  unpleasant  odour,  and  bitter  taste.  According  to 

*  Th«  formula  giTco  for  abi«iie  add  at  p.  1  toI.  f.  beloon  properlv  to  sylvic  acid,  which  isprodooed 
from  abiotic  add  br  tbo  actiou  of  dlluto  sulpbiirtc  add.  The  acid  fbrmorly  designated  aa  sjlvic  acid 
ia  rtf arded  by  Maiy  as  Impure  h>-drat«d  abiotic  add,  and  tlio  •o.called  ptaic  acid  as  abiotic  anhy- 
dride. 
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nnYerdorbeii(Pogff.Aim.zi.  27),iteontaiiiSp  in  tbaftwhrtaUu  twooibof 
degrees  of  Tolatilitj,  the  lees  volatile  Mng  easfljiesiBised;  alsotvo 
taml  resin,  and  snocinic  -add. 

Hungarian  turpentine,  wbieh  flmrs  6am  ineisMxnsin  the  farandMs  cf 
Pumilio,  is  a  dear,  yellowish,  mobilA  Bqnid,  having  an  anmatie  taste  and  od 
Carpathian  turpentine,  from  Pinus  Cembra,  resemUss  the  last,  but  has  »  faitaer 
taste. — Canadian  turpentine,  or  Canada  balsam,  fton  Jliim  Mssamsa 
been  already  described  under  'RiTsaws  (i.  492). 

Cyprian,  Syrian,  or  Chio  turpentine,  obtained  in  Chio  from  PUtrnda 
hmtiut,  and  in  Syria  from  P.  uera,  is  either  dear  and  colouiless,  or,  pedi^s 
age,  or  from  irant  of  care  in  collecting  it,  viscid,  turbid,  and  yellowish-green ;  it  has 
an  odour  of  fennd  and  demi,  and  an  aromatic  taste  like  that  of  mastic  It  diasQlreB 
completely  in  ether,  and  partially  in  alcohol,  leaving  a  glotinons  residue. 

Ordinary  turpentine  and  Venice  tnipentine  are  used  in  medicine,  both  externally 
as  ingredients  of  salves  and  plasters,  and  internally  in  the  form  of  eLectuaries  or 
pills ;  for  the  last-mentioned  purpose,  the  turpentine  is  thickened  by  additaon  of  mag- 
nesia ;  boiled  turpentine  ^p.  920)  is  also  nuide  into  pills.  Many  kinds  of  turpes- 
tine  are  also  used  fbr  varnishes  or  similar  purposes. 

VUWLWmMTSMMt  ■OfliWP.    See  p.  919. 

TmtFBHmni  OAMFKOB.  a  tenn  applied  sometimes  to  the  solid  mono- 
hydrochlorste,  sometimes  to  the  solid  hydrates  of  turpentine-oil  (p.  923). 

TmtFBHmni  Clillilii^B  uy»  GaUm  fistacmm,  Carobe  dejuda;  fameAj 
designated  as  FoUUmU  putadna,  Pea-shapi9d  or  horny  excrescences,  oocnmBg 
in  August  on  the  branches  of  the  tnipentine-cheetnut  (Pitlacia  lhrebintkms%  and 
formed  by  the  puncture  of  an  insect  {Cepku  PiUacia),  Thej  are  reddiah-brown, 
havinff  an  aromatic  turpentine-like  odour,  and  similar  taste.  They  contain  resin, 
Tola^e  oil,  tannin,  and  gpUic  add.  The  ash  contains  a  potassium-salt,  mlica»  and 
Ume.  (Martins,  Ann.  Ch.  Pharm.  xxL  179. — Guibourt,  Fharm.  Centr.  1844, 
p.  409.) 

TDSMRnm*  01&  <Mr.  C>*H**.— A  volatile  oil  contained  in  the  wood,  bark, 
loaves,  and  other  parts  of  pines,  firs,  and  other  trees  belonging  to  the  coniferoos  ordei; 
and  separable  tiierefrom  by  distillation  with  water.  It  is  usually  prepared  bj  dis- 
tilling crude  turpentine  (p.  919),  either  alone  or  with  water.  It  was  formerly  supposed 
that  all  the  volatile  oils  thus  obtained,  and  having  a  composition  iwresented  by  the 
formula  C**H",  were  identiod  in  physical  and  chemical  properties ;  but  recant  inves- 
tigations, especially  those  of  Bert  helot,*  have  shown  that  the  turpentine-oils  ob- 
tained from  diiferBnt  sources  exhibit  considerable  diversities  in  their  physical  and  more 
especially  in  their  optical  properties ;  further,  that  most  kinds  of  turpentine-oil  are 
mixturee  of  two  or  more  isomeric  or  polymeric  hydrocarbons,  differing  in  physical  and 
sometimes  also  in  chemical  properties.  These  modifications  are  often  produced  by 
the  action  of  heat  and  of  chemical  reagents  during  the  purification  of  the  oiL 

The  following  varieties  of  turpentine-oil  are  distiugumhed  :^— 

1.  French  turpentine-oil,  obtained  from  the  French  or  Bocdeanx  turpentins 
of  PinuB  maritima, 

2.  English  turpentine-oil,  from  the  turpentine  collected  in  Carolina,  and  other 
southern  states  of  the  American  Union,  from  Pinug  auttraUs  and  P,  TauUt, 

3.  German  turpentine-oil,  chiefly  from  the  turpentine  of  JPtntts  syhtUrU, 
P,  nigra,  and  P.  rotundata, 

4.  Venetian  turpentine-oil,  from  Venice  turpentine,  the  produce  of  Larvt 
europaa. 

6.  Templin  or  Pine-cone  oil,  obtained  from  the  cones  of  Pmua  Pumilio,  and, 
in  some  parts  of  Switserland,  from  those  of  Abies  pectimata. 

Belated  to  the  true  torpentine-oils  are  also  two  volatile  oils,  likewise  obtained  from 
coniferous  plants — ^vis.,  oil  of  juniper  from  Jtt»^pera«  communiB,  and  oil  of  savine 
from  Jimipenu  Sabitui, 

The  several  varieties  of  turpentine-oil,  when  purified  by  repeated  rectification  with 
water,  are  colourless  mobile  liquids,  having  a  peculiar  aromatic  but  disagreeable 
odour.  They  are  insoluble  in  water,  slightly  soluble  in  aqueous  alcohol,  misdble  in 
all  proportions  with  absolute  aloohd,  ether,  and  carbonic  dlsidphide.  Tbey  dissolve 
iodine,  solphur,  phosphorus,  and  many  organic  substances  which  are  insoluble  in 
water,  such  as  fixed  oils  and  resins,  and  are  therefore  used  for  making  varnishes. 

The  diversities  of  character  exhibited  by  turpentine-oils  of  different  origin,  relaU 

•  Ann.  Ch.  Pharn.  Uxxiii.  105;  lxzxviU.M5:  ex.  367:  Suppl.  U.  S36i  ftuthor,  JVaM  de  CUmit 
orgamifue,  U.  693;  716*763.  For  references  to  earlfer  reievcbes  ou  turpwitne-oU,  lee  GnoUa's  Ba^ 
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^wfly  to  the  Bpecifle  gravity,  boiling-point,  and  optical  lotatoary  power.  It  mnst  be 
remembered,  however,  that  the  subetancea  deeignated  as  tnzpentine-oilB  are  often 
mixtures  of  several  snbstances,  so  that  these  proMrties  may  vary  even  in  torpentine- 
oils  of  the  same  origin,  according  to  the  modes  of  preparation  and  pnnficatian 
adopted. 

The  specifie  grayity  of  tnrpentine-oiLi  nsnally  yaries  firom  0'86  to  0*88.    Their 
boiling-points  axe  always  near  160^.    The  rotatory  power  varies  considerably:  $^. — 


For  English  torpentine-oil . 
„    French  „  • 

„    Venetian  „ 

„    Templin-oil 


+  18-60 
-86-40 
-  6-20 
-76-90 


The  rotatory  power  of  torpentine-oil  is  independent  of  that  of  the  turpentine  from 
which  it  is  prepared.  Thus,  for  example,  E^lish  tnrpentine-oil  is  dextrorotatory, 
whereas  Uie  turpentine  from  which  it  is  preparod  is  IsBvoiotatorjr.  Venice  turpentine 
turns  the  plane  of  polarisation  to  the  right,  whereas  the  volatile  oil  distilled  therefrom 
turns  it  to  the  left»  &c. 

The  principal  constituents  of  French  and  English  turpentine-oils  have  been  more 
particuurly  examined  by  Berthelot  (loo,  oii,\ 

French  turpentine-oil  consists  mainly  of  a  hydrocarbon,  C**H**,  called  by  Berthelot 
terebenthene.  This  substance  cannot^  however,  be  readily  obtained  from  the  com- 
mercial oil,  in  which  it  is  contaminated  with  numerous  products  of  transformation ;  but 
it  may  be  prepared  in  a  state  of  purity,  by  neutralising  French  turpentine  with  an 
alkaline  carbonate,  and  distilling  it,  first  over  the  water-bath,  and  then  in  a  vacuum. 
By  this  treatment,  all  transformation  of  the  product  by  heat,  or  by  reagents,  is 
atoided,  and  a  hydrocarbon  is  obtained  of  constant  physical  character.  Terebenthene 
thus  prepared  is  a  liquid  of  specific  gravity  0-864,  boiling  at  I6I0,  and  having  a 
specifie  rotatory  power  —   —  42*80. 

Australene,  or  Austraterebenthene,  the  chief  constituent  of  Enslish  turpen- 
tine-oils, prepared  in  like  manner  from  the  turpentine  of  Pmtia  austrmiSt  is  also  a 
liquid,  having  the  same  specific  gravity  and  boiling-point  as  terebenthene,  but  a  specific 
rotatory  power  «    +   21-6o. 

French  turpentine-oil  likewise  contains  an  isomeric  hydrocarbon,  terepentilene, 
boiling  below  180^^  and  another  called  parterebenthene,  polymeric  with  tereben- 
thene, which  boils  at  about  260o.  English  turpentine-oil  contains,  besides  australene, 
an  isomeric  body  called  austrilene.    (Berthelot.) 

Decompositions. — 1.  Turpentine-oil  absorbs  the  oxygen  of  the  air,  becoming  thicker, 
and  ultimately  resinous ;  at  the  same  time,  carbonic,  acetic,  and  formic  acids  are  pro- 
duced. In  tins  gradual  oxidation,  as  in  all  slow  combustions,  part  of  the  atmospheric 
oxygen  is  converted  into  ozone :  hence  turpentine-oil,  after  prolonged  exposure  to  the 
air,  always  contains  oxygen  and  ozone  in  solution,  together  with  a  continually  increas- 
ing quantity  of  an  oxygenated  compound.  When  turpentine-oil  containing  water  is 
exposed  for  some  time  to  the  sun*s  rays,  in  a  large  flask  filled  with  oxygen,  which  is 
renewed  from  time  to  time,  a  hydrated  oxide  of  turpentine-oil,  C**H**O.H'0,  is 
deposited  on  the  sides  of  the  vessel,  in  stellate  groups  of  long  needles,  soluble  in  hot 
water,  also  in  alcohol  and  in  ether.    (Sobrero,  Ann.  Ch.  Pharm.  Ixxx.  106.) 

2.  ChUmns  is  absorbed  by  turpentine-oil,  with  evolution  of  heat,  sometimes  sufil- 
cient  to  produce  inflammation.  When  paper  soaked  in  rectified  turpentine-oil  is 
introduced  into  a  vessel  filled  with  chlorine,  the  turpentine  takes  fire,  and  a  quantity 
of  black  smoke  is  produced,  together  with  white  fiimes  of  hydrochloric  add. — Bromine 
acts  in  a  similar  manner. — Iodine  is  dissolved  by  turpentine-oil,  forming  atifirst  a  green 
solution,  which  afterwards  becomes  hot,  and  gives  off  hydriodic  acid.  When  a  con- 
siderable quantity  of  iodine  is  suddenly  brought  in  contact  with  turpentine-oil,  explo- 
sion frequently  ensues.  Turpentine-oil  distilled  with  ehloride  of  lime  and  water,  yields 
chloroform. 

8.  Turpentine-oil  is  rapidly  attacked  by  nitric  acid,  the  concentrated  acid  often 
setting  it  on  fire.  On  evaporating  the  solution  to  dryness,  and  then  distilling,  the 
distillate  contains  nitrobenzene  (Schiff,  Ann.  Gh.  Pharm.  cxiv.  201).  If  the  nitric 
acid  solution  be  precipitated  with  water,  and  the  separated  resin  distilled  with  potash, 
toluidine  passes  over,  together  with  other  products  (Chautard,  ibid.  Ixxxviii.  340). 
In  both  these  reactions,  therefore,  products  are  formed  belonging'to  the  class  of  aro- 
matic compounds.  When  turpentine-oil  is  boiled  for  some  time  with  moderately  strong 
nitric  acid,  numerous  products  of  decomposition  are  obtained,  the  formation  of  which 
has  not  yet  been  explained :  nitrogen,  carbonic  oxide,  carbonic  dioxide,  and  hydro- 
cyanic add  are  evolved  as  gases ;  formic,  acetic,  propionic,  and  butyric  acids  distil 
.over;  and  the  residue  contains  oxalic  acid,  terebic  add  (p.  723),  camphretic  add, 
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(deieribed  vndav  PiBOOiAiniusio  AaiD,ir.  7^7), twephtiwlie add,  (p.  73S\ 
hmnc  aeid  (p.  728i  aaid  tarednyiie  Mid  (p,  726). 

6.  TarpenlaiieHNl  hMted  with  Ji^iAof^  tekai  np  a  la^ 
focmate  and  terobentato  of  lead.  On  washing  thB  pnciDitaU  with  aloohoC  anapaiidias 
it  in  water,  decomposing  it  with  sulphydric  aai,  euansting  the  lemainiBig  solkl 
mbstance  with  aloobol,  luid  leaTiDg  tfaa  alffohtJift  aolntioa  to  eraporale,  white  cmt&ls 
aire  obtained,  conaisting  of  terebentic  acid,  C'H'^0*.  (Weppen,  Aim.  Ch,  Phazaa. 
c  253.) 

6.  The  acdon  of  other  acids,  salts,  to,  which  combine  directly  with  torpentine-oil, 
or  merely  conTert  it  into  isomeric  or  poljmerie  modifications^  will  be  oonaideied 
further  on. 

Com^pounds  qf  Tmrpmitin$-oiU  wUh  Sjjfdroeklofie,  JE^/drohr^mie,  and  J^fdnodic  JddM, 

Mydyoablimt— ■— The  terebentheDeSi  aalgeeted  to  the  action  of  hydrodilorie 
add  gas^yiekl  a  mixture  of  crystalliaabla  and  liqnid  monoh^drochlorates,  C'H'*. 
HOL  When  they  are  left  for  some  time  in  contact  with  fmning  hydroeUorie  add,  or 
when  their  ethereal  or  alcoholic  solution  is  saturated  with  h^diodUoiic  add,  water 
then  added,  and  the  liquid  left  ezpoaed  to  the  air,  a  czystallisable  dihydrochlo- 
rate,  0"H''.2HC1,  is  produced ;  sometimes,  also,  unstable  compounds  of  savanl 
hydrochlosates  are  obtained.  The  dihydroehlorates  are  likewise  prodnoed  by  the 
action  of  hTdzochlorie  add  upon  the  hydrates  of  tozpentane-oil,  and  by  that  of  the 
chlorides  of  phosphorus  on  texpin-hydrate  and  terpin  (p.  923). 

The  moncuiydzoehlorates  are  optically  actiye,  produciag  rotation  to  the  wA^  or  left, 
according  to  the  nature  of  the  terebenthene  firom  which  they  hsre  been  fonDedTthna  for 
the  solid  monohydrochlorate  of  terebenthene^  [a]  •■  —  82'2^;  fat.  that  of  auatzaleoe, 
[a]  i«   + 11*7. — The  dihydrochlorate  is  c^tially  inactive. 

The  seyeral  raneties  oi  torpentiae-oil,  maamnrh  as  Ihey  consist  esseatiallT  of  tare- 
benthenes,  likewise  react  with  hydrochloric  acid  in  the  manner  just  described ;  indaed, 
most  of  the  published  statements  respecting  the  hydrochlorates  of  turpentine-oil  re- 
late to  products  which  hare  been  prepared  from  turpentine-oils  of  u&koown  origin. 

Solid  Monohydroehlorate,  Ci*H>*.HCL— This  oompouad,  also  called  artifi- 
cial camphor,  was  discovered  by  £lein,  in  1803.  It  is  prepared  by  saturatiflg 
rectified  turpentine-oil  with  hydrochloric  aod,  keeping  the  liquia  cool,  presaiag  the 
dystals  which  separate  after  some  hours,  and  recrystulising  them  from  hot  alcohol, 
or  predpitating  tne  alcoholic  solution  with  water.  It  forms  white  crystals  or  ciystal- 
lioe  floc^ ;  by  slow  sublimation,  it  may  be  obtained  in  tufts  of  needles  or  ahinii^ 
laminsd.  It  resembles  common  camphor  in  appearance  and  in  odour,  and  sublimes 
easily  at  ordina;^  temperatures.  It  melts  at  115°,  and  boils,  with  partial  decompod- 
tion,  at  16*5°.  It  is  insoluble  in  water,  eadly  soluble  in  alcohol  ^especially  at  the 
boiling  heat),  and  in  oil  of  turpentine.  At  ordinaiy  temperatures,  it  is  yery  stable,  not 
giving  up  its  chlorine  even  to  silver^salts ;  but  when  nested,  it  is  decomposed  by 
water  and  alcohol  (at  160^),  though  not  completely.  The  hydrochlozate  is  likewise 
deoomposed  when  heated  with  salts,  the  decomposition  sometimes  requiring  rather  a 
high  temperature.  The  product  is  always  a  hydrocarbon  of  the  formula  C'*H"— via. 
icamphene,  inactive  camphene,  or  can^>hilene  (pp.  924,  925). 

Liquid  Monohydrochlorate,  C'H'MICUsometimes  called  hydrochlorate of  tera- 
bene). — ^Produced,  together  with  the  solid  mononydrochlorate,  bv  die  action  of  hydro- 
Kshlonc  add  gas  on  turpentine-oil,  the  proportion  of  the  liquid  hydrochlorate  being 
s;reater  as  the  temperature  at  which  the  reaction  takes  place  is  higher.  To  purify  it,  the 
uqnid  decanted  firom  the  solid  hydrochlorate  is  cooled  to  — 10°,  in  order  to  remove  the 
portion  of  soUd  hydrochlorate  still  remsining  in  solution,  then  warmed  for  some  time 
m  the  water-bath,  treated  with  chalk,  dissolved  in  twice  its  volume  of  alcohol,  deoo- 
loiisfd  with  animal  charcoal,  predpitated  with  water,  and  dried  over  chloride  of 
x»a^<*»"™  It  is  a  colourless,  optically  active  oil,  of  spedfic  gravity  1*017.  It  is  da- 
composed  by  heating  with  salts,  or  with  bases,  but  the  hydrocarbon  (camphilene,  p. 
925),  which  is  the  direct  product  of  the  decompodtion.  has  not  been  further  exa- 
mined.   By  distillation  over  quicklime,  it  yields  tne  so-called  terpilene  (p.  925). 

2><  hydroehlorate,C^*R^*.21ICiL — ^Produced  when  turpentine-oil  is  left  for  sometime 
in  contact  with  very  strong  hydrochloric  add  (Bert  helot);  when  terpin,  terpin-hydrate, 
or  terpinol  is  saturated  with  hydrochloric  add  gas,  or  treated  with  the  fuming  add 
(DeviUe,  Ann.  Ch.  VbaittL  Ixid.  851. — ^List,  ibid.  Ixzvii.  369) ;  also  when  terpin  or 
terpin-hydrate  is  acted  upon  by  a  chloride  of  phosphoros  (Oppenheim,  ibid,  czxiz. 
149).  When  a  solution  of  turpentine^il  in  alcohol,  ether,  or  acetic  add  is  saturated 
with  hydrochloric  acid,  eadlv  decomposible  compounds  of  the  dichlorhydiate  with  tho 
solid  or  liquid  monohydrochlorate  are  produced ;  and  on  adding  water,  and  leaving  the 
liquid  for  some  time  in  contact  with  the  air,  crystals  of  the  dihydrochlorate  are  obtained. 
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Tbe  dihjdrochlomte  forms  rhomliic  tablo^  ixvwliible  in  Yfttor,  eaiihr  ioIaUe  in 
bopizig  alcohol  It  is  bIowIy  deoompofled  b^p^  boiling  with  water  or  alcohol,  quickly  by 
tx>iliQg  irith  alooholio  potaso-solntioii,  yieldiagtcipuioL 

Sjr<bro1iroiii«tea«^HydiobrMiiic  acid  acts  on  torpeDtine^il  in  the  same  manner  as 
hydrochloric  acid,  forming  a  crystallisable  and  a  liquid  monohydrobromate,  C'*H**.HBr. 

A  crystallisable  dihy£obromate,  G'*H>*.2HBr,  melting  at  42^  ia  produced  by  the 
action  of  phosphoric  pentabromide  on  turpentine-oil.  When  hydrobromic  add  gas  is 
passed  into  a  solution  of  turpentine-oil  in  acetic  acid,  a  liquid  compound' of  the  two 
fiydrobromates,  C**Hi«.HBr  +  C'*Hi*.2HBr,  is  formed;  when  exposed  to  the  air, 
it  yields  crystals  of  the  dihydiobromate.  (Oppenheim,  Ann.  Gh.  Pharm.  czxiz.  149.) 

Sy 4rlodatea« — Gaseous  hydriodie  acid  does  not  appear  to  form  a  solid  compound 
-with  turpentine^iL  The  product,  which  is  liquid  and  easily  decomposible,  appears  to 
be  a  mixture  of  two  hydriodates,  one  oorrespoD<fing  with  the  solid,  Uie  other  with  the 
liquid  monohydroehlorate. 

Terpin,  treated  with  iodide  of  phosphoras  (PI'  or  Pl*\  yields  the  easiljf  decomposi- 
ble dinydriodate,  0"H>'.2HI,  which  crystallises  fiom  etnoreal  solution,  m  colourless 
hexagonal  tables  melting  at  48^.    (Oppenheim.) 

^Hffdrate9  of  TurpeiUine-oit. 

The  terebsnthensB  unite  with  water  in  ssvwnl  proportioiis,  yielding  the  following 
compounds: 

CP*H*3H»0        CJ"rH««.2H?0       C»*ir*.H«0       2C'«H'».H«0. 
Terptn-hy-  Terptn.  Terpentin-  Terplnol. 

drato.  hydrate. 

Terpin-hydrate,  C*^i*.2HH).  aq.  (aho  csUed  TksrpmHne-eofm^hor  and  Hydrate 
(f  2%w^0n<Mi«-otf),  is  firequently  deposited  in  crystals  i£am  tuipentine-oil  containing 
wwter ;  its  production  is  fiiTour^  bjr  the  pnMencs  of  an  acid.  To  prepare  it,  6  rols.  tur- 
pentine-oil are  mixed  with  2  toIs.  nitric  acid  and  1  to  6  vols,  alcohol ;  and  the  mixture 
18  frequently  shaken  during  the  first  ism  days,  then  left  to  itself  in  shidlow  yessels  for 
sereral  weeks.  Brown  cr^tals  are  thereby  formed,  which  must  be  pressed,  and  then 
reoystaUised  f^om  boiling  water,  with  addition  of  animal  charcoal. 

Terpin-hydtate  usually  crystallises  in  large  rhombic  prisms ;  it  diasolyes  sparingly 
in  oolo,  easily  in  boiling  water,  easily  also  in  alcohol  and  ether.  At  100^  it  melts, 
giyes  off  its  water  of  ciystalliBation,  and  is  oouTerted  into  terpin.  The  same  change 
t^kes  place  on  exposing  the  crystals  to  air  dried  over  oil  of  ritriol. 

Terpin,  CHi*.2HK},  melts  at  108^,  and  solidifies  in  the  crystalline  state  on  cool- 
ing. It  sublimes  at  about  160°,  in  slender  needles.  It  is  dissolved  with  red  colour  by 
strong  sulphuric  acid,  and  converted  into  turpentine-oiL  The  same  change  takes  place 
on  boiliiig  the  terpin  with  dUuts  acids,  heating  it  to  100**  with  chloride  of  sfinc,  or  to 
160° — 180°  with  chloride  ofcaieiumf  strowHumt  or  ammonium.  Terpin,  or  terpin- 
hydrate,  subjected  to  the  action  of  gaseous  or  aqueous  hydrochloric  aovi,  or  of  either 
of  the  chlorides  of  phoimhorv>St  is  converted  into  the  crystallised  dihydrochlorate,  C'*H'^ 
2H01.  Terpin,  mstilled  with  phosphoric  anhydride^  yields  terebene  and  colophene 
(p.  924).  When  vapour  of  terpm  is  passed  over  eoda-UmSj  heated  to  400°,  terebentilic 
acid  (p.  723)  is  produced.  Heated  with  acetic  or  butyric  acidy  or  with  benzoic  chloride^ 
it  yields  terebene  and  pol^rterebenes  (p.  924).  When  heated  with  acetic  anhydride  to 
140°,  for  not  too  long  a  tame,  it  yields  a  compound  containing  O*H'*.C^^0''.H'0,  re- 

(C-H'T) 
garded  by  Oppenheim  as  an  acetic  ether,     CEPO  lO'.    This  compound  boils  at  140° 

— 150°,  under  a  pressure  of  2  centimetres  of  mercury. 

Terpinol,  2C"H".H»0.  (Wiggers,  Ann.  Ch.  Pharm.  Ivii.  247.-~List,  ihid, 
Ixvii.  367. — Oppenheim,  cxxix.  165.)--Produced  when  terpin  is  boiled  or  distilled 
with  dilute  hydrochloric  or  sulphuric  acid ;  also  when  the  dihydrochlorate  of  tereben- 
thene  is  boiled  with  water,  alcohol,  or  alcoholic  potash.  It  is  a  colourless,  strongly 
refracting  oil,  having  a  pleasant  odour  of  hyacinths,  slightly  soluble  in  water,  and 
optically  inactive.  Specific  gravity  «  0*862.  It  boUs  at  about  168°,  but  suffers 
partial  decomposition  at  the  same  time,  and  in  such  a  manner,  that  tiie  first  portions 
of  the  distillate  contain  less  orfgen  than  the  later  portions.  It  forms  with  hydro- 
chloric acid  the  crystallisable  dihydrochlorate,  C'*H*'.2HC1,  and  may  be  reconverted 
into  terpin  by  assumption  of  water. 

Terpen  tin -hydrate,  C**H".HK).  Liquid  Turpentine-camphor. — This  compound 
is  somethnes  obtained  in  the  preparation  of  teipin,  either  together  with  the  latter,  or 
forming  the  only  product.     It  is  a  liquid  insoluble  in  water;  boils,  apparently  without 
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deeomiNMitkm,  at  200^— 22(P,  and  inpfeseiiee  of  water  ippe^ 
dreiiiiifltaaeM  not  mauHy  xaukaa/UxSi,  into  tetpm.    It  is  opCicallr  aetiTe;  [ml  ^ 
-42-4^.    When  treated  with  hjclzoehkrie  aeid,  it  yields  the  crjrtafesable  diliTdm- 
cfalozBte,  G>«HM  2HCL    (D  eTille,  Ann.  Ch.  Phazm.  Ind.  S48.) 

Molecular  Transformations  of  Tmrpentins-oiL 

L  By  heat. — ^Terebenthene  (p.  922)  when  caicAdly  prnarcd,  nay  he  diariUwd,  mad 
ema  heated  considerably  above  its  boOing-point,  wfthont  alteEati<m;  hot  towvds  250^. 
it  begins  to  nndecgo  a  cnange,  the  boiling-pmnt  rising,  the  rotatoty  pow^  dimimriiiag; 
and  the  prodnct  beetnning  more  easily  oiridisable  in  eontact  with  the  air;  thisaiter- 
ation  goes  on  the  more  rapidly  as  the  temperature  is  higher.  The  prodnct  consista  of 
one  isomene  and  several  polymeric  modifications  of  tarebeotheoe. 

The  isomeric  modification,  called  terepyrolene,  resembles  aastzapyroksie,  bat 
has  not  been  particnlarly  examined.  The  (£ief  prodnct  is  the  polymeric  mndifirsiioB 
metaterebenthene,  OTET".  It  is  a  yeDowish  viscid  Uqnid,  bouing  at  about  360^, 
and  of  specific  gravity  0*913.  It  fbrans,  with  hydroeUoEie  add,  the  hqnid  compoiid 
C"H«HfcL 

Anstralene  (p.  921),  heated  for  several  hoars  to  250^,  is  oon?eited  into  the  iaoDeric 
body,  austrapyrolene,  boiling  at  177^,  and  having  a  spedfie  gravity  of  0-847,  and 
epeofic  rotatory  power  «  '*  11^.  It  smeDs  like  lemon-oil,  is  more  readily  avidiwablo 
than  anstralene,  and  forms  a  solid  h^drochlorate,  2CifH".3HCl,  iHiieh  has  a  apecinc 
rotatory  power  of  —14*6°.  By  oontmned  heating,  the  polymeric  body,  metanstra- 
terebe  nth  ene,  is  prodnced,  very  mnch  like  metaterebenthene,  having  aspeeific  gravity 
of  0'91,  and  boi^ng  at  abont  360^ ;  its  specific  rotatory  power  is  smaller  than  that  of 
anstralene,  and  of  opposite  sign. 

IL  By  reagents. — ^HEany  snbstanoes  possess  the  power  of  converting  torebentibene 
into  isomeric  or  polymeric  modifications.  Some  act  even  at  ordinaiy  temperatarcs^ 
others  only  with  the  aid  of  heat.  Many  prodnce  the  transformation  in  a  very  ahoti 
time ;  others  act  slowly,  and  never  prodnce  complete  transformation.  In  sobm  caaes 
very  small  qnantities  d  the  reagent  are  snfficient  to  prodnce  complete  txanafonnatioB, 
bat  fireqoently  large  qnantities  are  required.  The  most  energetic  resgent  ia  /moridt 
of  boron,  1  pt  of  this  sabstance  instantly  converts  160  pts.  terebenthene,  with  great 
nse  of  temperatnre,  into  polymeric  opticallv  inactive  modifications,  boiling  above  300^. 
— Sulpkunc  acid  likewise  acts  in  the  cold,  but  less  energetically ;  1  pt.  of  this  add 
converts  4  pts.  terebenthene  into  an  isomeric  and  a  polymeric  modification. — ^Weak 
mineral  acids  (like  boric  aeid},  and  several  organic  adds  (e^^  aeetie,  oxaUe,  tartaric, 
and  cUric  adds),  act  upon  terebenthene  at  100^;  bat  the  action  is  very  slow,  and  not 
complete,  even  after  60  or  60  bonis. — Chloride  of  sine,  at  100^,  acts  in  a  similar 
manner. — B%uoride  and  cldoride  of  calcium,  and  even  the  chlorides  of  the  alkalirmeteis, 
act  in  like  manner,  but  very  feebly ;  the  transformation  takes  place,  however,  moce 
quickly  in  presence  of  these  substances  than  under  the  influence  of  heat  alone. 

The  products  of  these  transformations  are  the  same  in  all  cases,  viz. : 

a.  Terebene,  an  isomeric  modification. — ^This  substance  is  best  prepared  by  the 
action  of  strong  sulphuric  add  on  terebenthene  or  anstralene,  and  may  therefore  sJso 
be  obtained  from  torpentine-olL  The  process  consists  in  mixing  the  tnrpentiDe-oil 
with  J^h  of  its  wdght  of  strong  sulphuric  add,  leaving  the  liquid  to  stand  for  twenty- 
foar  hours,  then  decanting  it  from  the  sediment,  and  ^stilling;  repeating  the  process 
till  the  product  no  longer  acts  on  polarised  light ;  then  washing  with  water  and  oazbon- 
ate  of  sodium,  drying  over  chlorioe  of  calcium,  and  rectifying. 

Terebene  is  a  liquid  having  the  odour  of  thyme-oil,  a  specific  gravity  of  0*864, 
boiling,  at  156^,  optically  inactive.  With  hydrochloric  acid,  it  forms  auquid  componnd, 
2C^H''.HC1,  and  similar  compounds  with  hydrobromic  and  hydriodic  adds. 

i9.  A  liquid  optically  inactive  hydrocarbon,  boiling  at  250^,  and  probably  consisting 
of  sesquiterebene,  C'^H**. 

7.  Diterebene,  Metat  erebene,  or  Colophene,  OT5*^. — ^Produced,  together 
with  terebene,  in  the  process  above  described.  It  is  an  oil,  having  an  aromatic  odour, 
a  blue  iridescence,  optically  inactive,  of  specific  gravity  0*94,  boiling  at  310° — 315^. 
It  absorbs  hydrochloric  add  gas,  but  does  not  appear  to  form  a  definite  compound  with 
it.  Chlorine  converts  it  into  a  resinous  mass,  from  which  alcohol  extracts  a  compound 
crystallising  in  yellow  needles,  and  probably  consisting  of  a  substitution-product, 
C»H»C1*.    (See  i.  1086.) 

3.  Various  poly  terebene  8,  (C"H**)*.— Optically  inactive  liouids,  of  continually 
increasing  viscidity,  and  boiling  at  temperatures  between  360^  and  a  low  red  heat. 

III.  By  combination  with  hydrochloric  acid  or  water,  and  decompodtion  of 
these  compounds. 
The  solid  monohydrochlozates  of  turpentinc-oil,  subjected  to  the  action  of  very  weak 
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veagents,  yield  hydrocarbons,  C*fH^',  designated  by  Berthelot  88  eamphenes*    The 
three  following  are  known : — 

1.  Terecamphene. — ^Produced  by  heating  the  solid  hydiochloratei  prepared  from 
French  turpentine-oil,  to  200^ — 220^,  for  a  considerable  time,  with  stearate  of  potassium 
or  dry  soap.  The  product^  purified  by  recrystallisation  from,  alcohol,  is  solid  and 
cry Btiulisable,  with  the  aroect  of  camphor.  It  melts  at  46^,  and  boils  at  about  160^. 
Specific  rotatory  power  [a]  »  —66^.  It  forms  onbr  one  compound  with  hydro- 
chloric acid,  namely,  a  solid  monohydrochlorate,  G^*H*'.HC1,  whose  specific  rotatory 
power  is  -I-  32 ;  that  is  to  say,  equal  and  opposite  to  that  of  Uie  solid  monohydxochlo- 
rate  of  terebenthene. 

2.  Anstracamphene. — Obtained  from  English  turpentine>oil  in  the  same  wav  as 
terecamphene  is  obtained  from  the  French  oil.  It  resembles  terecamphene  in  all  its 
properties,  excepting  in  its  optical  rotatoiy  power,  which  is  [a]  ■-  -i.  22°.  It  forms  a 
solid  monohydrochlorate,  having  a  specific  rotatory  power  of  —6°. 

3.  Inactive  Gam phene.— This  is  a  solid  hydrocarbon,  produced  by  treating  tur- 
pentine-oil, in  the  manner  above  described,  with  stearate  of  barium,  or  better  with 
benzoate  of  sodium:  it  resembles  terecamphene  in  every  particular,  excepting  in  its 
relation  to  polarised  light.  It  forms  a  solid  monohydrochlorate,  whidi  is  likewise 
inactive.. 

Camphilene. — ^This  name  is  given  by  Berthelot  to  a  hydrocarbon  (not  yet  exa- 
mined), which  is  produced  by  the  action  of  potassium-stearate  or  other  weak  reagents 
on  the  liquid  monohydrate  of  terebenthene. 

The  same  name  (also  Dadyl)  is  applied  to  a  hydrocarbon  (evidently  a  product  of 
the  transformation  of  camphene),  formed  by  distilling  the  solid-monohydro<£lonite  of 
turpentine-oil  several  times  over  quicklime,  or  in  the  state  of  vapour  over  lim^  heated 
to  1 90° — 195°.  It  is  a  limpid  aromatic  liquid,  of  specific  gravity  0*87,  boiling  at  156°, 
and  without  action  on  polarised  lieht.  According  to  Laurent,  it  forms,  with  chlorine, 
the  compound  0'*H>*GLHG1,  whi<m,  when  treated  with  alcoholic  potash,  yields  chloro- 
camphilene,  G^*H"01 ;  and  this  again  unites  with  chlorine,  forming  the  compound 
G'*H**01'.HG1,  &c:  hence  it  womd  appear  that  camphilene  reacts  with  chlonne  in 
the  same  manner  as  ethylene. 

Terpilene. — ^An  inactive  hydrocarbon,  produced  by  the  action  of  weak  reagents  on 
the  sobd  dihydrochlorate,  G»*H'«.2Ha. 

Terebilene  is  a  hydrocarbon  obtained  by  distilling  the  li(^uid  monohydrochlorate 
of  turpentine-oil  with  quicklime  or  with  potassum ;  also  by  distilling  the  corresponding 
hydriodate  with  potash.  It  smells  like  terebene,  and  is  optically  inactive.  Specific 
gravity  -  0*843.  Boiling-point  »  134°. 

8uhBt%iuiion-produet9  of  Turpentine '0x18, 

Chlorine  forms,  with  turpentine-oil^  a  liquid  having  a  camphorous  odour,  and  turn- 
ing the  plane  of  polarisation  to  the  right,  even  when  it  has  been  prepared  from  levo- 
rotatoiy  torpentine-oiL  It  appears  to  be  a  mixture  of  tetrachlorinated  turpentine-oil 
and  tetrachloroterebene. 

When  chlorine  is  passed  over  the  solid  monohydrochlorate  of  turpentine-oil,  a  yellow 
liquid  is  formed,  consisting  of  G**H"G1*.HG1,  and  easily  resolved  into  hydrochloric 
acid  and  tetradilorinated  torpentine-oil,  G**H**G1\  The  latter  is  crystalline,  melts  at 
110°— 115°,  and  decomposes  at  a  higher  temperature.    It  is  optically  inactive. 

Terebene  also  forms  substitution-products  with  chlorine,  chiefiy  tetrachloroterebene. 

BroTnvne  acts  on  turpentine-oil  and  terebene  similarly  to  chlorine,  forming  chiefly 
tetrabrominated  products. 

The  products  of  the  action  of  chlorine  on  camphilene  have  already  been  mentioned. 

TVXraH  'I'm  B«VASWZ8Bafl.    Solutions  of  resins  in  oil  of  turpentine. 

TUXraTR  or  TmUUETB  Mill  Mil A&.  An  old  name  for  basic  mercuric 
sulphate,  HgSO«.2HgO  (p.  606).  Sulphate  of  tetramercurammonium,  (N*Hg*)SO\ 
2H'0,  is  sometimes  (uJled  ammoniacal  turpethum. 


i  or  TmtBITB  SOOT.  The  root  of  Convolfndue  Turpethum,  or 
Iponuea  Turpethum,  a  plant  indigenous  in  India  and  Australia.  It  has  a  disagreeable 
sweetish  taste,  and  contains,  aocmding  to  Boutron-Gharlard  (J.Pharm.  viii.  131), 
a  volatile  oil,  fat,  a  vellow  colouring-matter  and  a  drastic  resin.  This  resin  constitutes 
about  4  per  cent,  of  the  root,  and  contains  about  ^h  of  its  weight  of  a  substance 
soluble  in  ether,  the  remaining  }{ths  consisting  of  turpethin.    (Spirgatis.) 


*  The  term  **  caropheiw  **  It  commonly  oied  m  a  generic  name  for  the  hydroearbont,  (Ci'HP*),  (see 
724).    If  It  be  restricted  to  the  meaains  above  giTen,  the  entire  croup  nujr  be  dnignated  at  te  r  • 

eJief. 


n 
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TUSVSVBXO   ACm.    0**H**Oi*.    (Spir^atifl,  J.  pr.  Chem.  aoL  97: 

resb.  1864,  p.  591.) — ^An  acid  ppodnoed  by  the  action  of  bases  on  taxpethniy  C**B*'0'*. 
When  tnrpethin  is  dissolyed  in  warn  bwyta-water,  the  buyta  xemored  by  swlphime 
acid,  the  eicess  of  this  acid  by  lead-hydrate^  the  latter  by  snlphydrie  aeid,  aad  die 
filtrate  evaporated,  tarpethie  acid  remains  as  an  aaiorpfamia  yellowish  maas,  eaaiiyr 
solaUe  in  water,  haying  a  stxong  acid  reaction,  and  a  bitter  somewhat  soar  taste.  It 
forms  two  barium-salfca,  eontaining  G>«H»Ba''0»  and  0MH»Ba''O*«.0"H«O».  It  » 
resolTed  by  mineral  acids  into  gLooose  and  torpetholic  add. 


0*'H'H)".  (Spirgatis,  ^.ci<.) — ^A  pnigatiTe  renn,  iaomerie 
with  jalapin  and  scammonin,  extracted  f^m  the  root  of  Ipomaa  Turpetkum{vieL  Mp.). 
To  prepare  it,  the  root  is  ezbansted  with  cold  water  ;  the  dried  residue  is  treated  witk 
alcohol,  the  alcoholic  extract  concentrated  by  distillation ;  the  residue  mixed  witii 
water;  and  the  brown-yellow  mass  thereby  precipitated  is  repeatedly  boiled  with  water, 
then  dried  and  shaken  np  four  or  five  times  with  ether,  and  repeatedly  precipitated  bj 
ether  f^m  solution  in  absolute  alcohoL 

Tnrpethin  thus  prepared  is  a  brownish-yellow  inodorous  resin,  gradual^  exciting 
a  sharp  bitterish  taste,  and  strongly  irritating  the  mucous  membranes  of  Uie  mouth 
and  nose  when  pulverised.  It  dissolves  easily  in  alcohol,  like  jalapin,  bat  is  distin- 
guished from  that  substance  by  its  insolubility  in  ether.  It  melts  at  about  188^,  and 
dissolves  slowly  in  strong  sulj^uric  acid,  forming  a  red  liquid.  When  treated  with 
alkalis,  baryta-water  for  example,  it  takes  up  2  at  water,  uid  is  converted  into  tur- 
p e th  ic  acid.  Under  the  influence  of  mineral  adds,  it  is  rsdissolTed  into  glnooee  and 
turpetholicacid: 

C»*H«H>»«  +  6HK)    -    »0^H»"O«  +  0»«H«0«. 

TUBVBTBOXiIO  ACSZ]lpG*'H''OS  separates,  in  the  reaction  just  described,  as  a 
yellowish-white  granular  con^omerate ;  and  after  washing  with  water,  and  repeated 
crystallisation  from  dilute  alcohol,  with  addition  of  aniimil  charcoal,  forms  a  white 
mass,  made  up  of  slender  microscopic  needles.  It  is  inodorous,  has  an  irritatung  tasto 
and  acid  reaction,  dissolves  easily  in  alcohol,  less  easily  in  ether,  melts  at  about  88^,  and 
decomposes  at  a  stronger  heat,  like  iaiapinolic  add  (iii.  440)  giving  off  a  white  fume 
which  strongly  irritates  the  eyes  and  nose. — TurpeihalaU  of  Sodium,  C*'H*'KaO%  is 
a  white  mass,  having  a  silky  lustre,  and  exhibiting,  under  the  microscope,  sharply 
defined  rhombic  plates,  with  angles  of  about  66^  and  126^.— The  oaHum-^iU, 
C"H«*Ba''0',  is  amorphous.    (Spirgatis.) 

Syn.  with  Butilb. 

».  The  root  of  Tusailago  Pet(uite$,  L.  {Petantea  vulgarii,  Deef.)  con- 
tains, according  to  Beinsch  (N.  Jahrb.  Pharm.  ir.  267),  avolati-eou,  a  crystallisabla 
add  resin,  called  resinapitic  acid,  another  resin  called  petasite,  the  alcoholic 
solution  of  which  forms,  with  mineral  adds,  an  emerald-green  liquid,  afterwards  tam- 
ing blue  when  hydrochloric  add  is  used, — ^besides  glucose,  mannite,  inulin,  tannin,  and 
the  ordinary  plant-constituents. 

TUWtq^Qim.  A  native  hydzated  sluminium-phosphato,  2A1'0' J**0*.6HK),  foond 
in  Persia,  and  much  valued  as  a  gem.    (See  PHOfiPSATBi,  iv.  652.) 

TYPB-mPAIh  Printers'  types  are  made  of  an  alhiy  of  lead  and  antimony, 
sometimes  with  addition  of  sine  or  Insmuth,  and  of  tin  for  stereotype  plates  (i.  816; 
iii.  682). 

TTPSSf  OSXMZOAIm  Bodies  analogous  in  constitution,  and  exhibithig  ana- 
logous reactions,  are  said  to  belong  to  the  same  type.  Thus  hydrocfalorie  ad^  HCl, 
or  rather  its  multiple  nHCIl,  may  bd  taken  as  the  type  of  dilorides,  which  ra^,  in  &ct, 
be  derived  fh>m  it  by  eouivalent  substitution :  e^.  KCl,  Ba"Cl*,  8b'"01*,  St**Gl*,  As*Oi*, 
&c.  Id  like  maimer,  tne  sulphates  are  derired  from  the  type  »H'SO^  the  orthophos- 
phates  from  the  type  nEPPO*,  metaphosphates  from  n^PO*,  &c.  In  a  wider  sense, 
the  formula  HOI  may  be  taken  as  the  type  of  chlorides,  bromides,  iodides,  fluorides,  and 
cyanides ;  H*0  of  oxides,  sulphides,  selenides,  tellurides,  oxysalts,  sulphur-salts,  &e. ; 
and  H'N  of  all  amines  and  amides,  and  of  the  corresponding  phosphorus,  arsenic,  and 
antimony  compounds.  It  is  unnecessary  to  go  fortber  into  detiul  on  this  subject,  as 
it  has  been  folly  explained  in  the  artide  CuLSSDic^noir  (i.  1007),  and,  moreover,  the 
svstem  of  formulation  according  to  types  has  been  adopted  thzoa|;hout  this  work.  In 
the  present  artide  we  shall  eiuleayoar  to  give  a  sketen  of  the  history  of  the  theories 
of  ^pes  and  substitution. 

OFay-Lussac  observed  that  wax,  when  bleached  by  chlorine,  gives  up  hydrogen, 
and  takes  vg  a  volume  of  chlorine  equal  to  that  of  the  hydzogen  zenoveo.  Damss 
observed  the  same  phenomeiion  with  oil  of  tozpentine ;  and  by  mtimding  the  inveili* 
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gatkm  to  the  setion  of  chlorine,  bromine,  and  other  elements  on  Tarions  oxganie 
snbetances,  he  concluded  that : — When  a  body  oontaininff  hydrogen  is  euhjeeted  to  the 
dehydrooeniting  infiuence  ofchiorine^  6romfM«,  iodine,  oxygen,  jv.,  it  takee  ^ifor  every 
atom  of  hydrogen  remotfed,  an  atom  of  chlorine,  bromine,  iodine,  or  oxygen  (O  »  8]. 

The  announcement  of  this  empiri<ad  law  of  sahetitntion  gave  rise  to  a  laige  number 
of  experiments  in  the  same  direction,  especially  byLanrent,  who  first  institated  a 
careful  oomparison  between  the  properties  of  the  substitution-product  and  those  of 
the  primitiTe  oom^und,  and  thence  concluded  that : — When  e^walent  subetiiution  of 
h^rogen  by  ehlortne  or  bromine  takee  piaee,  the  chlorine  or  bromine  takee  up  the  poei- 
turn  pretfiouel^  oeewpied  by  the  hydrogen,  andpiaye  to  a  certain  extent  the  same  part,  eo 
that  the  ehhrtnatedor  brominated ptidnct  ie  anaicgoue  in  oonetitution  to  the  boayfrom 
whieh  it  has  been  formed. 

Dn ma[s  was  at  first  opposed  to  this  idea,  as  to  the  part  whidi  the  chlorine  plays  in 
these  substitutions ;  but  afterwards,  when  a  larger  numbeor  of  substitution-products  had 
been  obtained  (by  Laurent,  Malaguti,  Begnault,  and  others),  and  when  he  himself 
had  disoorered  trichloracetic  acid,  uid  ciiown  it  to  be  analogous  in  all  its  reactions  to 
acetic  acid,  he  not  only  adopted  Laurent's  vienv,  but  even  went  beyond  them,  extending 
them  to  substitutions  by  oxygen,  and  deyeloping  them  into  the  theory  of  types,  the 
main  pineipies  of  whiiA  he  laid  dowti,  in  1889,  as  foDows: — 

1.  The  elonents  of  a  eompound  may,  in  numerous  eases,  be  replaced,  in  eqniTalent 
proportioni,  by  other  elements^  and  by  oooiponBd  bodies  whieh  play  the  pact  of 
elements. 

2.  When  this  substitution  takes  place  in  equal  nambeis  of  equiyalents,  the  body  in 
which  the  substitution  occurs  retains  its  chemical  type,  and  the  elements  which  have 
entered  into  it,  play  therein  the  same  part  as  the  element  which  has  been  abstracted. 

The  chemical  type  included  bodies  containing  the  same  number  of  atoms  of 
their  elements,  and  resembling  one  another  in  their  principal  chemical  properties — such 
as  acetic  and  triehlomcetie  adds,  or  chloroform,  bromoform,  and  ioiaoform.  When, 
on  the  other  hand,  the  chemical  dxaractra  of  a  body  was  altered  by  substitution,  the 
number  of  elementary  atoms  remaining  the  same,  the  two  bodies  were  regarded  as  be- 
longing to  the  same  mechanical  or  molecular  type :  s^.  marsh-gas,  OH';  fonnio 
acid,  CH*0>;  chloroform,  CHCl';  chloride  of  carbon,  CC1«. 

The  law  of  substitution  is  the  expression  of  facts,  which  the  type-theoiy  was  in* 
tended  to  explain.  It  was  not  supposed  that  the  type  was  preseryed  because  substitu- 
tion took  place  in  equiyalent  proportions;  but  the  permanence  of  the  type  was  regarded 
as  a  ]power  striving  to  retain  the  atoms  in  the  original  order,  and  thus  giving  rise  to  the 
substitution  of  one  element  for  another.  According  to  this  theory,  tlM  properties  of  a 
compound  depend,  in  many  cases,  upon  the  relatiye  positions  of  its  atoms,  much  more 
than  upon  their  individual  nature. 

These  views  ware  met  with  determined  opposition  byBerselius  and  the  other  up- 
holders of  the  electrochemical  theory.  Acoo»iing  to  tliat  theory,  chemical  combination 
consists  in  the  union  of  atoms  or  molecules  in  opposite  electrical  states,  and  the  func- 
tion of  any  element  in  a  compound  depends  altogether  on  its  electrical  polarity.  Such 
a  theory  is  plainly  irreconcilable  with  the  idea  that  a  strongly  electronegative  body  like 
chlorine  oaa  take  the  place  of  a  positive  element  like  hydrogen,  and  discharge  similar 
ftinctions  in  the  resulting  compound.  Accordingly,  the  advocates  of  the  electrochemi- 
cal theory  at  first  denied  the  nets  upon  which  the  substitution-theory  was  fbunded ; 
and  afterwards,  when  these  facts  had  been  inoontestably  established  by  numerous 
analyses,  sought  to  explain  them  in  a  manner  oonsistent  with  the  principles  of  the 
electrochemical  theory.  With  this  view,  Berzelius  endeavoured  to  show  thataoetic 
and  trichloracetic  adds  are  difibrently  constituted  compounds,  acetic  add  being  an 
oxide  of  the  radide  Ci2*,  whereas  trichloraoetic  consists  of  oxalic  acid  "  copulated*' 
with  chloride  of  carbon ;  thus : 

Acetic  acid CH*.(^  +  HO 

Trichloracetic  add  .  .       (^€^  +   0»0»  +  HO, 

The  numerous  substitution-products  of  acetic  ether,  formic  ether,  &c,  discovered  by 
Malaguti  and  Bcgnault,  were  likewise  formulated  by  Berselius  ip  a  similar  manner: 

Dichlorethylic  ether         .        C*i9*.0*  +  2C*H*.aP 


Perohlorethprlic  ether 
Dichloracetie  ether  • 
Dichloroformic  ether 
Monochloromethyl-oxide 
Dichloromethylic  oxide 
Perchloromethylic  oxide 


C«a»  +  6CH)P 

2C*H€^  +   C»JBr.C?  +  2(?«iP.0»  +   C*J5P.CP 
CH^.O^  +  C^H'.CP 
C^HO^  +  2C*H.a^ 
C0»  +  8(7CP 
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Bat  these  complicated  fonnals,  which  ropresented  compomkcb  eividently  _ 

in  properties,  as  constituted  in  entirely  different  ways,  met'with  little  acceptance,  marB 
especially  as,  in  order  to  carry  ont  such  modes  of  representation,  it  was  neccsaarf  to 
invent  a  new  radicle  for  almost  every  oiganic  compound  that  was  diseovered ;  and 
finally,  when  Melsens  showed  that  acetic  acid  can  be  reproduced  from  trichloracetic 
acid  by  the  action  of  sodium-amalgam,  the  idea  that  these  two  bodies  were  diSTerently 
constituted  became  altogether  untenable.  Accordingly,  it  was  then  aasomed  that,  as 
taichloracetic  acid  was  oxalic  acid  copulated  wiUi  C*CP,  so  acetic  add  itself  whs 
oxalic  acid  copulated  with  CS*: 

Acetic  acid        .  C*H*  +   C*0»  +  HO 

Trichlozaoetic add    .        C^CP  +   C?»0»  +  HO; 

and  this  view  was  supposed  to  be  supported  by  the  fact  that  chlorine  took  the  place  of 
hydrogen  in  the  "  copula."  Similar  formulsB  were  given  for  methyldithionic  acid  and 
t£e  alUed  compounds  discovered  by  Kolbe : 

Trichloiomethyldithionic  acid  CCP  +  5«0»  +  HO 

Bichloiomethyldithionic  add         .        C^HCP  +   S^C^  +  HO', 

and  by  this  fandful  hypothesis  of  copuin,  the  fact  of  substitution  was  supposed  to  be 
reconoled  with  the  old  theory.  It  is  dear,  however,  that  by  this  mode  of  explanstioo, 
the  possibili^  of  chlorine  taking  the  place  of  hydrogen  in  a  compound,  and  disehai^ging 
similar  functions  therein,  was  substantially  admitted ;  and  thus  the  main  point  of  iJie 
substitution-theory  was  established. 

In  this  contest  between  the  old  radicle-theory  and  the  substitulion-theoty,  the 
adherents  of  the  latter  had  somewhat  overlooked  the  good  points  of  the  former,  resort- 
ing almost  exdusivdy  to  empirical  formulse  to  represent  the  relations  of  compounds. 
As,  however,  it  was  found  that  mere  empirical  formuln  did  not  always  represent 
these  relations  so  dearly  as  the  hypothetical  fozmulflB  of  the  radide-theory,  endeavouD 
were  made  to  construct  formulse  which  should  attain  this  end  without  requirii^  the 
use  of  the  numerous  hypotheses  of  the  radide-theoiy.  This  object  was  greatly  pro- 
moted by  certain  considerations  which  Q-erhardt  put  forward  in  1839,  and  a^er^ 
wards  further  developed  under  the  name  of  "  Theory  of  Aesidues."  He  says:  "  When  a 
so-called  replacement  of  an  element  by  a  compound  body  takes  place,  the  process  is  not 
a  direct  substitution;  but  an  element  of  the  one  body  {e.^,  H)  unites  with  an  element 
of  the  other  (O),  the  resulting  product  (HO)  sepantmg  out,  while  the  remaining 
elements  (residues)  of  the  two  bocQes  enter  into  combination."  These  residues  are 
evidently  identical,  in  many  cases,  with  the  xadides  of  the  older  theoiy,  and  exhibit  the 
relations  of  compounds  to  one  another  with  the  same  deamess,  without  the  necessity  of 
assuming  the  pre-existence  of  these  radicles  in  the  compounds.  In  shart^  the  use  of 
them  in  equations  of  decomposition  shows  that  a  group  of  elements,  or  in  other 
words  a  radide,  may  be  substituted  for  an  element  in  a  compound,  without  altering 
the  ^rpe. 

This  process  of  amalgamation  of  the  radide  and  type  theories  received  a  great  stimu- 
lus, in  the  years  1849  and  1850,  by  the  discovery  of  the  alcoholic  ammonia-bases  by 
Wurtz  and  Hofmann,  which  showed  that  the  hydrogen  in  ammonia,  NH*,  may  be 
replaced,  partly  or  even  wholly,  by  an  equivalent  quantity  of  theradidee  ethyl,  methyl, 
&C.,  forming  bodies  of  the  same  nature  as  ammonia  itself.  These  discoveries,  which 
demonstrated,  more  dearly  than  any  that  had  gone  before,  that  organic  bodies  may  be 
referred  to  simple  inorganic  compounds  as  types,  may  indeed  be  regarded  as  the  foun- 
dation-stone of  the  modem  type-theoiy. 

Another  very  important  step  in  the  same  direction  was  Williamson's  discovery 
of  the  mixed  ethers  (1850),  and  his  explanation  of  the  general  relations  of  the 
ethers  and  alcohols,  by  referring  them  to  the  type  of  water,  H*0  (Chem.  See.  Qn. 
J.  iv.  106,  229).    Williamson  subsequently  extended  these  views  to  adds,  repre- 

senting  acetic  acid,  for  example,  as        h[^^  ^^  ^^  pointed  out  the  possibility  of 

replacing  the  second  atom  of  hydrogen  in  the  water-molecnle  by  an  acid  radide,  thereby 
forming  a  compound  related  to  acetic  add  in  the  same  manner  as  ether  to  alcohol 
(^Chem.  Soc  Qu.  J.  iv.  350). — ^This  prediction  was  verified,  in  1852,  by  Gerfaardt*s 
aiscoverv  of  the  anhydrides  of  acetic  add,  benzoic  add,  &c  From  that  time  chemists 
vied  with  one  another,  in  referring  organic  bodies  to  the  simplest  types  of  inorganic 
chemistry;  and  thus  arose  the  views  which  were  systematisedby  Gerh  ardtin  thefonrth 
volume  of  his  TraiU  de  CHirde  orgamgue^  iv.  560 — 806;  (See  also  Graham's  BitfmenU 
of  Chemistry f  2nd  edition,  ii.  519 — M9,  and  the  artide  Ciassificatiok  in  this 
Dictionazy  i.  1015.) 
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It  is  unial  at  tbe  psefMiit  day  to  admit  four  prineipal  types : 

HH  0H«  NH"  CH«; 

•r,  BOZB  generally  (denoting  monatomic  and  polyatomic  zadieles  by  Boman  numezals) 
I  +  I  n  +  21  m  -I-  81  17  +  41; 

and  to  these,  together  with  the  multiple  and  mixed  types,  formed  by  combining  two  or 
nuire  of  them  together,  nearly  all  well-defined  oomponnds  may  be  mened.  Sometimes, 
howoYer-  it  is  oonTonient  to  zelieir  oomponnds  to  types  containing  zadieles  of  l^gfaer 
atMnieily ;  for  example : 


FbMphorie 
cnlortde. 


Fbot|ilierl6 

osychlo- 

ride. 


Phosphoric 


V  +  51     p»ci»     p^l^!     p^l 


io«pn< 


(H0)« 
O* 


Subuiethyl* 
oxide. 


Sb^ 


I    or 


Type. 


ToagtUe 
dilorido. 


Tnacttie 
oxide. 


Snlphttric 


VI    +   61        W'KJl*         W^O* 


mipn 
oudi 


S-W 


Sttlphiule 
aeld. 


Teimbyl* 
dUoride. 

flolpharie 
dibfon^ 
elhflenlc 


S** 


(Hoy 


«(HC 

1  o« 


f(cra*r 


The  union  of  two  or  more  moleeoles  of  the  same  or  diflbrent  types,  by  the  snbstitQ- 
tion  of  a  polyatomic  element  or  xadide  for  an  equivalent  numbor  of  hTdrogeo-atoms, 
giyea  a  considerable  extension  to  the  power  of  typical  representation ;  for  example : 


Tjpe. 
8HH 

Type. 
2H»0 

Type. 
8HK> 

2H*N 


Fhospho* 

roos 
chloride. 

PC1« 

Solphurie 
add. 


Pliotphoric 

oxychlo- 

ride. 

(POrCl* 


Tricblorhydrin. 

(c^»roi« 


Phocphorie 
acM. 


Sttodnic 
•cid. 

atric 

add. 


Oxalic 
add. 


Otric  chloride. 
Glycol. 


«^r[o.  «^T[o. 


Oxamlde. 
H« 


(CWrj^ 


Saodnamlde. 


JN.  tC^'JH* 


Glycerin. 
Bthylene.dleiiiine. 


Type, 
H 


flnlphoiQiii 


Tjrpe. 


Hypoeul- 
pharoos 


Sulpho- 

phenylie 

add. 

(S0«) 


MeCbylsQl- 
pharoot 


rio 


!i!' 


hIs 


Type* 

BPN) 
H«0{ 


Sotphanie 
add. 


(8o«y 

H 


N 
0 


Type. 
HCI 

Gtfbeaile 
add. 


Sttlphuris 

diiorhy- 

drate. 

(soT^ca 


W 


(CO)" 
H 


N 
0 


The  same  compound  may,  in  many  cases,  be  lefened  to  different  types.  Thus  tri- 
diloride  of  phosdborus,  FGl',  may  be  darired,  either  from  a  triple  molecole  of  hydro- 
chloric add,  3HC1,  by  substitution  of  P^  for  H' ;  or  from  ammonia,  NH",  by  substitu- 
tion of  P  for  N,  and  of  CI*  for  H*.  In  the  same  manner,  the  typical  molecule,  NH', 
itself  may  be  re|^ffded  as  three  molecules  of  hydrogen,  8HH,  held  together  by  the 
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Babsdtataon  of  N**  for  H' ;  and  the  tTpical  moleciile  of  mter,  H*0,  mftf  ateo  be  _  _ 
garded  as  two  molecales  of  hydrogoii,  li*JI',  held  together  by  the  diatomc  ^lementy  O. 

It  appears,  then,  that  the  different  types  may  also  be  rednoed  to  one,  namely  hydro- 
gen, iniich  may  therefore  be  regarded  as  the  representative  of  the  smallest  moleeaUr 
unity,  or  as  the  nnit  of  molecmle.  In  other  words,  all  chemical  compoaods  msy  be 
reguded  as  aggreeations  of  ideal  hydrogen-molecules,  held  together  by  the  introdactioB 
of  one  or  more  polyatomic  elements  or  mdides. 

**  l%e  reduction  of  the  typical  mode  of  representation  to  this  last  eonsequence,  shows 
plainly  that  the  entire  system  is  nothing  more  than  a  comparison  of  compomids  -with 
regard  to  their  oomjposition,  not  a  true  theory  which  can  teach  ns  anything  aboot  thsir 
aerial  composition  itsell  The  several  types  are,  thesrafore,  not  classes  of  eompovmds 
distinctly  separated  from  one  another  by  difference  of  constitution,  bnt  rather  aaovaUa 
groups,  in  wnieh  compounds  may  be  placed  tether,  according  to  the  partieiilar  analo- 
gies whidi  it  is  desired  to  bring  to  light."    (feknl  ^) 

TnSJL.  Two  species  of  this  water-plant  have  been  chemically  inrestigafted.  The 
pollen  of  T,  loH/olia  contains,  according  to  Braconnot  (Ann.  Ch.  Phys.  [2],  zliL 
919),  8*6  per  cent,  stearin  and  olein,  18*8  suf^ar,  2*0  starch,  25*9  poUenin,  2*6  ns^ne- 
sium-  ana  potassium-phosphates,  together  with  small  quantities  of  other  potassiui- 
salts,  and  0*4  silica. 

The  rootstock  of  the  same  plant  contains,  in  the  fresh  state,  aoeoiding  to  liococq 
(J.  Ghim.  mM.xliL  9 1  ),in  December,  12*5  pts.  starch  to  78  jyts.  water ;  bnt  in  April,  onlf 
10*5  pts.  starch  to  the  same  quantity  of  water.  A  decoction  of  the  root  is  said  to  be 
used  m  Turkey  as  a  remedy  for  dropsy  and  for  snake-bites.    (Lander  er.) 

100  pts.  of  the  entire  plant  of  Tj^ka  <mgusHfolia  contain,  after  drying,  9-o8  per 
cent  ash ;  and  the  ash  contains,  in  100  pt&,  14*8  E*0,  21*9  OaO,  1*56  HgO,  0-2  FeK)*, 
2-5  S0»,  0*6  SiO«,  21-0  C0«,  8*9  P*0»,  16*8  KCl,  and  16*9  NaG.  (SchnL^-Fleeth, 
Pogg.  Ann.  CSV.  157*) 

See  NxoB^TBS  of  Yttbiuk  (iv.  55). 

Copper-froth,    PharmaamdenU.    Cupr{ferons  CdUwdme.    Kwpor 

pkrite,  Kupferschaum.—A  basic  arsenate  of  copper,  <!u*As*0*.2Cu'TPO*.7HrO,  or 
dCu^O  jLs*0*.9H'0,  found  native  at  Falkenstein  in  the  Tyrol,  and  in  other  loaUt- 
ties,  sometimes  in  trimetric  cnrstals,  with  the  faces  oP  .  aiPco  .  ooP,  cleaving 
perfectly  parallel  to  oP;  more  frequently  reniform,  massive;  structure  radiate,  folia- 
ceous ;  surface  drusy.  Specific  gravity  *■  3*02  to  3*098.  Hardness  « 1 — 2.  Lustre, 
pearly  on  the  face  oP,  vitreous  on  the  other  faces.  Colour  apple-green  and  verdigris- 
green,  inclining  to  sky  blue.  Streak  a  little  paler.  Translucent  to  subtzansIncenL 
Fracture  not  observable.  Very  seztile.  Thin  lamins  flexible.  Decrepitates  strongly 
when  heated ;  molts  before  the  blowpipe  to  a  noncrystalline  bead,  colouring  the  flame 
green.  On  charcoal  it  emits  moisture  quietly,  and  on  long  exposure  to  the  blowpipe- 
flame  swells  a  little  from  escape  of  arsenic- vapour.  With  soda  it  forms  an  imperfectly 
fluid  mass,  containing  a  white  metallic  nudeua.  Dissolves  in  acids,  with  evolntion  of 
carbonic  acid. 

Kobell's  analysis  (Pogg.  Ann.  xviii.  258)  gave  25*01  per  cent.  AsKV,  43*88  CaO, 
17*46  water,  and  13*65  carbonate  of  calcium ;  or,  abstracting  the  latter,  28*96  per  cent. 
As'O*,  60*82  CuO,  and  2022  water,  the  formula  6CuH) JLs*0»  +  9H«0  requiring 
29-20  Cu»0,  50-28  As«0»,  and  20*62  water. 

Copper-froth  occurs  in  the  cavities  of  calamine,  calcspar,  or  quartz,  together  with 
other  ores  of  copper,  in  small  aggregated  and  diverging  fibrous  groups,  having  a  pale- 
green  colour  and  delicate  silky  lustre.    (Dana,  ii.  426 ;  Bammelsberg,  p.  378.) 

•mosnra.  C*H"N0*.  (Liebig,  [1846],  Ann.  Ch.Pharm.lvii.  127;  IxiL  269.— 
Warren  De  laBue,  ibid.  haY,  36. — ^fiopp,  ibid.  Ixix.  20. — ^Hinterberger,  ibid. 
Ixii.  72. — Strecker,  ibid.  Ixxiii.  70. — ^Piria,  Und.  Ixodi.  251. — Alex.  Muller, 
J.pr.  Chem.  Ivii.  162.— Ley  er  and  KoUer,  Ann.  Ch.  Pharm.  Ixxxiii.  332. — ^Witt- 
stcin,  Jahresb.  1854,  p.  65i8. — ^Frerichs  andStadeler,  ibid.  1856,  p.  729;  1856,  p. 
702. — ^R.  Hoffmann,  Ann.  Ch.  Pharm.  Ixxxvii.  123. — Stiideler,  ibid.  cxi.  12;  cxv. 
67. — ^Erlenmeyer  and  Schoffer,  Jahresb.  1859,  p.  596. — Neubauer,  Ann.  Ch. 
Pharm.  cvi.  72. — ^Frohde,  Jahresb.  1860,  p.  579. — Schmeisser,  Arch.  Pharm.  [2], 
c.  14. — EoUiker  and  H.  Miiller,  Ber.  d.  phys.  Anat«  zu  Wuraburg,  vii.  3. — 
Schmetzer, /fUMt^ra/DiMertoftoft,  Erlangen,  1862. — Gorup-Besanez,  Ann.  Ch. 
Pharm.  xcviii.  13;  cxxv.  381. — Scherer,  J.  pr.  Chem.  Ixx.  406. — C.  Wicke,  Amu 
Ch.  Pharm.  ci.  314. — B.  Schmitt  and  O.  Nasse,  ibid,  czxxiii.  211. — L.  Barth, 
ibid,  cxxxvi.  110;  BulL  Soc  Chim.  1866,  i,  307.— G.  Beyer,  Zeitschr.  f.  Chem.  [2], 
iii.  436;  Bull.  Soc.  Chim.  1867,  ii.  368.) 

A  crystalline  nitro^nous  bodv,  prodlucod  by  the  decomposition  of  albuminoHal 
substances  under  the  influence  of  acids,  alkalis,  and  putrefaction.    It  was  discovered 
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by  liebig,  %fao  obtained  it  by  deeomposing  easein  vitli  melting  poiadk  A«  Kfillar 
M^d  it  ^iBODgflt  the  products  of  toe  patzefibetion  of  yeasts  Xey«r  and  EoUer 
obtained  it  by  the  action  of  insed  potash  on  globulin,  f€atherB,  haire,  and  hedinbog's 
pndleB,  or  by  treating  these  bodies  with  solphnzie  acid.  Hinterbeijper  prepaved  it*by 
Ixkiliiig  ox-horn  with  solphurie  acid.  StSdeler  obtained  it  in  like  manner  from 
inii8clo-fibnn»  Tegetable  fibrin,  fibroin,  and  animal  mocns.  Stadeler  has  fdrther 
pointed  out  that  the  white  bodies,  resembling  poppy-seeds,  sometimes  observed  in 
padly-papeaerved  alcohoUo  anatomieal  preparations^  also eonsist  of  tyrosine;  and  that 
the  so-called  cystinoMi  taberdes,  or  xanthoCTStin,  found  by  Cheiraliier  and  Lassaigns 
on  a  eozpee  two  months  old,  likewise  agreed  in  eharacter  with  this  substanee. 

Tyrosine  oeesrs  ready-formed,  and  Mways  aoeompaaied  by  Isoeine,  in  the  animal 
organism :  it  has  been  found  in  the  sfdeen,  and  the  pancreas ;  in  the  Um  and  in 
the  blood  of  the  hejpatic  Tsinsy  in  certain  states  of  liver-disease ;  in  the  bile  of 
typhous  patients ;  and  m  the  mine,  sometimes  forming eiystaUine  sediinants  (Frerichs 
and  Stadeler) ;  in  the  cutaneous  scales  in  pellagra  (Schmetssr).  It  oocuzs  also  in 
cochineal  (De  la  Bne),  probably  as  a  prodnct  of  decomposition,  and  in  most  of  the 
lower  forms  of  animal  hfe.  Aooordi]^  to  Wittstein,  it  is  &aad  in  Ameriean  eodzact  of 
rhatany. 

^repartiion, — Fh>m  Oiuein. — ^Well-pressed  cheese,  prroared  from  milk,  either  i^h 
or  ciu^led,  and  freed  as  much  as  possible  from  adhering  butter,  is  fused  with  its  own 
weight  of  potaseium-hjdrate  (or  with  solution  of  potash  stzong  enough  to  czystallise 
on  cooling)  until  hydrogen,  as  well  as  ammonia,  is  eyoived  from  the  melting  mass ; 
the  mass  is  dissoliid  in  hot  water,  and  slightly  superBatuated  with  aeetio  acid ;  and 
the  filtered  liquid  is  left  to  oool,  whereupon  needles  of  tyrosine  sepaiate,  whidi  are 
purified  by  repeated  solution  in  water  containing  potassium-carbonate,  and  predpita- 
tion  with  acetic  aeid  (Lie big).  To  purify  it  from  leucine^  when  obtained  in  this 
manner,  or  according  to  preparation  5  of  leucine  (iiL  680),  it  is  reciystaUised  from 
hot,  and  then  washed  with  cold  water.  It  still  retains  some  brown-red  matter,  to 
remove  which  the  solution  in  hydrochloric  acid  is  treated  with  animal  charcoal, 
decomposed  with  a  quantity  of  potassium-acetate  equivalent  to  the  smount  of  hydro- 
chlorio  add,  and  rapidly  flUereo,  whereupon  the  filtrate  becomes  filled  with  entangled 
needles.  A  portion  of  the  tyrosine  remains  dissolved  in  the  acetic  add,  but  the  rest 
is  thereby  freed  from  ash,  which  adheres  obstinately  to  the  tyrosine  crystallised  from 
neutral  solutions.  The  needles  are  washed  with  cold  water,  and  once  more  czystallifled. 
(Bopp.) 

fVom  Ham, — ^Dilute  sulphuric  add  (1  pL  oil  of  vitriol  to  4  pts.  water)  is  boiled  in 
a  copper  vessel  with  horn-shavings  (equal  to  half  the  weight  of  the  oil  of  vitriol)  for 
about  twelve  hours,  renewing  the  water  as  it  evaporates.  The  liquid  is  then  diluted 
with  water,  mixed  with  milk  of  lime  to  alkaline  reaction,  and  strained ;  the  residue 
is  exhausted  with  hot  water ;  the  liquid  evaporated  at  the  boiling  heat  to  about 
two-thirds  tJie  volume  of  the  dilute  sulphuric  add,  and  then  neutralised  with 
sulphuric  add;  the  impure  tyrosine,  which  separates  in  twenty-four  hours,  is  col- 
lected; and  an  additional  quantity  is  obtained  by  evaporatinff  the  mother-liquor, 
together  with  leucine,  which  must  be  separated  by  solution  in  cold  water.  The  impure 
tyrosine  is  next  heated  with  dilute  soda-ley ;  and  the  tyrosine  which  sepaxates  after 
twelve  hours  is  again  collected,  and  further  purified  by  reoystallisation  from  aqueous 
ammonia.  Horn-shavings  treated  in  this  manner  yield,  on  the  average,  4  per  cent 
tyrosine  and  8  per  cent,  leucine ;  fibroin  (silk)  and  animal  mucus  more  than  4  per 
cent,  tyrosine  (Stadeler).  For  Erlenmeyer  and  Schofier's  determinations  of  the 
quantities  of  tyrosine  and  leudne  obtained  by  boib'ng  various  animal  substances  with 
dilute  sulphuric  acid,  see  Leucikb  (iii.  579). 

Tyrosine,  even  after  repeated  crystallisation  from  aqueous  ammonia,  is  often  con- 
taminated with  a  small  quantity  of  a  sulphurous  compound,  which  adheres  obstinately 
to  it.  To  remove  this  impurity,  Stadeler  dissolves  the  tyrosine  in  water,  mixes  the 
warm  solution  with  a  small  quanti^  of  basic  lead-acetate,  and  removes  the  lead  from 
the  dear  filtrate  by  sulphuretted  hydrogen.  The  concentrated  solution  then  yields, 
by  evaporation,  perfectly  pure  tyrosine. 

From  Coekiiual,-^Jk!c(xtioii  of  cochineal  is  predpitated  by  neutral  acetate  or  basic 
nitrate  of  lead ;  the  liquid  is  filtered  from  the  carminate  of  lead,  and  treated  with 
sulphuretted  hydrogen ;  and  the  filtrate  is  evaporated  to  a  syrup,  whereupon  a  chalk- 
like substance  separates.  This  is  washed  with  cold  water,  ana  several  times  recrys- 
tallised  from  boiling  water,  ultimately  with  the  aid  of  animal  charcoal.  The  separated 
crystals,  which  have  a  silky  lustre,  shrink  on  the  filter  to  a  paper-like  mass  also 
having  a  silky  lustre.    300  parts  of  cochineal  yield  1  pt  of  tyrosmo.    (De  la  Bue.) 

Properties. — Tyrosine  crystallises  from  aqueous  solution  in  stellate  groups  of  long 
slender  needles,  having  a  silky  lustre,  and  becoming  interlaced  and  confused  in  dzying. 
From  ammoniacal  solutions,  it  crystallises  in  permanent  tufts  of  larger  needles,  also 
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baTiiig  s  sillty  lustre ;  and  bj  sapefsatiintiiig  warm  dilute  bjrdroddorie  sad  yHh 
tyrosine,  a  crop  of  ayBtals  is  obtained,  oonnsting  of  rather  thick  oblong  pnpoDs;,  with  a 
horizontal  dome  resting  on  the  narrow  sides. 

Tyrosine  dissolyes  in  150  pts.  of  boiling  toater,  in  1900  pts.  of  cold  water  (at  abooft 
10^),  in  about  18,500  pti.  of  cold  90  per  cent,  alcohol,  not  mnch  more  fimehr  in  IxMlii^ 
alcohol,  and  is  ^nite  insoluble  in  ether.  Its  solnlnlity  in  aloohid  is  gread^  Jncwad 
by  admixtore  with  amorphous  eztractiTo  matter. 

T^roeine-solntions  are  not  precipitated  either  by  neuiral  or  by  bame  aeetaU  ef  lead; 
but  on  addition  of  ammonia,  the  baric  acetate  produces  a  precipitate  oonslstiiig  of 
tyrosine  combined  with  lead.  A  solution  of  tyrosine  is  not  altered  by  additiaa  of 
mereurie  acetate,  unless  preTionsly  mixed  with  basic  acetate  of  lead ;  in  which  case  the 
tyrosine  is  almost  compietelT  precipitated  as  a  mercaiy-compound,  fiom  whi^  it  nay 
be  separated  by  sulphurettea  nydrogen.  An  aqueous  solution  of  tyrosine  mixed  with 
mercuric  nitrate  remains  clear ;  but  on  adding  a  small  quantity  of  soda,  a  white  pre* 
d|pitaie  is  formed,  oontaining  tyrosine,  mereunc  oxide,  and  nitric  add.  A  moderately 
mlute  solution  of  ^roeine  boiled  with  mercuric  nitrate,  tarns  red  and  depositB  a  brown- 
red  preciintate.  very  dilute  solutions  assume  a  fiiint  rose-colour,  and  yield  a  yellow 
or  flesh-coloured  precipitate  (B.  Hoffmann ;  Stadeler).  A  small  quantity  of 
tyrosine  gently  warmed  with  a  few  drops  of  strong  eulphntrie  omc?  yields,  after  dilution 
with  water  and  neutralisation  with  barium-carbonate,  a  liquid  whidi  is  oolomed 
Tiolet  hy  ferric  chloride ;  this  reaction  aflbids  a  yeiy  delicate  test  tx  tyronne.  (Piria; 
Stftdeler.) 

Tyrosine  heated  for  some  time  with  chlorine,  or  bromine,  is  converted  into  perchkno- 
quinone,  or  perbromoquinone ;  at  ordinary  temperatures,  on  the  other  hand,  bromiDe 
forms  dibromotyrosine.  When  chlorate  of  potassium  is  added  to  thehydroehlorie 
acid  solution  of  tyrosine,  a  wine-red  coloration  is  produced ;  oily  drops  separate ;  and 
the  liquid  when  distilled  yields  chlorinated  acetone,  leaving  a  resinous  massif  which, 
by  the  farther  action  of  hydrochloric  acid  and  potassium-dilorate,  is  oonverted  into 
perchloroquinone. 

3^rosine  heated  with  dilute  sulphuric  add  and  peroaride  of  lead  is  completely  decom- 
posed, carbonic  anhydride  bein^  slowly  evolved,  and  the  brown  liquid,  when  fteed  from 
sulphuric  acid  b^  means  of  banum-carbonate,  yielding,  on  addition  of  alcohol,  a  dark- 
coloured  precipitate,  while  the  filtrate  on  slow  evaporation  deposits  a  few  small 
petals. — Alkaline  tyrodne-compounds  decompose  permanganate  qf  potaseium  evesi 
jn  the  cold,  forming  oxalic  ada  and  a  brown  substance  (Neubauer).  Tyrosine 
distilled  with  potaseiumrchromate  and  sulphuric  acid,  yields  bitter-idmond-oil,  hydro- 
■cyanic  acid,  bensoic  add,  formic  add,  acetic  add,  and  carbonic  add.    (Frohde.) 

Tyrosine  heated  with  nitric  acid,  yields  nitro-substitution-products. 

Tjrrosine  is  decomposed  by  heat,  emitting  an  odour  of  burnt  horn ,-  when  heated  in 
oonsiderable  quantity  (mixed  with  pumice-stone),  it  yields  an  oily  distillate,  smeQing 
strongly  of  phenol  (Stadeler).  But  when  very  small  quantities  of  it  aro  heated  in 
thin  glass  tubes  to  about  270^,  a  white  alkaline  sublimate,  C*H"NO,  is  obtained,  very 
slighUy  soluble  in  water,  and  fbrming  a  crystallisable  hydrochlorate  and  diloroplati- 
nate.  This  body  has  the  composition  of  ethyl-oxyphenylamine,  0^*(0*H*)NO, 
and  accordingly  tyrosine,  from  which  it  is  formed  by  eliininatlon  of  carbonic  anby- 
dride,  maybe  regarded  as  ethyl-amidosalieylic  acid: 

C»HrNO«     «     C^'NO  +  CO*. 
Amldouli-  OxTpbenyU 

cjlic  add.  amine. 

(?H«rC»H»)KO«     -     C«H«(C«H»)NO     -i-     CO*. 
Bthyi-amidosalU  Ethjl-oxjrptie- 

cylic  acid.  njlamine. 

(Schmitt  and  Kasse,  Ann.  Ch.  Pharm.  cxxxiii.  211.)  On  the  other  hand,  accord- 
ing to  li.  Barth  (ibid,  cxxxvii.  110),  tyrosine,  fused  with  caustic  potash,  is  resolved 
into  paraoxy bensoic  acid,  acetic  add,  and  ammonia,  as  shown  by  the  equation: 

C»H"NO»  +  H»0  +  O     -     CHH)*  +  C«H<0«  +  NH»; 
Tyrosine.                                           Paraozjr  Acetic 

tMDXolc  acid, 

acid. 

and  may,  aooordingly,  be  regarded  as  the  ethylic  derivative  of  amidoparaoxyben* 
foicacid: 

C^»(NH«)0«  C'H»(NH.C^»)0«. 

AnldopanMxy.  Tynwlne. 

bensoic  add. 

Com^pounde  of  2VrMtM.— l^yrodne  dissolves  in  acide  and  in  alkaHe,  fbrming  de^r 
aite  compounds.  It  unites  with  acids  in  two  proportions,  but  is  not  capable  of  neutnd* 
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isiiiR  tlieiii.  It  has  rather  the  properties  of  m  week  acid,  deoompoaiiig  the  carbonates 
of  the  alkaline  earth-metala  at  the  boiluig  heat,  and  forming,  partly  amofphoas,  partly 
cnrystalline  compounds,  which  have  a  somewhat  strong  alkaline  reaction. 

Tyrosine  dissolves  abundantly  in  ammoma,  but  oystallises  out  from  the  solution 
unaltered.     With  the  fixed  bases,  on  the  oontraiy,  it  easily  forms  definite  compounds. 

The  baHum-eompound,  C*H*Ba"N0'.2HH),  forms  somewhat  sparingly  soluble  pris* 
matic  oxystals,  more  soluble  in  cold  than  in  hot  water.    The  aqueous  solution  has  an 
alkaline  reaction,  and  is  precipitated  by  alcohoL — ^There  appears  to  be  also  a  compound 
containing  (?H"Ba'TT()».(?H"NO«.— ThecafctMw-sott,  C*H»Ca'T^O*,  prepand  by  dis- 
solving tyrosine  in  lime-water,  does  not  crystallise.    A  solution  of  tyrosine  boiled 
with  calcinm-carbonate,  appears  to  yield  a  mixture  of  this  salt  with  the  compound 
CTl»Ca'^0«.CH"NO».— The  9odium-salt,  C»H*Na«NO«,  is  formed  by  saturating  di- 
late soda-Icy  with  tyrosine.   The  solution  is  alkaline,  and  is  not  precipitated  br  alcohol. 
SUffersalts, — On  adding  a  saturated  ammoniacal  solution  of  tyrosinei  by  ooops  and 
with  constant  stirring,  to  a  concentrated  solution  of  silver-nitrate,  in  such  quantity  that 
the  lii^oid  no  longer  smells  of  ammonia,  a  heavy  amorphous  precipitate  is  formed, 
containing  CH'^^O'JSK).    After  a  certain  quantity  or  the  ammoniacal  solution  has 
been  added,  no  further  precipitation  takes  place ;  but  if  the  liquid  be  then  neutralised 
with  nitric  acid,  the  compound  2C'H'*Ag]N0'.H'0,  separates  as  a  heavy  crystalline 
powder.    Both  compoundiB  are  slightly  soluble  in  water,  but  turn  red  Htmus-paper 
bine.     They  dissolve  easily  in  nitric  acid  and  in  ammonia,  and  are  decomposed  by 
boiline  with  water. 

HydrochioraU  qf  Tyronne^  CH"N0'JB[C1,  separates  in  needle-shaped  crystals,  on 
adding  an  excess  of  strong  hydrochloric  acid  to  a  solution  of  tyrosine  in  the  same  add. 
Water  and  dilute  alcohol  decompose  it  immediately  into  tyrosine  and  hydrochlorio 
acid ;  but  absolute  alcohol  dissolves  it  without  decomposition,  forming  a  solution 
which  is  not  precipitated  by  pli^nic  chloride ;  the  salt  is  insoluble  in  ether. 

Nitrate. — ^Tyrosine,  triturated  to  a  paste  with  water,  remains  colourless  when  nitrie 
acid  is  added  to  it,  not  in  excess ;  and  the  liquid  flltored  from  undissolred  tyrosine, 
yields,  by  spontaneous  evaporation,  radiate  groups  of  needles^  probably  consisting  of 
the  salt  C»H»>NO«.HNO«. 

The  tulphate,  G'H"NO*.H^O^  is  obtained,  by  treating  tyrosine  in  excess  with 
dilute  sulphuric  acid,  and  leaving  the  filtrate  to  evaporate,  in  long  slender  needles, 
which  are  not  coloured  by  ferric  chloride,  suffer  no  loss  of  weight  at  116°,  and  dis- 
solye  easily  in  water ;  the  aqueous  solution,  however,  soon  deposits  tyrosine* 
Ko  compounds  of  tyrosine  with  organic  acids  have  yet  been  obtained. 

Derivatitfes  of  l^fronne, 

JLmldatyMslBa,  0*Hi*K*0*  -  CfHi*(NH*)NO'.  (0.  Beyer,  BulL  Soe.  Chim. 
1867,  ii.  S69.>- Obtained  by  reducing  nitrotyrosine  with  tin  in  presence  of  dilute 
hydrochloric  add.  The  solution,  freed  from  tin  by  sulphuretted  hydrogen,  and  qxii<^;ly 
evaporated  (any  brown  colour  that  may  appear  being  removed  from  time  to  time 
by  sulphuretted  hydrogen),  yields  nearly  colourless  hydrochlorate  of  amidotyrosine. 
To  obtain  the  base,  the  aqueous  solution  of  this  salt  is  mixed  with  soda,  not  in  excess,- 
and  evaporated  to  100°,  till  it  concretes  into  a  thick  magma,  a  resinous  matter 
which  forms  during  the  evaporation  being  previously  remored  by  filtration.  The 
crystalline  magma  is  then  left  to  cool  ina  Tacnum,  and  freed  by  pressure  from  chloride 
of  sodium,  which  remains  in  solution. 

Amidotyrosine  thus  prepared  is  an  anhydrous  erystalline  powder,  very  soluble  in 
water,  slightly  soluble  in  alcohol,  permanent  in  the  air  when  dry,  but  easily  absorb- 
ing moisture,  and  then  turning  brown.  Heated  above  100°,  it  decomposes,  and  yields 
by  distillation  an  oleaginous  liquid,  which  solidifies  to  a  erystalline  mass  on  cooling. 

Amidotyrosine  forms  well-crystalliBed  8alt8.~The  hydrochlorate^  G*Hi*N*0'.2HCL 
H^O,  crystallises  in  long  needles,  and  sometimes  forms  a  white  hygroscopic  powder. 
It  gives  off  its  water  at  120°,  without  coloration.  The  aqueous  solution  quickly 
acquires  a  violet-brown  colour.  It  is  more  soluble  in  alcohol  tnan  the  f^e  base.  The 
solution  at  the  boiling  heat  quickly  reduces  silver-oxide  and  platinic  chloride  to  the 
metallic  state,  a  resin  soluble  in  ammonia  bein^  formed  at  the  same  time. — The  aeid 
sulphate,  C'H*^'0'.2H'S0^  separates  on  cooling  in  anhydrous  nodules,  soluble  in 
water,  when  the  hydrochlorate  is  evaporated  over  the  water-bath  with  dilute  sulphuric 
acid.— The  nMtral  ntlphate,  C*H**N^.H^O^  is  formed  on  adding  the  free  base  to  an 
equivalent  quantity  of  the  add  salt  in  concentrated  solution,  and  separates  in  well- 
defiocd  crystals ;  it  reduces  onde  of  silver. — Sulphate  of  zine  and  amidoiyrosine, 
Zi^O*.2(Cm"^fH)^.W80*),  is  obtained  in  the  crystalline  state  from  a  mixture  of  the 
two  sulphates. 
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C^*BE'lflO*.2H*0.  (0or«p-BetaBe&)— Tbe  hjdiiiUuM— 
of  this  base,  pioduoed  by  the  MtMm  of  brMnine-'vspoiir  on  eieeBS  of  ^FMnne,  imlit* 
up,  when  boiled  with  water,  into  hjdrobioiDie  add  and  dibfomutjioaiiia.     Tbe  faaee 
■epantee  from  eoneentnited  aolotioiiey  in  dender  white  needles;  from  man  dilst» 
solutions,  alter  some  thne,  in  fui-shaped  fi^ronps  of  laige  riiomboidal  tables,  or  in  tbiek 
prismatic  ojrstals  belooging  to  the  tric^nic  ejstem.    The  eijBtals  are,  at  first,  per- 
fectlj  transpacent,  bnt^  when  exposed  to  the  air,  gradually  gire  off  their  wmter  of 
ctystaUisation,  and  become  milkinute.    Dibromotyroone  is  more  aolvUe  in  hot  tfaaa 
in  cold  water,  sparingly  soluble  in  aJoofac^  insoluble  in  ether;  has  a  sliglitihjr  titta^ 
taste,  an  acid  reaction,  and  gives  off  the  whole  of  its  oystallisatiaD-water  at  100^.  At  s 
higher  temperature  it  deoompoaes,  giving  off  an  odoor  like  that  of  phenyl-cnmowndsi 
It  dissolres  in.  alkalis,  with  decomposition,  and  formation  of  metoUie  bioaiide ;  and 
when  ^et^LoA  with  nitric  add,  immediately  becomes  reddish,  gires  off  bvoraiiie,  and 
forms  a  solatioo,  which,  on  enqpoiation,  gradnally  deposits  oystals of  dinitroty- 
vosine. 

Dibtomotyxonne  unites  with  adds  and  with  bases,  forming  compoiinds  which  may 
be  prepared  simihudy  to  those  of  ^losine  itselt — The  aUffer<onyMntmd,  l>li'Bk*Ag*!fO* 
is  a  imite  orrstalline  precipitate,  which  tons  brown  on  exposure  to  lig^  is  deooa- 
posed  by  boihng  with  water,  also  by  nitric  add,  which  separates  btomide  of  sQTnr. 

J^robr&maie  of  Dibramo^odne,  0*H*Bz*NO*  JGBr,  crystallises  in  steUate  groops 
of  small  nacrsons  needles^  easily  solable  in  water  and  in  alcohol,  bat  decomposed  by 
boiling  with  water.— The  hydroekoraU,  C'H'Bi^O' JSCl .  {HH),  gives  off  its  water  of 
crystallisation  at  1(N)<*,  «nd  in  other  respects  resembles  the  hydvobroraate. — ^The 
mdj^kaU,  (0'H*Br^O*y■.H^BO^  fotms  interlaced  needles,  easily  sciliLble  in  water  ami 
in  alcohoL 

irttrwtjrroaiaa,  CPH**(KO')NO*.  (Strecker,  Ann.  Ch.  I>hana.lxadiL  70.)— Whn 
^rroeine  is  suspended  in  four  times  its  balk  of  water,  and  a  quantity  of  nitric  acid  of 
specific  gravity  1  '3,eqnal  in  vohune  to  the  water,  is  gradnally  added,  the  solntioo  becomes 
warm,  acquires  a  red  colour,  and,  after  standing  for  twelve  hours  in-a  warm  place, 
deposits  an  abundant  crvstallisatioD  of  nitrate  of  nitrotyrosine;  and  on  preadng  these 
crystiJs  between  paper,  dissoliing  them  in  water,  and  adding  as  nrach  ammonia  as  can 
be  added  without  reddening,  nitio^n^oaine  is  deposited :  it  may  also  be  separated  fiom 
the  solutions  of  its  salts  by  acetate  of  ammonium. 

Nitrotyrosine  forms  deucate  yellow  needles,  united  in  warty  groups,  or  in  beantifol 
wavellitic  czystalline  geodes.  It  is  slightly  soluble  in  cold,  more  swuble  in  hot  water, 
insoluble  in  alcohol  and  ether,  has  a  slightly  bitter  taste,  reddens  litmus,  and  deeom- 
I)08es  with  slight  detonation  when  heated  above  100^.  It  dissolves  in  ammonia,  the 
fixed  alkalis,  and  dilute  mineral  adds,  but  not  in  aoetie  add« 

Kitrotyroeine  unites  with  acids  and  with  bases,  in  the  same  manner  as  tyroeiae. — 
The  bttrinm-aaU,  Ba^'^CnEE^NC^NO"]*,  is  a  blood-red  amorphoQS  mass.— The  MLntr^aalt, 
G*H*A^NO')NO',  IS  an  onnge-yellow  predpitate,  soon  changing  to  a  deep  led 
granul^  powder,  somewhat  soluble  in  water ;  there  appeaza  also  to  be  another  nlver- 
eomponnd  containmg  0^H*Ag(NO')NO*. 

HydroehloraU  of  Niintyrorine,  2[0*H>«(N0*)N0*.HC1].HH),  crystallises  in  tofts 
of  lemon-yellow  needles,  eadly  soluble  m  water  and  in  alcohoL — ^Ihe  ntfmle, 
0*H>*(NO'^0'.HNO',  forms  lemon-yeUow  needles,  insoluble  in  ether,  easily  soluble  in 
alcohol,  soluble  in  6  pts.  of  water ;  the  solution  decomposes  on  standing,  H^mo^f^pg 
nitrotyrosine. —i6b^£ite  of  mntyrotme,  2G>fi>«(KG^)N0*.H>S0«,  forms  yellow 
needles  or  granules. 

Dinitrotyrotine,  C»H»(NO«)«NO».  (Stideler,  Jahresb.  18«),p.  676.)— Pitoduced 
by  gently  heatins  nitrate  of  nitrotyrosine  with  a  mixture  of  equal  volumes  of  water 
and  nitnc  acid  of  spedflc  gravity  1*8.  On  washing  the  lemon-bellow  rendue  with  odd 
water,  and  recrystallising  it  from  boiling  water,  the  dinitrotyxosme  is  obtained  in  gohlfn- 
vellow  shining  laminift.  It  ia  very  slightly  solable  in  cold  water,  not  much  more  ia 
hot  water,  easily  soluble  in  alcohol,  less  soluble  in  ether;  has  a  slight  add  taste; 
makes  a  deep  vellow  stain ;  melts  at  116^,  and  decomposes  with  slight  detonation. 

Dinitrotyrosme  imites  easily  with  metals,  forming  red  and  yellow  salts,  which 
detonate  violently  when  heated. — ^The  ammomum-sait  crystallises  from  an  aqueous 
solution  mixed  with  alcohol  and  ether,  in  stellate  groups  of  needles,  having  a  deep 
chrome-red  colour  with  violet  reflex.— The  barwm-9aU,  CfH'Ba*(N0*)*N0*.2HH^ 
crystallises  in  rather  thick  ruby-coloured  prisms,  more  soluble  than  the  calcium-salt 
—The  caUsitm-sdU,  C*H'0a''(N0*)P.N0'.8HK>,  is  predpitated  in  gold  to-yellow  six-sided 
tables,  on  adding  ammonia  to  a  solution  of  dinitrotyromne  mixed  with  diloride  of 
caldum :  it  is  insoluble  in  alcohol  and  ether,  slightly  soluble  in  water,  more  readily  in 
dilute  acetic  add. — ^The  Uad-^aU  separates,  on  mixing  a  solution  of  dinitiotyzosise 
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*  ^th  acetate  of  lead,  in  orangis-coloiired  flocks,  wlucb,  if  l^lt  in  the  liquid;  gradually 

f  become  crystalline,  and  are  conyerted  into  large  stars,  formed  of  chrome-red  hexagonal 

'  tables. — ^^e  maane8ium-s(di  crystallises  in  stellate  tufts  of  yerv  delicate  bright-red 

^  needles. — The  sUver-salt  is  precipitated  by  ammonia,  from  a  solution  of  dinitrotyroeine 

'  mixed,  with  silver-nitrate,  in  red  flocks,  which  soon  become  crystalline. 

t  Erythrosin, — This  name  is  given  by  Stadeler  to  the  red  colouring-matter,  formed 

>  when  tyrosine  is  dissolved  in  excess  of  nitric  acid,  or  when  a  solution  of  tyrosine-nitrate 

t  is  left  to  evaporate  in  the  air,  and  probablv  also  b;^  the  action  of  ozone  on  tyrosine 

I  (G-orup-Besanez).    It  is  a  red-brown  substance,  insoluble  in  the  ordinary  solvents, 

'  but  easily  soluble  in  alcohol  containing  sulphuric  acid,  from  which  solution  it  is  partly 

I  precipitated  by  ammonia,  the  remaining  uquid  being  green  by  taniumitted,  xed  ana 

opaque  by  reflected  light.    Erythrosin  dissolves  in  uie  fixed  alkalis  with  brown-red 

or  violet  colour,  in  strong  sulphuric  acid  also  with  violet  colour.    Stadeler  thinks  it 

not  improbable  that  this  body  may  be  identical  with  haematoidin. 

nsOSnrB-BV&PBinuc  JLCV^,  (Frerichs  and  Stadeler,  Jahresb.  1864, 
p.  675. — Stadeler,  Aim.  Ch.  Pharm.  cxvi.  67 ;  Jahresb.  1860,  p.  677.) — Tjiotane 
forms,  with  sulphuric  acid,  several  acids  containing  the  radicle  SO'. — a.  On  heating  it 
to  100°,  with  four  or  five  times  its  weight  of  strong  sulphuric  acid,  a  monobasic  acid, 
C*H"NO*.SO',  is  formed,  which,  on  dUuting  with  water,  neutralising  with  carbcmate  of 
barium,  and  decomposing  the  filtrate  with  sulphuric  acid,  is  partly  precipitated, 
together  with  the  barium-sulphate,  as  anhydrous  crystalline  acid,  and  partly  separates, 
on  evaporating  the  mother-liquor,  as  hydrated  pulverulent  add,  O'H"N0'.S0'.2HH). 

The  crystallineacidis  very  slightly  scduble  in  cold  water,  dissolves  slowly  in  hot 
water,  and  is  gradually  deposited  from  this  solution,  on  evaporation,  or  on  ad<Ution  of 
hydrochloric  or  nitric  acid,  in  prisms  or  tables ;  it  is  but  very  idi|;htly  soluble  in 
alcohol,  even  at  the  boiling  heat. — ^The  hydrated  acid  is  a  starchlike  powder,  con- 
taining from  0*8  to  12  per  cent  water,  and  much  more  soluble  in  water  and  alcohol  than 
the  crystalline  acids  (12  ^r  cent,  water  =  2  at.). 

Tyrosine-suljphuric   acid  has  a  strong  add  reaction,  and  i)roduces,  with  a  small 

3uantity  of  feme  chloride,  a  splendid  violet  colour— or  rose-red  in  very  dilute  solutions. 
ts  salts,  which  are  mostly  very  soluble,  and  likewise  produce  the  violet  colour  with 
ferric  chloride,  are  amorphous,  and  not  predpitable  by  nitrate  of  silver  or  neutral 
acetate  of  lead,  but  yield  a  precipitate  with  the  basic  acetate. — ^The  amnumium^aaUf 
C*H"(NH^)NO'.SO'.HH),  gives  off  water  and  ammonia  when  heated,  and  then 
becomes  acid.— The  bariumrsalt,  C*H'«Ba'^0*.S0*.2HH>,  and  the  ealoiitm'SaU, 
C*H>«Ca"N0*.S0'.2iH^,  have  an  alkaline  reaction,  and  disagreeable  saline  bitter 
taste. 

/3.  When  tyrosine  and  sulphuric  add  are  heated  in  the  proportions  above  men- 
tioned, but  more  strongly  ana  for  a  longer  time,  an  add  is  formed,  the  barium-salt  of 
which  has  the  same  composition  as  the  above,  but  a  neutral  reaction  and  sweet  taste. 

7.  By  strongly  heating  tyrosine  with  8  to  12  pte.  sulphuric  add,  dibasic  acids 
are  produced,  the  barium-salts  of  which  stUl  yield  Uie  violet  colour  with  ferric 
chloride,  but  differ  in  composition  and  in  their  other  properties  &om  those  above  de- 
scribed. One  of  these  barium-salts,  crystallised  in  nodules,  was  tasteless,  had  an 
alkaline  reaction,  dissolved  slightly  in  cold,  more  fireely  in  hot  water,  and  was  found 
to  consist  of  C»H»Ba"N0».S0».3H«0. 

9.  The  action  of  sulphuric  add  on  tyrodne  at  high  temperatures  appears  also  to 
yield  other  acids,  resulting  from  more  advanced  decompodtion :  thegr  1^  give  the  yiolet 
eolour  with  ferric  chloride,  but  have  not  been  farther  ATMninfld-    (Stadeler.) 


u 

A  mineral  from  TJig,  in  the  Isle  of  Skye,  containing  62*40  per  cent, 
nlica,  17-98  alumina,  9*97  lime,  0*86  magneda,  0-03  potash,  1*40  soda,  and  17*83 
water.  It  has  a  white  to  light-yellow  colour,  nacreous  lustre,  hardness  —  6*6,  and 
specific  giavity  »  2*284.  Before  the  blowpipe  it  melts  quietly  and  easily  to  an  opaque 
enamel.    (Heddle,  N.  Jahrb.  f.  MineraL  1868,  p.  828.) 

.    Syn.  with  Bobocalcitb  (i.  643). 

Attempts  have  bean  made  in  Holland  to  cultivate  the  root  of  UUico 
iubtroeus  on  the  large  scale  as  a  substitute  for  the  potato.  100  pts.  of  the  fresh  root 
contain  87*9  pts.  water,  10*96  organic  matter,  and  1*16  ash.  100  pts.  of  the  dry  sub- 
stance contam  31  pts.  fat  (mostly  crystallisable),  29*4  fruit-sugar  (with  extractive 
matter  and  a  little  resin),  4*0  gum,  33*3  starch,  1 1*9  solid  albumin,  18*3  cellulose,  and 
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tyther  inioliible  saibflUuiceB.  The  dry  root  oontains  2*0  per  cent  nitrogen,  equiraloii 
to  17  per  cent,  albuminons  substance.  The  ash  oontains  lime,  ferric  ozidB,  soda,  sblI- 
phnric  acid,  phosphoric  acid  in  laif^  quantity,  chlorine,  and  carbonic  adds,  togeihep 
with  small  quantities  of  magnesia,  potash,  and  silica.  (Mulder  and  Seh&blie^ 
Pharm.  Centr.  1851,  p.  269.) 

IRLIAKAJrZTa.  Antimonial  or  antimiMiio-firsenical  nickel-glaneey  HiS.Ni(Sb;Aa]F 
(iT.  43). 

V&MJUUO  AOZD.    Buchnex's  name  for  spireie  or  salicylona  acid,  oibCaineii  Act 

Spiraa  tdmaria. 

See  the  next  artide. 


VXiMOirS  or  XniOira  smBSTJkJroSS.  These  names  axe  gjren  to 
hiawn  or  black  substances,  occurring  in  vegetable  mould,  peat,  stabk-manme,  dm^ 
water,  and  certain  mineral  waters,  and  resulting  from  tJie  putrefaction  of  ▼^getaUe 
or  animal  substances  in  contact  wiUi  air  and  water.  Similar  substances  are  prodneed 
by  the  action  of  acids  and  alkalis  on  cellulose,  starch,  sugar,  fibrin,  albumin,  &ce. ;  but 
the  oompomtion  of  these  products  appears  to  vary  according  to  the  circumstaaeas  under 
whic^  they  are  formed,  and  the  naturo  of  the  reagents  used  in  preparing  them. 

When  sugar  is  boiled  for  some  time  with  dilute  hydrochloric,  nitric,  or  solplmrie 
acid,  black  or  brown  scales  are  deposited,  which,  after  being  washed  with  water,  dia- 
solve  partially  in  ammonia,  leaving  a  black  insoluble  substance  called  ulmin;  and 
the  ammoniacai  solution,  when  neutralised  with  an  acid,  deposits  brown  or  black  gelati- 
nous flocks  of  ul  mi  c  aci  d,  soluble  in  jmre  water,  but  insoluble  in  water  containing  fine 
Rcid  or  sulphate  of  potassium.  Ulmic  add  and  ulmin  have  the  same  oompoaition, 
C*^H>H)*,  according  to  Stein  (Ann.  Ch.  Pharm.  zzx.  84),  differing  from  that  of  sugar 
only  by  the  elements  of  water.  Ulmio  add  is  converted  into  ulmin  by  prolonged 
desiccation,  and  more  quickly  by  boilins  with  strong  hydrochloric  add. 

When  vegetable  mould,  or  moulderea  wood  firom  the  trunk  of  a  decaying  tree,  is 
digested  in  a  weak  solution  of  potash  or  soda,  a  brown  liquid  is  foimed,  which,  oo 
a£Ution  of  an  add,  yields  a  blackish-brown  predpitate,  easily  soluble  in  alkafis,  and 
always  retaining  a  considerable  proportion  of  nitrogen.  Mulder  (Ann.  Ch.  Phann. 
acKxvi.  248)  regards  this  preci|Htate  as  a  mixture  of  three  substances,  whidi  are  com- 
pounds  of  water,  or  of  water  and  ammonia,  with  three  different  adds,  viz. — geic  acid, 
C»H»*0' ;  humic  acid,  C»H>*0«;  and  ulmic  acid,  C»H>*0*.  These  formuUe  aro 
very  doubtful,  but  the  substances  in  question  are  obviously  the  product  of  vegetable 
matter  in  a  state  of  decay  more  or  less  advanced.  They  are  very  much  like  the  above- 
mentioned  products  of  the  decomposition  of  suear. 

The  name  *'  ulmic  add,"  or  *'  lumin,**  was  given  by  Klaproth  to  a  gummy  subatanee 
contained  in  the  black  alkaline  excrescences  on  the  stems  of  unhealthy  trees,  espedallj 
of  elms. 

Ulmin  is  also  the  name  of  a  brown  pigment,  produced  by  the  action  of  strong  adds 
or  alkalis  on  various  organic  bodies,  especially  bv  heating  treade  or  alcohol  with 
strong  sulphuric  acid,  thoroughly  washing  the  rendue  with  water,  then  triturating  it 
with  gum,  and  drying  the  mixture.  A  similar  colour  is  obtained  by  boiling  alcohol  with 
solid  caustic  potash,  washing  the  product  with  hydrochloric  add,  and  then  with  water. 

For  details  respecting  the  various  observations  which  have  been  made  upon  ulmous 
or  humous  substances,  see  Gmdin* 8  Handbook,  xvii.  458. 

xnOKUBm  The  bark  of  the  common  elm,  Uknus  eampettria,  contains  tannin,  resin, 
mucus,  and  inorganic  salts;  the  mucus,  according  to  Braconnot,  is  very  much  Iflce  that 
of  linseed.  The  bark  of  old  elms  often  exudes  gummy  or  mouldy  substances,  containing 
veffetable  mucus,  together  with  the  carbonates  of  potassium,  calcium,  and  magnesium. 
K&proth's  ulmin  was  a  substance  of  this  kind.  The  leaves  of  the  elm  are  sud  to 
contain  a  bitter  prindple  and  a  yellow  colouring-matter,  and  (according  to  Keller- 
man)  the  flowers,  at  the  time  when  the  buds  turn  red,  contain  a  red  and  a  green  colour- 
ing-matter. 

The  eompodtion  of  the  ash  of  the  bark  and  wood  Ib  as  follows : — 


K<0. 

Ns^O. 

CaO. 

UgO, 

Fe"TO«. 

p»o*. 

so>. 

8I0«. 

Bark 

2-2 

10-1 

727 

8-2 

1-2 

1-2 

0-6 

8*8  -  100 

Wood 

21-9 

187 

47-8 

77 

17 

2-8 

1-8 

81  -  100 

A  rock  ooeuzring  in  the  TJlten  Valley  in  the  1^1,  consisting  of  a 
crystalline,  flne-grained,  daty  mixture  of  garnet  with  disthene  and  a  smaU  quantity 
of  mica. 


Outremer. — The  ftne  blue  jngment  known  by  this  name 
consists  essentially  of  silica,  alumina^  soda,  and  sulphur,  and  is  regarded  as  a  sodio- 
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mlnminie  silicate,  united  either  with  polysulphide  of  sodium  alone,  or  with  a  poly- 
sulphide  and  a  polythionate  of  sodium. 

Ultramarine  occurs  natire  in  seretal  minerals,  to  which  it  imparts  its  blue  colour, 
and  the  characteristic  property  of  giving  off  sulphydric  acid  and  yielding  a  jelly  of 
silica,  when  treated  wim  nydrodiloric  add;  such  are  noeean,  hauyne,  ittnerite,  and 
specially  lapis -lazuli,  which  occurs  intergrowa  with  limestone,  and  mixed  with  iron- 
p^tea,  m  Siberia,  Thibet,  China,  and  on  tiie  Cordillera  of  Qyalle  in  South  America. 
Inom  this  mineral,  ultramarine  was  formerly  obtained  by  genUy  calcining  the  stone, 
broken  into  fragments  of  about  the  size  of  hazelnuts ;  quenching  the  heated  firagments 
in  vinegar,  by  which  they  were  rendered  more  friable  and  were  deprived  of  adhering 
carbonate  of  f«^1ftwi™ ;— then  pulverising  them ;  levigating  the  powder  for  a  long  time 
-with  a  thin  syrup  of  honey  and  dragon's-blood ;  mixing  it  to  a -paste  with  a  resinous 
cement  composed  of  colophony,  white  pitch,  yellow  wax,  and  linseed-oil ;  then  leaving 
it  at  rest  for  some  days;  and  extracting  the  ultramarine  from  it  by  suspension  in 
water,  and  decantation.  By  this  protracted  mechanical  treatment,  the  ultramarine  was 
obtained  in  the  form  of  a  very  fine  soft  powder,  of  various  shades  of  blue,  the  portions 
first  deposited  being  the  darkest,  and  the  last  constituting  a  pale-blue  powder  called 
ultramarine  ash  (eendres  d^outremer). 

This  process  being  ver^  tedious,  and  the  lapis-lazuli  being  a  rare  mineral,  obtainable 
only  from,  remote  and  difficultly  accessible  localities,  natural  ultramarine  was  neces- 
sarily a  yezy  costly  article ;  and  of  late  years,  it  has  been  entirely  superseded  by 
artificial  ultramarine,  which  can  be  made  equal, or  even  superior,  to  the  natural 
product  in  colour  and  lustre,  and  at  a  price  low  enough  to  admit  of  its  extensive  use 
as  a  pigment. 

The  idea  of  preparing  ultramarine  artificially  was  suggested  by  the  discoveiy  of 
blue  masses,  more  or  less  resembling  it,  on  taking  down  soda-furnaces  and  limekUns, 
Tessaert,  in  1814,  found  a  blue  mass  of  this  kind  m  a  soda-fiimace  at  St.  Gk>bain,  and 
gave  it  to  Vauquelin  for  analysis,  who  pronounced  it  to  be  lapis-lazuli  (Ann.  Chim. 
IxxriT.  88).  Kuhlmano  found  on  the  hearth  of  a  salt-cake  fdmace,  similar  blue  masses 
surrounded  with  very  small  brown-red  crystals  of  sodium-sul^ide  (Dumas'  Traite  de 
ChiTnie  a^iquiCf  ii.  419.)  A  similar  observation  was  made  by  JECermann  in  Schonebeck. 
These  observations  induced  the  SocUU  ^EncourageTMnt  at  Paris,  in  1824,  to  offer  a 
prize  of  6,000  francs  for  the  discovery  of  a  mode  of  preparing  ultramarine  artificially ; 
and  this  prize  was  awarded  to  Guimet,  of  Toulouse,  in  1828.  A  mode  of  obtaining 
artificial  ultramarine  had,  however,  been  previously  discovered  byChristianGmelin, 
and  published  by  him  at  the  beginning  of  the  year  1828  (Wiirtemberg  Naturw. 
Abhandl.  iL  191).  Gmmet's  process  was  first  applied  on  the  manufacturing  scale,  but 
it  was  kept  secret.     Gmelin's  process  is  as  follows : — 

Soda-ley  saturated  with  precipitated  silica,  is  mixed  with  aluminium-hydrate  (con- 
taining 20  per  cent  water,  and  obtained  by  precipitation  from  alam  not  containing 
iron),  in  sucn  proportion  that  the  mixture  shall  contain  31  pts.  diy  silica  to  26  pts.  dry 
alumina;  the  liquid  is  then  evaporated  to  dryness,  and  the  pulverised  residue  is  mixed 
with  flowers  of  sulphur.  In  the  next  place,  the  same  quantity  of  a  mixture  of  dry 
sodium -sulphate  and  flowers  of  sulphur,  in  equsd  parts,  is  weighed  out;  the  whole 
carefully  mixed  and  stamped  into  a  crucible,  so  as  to  fill  it  completely ;  the  crucible, 
tightly  closed,  is  quickly  heated  to  redness,  so  that  the  sulphur  may  not  volatilise 
before  the  sulphide  of  sodium  can  be  formed ;  and  the  mass  is  kept  at  a  red  heat  for 
two  hours.  The  crucible  is  then  left  to  cool  with  the  cover  on,  and  the  greenish-yellow 
product  {green  ultramarine)  is  gently  heated  in  porous  crucibles,  in  which  narrow 
channels  have  been  bored  to  increase  the  draught  The  blue  mass  thus  obtained  is 
finely  pulverised,  levigated,  and  washed. 

Gmelin's  process  includes  all  the  conditions  essential  to  the  preparation  of  a  good 
ultramarine ;  all  the  more  recent  processes,  indeed,  differ  from  it,  chiefly,  in  using  clay 
instead  of  the  artificially  prepared  mixture  of  silica  and  alumina.  At  the  present  day, 
manufacturers  of  ultramarine  use  mixtures  of  kaolin  with  Glauber>8alt  and  charcoal, 
or  with  carbonate  of  soda  and  sulphur,  or  carbonate  of  soda  and  Glauber-salt  together. 
The  mixture  is  ignited  in  closed  crucibles  or  boxes  of  fireclay ;  and  the  green  ultra- 
marine thus  obtained  is  ground  in  a  mUI,  and  then  roasted,  with  addition  of  sulphur, 
to  convert  it  into  blue  ^traxnarine.  Gen  tele  (Bingl.  pol.  J.  cxli.  116;  cxlii.  350) 
gives  the  three  following  mixtures : 

Kaolin,  anhydrous 100  100  100 

Calcined  Glauber-salt      .        •        •       83  to  100  .  .  41 

Carbonate  of  soda 100  41 

Charcoal 17  12  17 

Sulphur 60  13 

The  colouring-matter  of  ultramarine  has  been  made  the  subject  of  investigation  by 
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siany  cbemiflts,  bub  oonsidttiable  doubt  still  exists  as  to  its  true  ostme.  Aoootding  to 
the  experiments  of  Wilkens  (Ann.  Ch.  Phaim.  xcix.  21),  iriio  has  made  cavsliBl 
analyses  of  a  Tsriety  of  samples  of  artificial  ultramarine,  both  ficm  his  own  piaiiu- 
factoiy  and  from  other  sources,  ultramarine  is  composed  of  two  portions,  one  oi 
which — ^rewded  by  him  as  the  essential  constituent — ^is  constant  in  corapooitiony  and 
is  attacked  with  £ficility  by  hydrochloric  acid,  evolving  sulphuretted  hydrogen ;  while 
the  other  portion,  not  soluble  in  hydrochloric  acid,  contains  a  variable  amount  of 
sand,  day,  oxide  of  iron,  and  sulphuric  acid.  Wilhens's  analyses  of  the  pure  blue  pig- 
ment correspond  nearly  with  theformuU  (2AlH)'.3SiO*).(Al'0*.4SiO>)jfa*SK)'.3Ka^ 
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Numerous  other  analyses  are  given  in  the  Handworterbueh  der  Chemie  (ix.  19). 

Wilkens  regards  the  blue  colouring-principle  as  a  compound  of  hyposulphite  and 
sulphide  of  8(^um.  He  states  that  the  presence  of  iron  is  not  essential  to  the  pro- 
duction of  the  colour,  but  about  this  there  is  still  some  doubt  According  toBrunner. 
a  corresponding  compound,  in  which  potassium-sulphide  is  substituted  for  sodium- 
sulphide,  is  colourless. 

Ultramarine  heated  in  the  ab,  gradually  assumes  a  dull  green  hue ;  it  is  not  changed 
by  heating  with  sulphur,  but  when  melted  with  borax,  gives  off  sulphur  and  sulphurous 
acid,  and  leaves  a  colourless  glass.  Sulphuric,  nitric,  and  hydrochloric  acids  decom- 
pose it,  quickly  destroying  the  colour.  Chlorine  acts  still  more  rapidly,  dissolving 
ev^ything  but  the  silica,  and  completely  discharging  the  colour. 

Ultramarine  is  extensively  used,  not  only  as  an  artist's  colour,  but  also  for  pspsr- 
staining  and  other  forms  of  house-decoration,  as  well  as  in  dyeing  and  calico-pnntang. 
In  Germany,  which  is  the  chief  seat  of  the  ultramarine  manufacture,  there  are  about 
twenty  &ctories,  each  producing  annually  about  1000  tons  of  the  colour.  The  manu- 
&cture  is  also  carried  on  in  France  and  in  Belgium,  and  to  a  smaller  extent  in  'Rwgl*"^^ 

WUVJLm  The  alga  called  Ultfa  or  Sivularea  gelatinasa,  consists,  aooozdiiiig  to 
Braconnot,  of  green  j^obules  and  a  colourless  jelly ;  the  latter  is  insoluble  in  water,  at 
first,  but  dissolves  on  prolonged  immersion.  The  solution  resembles  gpmi-water,  but 
when  treated  with  nitric  acid,  yields  oxalic  instead  of  mucio  add. 

VIS8S1UUO  ACZB.  This  name  was  given  by  Fersoz  to  a  product  of  the  oxida- 
tion of  the  volatile  oil  of  anise,  star^anise,  and  fennel  with  chromic  add.  Hempd  has, 
however,  shown  that  the  add  thus  obtained  is  identical  with  anisic  add. 

WUMMJ^'LXWWMOWMm  CH^O*.  (Sommer  and  Zwenger,  Ann.  Gh.  Pharm. 
cxv.  16. — Mossmer,  ibid,  cxix.  260.) — A  neutrsd  body,  isomeric  or  polymeric  with 
Quinone,  to  which,  however,  it  exhibits  no  further  resemblance.  It  is  obtained  by  the 
dry  distillation  of  various  resins,  chiefly  of  those  derived  from  umbelliferous  plants : 
thus  crude  galbanum yields,  by  dry  distillation,  0*83  percent,  umbelliferone;  sagapenum, 
0*32  per  cent. ;  Asafatida,  0*28  per  cent.  It  is  likewise  obtained  from  opoponax,  the 
resins  of  sumbul-root)  angelica-root.  Radix  Jevistici^  S,  meu,  and  B.  imperatorim.  Gum- 
ammoniac  does  not  yield  it,  but  it  mav  be  obtained  &om  the  alcohoUc  extract  of  the 
bark  of  the  mezereon  or  spuige-laurel  {Jk^hne  fnezereum),  a  plant  not  belonging  to 
the  umbelliferous  order. 

Umbelliferone  may  be  prefjared  from  galbanum ; — most  advantageously,  aceording  to 
Mossmer,  from  the  resin  purified  by  bouing  crude  galbanum  with  water,  dissolving  the 
resinous  residue  in  milk  of  lime,  and  precipitating  the  filtered  solution  with  hydro- 
chloric add.  By  distilling  this  purified  resin  with  water,  an  oily  distillate  is  obtained^ 
which,  on  standing,  deposits  crystals  of  umbelliferone,  to  be  purified  by  recrystallisa- 
tion.  The  distillate  obtained  from  the  alcoholic  extract  of  mezereon-bark,  contains 
daphnetin  as  well  as  umbelliferone.  To  sepurate  the  former,  the  solution  of  the  puri- 
fied crystals  is  mixed  with  acetate  of  lead,  whidi  throws  down  a  compound  of  daphnetin 
with  lead-oxide,  while  pure  umbelliferone  remains  in  solution,  and  crystallises  on  eva- 
poration. Umbelliferone  is  likewise  formed  when  a  concentrated  alcoholic  solution  of 
pure  galbanum-redn,  saturated  with  hydrochloric  acid  gas,  is  heated  for  some  time  to 
100^. 

Umbelliferone  forms  colourless  rhombic  prisms,  having  a  faint  silky  lustre ;  it  is 
tasteless,  inodorous  in  the  cold,  dissolves  slightly  in  cold  water,  and  so  abundantly  in 
boiling  water,  that  a  solution,  saturated  while  hot,  coagulates,  on  cooling,  taa  crystal- 
line pulp,  forming,  when  dry,  a  coherent  interlaced  mass.  Umbelliferone  dissolves  also 
in  alcohol,  ether,  and  chloroform.    The  aqueous  solution  is  coloarless  by  tranwnitted 
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Uffht^  but  0ziiibitB,  by  nflected  light,  a  aplendid  blue  oolour,  whidi  if  dMpenad  bj 
addition  of  alkalis,  bat  weakened  or  deotrojed  hj  aoids. 

Umbellifttone,  when  wanned  (also  ito  aqaeooB  solution  when  boiled),  emits  an 
odomr  like  that  of  conmann.  It  melts,  at  240^,  to  a  yellowish  liquid,  which  solidifies 
in  the  crystalline  fonn  on  cooling;  it  subUmes  below  its  melting-point,  and  Tolatilises 
withont  residue. 

UmbelUferone  does  not  appear  to  unite  either  with  acids  or  with  bases,  and  is  not 
precipitated  from  its  solutions  by  any  salt  except  basic  acetate  of  lead ;  the  white 
precipitate  thereby  produced  is  decomposed  by  washing.  TJmbelliferone  dissolves  in 
moat  adds  with  aid  of  heat,  not  being  decomposed  even  by  strong  sulphuric  acid.  Nitric 
acid  oonverts  it  into  oxalic  add.  It  reduces  gold-  and  silver-salts,  but  does  not  appear 
to  reduce  an  alkaline  cnpric  solution. 

Dibrom-umbeUifenme,  OH*JBr*0*,  is  produced  by  treating  an  alcoholic  solution  of 
lunboUiferone  with  bromine,  and  separates  in  flocks,  which  may  be  purified  by  washing 
with  water,  then  with  dilute  aloohci,  and  recrystallisatibn  from  alcohol.  It  is  white 
and  insoluble  in  water ;  its  alcoholic  solution  exhibits  a  superfidal  light-green  irides- 
cence.   (Hossmer.) 

Dry  umbeUiferone  is  scarcely  attacked  by  chlorine ;  but  the  aqueous  solution,  when 
treated  with  chlocine,  is  quickly  decomposed,  depositing  a  small  quantity  of  a  chocolate- 
coloured  powder. 

mOBSR.  Umbra.  Terre  fine  de  Turguie  umber.  Argile  ookreuse  brune. — A 
pigment,  consistug  of  an  argillaceous  brown  hematite,  essentially  2Fe'0'.SiO*.HK), 
with  alumina  and  manganic  oxide,  according  to  the  analyses  of  Klaproth  and  v.  Merz. 
It  was  originally  obtained  fiom  Umbra,  in  the  Papal  States,  but  is  now  imported  chiefly 
from  Cyprus.  It  forms  chestnut-brown  to  liver-brown  amorphous  masses,  having  a 
hardness  of  1*5  to  2*5,  and  a  spedflc  gravity  of  2*2.  It  feels  meagre,  adheres  to  the 
lips,  and  gives  the  reaction  of  iron.  It  dissolves  partially  in  cold  hydrochloric  acid, 
and  to  a  greater  extent  in  hot  hvdrodiloric  acid,  with  evolution  of  chlorine.  When 
heated  it  gives  off  water,  turns  dark-brown,  and  then  constitutes  the  pigment  called 
raw  umber ;  by  stronger  heating,  it  is  completely  dehydrated,  becoming  red-brown 
and  softer,  and  then  constitutes  b  urn  t  u  mb  er.  It  is  used  both  as  an  oil-  and  water- 
colour,  frequently  mixed  with  other  colours. 

Cologne  umber,  Cologne-earth,  or  Cologne-brown  is  an  earthy  lignito, 
sometimes  used  as  a  pigment  instead  of  real  umber. 

WCIB^irAaiTB*  A  hydrated  iron-silicate,  allied  to  nontronite,  occurring  in 
Hungary,  at  Haar  near  Fassau  in  Bavaria,  and  on  the  Meenser  Steinbeig,  near  Gottin- 
gen,  in  amorphous,  yellowish-ffreen  to  pistachio-green,  opaque  masses,  imbedded  in 
or  mixed  with  opal.  Its  composition  has  not  been  exactly  determined,  inasmuch  as  the 
quantitative  relations  of  the  silica  and  water  are  rendered  very  variable  by  the  admix- 
ture of  opal.  Von  Hauer  (Wien.  Akad.  Ber.  xii.  161)  obtained,  as  a  mean  of  ten 
analyses,  67*76  per  cent,  silica,  20*86  ferrous  oxide,  1*77  lime,  and  19*78  water. 
Chloropal  (i.  921)  is  merely  opal  coloured  with  nnghwarite. 

WZO.  The  blood  of  Uniopictorum  is  a  mobile,  alkaline,  slightly  bluish  liquid, 
which,  after  separation  from  the  body  of  the  mussel,  deposits  yel&w  flbrinous  flocks, 
while  the  remaining  li(|uid  becomes  turbid  on  boiling,  but  not  when  mixed  with  acetic 
or  nitric  add.    (Witting,  J.  pr.  Chem.  Ixxui  121.) 

WZOVITB*  This  name  appears  to  have  been  given  to  two  distinct  minerals^ 
viz.  oligodase  and  zoisite,  both  occurring  at  Unionville  in  PennsylvBnia. 

mrzTAXT  TBBOX.T.  SyeUme  tenUaire, — ^This  term  was  applied  by  Geifaardt 
to  the  system  of  Chemistry  in  which  the  molecules  of  all  bodies  are  compared,  as  to 
their  magnitude,  with  one  unit  molecule — ^vrater,  for  example, — and  all  cnemical  re- 
actions are,  as  fbr  as  possible,  reduced  to  one  typical  form  of  reaction,  namely  double 
decompodtion.  This  system  has  been  fully  illustrated  throughout  the  present  work, 
and  therefore  need  not  hero  be  considered  in  further  detail.  (See  Atomic  Wbiohtb, 
i.  457 — 473;  CmnncAT.  ACTmnr,  i.  856—858;  Classification,  i  1015 — 1022; 
FosMCiJi,  ii.  695 ;  Gasbs,  Cokbdiatiok  of,bt  Voluxb,  ii.  809 ;  Holbcclb,  iii.  1027 ; 
Ttfbs,  v.  926 ;  also  Gerhardt,  Introduction  a  Fitude  de  la  Chimie  par  le  eysthme 
wUtairef  1848 ;  and  further  TraiU  de  Ckimie  organique,  iv.  563,  et  eeq.) 

WAS  is  the  Malay  term  for  arrow-poison,  especially  for  that  obtained  from  plants 
(for  which  also,  in  Celebes  and  Borneo,  the  name  ipo  is  used).  Generally  speaking, 
however,  the  term  "  upas"  is  applied  to  two  particular  arrow^poisons  used  in  the  East 
Indies — namely,  Ufos  An^ar,  and  Upas  Ba^'a,  or  Upas  IHeuti. 

Upas  Antjar  is  prep^ed  from  tne  milky  juice  of  Antiarie  Umearia,  the  poison- 
tree  of  Macassar.  The  ^uiee,  dried  at  100^,  contains  from  3*5  to  3*7  per  cent  antiarin 
(i.  310),  a  compound  which  kills  rabbito  inoculated  with  ^  grain  of  it,  or  even  less.   For 
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the  prepantioii  of  the  anow-prasoni  the  juice  ie  mixed  with  groond  pepper,  onion-jitie^ 
zerumbet,  parte  of  a  speciee  of  arom  celled  f^ampoo,  dragoD'e-blood,  and  other  8al>- 
stances.  The  mixture  is  not  boiled,  but  slowly  inspissated  to  a  red-brown  resinoiis 
mass,  which  is  left  to  dry  in  the  sun.  It  resembles  opium  when  dry,  and  ^rms  & 
brown  emulsion  with  water.  Aeeording  to  Mulder,  it  contains,  besides  aatiazin,  m. 
non-poisonous  resin,  gum,  sugar,  and  inoiganic  salts.  When  iiyected  into  the  cir- 
Gulation,  ^  grain  of  it  is  fatal  to  rabbits,  ^  grain  to  dogs,  and  from  4  to  6  grains  to 
laiger  animals,  such  as  buffidoes.  It  likewise  kills  when  taken  into  the  stomach,  famt 
in  that  case  laiger  doses  appear  to  be  required. 

Upas  BadjayOrUpas  Tieut6,  also  called  Upas  Tjettik,  and  in  the  remoter 
parts  of  India,  Sung-sig  (dagger-poison),  is  prepared  from  the  younger  roots,  and  the 
bark  of  the  older  roots  of  atrychnos  TieuU,  a  shrub  growing  in  the  forests  of  Jaya,  bj 
boiling  for  an  hour  with  addition  of  various  less  essential  ingredients.  It  is  biowniah- 
black  when  fresh,  resembles  opium  when  dry,  has  a  bitter  taste,  is  for  the  most  put 
soluble  in  alcohol,  and,  aocoiding  to  Pelletier  and  Gayentou,  contains  as  its  acdre 
constituents,  strychnine  and  brucine.  According  to  Horsfleld  and  Majer,  it 
acts  in  the  same  manner  as  the  fresh  extract  of  StrychnoB  TieuU.  It  is  regarded  in 
India  as  the  strongest  and  most  dangerous  of  arrow-poisons. 

The  bidbs  of  certain  amaryllidaoeous  plants,  Orinvm  asiatioum  and  Or.  molmeeanmmm 
which  exert  an  emetic  and  diaphoretic  action,  are  used  in  the  East  as  remedies  in  caaes  of 
wounding  by  poisoned  arrowa 

mULCO Visa.    Syn.  with  UsAmuM-BLooK. 

A  pseudomorph  of  hornblende,  after  augite,  from,  the  UraL 

mT.  An  aphanite-porphyiy  oocuning  in  the  Ural,  containing 
uralite,  and  sometimes  also  crystals  of  labradorite. 

mUkZrf>XTKZTa.  Orthite  firom  the  neighbourhood  of  Lake  Ilmen,  near  ICiask, 
in  the  Ural,  formerly  mistaken  for  tscheffkinite. 

Syn.  with  DuxubaxIDb  (ii.  316). 

CC  ACZB.  Dialwramio  Acid  (Laurent).  (Liebig  and  Wohler, 
Ann.  Ch.  Fharm.  xxvi.  814. — Gregory,  PhiL  Mag.  xxiv.  187.)— Obtained  by  boiling 
a  solution  of  dialuramide  in  cold  sulphuric  acid  with  water,  or  by  eraporatmg  a  solu- 
tion of  Uiionurate  of  ammonium  with  a  moderate  quantity  of  sulphuric  add.  It  forms 
transparent  fournsided  prisms ;  or,  by  rapid  crystallisation,  silky  needles;  they  redden 
litmus  slightly,  and  torn  red  at  about  100^,  without  losing  weight.  It  dissolves  in  6 
or  8  pts.  cold  and  3  pts.  hot  water,  and  in  sulphuric  add  without  blackening  or 
evolution  of  gas.  It  forms  crvstallisable  salts  with  the  alkalis,  and  predpitatos 
barium-,  calcium-,  and  silver-salts  on  addition  of  ammonia;  the  silver-preapitate 
contains  about  64  per  cent,  silver  (Liebig  and  Wohler).  It  dissolves  quietly  in 
cold  nitric  add,  but  is  decomposed  l^  boiling  with  strong  nitric  add.  When  it  is 
boiled  with  dilute  hydrochloric  or  sulphuric  add,  dialurie  add  is  formed,  which  is 
partiaUy  converted  into  alloxantin  by  the  action  of  the  air.    (G-regory.) 

The  formula  assigned  by  Liebig  and  Wohler  to  uramilie  add  is  C'H**KH)'ft,  the 
percentage  they  obtained  by  analysis  is  C,  32'09;  H,  3*59 ;  N,  23*23;  O,  41*09;  but 
they  do  not  state  at  what  temperature  thdr  crystals  were  dried.  Qmelin  suggests 
C*H*N'0',  which  is  the  formula  adopted  by  Laurent(Compt.  rend.  xxxv.  629),  who 
regards  the  compound  as  dialuramic  add,  N.C^'N*0*.H*.H.O.  Gherhardt  {(Mm, 
org.  i.  610),relying  on  Ghregory's  experiments,  regards  it  as  add  dialurate  of  ammo- 
nium, the  formula  of  which  U  C^^NW  -  C»H'(NH<)NH)«.  F.  T.  C. 

Compounds  of  the  uranic  oxide  with  bade  metallic  oxides. 

AOZB.  A  name  applied  to  uranic  oxide  when  in  combination  with 
bases. 


Syn.  with  pitdiblende  or  native  oxide  of  uranium 

Kative  caldo-uranic  phosphate  (iv.  585). — Chaleolite,  or  copper- 
iiranite,  is  an  isomorphous  mineral  having  the  caldum  replaced  by  copper. 

mulWZVM.  Aiomic  weight,  120;  Symbol,  U.— Klaproth,  in  1789,  discovered, 
in  pitchblende  and  uranite,  a  metallic  oxide  to  the  metal  of  which  he  gave  the  name 
uranium.  Its  compounds  were  subsequently  examined  by  Richter,  Buchholx, 
Lecanu,  Brande,  and  espedall^byBerzelius  and  Arfvedson.*  P^ligot,  in 
1840,  showed  that  the  body  previously  regarded  as  metallic  uranium  wasx«ally  the 

•  Fet  refereocef ,  see  GmeliM*§  Handbook,  W.  Ifl7» 
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protoxide  (UO) ;  lie  likewke  obtained  the  true  metal,  and  determined  its  atomic  weight 
correctly.  Further  examinations  of  nraninm-componnds  haye  been  madebjEbelmeny 
R&mmels  bergiWertheim,  Patera  (J.  pr.Ghem.lxi.897)>I)renkmann  (Jahresb. 
1861,  p.  256),  and  others. 

Uranium  is  not  a  very  abundant  metal.  Its  principal  ore  is  pitchblende,  which 
conBista  of  impure  uranoso-uranic  oxide;  it  occurs  also  as  carbonate  in  liebigite 
(i.  798)  ;  as  sulphate  in  johannite,  or  uianium-Yitriol,  and  in  uranium-ochre  (p.  616); 
as  phosphate  in  uranite  or  uranium-mica  (iv.  584) ;  as  niobate  and  tantalate  in  urano- 
tantalite  or  samarskite ;  in  smaller  quantity  also  in  tyrite,  bragite,  fergusonite  (iy. 
65),  pyrochlore,  and  polycrase  (iy.  67),  and  as  niobate  and  titanate  in  euxenite 
(u.  611). 

ExtracHon.^XJnm-Qm  is  almost  always  obtained  from  pitchblende,  a  mineral 
containing  from  40  to  90  per  cent,  of  uranoso-uranic  oxide,  XJ*0*,  associated  with 
sulphur,  arsenic,  lead,' iron,  and  seyeral  other  metals.    The  mineral  is  finely  pounded, 
freed  by  elutriation  from  the  finer  earthy  impurities;  roasted  for  a  short  time  to 
remoye  part  of  the  sulphur  and  arsenic;  then  dissolved  in  nitric  acid,  and  the  solution 
eyaporated  to  dryness.    The  residue  is  exhausted  with  water;  the  solution  filtered 
from  the  brick-red  residue  of  ferric  oxide,  ferric  arsenate,  and  lead-sulphate ;  the 
greenish-yellow  filtrate  is  diehtly  concentrated  by  eyaporation,  and  left  to  cool,  where- 
upon it  deposits  crystals ;  and  the  resulting  radiated  mass  of  crystallised  uranic  nitrate 
is  drained  on  a  funnel,  and  then  washed  with  a  small  quantity  of  cold  water.    As  the 
water  dissolyes  a  portion  of  the  crystals,  it  is  used  in  a  subsequent  operation  to  redis- 
solye  the  residue  obtained  by  eyaporating  the  solution  of  pitchblende  in  nitric  acid. 
The  uranic  nitrate,  after  being  dried  in  the  air,  is  introduced  into  a  wide-mouthed 
bottle  containing  ether,  in  which  it  immediately  dissolyes ;  the  yellow  solution  is  left 
to  evaporate  in  the  air ;  and  the  resaiting  crystals  are  purified  by  solution  in  hot 
water  and  recrystallisation.    The  mixed  mother-liquids,  after  dilution  with  water,  are 
treated  with  sulphydric  acid  to  precipitate  arsenic,  lead,  and  copper,  and  the  filtrate  is 
freed  from  oxide  of  iron  by  evaporating  to  diyness,  and  digesting  the  residue  in  water. 
The  solution  thus  obtainea  yields  a  fresh  crop  of  crystals  of  uranic  nitrate.    This  salt 
is  oonyerted  by  ignition  into  uranoso-uranic  oxide,  U'O'*,  and  from  this  the  prot- 
oxide is  obtained  by  ignition  with  reducing  agents,  and  the  protochloride  by  ignition 
with  charcoal  in  a  stream  of  chlorine-gas.  (P^ligot,  Ann.  Gh.  Phys.  [3],  y.  6 ;  xii.  258.) 

Ebelmen  digests  pulverised  pitchblende  with  hydrochloric  acid,  to  dissolve  the 
oxides  of  calcium,  magnesium,  manganese,  and  other  metals;  roasts  thewadied  and 
dried  residue  with  charcoal ;  exhausts  the  cooled  mass  with  strong  hydrochloric  acid,  to 
remove  iron,  copper,  and  lead  as  completely  as  possible ;  again  roasts  the  washed 
residue,  and  then  dissolves  it  in  hydroK^loric  acid.  The  solution  thus  obtained  is 
evaporated  to  diyness  and  again  treated  with  water,  which  leaves  arsenate  of  iron 
undissolved ;  the  filtrate  is  treated  with  sulphydric  acid,  and  evaporated  to  the  crys- 
tallising point ;  and  the  resulting  crystals  of  uranic  nitrate  are  purified  by  recrystal- 
lisation. 

MetaUic  wraniuan  is  obtained  by  decomposing  the  protochloride  with  potassium  or 
sodium.  If  the  mixture  be  heated  in  a  platinum-crucible  over  a  spirit-lamp,  and  the 
soluble  alkaline  chloride  washed  out  by  water,  the  uranium  is  obtained  in  the  form  of 
a  black  powder,  or  sometimes  aggregated  on  the  sides  of  a  crucible  in  smiJl  plates, 
haying  a  silyery  lustre  and  a  certain  degree  of  malleability.  But,  by  introducing  into 
a  porcelain-crucible,  first  a  layer  of  s(^um,  then  chloride  of  potassium,  and  then  a 
mixture  of  chloride  of  potassium  and  protochloride  of  uranium  (the  use  of  the  chloride 
of  potassium  being  to  moderate  the  action,  which  is  otherwise  yery  violent),  placing  the 
porcelain-crucible  within  a  closed  earthen  crucible  lined  with  charcoal,  and  heating  it, 
first  moderately,  till  the  reduction  takes  place,  and  then  strongly  in  a  blast-furnace 
for  fifteen  or  twenty  minutes,  the  metal  is  obtained  in  fused  globules.     (P^llgot) 

Uranium,  in  its  compact  state,  is  somewhat  malleable  and  hard,  but  is  scratched  by 
steel.  Its  specific  ^vity  is  18-4 ;  its  colour  is  like  that  of  nickel  or  iron.  When 
exposed  to  the  air,  it  soon  tarnishes,  and  assumes  a  yellowish  colour.  At  a  red  heat  it 
oxidises  with  vivid  incandescence,  and  becomes  covered  with  a  bulky  layer  of  black 
oxide,  which  protects  the  interior  from  oxidation.  In  the  pulverulent  state  it  takes 
fire  at  about  207^1  burning  with  great  splendour,  and  forming  a  dark-green  oxide, 
U'O^  It  is  permanent  in  uie  air  at  ordinary  temperatures,  and  does  not  decompose 
cold  water.  It  dissolves  with  evolution  of  hydrogen  in  dilute  acids,  forming  green 
solutions.  It  combines  directly  with  chlorine,  giving  out  great  light  and  heat,  and 
forming  a  green  volatile  chloride.  It  unites  directly  witJi  sulphur  at  a  slightly  elevated 
temperature.    (P^ligot.) 

Uranium  fonoB  two  classes  of  compounds— yiz.,  the  uranouB  compounds,  in 
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which  it  ifl  bieqmvBlent,  $.g,  U'O,  U"C1',  TJ"SO«,  ^. ;  and  the  uTa&ie  eompouiidflb 
in  whidi  it  ii  triequivaleiit;  e.g, : 

Ox<d«.  Oxjrchioride.  Oxynftrate.  Ozytolpbate. 

There  aze  sIbo  two  oxides  of  nraniam,  intennediate  between  nnnons  and  manic  oxideu 
There  is  no  chloride,  bromide,  iodide,  or  fluoride  corresponding  to  nranie  oxide,  sncb 
as  UCl';  neither  are  there  any  normal  nranio  oxysidts  analogous  to  the  normal 

feme  salts,  such  as  tJ(NO»)«,  t[«(SO<y,  &c.;  but  all  the  uranic  salts  contain  the 
group  UK)*,  which  may  be  regarded  as  a  diatomic  radicle  (called  urany^  by  P^igoi), 
uniting  with  acid  radicles  in  Uie  usual  proportions^  and  forming  normal  salts,  thus  :— 

Uranic  oxide,  or  Oxide  of  tJranyl (UK)*)"© 

Uranicoxychloride,  orChbrideofUranyl        .        .        .    (U*0*rca« 
Uranic  nitrate,  or  Nitrate  of  Uranyl        ....     (U«0*nNO»)" 
Uranic  sulphate,  or  Sulphate  of  Uranyl   ....     (U»0*)''SO*. 

This  view  of  the  composition  of  the  uranic  compounds  is,  howoTcr,  by  no  meuis 
essential,  since  they  may  also  be  formulated  as  above. 

mtajrims;  BROMZDBS  or.  a.  Uranous  Bromide,  UBr*,  is  obtained, 
in  the  anhydrous  state,  by  heating  a  preyionsly  ignited  and  still  warm  mixtore  of  1  pt. 
uranous  oxide  and  6  pts.  starch  in  a  stream  of  bromine-vapour.  It  is  a  brown  pul- 
verulent mass,  exhibiting  a  crystalline  structure  on  the  most  strongly  heated  poitioiis ; 
it  fumes  in  the  air,  and  is  very  deliquescent    (Hermann,  Jahresb.  1861,  p.  260.) 

By  dissolving  uranous  hydrate  in  aqueous  hydrobromic  acid,  a  dark-green  liquid  is 
formed,  which,  when  evaporated  over  oil  of  vitriol,  yields  dark-green  ciystals  of  hy- 
drated  uranous  bromide,  XJBr^.4HH) ;  they  are  very  deliquescent,  yield  an  emenld-gieen 
solution,  and  are  decomposed  by  heat,  giviug  off  bromine  and  leaving  uranous  oiode. 

Uranio  Oxybromide,  U*0*Br*,  or  Bromide  of  Uranyl,  (U«0«)'^t*,  is  pro- 
duced by  treating  uranous  oxide  with  bromine  and  water,  or  by  dissolving  uranic  oxide 
in  hydrobromic  acid,  and  evaporating.  It  forms  yellow  needles,  which  have  a  strptie 
taste,  give  off  water  and  become  orange-yellow  when  heated ;  and  at  a  strong  heat^ 
in  contact  with  the  air,  give  off  hydrobromic  add  and  bromine,  and  leave  uranic  oxidb. 
They  ddiquesce  in  the  air,  and  their  solution  gives,  with  ammonia,  a  precipitate  of 
uranic  hydrate.    (Bert hem ot,  Ann.  Ch.  Hiys.  [3],  xliv.  387.) 

ITRAMlllMf  OH&ORJOm  OV.  Uranium  forms  a  dichloride  and  an  ax^' 
chloride,  analogous  to  the  bromine-compounds  just  described,  also  a  snbchloride 
analogous  to  the  suboxide. 

The  Subehhride,  U^Ol',  obtained  by  strongly  igniting  the  dichloride  in  hydrogen-gas, 
forms  a  coarsely  fibrous,  dark-brown,  slightly  volatile  mass.  It  dissolves  easily  in 
water,  but  the  purple  solution  is  quickly  converted  into  uianous  chloride,  with  evohitioii 
of  hydrogen  and  deposition  of  a  red  powder.  Ammonia  throws  down  the  hydrated 
suboxide. — ^According  to  Bammelsberg,  a  brown  snbchloride,  U'C1\  is  formed  bj 
heating  the  dichloride  in  ammonia-gas. 

The  Bichloride,  or  Uranous  chloride,  UCl',  is  formed,  with  vivid  incandescence, 
by  burning  metallic  uranium  in  chlorine-gas ;  also  by  igniting  uranous  oxide  in  hydro- 
chloric acid  gas.  It  is  prepared  bv  passing  chlorine  over  an  intimate  mixtare  of 
charcoal  and  either  of  the  oxides  of  uranium,  strongly  heated  in  a  tube  of  very  re- 
frtLctoTj  glass.  It  crystallises  in  dark-green  regular  octahedrons,  which  have  a 
metallic  lustre,  and,  when  heated  to  redness,  volatilise  in  red  vapours,  and  form  a  sub- 
limate. It  is  very  deliquescent,  fumes  strongly  on  exposure  to  the  air,  and  dissolves 
easily  in  water,  with  a  hissing  noise  and  great  rise  of  temperature,  forming  a  dark 
emerald-sreen  solution,  which,  when  evaporated  in  a  vacuum,  leaves  an  amorphous, 
green,  ddiquescent  mass  of  uranous  chloride ;  but  when  evaporated  by  heat^  gives  off 
^drochloric  acid,  and  leaves  a  residue  soluble  in  water  (probably  an  oxycUoride). 
Ijie  solution  of  uranous  chloride,  when  boiled,  gives  off  hydrochloric  acid  and  deposits 
a  very  finely-divided  brown  powder.  When  the  same  solution  is  dropped  into  boiling 
water,  the  whole  of  the  uranium  is  precipitated  as  iiranous  hydrate.  Alkalis  also 
throw  down  uranous  hydrate.  The  solution  of  uranous  chloride  is  a  powerful  de- 
oxidising agent,  reducing  gold-  and  silver-salts,  completely  converting  ferric  chloride 
into  ferrous  chloride,  &c. 

Dry  uranous  chloride  ignited  in  hydrogen-gas,  eives  off  a  fourth  of  its  chlorine,  and 
is  reduced  to  U^Cl*. — ^Dry  ammonia-gas  converts  it,  at  ordinary  temperatures,  into  the 
compound  8UC1*.2NH';  at  a  red  heat,  reduction  takes  place,  and  the  snbchloride  is 
produced. 

Uranic  Osychloride,  or  Chloride  of  Uranyl,  IPO'Cl*. — ^When  dry  ddorine- 
gas  is  passed  over  uranous  oxide  at  a  red  heat»  the  tube  becomes  filled  with  an  orange- 
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ytXIffw  vapoor  of  thiB  oomponnd,  which  solidifies  in  a  yellow  aystalUne  mass,  oasily 
ftuible,  Imt  not  very  volatile.  When  ignited  with  potasnun,  it  yiflldB  chloride  of 
potaasimn  and  nranons  oxide.  Dissolyed  in  water,  it  fonns  hydrated  chloride  of 
^muiyl,  U*0Hyl'J3['0.  The  same  solution  of  manic  ozychloride  is  fonned  when  a 
aolution  of  nranons  chloride  is  exposed  to  the  air,  or  treated  with  nitric  acid.  When 
eTaparafted,  it  yields,  according  to^laproth,  crystals  which  effloresce  on  exposure  to 
the  air ;  aQOormng  to  Arfredson,  an  aDczystaUisable  symp. 

Uranic  o^chloride  forms  double  salts  with  the  chlorides  of  the  alksli-metals.-— The 
ammomum-mU,  2NH*CLU*OK)l*.2HK>,  crystallises,  after  some  time,  6om  a  syrupy 
solution,  in  very  deliquescent  rhombohedrons  (Feligot). — The  potaagwni'Smt, 
2K0LU'0'C1'.2HK),  is  obtained  by  dissolving  uxanate  o£  potassium  in  excess  of 
h^drochlorie  add,  adding  chloride  of  potassium,  and  erapoiating.  The  crystals 
disaolTo  readily  in  water;  but  on  evaporating  the  resulting  solution,  chloride  of 
potassium  ciystallises  out»  and  uranic  oxychloride  remains  in  solution. — CUoMi 
of  sodmm  appears  to  form  a  similar  double  salt. — Uranic  oxychloride  also  foiSDS 
double  salts  ^nth  the  bydrochlorates  of  oreanic  bases.    (G.  Gr.  Williams.) 

mtaJilUM*  ClTJkMTDWM  or.  Bui  little  is  known  respecting  these  compounds. 
XJranottS  osride  does  not  dissolve  in  hydrocyanic  acid,  and  tne  precipitate  formed  by 
cyanide  of  potassium  in  uranons  solutions  consists  merely  of  hyorated  uranoso-nrauio 
QKide.    (Bammelsberg.) 

With  nranic  salts,  cyanide  ofpotassium  forms  a  yellow  precipitate,  probably  con- 
sisting of  uranic  oxymmide.  This  ^ecipitate  dissolyes  when  warmed  in  excess  of 
potassium-cyanide,  and  is  not  reprecipitated  theiefrom  by  adds,  perhaps  in  consequence 
of  the  formation  of  a  uranium-compound  analogous  to  ferricyaniae  of  potassium. 
(Fresenius  and  Haidlen.) 

VKiLHlUMf  9XTBCTZOV  AVB  WnTXA,VX€m  OV.  1.  Blowpipe 
Reactions, — Uranic  oxide  and  salts,  fused  with  phosphorus-salt  in  the  outer  blow- 
pipe-^me,  produce  a  clear  yellow  glass,  which  becomes  greenish  on  cooling.  In  the 
inner  flame  the  glass  assumes  a  green  colour,  becoming  still  greener  when  cold. 
Similar  colours  are  obtained  with  borax.  The  oxides  of  uranium  are  not  reduced  to 
the  metallic  state  by  fusion  with  carbonate  of  soda  on  charcoal. 

2.  Reactions  in  Solution. — a.  Uranous  salts  are  fonned  by  dissolving 
nranous  oxide  in  strong  hydrochloric  or  sulphuric  add,  or  the  hydrate  in  dilute  acids, 
also  by  reduction  of  uranic  salts.  They  are  green  or  greenish-white,  and  yield  green 
aqueous  solutions,  from  which  caustic  alkalis  throw  down  a  red-brown  gelatinous 
precipitate  of  uranous  hydrate ;  alkaline  carbonates  (with  evolution  of  carbonic  anhy- 
dride), green  precipitates,  which  dissolve  in  excess  of  alkaline  carbonate,  especially 
of  ammonium-carbonate,  forming  green  solutions :  the  green  predpitate,  i^fter  washing 
and  drying,  consists  of  pure  uranous  hydrate.  Uranous  salts  aJso  yield  a  green  pre- 
dpitate with  phosphate  of  sodium^  grey-green  with  oxalie  acid,  light-brown  with 
ferrocyanide  of  potassium.  SulpMde  of  ammonium  forms  a  black  predpitate  of 
uranous  sulphide ;  the  add  and  neutral  solutions  are  not  precipitated  by  sulphydric 
acid,  Uranous  raits  are  easily  oxidised  to  uranic  salts  by  exposure  to  the  air,  or  by 
treatment  with  nitric  add ;  they  easily  reduce  gold"  and  mver-saits. 

/3.  Uranicsaltsare  yellow;  they  are  mostly  soluble  in  water,  and  in  solution 
have  a  bitter  taste,  without  any  metallic  aftertaste.  They  are  reduced  to  uranous  salts 
by  sulphydric  acid  ;  also  by  elcohd  or  ether  in  sunshine. — Caustic  alkalis^  added  to 
nranic  solutions,  throw  down  a  yellow  predpitate,  consisting  of  a  uranate  of  the 
alkali-metal,  which  is  insoluble  in  excess  of  the  reagent. — Alkaline  carbonates  produce 
a  yellow  precipitate,  consisting  of  a  carbonate  of  uranium  and  the  alkali-metal, 
soluble  in  excess,  especially  in  add  carbonate  of  potassium  or  add  carbonate  of  ammo- 
nium. Potash  add^  to  these  solutions  throws  down  all  the  uranic  oxide.  From  the 
solution  in  carbonate  of  ammonium,  the  uranic  oxide  is  likewise  predpitated  by 
boiling. — Carbonate  of  barium  completely  precipitates  uranic  oxide  from  its  solutions 
at  or^naiy  temperatures. — Phosphate  of  sodium,  added  to  uranic  salts  not  containing 
too  much  free  acid,  produces  a  white  precipitate  of  uranic  phosphate,  having  a  slight 
tinge  of  yellow. — Sulphide  of  ammonium  produces  a  bla(£  predpitate  of  uranic  sul- 

Shide,  which  remains  for  a  long  time  suspended  in  the  liqiud. — Sulphydric  add  pro- 
uces  no  predpitate. — Ferrocyanide  </^/a^tfm  produces  a  dark  red-brown  predpi- 
tate ;  ferricyanide  of  potassium,  none.— Metallic  giric  does  not  precipitate  uranium  in 
the  metallic  state  from  uranic  solutions,  bat»  after  a  long  time,  produces  a  yellow 
predpitate  of  uranic  oxide. 

4.  Estimation  and  Separation. — Uranium  is  completely  predpitated  ftom  uranic 
solutions  \xy  ammonia.  The  precipitate,  which  consists  of  hydiateduranic  oxide  containing 
ammonia,  must  be  washed  with  water  containing  sal-ammoniac,  as  it  runs  through  the 
filter  whra  washed  with  pure  water.    It  is  then  dried  and  ignited  in  an  open  cmcible» 
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wbiorebyit  is  ooiiTertedmto  nraBoso-nnmic  oxide,  U*0*;  bat  to  obtaan  a  perfbcUydeflnita' 
result,  and  prevent  fmther  oxidation  during  cooling,  it  is  necessary  to  pot  the  eorer 
on  the  cmciDle  while  the  snbstanee  is  stiU  red-hot,  and  keep  it  these  till  the  cmcibfe 
is  quite  cold.  The  oxide  thus  obtained  contains  84*90  per  cent  of  uranium.  An 
accurate  result  is  likewise  obtained  by  i^iting  the  sesquioxide  in  an  atmosphere  of 
hydrogen,  whereby  it  is  reduced  to  protoxide  containing  88*24  per  centu>f  the  metaL 

If  the  uranic  solution  contains  a  considemble  quantity  of  an  earth  or  a  fixed  alkali, 
the  precipitate  formed  by  ammonia  carries  down  with  it  a  certain  portion  of  the  earth 
or  alkali,  to  firee  it  from  which  it  must,  before  ignition,  be  redissolved  in  hydrochlc 
acid,  and  repredpitated  by  ammonia. 

From  the  alkali-metals,  uranium,  in  the  state  of  uranic  salt,  is  separated  by 
wumia,  attention  being  paid  to  the  precaution  just  mentioned.  A  method  of  s^wiating 
uranic  oxide  from  aU^s,  founded  on  the  solubility  of  uranic  silicofiuonde  in  aleoho!, 
is  given  by  Stolba  (Zeitschr.  anal.  Ghem.  iii.  71 ;  Jabresb.  1864,  p.  718). 

IVom  barium  it  is  separated  by  ndphurie  acid ;  tram  strontium  and  caleium,  also 
by  sulphuric  acid  with  addition  of  aloohoL 

From  magnesium,  manganese^  cobalt,  nickel,  and  zinc,  these  metals  beingin 
the  state  of  protoxide^  and  the  uranium  in  the  state  of  sesquioxide,  it  is  separated  by 
pecipitation  with  earionaie  qfbanum, — ^From  zinc*  cobalt^  and  nickel  it  may  also 
be  separated  by  mixing  the  solution  of  the  chlorides  with  excess  of  sodic  acetate,  and 
passing  a  rapid  stream  of  sulphydric  acid  into  the  boiling  liquid :  the  zinc^  cobalt,  and 
nickel  are  then  completely  precipitated,  while  the  whole  of  the  uranium  remains  dis- 
solved,    (aibb  s,  Sill  Am.  J.  [2],  xxxix.  68 ;  Jahresb.  1865,  p.  727.) 

From  iron  it  is  separated  by  carbonate  of  ammonia,  both  metals  being  in  the  state 
of  sesquioxide;  the  uranic  oxide  then  dissolves,  while  the  ferric  oxide  remains  undis- 
solved. Oare  must,  however,  be  taken  that  the  carbonate  of  ammonia  be  really 
monocarbonate,  quite  free  £rom  excess  of  carbonic  acid,  otherwise  the  iron  will  also  be 
dissolred.  To  ensure  this  condition,  the  carbonate  of  ammonia  must  be  previously 
boiled,  and  the  solution  of  the  oxides,  if  acid,  must  be  neutralised  with  ammonia  till  a 
slight  permanent  precipitate  begins  to  form :  the  solution  should  then  be  diluted  with 
water.  The  uranic  oxide  is  separated  from  the  filtrate  either  by  boiling,  or  by  super- 
saturation  with  hvdrochloric  acid  and  precipitation  by  ammonia. 

From  aluminium,  uranium  is  also  separated  by  carbonate  of  ammonia,  and  with 
greater  fiicility. 

"From  cadmium,  copper,  lead,  tin,  and  all  other  metals  whose  salts  are  inso- 
luble in  dOlute  acids  (Gh»up  i.  Analysis,  i.  217),  uranium  is  separated  by  eulphydrie 
acid ;  from  chromivm,  in  the  same  manner  as  iron  is  seperated  &om  that  metal 
(i.  945) ;  and  from  vanadium,  tungsten,  molybdenum,  and  tellurium,  by  sul- 
phide of  amfnoniumf  in  which  the  sulphides  of  the  last-named  metals  are  soluble. 

For  the  methods  of  separating  uranium  from  niobium,  tantalum,  and  titanium,  see 
those  metals  (iv.  61 ;  v.  664,  839). 

Volumetric  Estimation, — ^Acid  manganic  phosphate,  added  to  an  acid  solution  of 
ammonio-uranic  acetate,  forms  a  yellowish-white  precipitate,  which,  when  the  predpi- 
tation  is  quite  complete,  changes  its  colour  to  yellowish  rose-red  (from  formation  of 
basic  manganic  phosphate).  The  reaction  may  be  appHed  to  the  volumetric  estima- 
tion of  uranium,  by  dissolving  1  to  1^  grm.  of  the  uranium-compound  in  dilute  nitric 
or  in  nitromuriatic  add,  supersaturating  with  ammonium-carbonate,  then  diluting  the 
solution,  and  addine  excess  of  acetic  acid,  till  the  L'quid  is  made  up  to  a  litre.  If 
phosphoric  or  arsemc  acid  is  present,  the  uranium  must  first  be  precipitated  by  sul- 
phide of  ammonium.  The  normal  solution  of  manganic  phosphate  is  prepared  by 
strongly  heating  syrupv  phosphoric  acid  with  finely-divided  manganic  oxiae,  till  a 
dark-blue  colour  is  proauced,  diluting  to  such  a  decree  that  1  grm.  of  uranium  shall 
correspond  to  30  cubic  centimetres,  and  titrating  with  pure  uranous  or  uranic  oxide. 
(Guyard,  Bull.  Soc.  Ghim.  1868,  pi  89;  Jahresb.  1863,  p.  692.) 

Belouheber  ^ulL  Soc  Ghim.  1867,  i.  494)  estimates  uranium  volumetrioally  by 
means  of  potassic  permanganate,  the  uranium-salt  being  previously  brought  to  the 
minimum  of  oxidation  by  treatment  with  zinc  and  sulphuric  acid. 

5.  Atomic  Weight  of  Uranium, — P^ligot,  in  1842  (Ann.  Ch.  Fharm.  xliL 
141),  determined  the  proportion  of  chlorine  contained  in  uranous  chloride,  UCl*,  by 
precipitation  with  nitrate  of  silver.  Two  experiments  gave  39*1  and  37*2  per  cent, 
chlonne,  therefore  60'9  and  62*8  per  cent,  uranium.  The  latter,  regarded  by  F^ligot  as 
the  more  correct,  gives : 

U     »    5?!^    71     «    119.0 
37-2 '^  ^ 

The  analyris  of  uranic  acetate,  U*0*(C*H*0*)'.H*0,  made  by  F^ligot,  in  1845  {Urid. 
Ix.  183)  gave  U  «  120*0  and  1201.    Wertheim  (J.  pr.  Ghem.  xzix.  209),  hj 
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analysis  of  sodio-iiranio  acetate,  Bod  Ebelmen  (Ann.  Ch.  Fharm.  zlii.  286),  by 
analysis  of  uranic  oxalate,  obtained  somewhat  lower  numbera ;  but  the  number  120  is 
z^^gazded  as  the  true  atomic  weight  of  nianium. 


.  TltVOMXDMB  or.  Uranous fluoride,  UP*,  is  produced,  toge- 
ther with  nzanie  oxjfluoride,  by  the  action  of  aqueous  hydrofluoric  acid  on  green 
uranoso-uranic  oxide,  and  separates  as  a  green  insoluble  powder,  which  passes 
through  the  filter.  It  is  more  easily  prepared  by  boiling  the  yellow  solution  of  uranic 
oxyfluoride,  obtained  as  above,  or  a  solution  of  ammoniacal  uranic  oxide  or  carbonate 
in  hydrofluoric  acid,  with  stannous  chloride ;  the  precipitate  of  uranous  fluoride  thus 
prod-need  is  easy  to  wash.  Uranous  fluoride  is  also  formed  by  the  action  of  hydro- 
fluoric acid  on  uranous  hydrate,  and  is  thrown  down  by  hydrofluoric  acid  from  a  solu- 
tion of  uranous  chloride,  as  a  bulky  green  precipitate.  ^Hien  heated  in  hydrogen-gas, 
it  gives  off  hydrofluoric  acid,  and  leaves  a  reddish  mass,  insoluble  in  water,  scarcely 
attacked  by  strong  nitric  acid,  and  probably  consisting  of  a  subfluoride.  (Bolton, 
Zeitschr.  f.  Chem.  [21,  ii.  353;  BuU.  Soc.  Chim.  1866,  ii.  450.) 

Potassio-uranoua  jttufHde,  KF«2UF',  is  produced  by  the  action  of  formic  or  oxalic 
acid,  Tinder  the  influence  of  light,  on  potassio-uranie  oxyfluoride  (i^fra).  When  oxalic 
acid  is  used,  a  precipitate  of  uranous  hydrate  is  likewise  formed,  but  it  is  easily  sepa- 
rated from,  the  double  fluoride  by  solution  in  dilute  acids.  Potassio-uranous  fluoride 
is  a  green  powder  resembling  uranous  fluoride,  insoluble  in  water  and  in  dilute  acids, 
soluble  in  strong  hydrochloric  acid.  Sulphuric  add  dissolves  it  easily,  eliminating 
hydrofluoric  acid.  When  ignited  in  the  air  it  melts,  gives  off  hydrofluoric  acid,  and 
leiaves  uzanate  of  potassium ;  ignited  in  a  close  vessel,  it  leaves  a  black  residue  of 
uraninm-suboxide  and  fluoride  of  potassium.  Caustic  soda  separates  the  suboxide  from 
it.     Heated  in  hydrogen-gas,  it  behaves  like  uranous  fluoride.    (Bolton.) 

Sodio-mranous  fiu^ide,  NaF.2UF*  (?),  resembles  the  potassium-salt,  but  appears  to 
be  more  soluble  in  water.  When  heated  it  does  not  melt,  but  decomposes  like  the 
potassium-salt,  leaving  a  yellow  residue  of  sodium-uranate.    (Bolton.) 

Urania  Oxyfluoride,  or  Fluoride  of  Uranyl,  U'O'F*.— The  yellow  solution, 
obtained  by  treating  green  uranoso-uranic  oxide  or  uranic  hydrate  with  hydrofluoric 
acid,  leaves,  on  evaporation,  a  nearly  white  unciystallisable  mass,  which  dissolves  in 
water  and  in  alcohol  (Berzelius ;  Bolton),  It  gives  off  water  at  100^,  and,  when 
heated  in  the  air,  gives  off  fluorine  and  leaves  uranium-oxide  (Bolton).  It  forms 
double  salts  with  alkaline  fluorides. 

The  ammontum-ealt,  (NH«)F.n*0'F*.arH*0,  obtained  like  the  potassium-salt 
(tf|^a),  forms  indistinct  crystals,  soluble  in  water,  slightlv  soluble  in  hydrofluoric 
acid,  and  insoluble  in  alcohol.  When  calcined  it  leaves  suboxide  of  uranium.  (Bolton.) 

The  barium'$alt,  8BaF'.2U*0'F'.2H*0,  is  a  yellow  crystalline  precipitate,  insoluble 
in  cold  water,  soluble  in  dilute  acids. 

The  potasehtmsalt,  3KF.XP0^,  separates,  on  adding  fluoride  of  potassium  in 
excess  to  uranic  nitrate,  as  a  lemon-yellow,  dense,  crystalune  precipitate ;  it  is  also 
formed  by  dissolving  uranate  of  potassium  in  hydrofluoric  add  mixed  with  fluoride  of 
potassium.  It  separates  from  solution  in  boilins  water  in  anhydrous  crystalline  crusts, 
and  is  deposited  by  slow  evaporation  in  maded  crystals  belonging  to  the  quadratic 
system :  it  is  anhydrous.  Wnen  heated,  it  melts,  with  partial  decomposition,  to  a  red 
hquid,  which  solidifies  to  a  yellow  mass  on  cooling.  It  dissolves  without  decomposition 
in  boiling  water,  forming  a  solution  which  does  not  attack  glass.  Fused  with  carbonate 
of  sodium,  it  yields  fluoride  and  uranate  of  sodium.  Ignited  in  hydrogen,  it  leaves 
a  residue  consisting  of  uranium-fluoride,  uranium-suboxide,  and  potassium-fluoride. 
By  fonnic  or  oKsIic  acid,  under  the  influence  of  light,  it  is  reduced  to  potassio-uranous 
fluoride  (Bolton).— The  sodium-eali,  NaF.U'0^.4H'0,  is  sometimes  obtained,  in 
fine  efflorescent  right  rhombo'idal  prisms,  by  evaporating^  a  mixture  of  sodium-fluoride 
and  uranic  nitrate,  or  a  solution  of  sodium-uranate  in  hydrofluoric  acid;  but  on 
attempting  to  recrystallise  it,  fluoride  of  sodium  crystallises  out  alone.  By  fonnio  or 
oxalic  acid  it  is  reduced  to  sodio-uranous  fluoride.    (Bolton.) 

mUkimrM,  IOBSDBS  or.  Uranous  iodide,  UP,  is  obtained  bv  dissolving 
uranous  hydrate  in  hydriodic  acid ;  the  green  solution,  when  evaporated  in  contact 
with  the  air,  acquires  a  brown  colour  from  separation  of  iodine,  and  yields  ablaekctys- 
talline  mass,  insoluble  in  water,  and  containing  a  small  quantity  of  uranic  oxyiodide. 
(Bammelsberg.) 

mUkimrM,  OSBIXIBS  or.  Uranium  forms  four  compounds  with  oxygen— vis., 
uranous  oxide,  UO ;  uranic  oxide,  IPO*;  and  two  intermediate  oxides,  U*0*  and  U*0*, 
which  may  be  regarded  as  compounds  of  the  other  two. — ^A  suboxi  de,  U^O",  appears 
also  to  be  predpitated,  in  combination  with  water,  on  adding  ammonia  to  the  aqueous 
solution  of  the  subchloride,  U'Gl*;  but  the  brown  predpitate  thus  produoed,  quiddy 
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takes  vp  oxygen  firam  the  water,  and  is  eonyerted  into  a  gnenish-ydloir  fajdnto,  wliid^ 
in  contact  with  the  air,  oxidises  further  to  nranons  hjdnte. 

JfrmmonM  Ozida*  UO. — ^This  oxide,  formerly  mistaken  for  the  metal,  is  obtaiaed 
by  exposing  nranoso-nranic  oxide,  U'O*,  mixed  with  chamoal -powder,  bollock's  Uood, 
or  oil,  to  the  strongest  heat  of  a  blast-fnmaoe;  by  heating  the  same  oxide  to  redocAs 
in  a  current  of  dry  nydrogen ;  by  igniting  nranic  oxalate  in  a  close  ressel,  or  (better) 
in  a  current  of  hydrogen ;  or  by  igniting  potassio-nranic  chloride  (p.  943X  either  alona 
or  in  hydrognn. 

Uranous  oxide  obtained  by  the  last-mentioned  process  forms,  after  washing,  a 
metallically  lustrous  powder  composed  of  microscopic  regular  octahedrons,  tnmaliicent 
with  red-brown  colour  on  the  edgies  (ArfTedson).  That  which  is  prepared  from  the 
oxalate  is  a  cinnamon-brown  or  copper-red  metallically  lustrous  powder,  of  spedfie 
gravity  10']5  (P^ligot;  Ebelmen);  that  prepared  by  reducing  nranoso-nnmic 
oxide  with  charcoal  is  an  iron-grey  powder,  consisting  of  feebly  lustrous  microscoiHe 
needles  (Bucholz).  When  a  solution  of  ammoninm-uranate  in  hydrochloric  acid  ia 
evaporated  with  sal-ammoniac  and  common  salt^  the  remaining  mass  heated  in  a 
covered  crucible  till  the  sal-ammoniac  volatilises  and  the  sodium-chloride  meltSr  and 
the  soluble  salts  washed  out  with  water,  uranous  oxide  remains  in  the  form  of  a  black 
erystalline  nowder  (Wdhler).  The  black  anhydrous  oxide  is  also  formed  bj  Ixaling 
nranons  hydrate  with  water. 

Uranous  oxide  easily  passes  to  a  higher  state  of  oxidation,  the  compact  Grystallins 
variety,  however,  less  rapidly  than  the  finely-divided  oxide ;  that  prepared  from  the  oxa- 
late at  not  too  strong  a  heat  is  even  pyrophoric.  Uranous  oxide,  when  heated,  boras 
with  a  glimmering  fight,  and  is  converted  into  uranoso-uranic  oxide. 

Uranous  hydrate  is  precipitated  &om  uranous  salts  by  caustic  alkalis,  in  bulky 
red-brown  flocks,  which  retain  a  portion  of  alkali  after  washing  with  cold  water,  and 
turn  black  on  boiling. 

Uranous  oxide,  after  ignition,  is  insoluble  in  dilute  hydrochloric  or  sulphuric  acid, 
but  dissolves  in  strong  sulphuric  acid.  The  hydrate  dissolves  easily  in  acids,  forming 
mranous  salts.   (For  the  reactions  of  those  salts,  see  p.  943). 

Vnuioao-vraiilo   Ozidey  U'O*  »  UO.UK)*. — ^This  oxide  forms  the  principil 

constituent  of  pitchblende.  It  is  obtained  artificially  by  igniting  the  metal  or  oranoos 
oxide  in  contact  with  the  air ;  by  heating  uranous  oxide  to  redness  in  an  atmosphere  of 
aqueous  vapour ;  and  by  gentle  ignition  of  uranic  oxide  or  uranic  nitrate.  It  is  a 
dark-green  velvety  powder,  of  specific  ^vit^  7*1  to  7*3.  When  ignited  alone  it  is 
reduced  to  the  black  oxide,  U^O*;  by  ignition  in  hydrogen,  or  with  sMium,  charooal,  or 
sulphur,  it  is  reduced  to  uranous  oxide. 

Pitchblende  sometimes  occurs  in  regular  octahedrons,  or  combinations  of  the 
octahedron  with  the  cube  and  rhombic  dodecahedron,  but  more  generally  masaive  and 
botryoidaL    Hardness  «  5*5.    Specific  ^vity  <»  6*468 — 8.    Lustre  submetallic  or 

freasy  to  dulL  Colour  grejrish,  greenish,  brownish-red,  or  velvet-black.  StmJL 
rownish-black  or  olive-green,  a  little  shining.  Opaque.  Fracture  conchoidal,  nneven. 
It  contains  from  70  to  90  per  cent  uranous  oxide,  together  with  sulphur,  lead,  arsenic, 
antimony,  bismuth,  iron,  manganese,  cobalt,  magnesium,  calcium,  carbonic  acid,  phoe- 
phoric  acid,  silica,  and  sometimes  traces  of  fluorine  (Kammels  berg's  il/ffi«ra^A€»ttf, 
p.  175).  It  occurs,  accompanying  various  ores  of  lead  and  silver,  at  Johanngeoigen- 
stadt,  Marienberg,  and  Schueeberg  in  Saxony,  at  Joachimsthal  and  Przibram  in  Bohe- 
mia, and  at  Ketzbanya  in  Hungary.  It  is  associated  with  uranite  at  Tincroft  and 
Tolcam  near  Redruth  in  Cornwall,  and  at  Adrianople  in  Turkey. 

Uranoso-uranic  oxide  and  ground  pitchblende  are  used  for  producing  a  very  perma- 
nent black  colour  under  the  ^asse  of  porcelain. 

Uranoso-uranic  oxide  is  but  little  acted  upon  by  dilute  hydrochloric  or  sulphuric 
acid ;  but  these  acids,  when  concentrated,  dissolve  it  without  alteration ;  by  nitrie 
acid  it  is  dissolved,  and  oxidised  to  uranic  nitrate.  A  solution  of  uranoso-uranic  acid 
in  hydrochloric  or  sulphuric  acid,  diluted  with  water  and  mixed  with  ammonia,  vields 
a  grey-green  precipitate  of  uranoso-uranic  hydrate,  which,  if  precipitated  inthe 
cold,  dissolves  easily  and  withont  alteration  in  dilute  acids,  but  is  decomposed  by 
carbonate  of  ammonium,  which  dissolves  out  uranic  oxide,  leaving  brown  uranoos 
hydrate.  On  mixing  the  solution  of  nranoso-nranic  oxide  in  sulphuric  acid  with  alco- 
hol, uranous  sulphate  separates  out,  while  uranic  sulphate  remains  dissolved.  The 
solution  of  uranoso-uranic  oxide  in  hydrochloric  acid  is  decomposed  in  tlie  same 
manner  on  addition  of  sulphuric  add  and  alcohol.  Hence  it  would  appear  that  the 
solutions  of  uranoso-uranic  oxide  in  acids  are  mixtures  of  uranous  and  uranic  salts,  a 
view  which  is  likewise  in  accordance  with  their  other  reactions. 

A  black  oxide  of  uranium,  U*0*  or  2U0.U*0*,  is  produced  by  subjecting 
nranic  nitrate  or  nranate  of  ammonium  to  intense  ignition,  or  by  strongly  igniting 
uranous  oxide  prepared  by  Wohler's  method  in  contact  with  the  air.     ^Zlus  oxi<£ 
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IB  regarded  by  P^ligot  and  DTenkmann  as  a  distinct  compound;  according  to 
Hammelsberg  and  Ebelmen,  on  the  other  hand,  it  is  only  a  mixture  of  green  uranoso- 
oranic  oxide  with  uranic  oxide.  If  not  too  dense,  it  is  oxidised  by  prolonged  ignition 
in  contact  vith  the  air.  With  acids  it  behaves  in  the  same  manner  as  the  ereen  oxide. 
The  black  colour  produced  upon  porcelain  in  the  manner  above  mentioned,  probably 
consists  of  this  oxide. 

ITranle  Ozlde,  or  Ozlde  of  Vtanyl,  U*0*  »  (U*0')''0.— Uranium  and  its 
lower  oxides  dissolve  in  nitric  acid,  with  evolution  of  nitric  oxide,  and  formation  of 
uranic  nitrate ;  and  when  this  salt  is  heated  in  a  basin  till  it  begins  to  decompose,  and 
then  to  250°  in  a  glass  tube,  as  long  as  acid  fumes  continue  to  escape,  pure  uranio 
oxide  remains  in  Uie  form  of  a  chamois-yellow  powder.  When  ammonio-uranic  car- 
bonate (i.  797),  or  uranic  hydrate,  is  heated  for  some  time  to  300°,  uranic  oxide  re- 
mains as  a  brick-red  powder,  according  to  Ebelmen ;  according  to  Malaguti,  however, 
the  oxide  prepared  by  heating  the  hy£ate  always  retains  a  certain  quantity  of  water. 
Uranic  oxide,  when  heated  to  redness,  gives  off  oxygen  and  leaves  green  urauoso-uranic 
oxide. 

Uranic  hydrate  cannot  be  prepared  by  precipitating  a  uranic  salt  with  alkalis, 
inasmuch  as  the  precipitate  always  cantes  down  alkali  with  it.  Pure  uranic  hydrate 
may  be  obtained : — 1.  By  heating  uranic  nitrate  contained  in  a  covered  vessel  in  the 
sand-bath  as  long  as  nitric  acid  is  given  off;  uranic  hydrate  then  remains,  mixed  with 
basic  nitrate,  &om  which  it  may  l^  freed  by  boiling  with  water  (Berzelius). — 2.  A 
solution  of  uranic  nitrate  in  absolute  alcohol  is  evaporated  at  a  moderate  heat  till,  at 
a  certain  degree  of  concentration,  nitrous  ether,  alaehyde,  and  other  vapours  are  given 
off  with  violent  intumescence,  and  a  spongy  yellow  mass  remains,  which,  when  washed 
with  boiling  water,  leaves  uranic  hydrate  (Malaguti,  Compt.  rend.  xvi.  861). — 3.  By 
exposing  recently  precipitated  and  still  moist  uranoso-uranic  hydrate  to  the  air  (Eb el- 
men  ).--4.  By  boiling  ammonio-uranic  carbonate  with  water,  and  leaving  the  powder 
thereby  separated  (which  contains  about  2  per  cent,  ammonia)  for  some  time  under  an 
imperfectly  closed  bell-jar  (Drenkmann). — 6.  By  fusing  uranoso-uranic  oxide  with 
chlorate  of  potassium,  and  boiling  out  the  fused  mass  with  water. 

The  hydrate  obtained  by  either  of  these  processes  contains,  when  dried  in  the  air 
at  ordinary  temperatures,  11*65  per  cent  water,- agreeing  with  the  formula  U*0'.2H*0. 
In  a  vacuum  at  ordinary  temperatures,  or  at  100°  in  the  air,  it  gives  off  half  its  water, 
leaving  the  monohydrate,  U*0*.H*0,  which  contains  6*11— 6-28  per  cent,  water  (by 
calculation,  6*88  per  cent.)  (Ebelmen  ;  Malaguti).  According  to  Drenkmann,  the 
dihydrate  prepaied  by  the  last  two  processes  does  not  give  off  the  half  of  its  water 
till  heated  to  160^. 

The  monohydrate  has  a  lemon-yellow  colour,  inclining  to  orange-yellow,  and  a  specific 
gravity  of  5*92.  It  is  permanent  in  the  air,  and  does  not  absorb  carbonic  acid. 
According  to  Ebelmen,  it  gives  off  all  its  water  at  300^;  but  according  to  Malaguti,  it 
still  retains  two-thirds  of  its  water  at  400°,  and  when  more  strongly  heated,  gives  off 
oxygen  as  well  as  water.  At  a  red  heat  it  is  reduced  to  uranoso-uranic  oxide. 
I^'anic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the  uranic  salts  (p.  943). 
Ura nates. — Uranic  oxide  unites  with  basic  metallic  oxides,  forming  salts  called 
uranates.  The  uranatesof  the  alkali -metals  are  obtained  by  precipitating  a  uranic  salt 
with  a  caustic  alkali ;  those  of  the  earth-metals  and  heavy  metals,  by  precipitating  a 
mixture  of  a  uranic  salt  and  a  salt  of  the  other  metal  with  ammonia,  or  by  igniting 
a  double  carbonate  or  acetate  of  uranium  and  the  other  metal  (calcio-uranic  acetate, 
for  example)  in  contact  with  the  air.  The  uranates  have,  for  the  most  part,  the 
composition  M?0.2U'0*.  They  are  yellow,  insoluble  in  water,  soluble  m  .acids. 
Those  which  contained  fixed  bases  are  not  decomposed  at  a  red  heat ;  but  at  a  white 
heat,  the  uranic  oxide  is  reduced  to  uranoso-uranic  oxide,  or  by  ignition  in  hydrogen 
touranous  oxide ;  the  mass  obtained  by  this  last  method  easily  takes  fire  in  contact  with 
the  air. 

Uranate  of  Ammoniunt  is  precipitated  from  uranic  salts  by  ammonia,  as  a  yellow 
powder,  which  is  slightly  soluble  in  pure  water,  ^uite  insoluble  in  water  containing  sal- 
ammoniac,  is  not  decomposed  at  100^,  but  at  higher  temperatures  gives  off  nitrogen, 
ammonia,  and  water.  This  salt  sometimes  occurs  in  commerce  as  a  fine  deep  yejlow 
colour,  called  "  uranium-yellow."  It  is  easily  prepared  by  adding  chloride  or  sulphate 
of  ammonium  to  a  boiling  solution  of  sodium-uranate  as  long  as  ammonia  and  ammo- 
nium-carbonate are  given  off,  washing  the  resulting  precipitate,  and  drying  it  at  a  gentle 
heat  (An then,  Ding.  pol.  J.  dvi.  211).  This  salt,  when  heated  to  x^dness,  leaves 
pure  uranoso-uranic  oxiae,  and  may  therefore  serve  as  the  raw  material  for  the  prepa- 
ration of  other  uranium-compounds. 

Vranate  of  Barium^  Ba0.2U*0',  obtained  by  precipitation,  as  above  described^ 
is  jellowish-red  or  orange-yellow,  and  when  ignited  in  hydrogen,  leaves  an  inflamma- 
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h\e  miztare  of  vnnoto-vnaie  made  and  haryiM, — The  cmicsmm-Mmli  m 
•imilar  mano^.    Xanj  natmal  imnhni-oeliRs  eooauC  d  !ki>  floaipovBd,  aakd 
ease  do  not  giro  otttmj  oxjgpa  at  a  nd  beat. — ^Tlie  lemd-smlt,  ViOJiUH^^  obsaia^d 
bjr  precipitadoD,  or  b^  repe^vdlj  boiling  earboBate  <d  lead  vith  freeb  qvaatitiee  of 
VFaoic  acetate,  iayellowisb-Rd,  beeoming  brovB-red  bj  Bodente  igaitioo  ;  vbec  b^rtfd 
in  a  potterj'fnraaee  it  beoomee  aUsv-jellov  viibont  nadofgoii^  redvedoo,  aad  i<  tSea 
difficult  to  dieeolre  in  aeette  acid;  wbeo  ienited  in  fajdragcB.  it  karea  m  pjro^hunic 
niztore  of  nranooa  oxide  and  meCallie  lead  (Wert beim). — ^The  ma^nesium-MMtt^ 
'M^,2lP(y,  obtained  hj  igniting  maffneeio-vmie  acetate;  is  a  jellov-bnyn  powder. 
^lie  potassmm-Molt,  KH).2VHy^HH}  (Pater a\  ia  prapazcd  by  precipitadng  a 
uranic  ealt  with  ezceea  of  canstie  potaah;  or  by  igniting  poritario-graaie  caobocatc  or 
acetate ;  or  by  fusing  nranic  oxide  with  exeeas  of  potaasium-caiboBate,  and  waahxaig  omL 
with  water.    When  prepared  in  the  wet  way,  it  is  a  Ug^  onuge-yeUow  powder:  wb«« 
obtained  by  ignition,  yeUowish-red.    It  is  partially  radnnd  by  hydrogm,  yidding  a 
mixture  of  nranoeo-uianic  oxide  with  a  more  basic  nxuiate  of  potaanvm  i Ber  xe  1  ima ; 
Wertbeim).    Uranate  of  potassium  may  also  be  prepared  from  pitehbleBde  ia  the 
same  manner  as  the  eodium-salt  (tn/ra).    An  onnge-coloared  poCaasivBi-wiaBate  is 
produced  by  procipitating  a  solution  of  ptftassJo-nranie  carbonate  in  carbonate  tt 

Sotassium  with  caustic  potash,  and  is  prepared  on  the  lazge  scale  by  roaatiqg  P*'^' 
lende,  with  subsequent  addition  of  crude  potash  and  saltpetn  (Wysocki,  I>iai^ 
pol.  J.  clr.  306).— An  add  boU,  K*0.6UH)'.6HK),  is  piodaced  by  fnang  acid  nzaac 
sulphate  with  chloride  of  potassium ;  and  remains,  on  lixrriating  the  fased  maaa,  as  a 
yellow  powder  oompoeed  of  microscopic  rhombic  prisms.  It  becomes  farick-^ed  by 
prolonged  heating,  and  silyer-grey  at  a  white  beat,  m  eonsequence  of  the  eonrei 
the  uranic  into  uranoeo-uranic  oxide.    (Drenkmann.) 

The  iilver'talt,  obtained  by  precipitation,  or  by  boiling  aigento-«EBiiie 
with  water,  is  a  red  powder  which  decomposes  when  heated  alwre  100^. 

8odium-$alt$. — The  normal  salt,  NaH).UK)',  obtained  like  the  potassium- 
yellow,  and  exhibits  characters  similar  to  those  of  the  potassium-salt.  By  fnsiqg  it 
with  eodium-chloride,  and  lixiviating  with  water,  another  salt  ia  obtained,  probably 
Va'O.UH)',  in  yellow  six-sided  tables,  mixed  with  a  small  quantity  of  iinnoo»>wiBBie 
oxide  (D r  en k man n).  By  fusing  uranic  nitrate  with  sodium-chloride,  and  liziriating 
the  cooled  ma«s,  an  and  uranate  of  eodiuin,  Ka'O.SU'O',  is  obtained  in  bvonse-eoloand 
nacreous  laminie,  resembling  mosaic  gold,  and  made  up  of  microscopic  rhombic  tablca. 
It  has  a  specific  gravity  of  6'91,  is  insoluble  in  water,  is  decomposed  only  at  a  whits 
heat,  afterwards  appearing  silver-grey  by  reflected,  colourless  by  transmitted  light, 
and  containinff  uranoso-uranis  oxide.    (Drenkmann.) 

The  normaTsalt,  Na'0.2U*0*,  is  much  used  for  imparting  a  yellowish  or  greenish 
colour  to  glass,  and  as  a  yellow  pigment  on  the  glazing  of  porcelain.  The  "  uranium- 
yellow  "  for  these  purposes  is  prepared  on  the  large  scale  by  roasting  100  pCa.  of 
flnely-pulveriscd  pitchblende  (containing  46  per  cent,  nranoso-uranic  oxide)  "with 
14  pts.  lime  in  a  reverberatory  furnace;  treating  the  resulting  uranate  of  calcium  with 
dilute  sulphuric  acid,  by  which  the  uranic  oxide  is  almost  completely  dissolved ;  mix- 
ing the  green  solution  with  crude  sodium-carbonate,  by  whieh  the  uranium  is  precipi- 
tated, together  with  other  metals,  but  redissolved,  tolerably  free  fit>m  impuritiea,  by 
excess  of  the  alkali ;  and  treating  the  liquid  with  dilute  sulphuric  acid  as  longas  efisr- 
rescence  ensues.  The  sodium-uranate  is  then  precipitated  as  a  hydrate,  wbidi 
becomes  ciystalline  when  dry,  and  then  contains  Na'0.2U*0*.6H*0  (Patera,  J.  pr." 
Chem.  Ixi.  897).    Glass  coloured  with  uranium-yellow  is  highly  fluorescent. 

A  n  onioee-coloured  uranate  of  sodium  may  be  prepared  by  precipitating  a  solution 
of  pure  Bodio-uranie  carbonate  with  caustic  soda,  pressing,  dxying,  and  pulverising  the 
precipitate,  then  washing  it,  and  drying  it  again.    (Wy  socki.) 

Uranate  of  Zinc  is  obtained  by  precipitating  a  mixture  of  uranic  acetate  and 
sinc-aeetHte  with  baryta-water,  or  by  precipitating  uranic  nitrate  with  metallie  sine, 
being  then  deposited  on  the  metal  as  a  compact  yellow  coating.     (Wertbeim.) 

VltAVIUM,  SmbVBZBBS  OF.  The  only  sulphur- compounds  of  uranium 
hitherto  obtained  in  definite  form,  are  uranous  sulphide,  US,  and  uranous  oxy sulphide, 
U'S^O.    Uranic  sulphide,  U«S»,  is  not  known  with  certainty. 

Uranous  Sulvhide,  US,  is  produced  with  incandescence  when  metallic  oraninm 
is  hettted  in  sulphur-vapour  (P6ligot);  quickly  also,  but  without  incandescence, 
when  uranous  chloride  is  heated  to  i^dness  in  sulphydric  acid  (Hermann).  As  thus 
prepared,  it  is  a  greyiah-black  amorphous  powder,  which  becomes  crystalline  when 
beated  to  whiteness  out  of  contact  witn  air.  Uranous  sulphide  is  also  formed  as  a 
black  precipitate  on  adding  sulphite  of  ammonium  to  a  bolution  of  uranous  chloride  or 
nitrate  (Hermann).  When  exposed  to  moist  air,  it  gradually  gives  off  sulphydric 
acid,  and  is  converted  into  a  basic  sulphate;  when  heated  in  the  air^  it  gives  off  sul- 
phurous oxide,  and  is  converted  into  uranoso-uranic  oxide.    It  is  not  decomposed  by 
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liot  hjdzcehlorie  acid,  bat  diMoWds  easilj  in  the  concentiated  actd.    Chlorine  decom- 
poses it  rapidly ;  nitric  acid  conyerts  it  into  oranic  sulphate. 

When  an  oxide  of  uranium  is  ignited  in  a  mixture  of  carbonic  dioxide  and  carbonio 
disulphide,  the  higher  oxides  are  reduced  to  uranous  oxide,  but  the  latter  undeigoes 
no  further  decomposition.  Uranous  oxide,  and  not  the  sulphide,  is  likewise  produced 
'vrhen  uranous  sulphate  is  heated  in  hydrogen-gas ;  or  when  a  mixture  of  uranous 
oxide  and  sodium-uranate  is  ignited  with  flowers  of  sulphur  and  sal-ammoniac ;  or 
when  nranous  sulphate  is  heated  with  persulphide  of  potassium.     (Hermann.) 

Uranous  Oxysulpkide,  XJ'S'O  —  2173.  UO,  is  produced,  according  to  Hermann, 
when  uranous  or  uranoso-uranic  oxide  Is  heated  to  luight  redness  in  yapour  of  carbonic 
disulphide. 

Uranie  Oxy  sulphide,  ot  Sulphide  of  Uranyl,\A  precipitated,  according  to 
Kernels  (Compt.  rend,  lyiii.  716),  by  sulphide  of  ammonium  from  a  solution  of 
nranic  nitrate.  It  dissolres  partially  in  cold  water,  forming  a  brown  solution,  whidi 
deposits  uranio  oxide  on  standing. 

Uranie  Sulphide  has  not  been  obtained  in  the  separate  state;  but  when  the 
precipitate  formed  by  sulphide  of  ammonium  in  uranie  salts  is  left  for  a  day  or  two  in 
the  bquid,  it  is  conyerted  into  a  blood-red  compound  containing  ammoniimi-sulphide ; 
and  this  compound,  when  treated  with  potash-ley,  yields  a  red  pulyerulent  body  contain- 
ing, according  to  Patera,  K*S.2U*S*  ■¥  21(EK).2U'0'.3H>0).  The  red  ammonium-com- 
pound treated  with  the  diloridea  of  sodium,  barium,  and  strontium,  yields  corresponding 
red  compounds  containing  those  metals.  When  boiled  with  lime  or  magnesia,  it 
tarns  black.    (Patera,  £im,  Ch.  Pharm.  Ixxxvi.  254.) 

Syn.  with  UnAoomsB  (fif/ra). 

Uran-ffrUn,  Urtmochdtcite, — ^These  names  are  applied 
to  certain  decomposition-products  of  uranium-ores,  occurring  thereon  in  small  spherical 
masses,  or  in  fine  needle-shaped  crystals,  and  consisting^  according  to  Lindacker,  of 
uranoso-uranic  sulphate  mixed  with  calcic  and  oupric  sulphates. 

VIULirZirBI-MZCA.     Syn.  with  Ujllnitb  (p.  940). 

VB AJi  1 U  M-OCBSB.  Uranochre.  Earthy  Hydruranite,  Uranite  terreux, — 
A  term  applied  to  yarious  earthy  uranium-minerals,  such  as  ochry  uranie  hydrate 
and  basic  uranie  sulphates,  occurring,  with  or  without  calcic  sulphate,  at  Joachims- 
thal;  the  latter  are  also  called  Uraconise,  or  Zippeite, 

intAirxVK-OBAarOB.  Oraoge-coloured  uranates  of  potassium  and  sodium 
(p.  e48> 

VBAVnntt-VITBZOXii  A  basic  uranie  sulphate  containing  4*0  per  cent.  SO', 
79*0  U^O*,  and  14*8  water,  occurring  in  lemon-yellow,  microscopic,  rhombic  prisms,  at 
Joachimsthal  in  Bohemia. 

inukWIUX-TaUbOWa  A  term  applied  to  uranate  of  sodium,  used  as  a  plg< 
ment,  and  to  uianate  of  ammonium  (p.  948). 

mULVOCBAXiOnnL    Syn.  with  HBAXOUX-OBBBir. 

Syn.  with  Ub^miuic-ochbb. 

A  term  applied  by  Hermann  (J.  pr.  Cham.  Ixzyi.  820)  to 
czystallised  pitchblende  from  Norway,  containing  a  small  quantity  of  niobic  acid. 

VWUkMOWKAMMm  A  mineral  consisting  of  hydiated  uranie  silicate,  together 
with  many  other  constituents,  found  in  amine  nearlfupferberg  in  Silesia.  (Hanaw.  d. 
Chem.  ix.  48.) 

Syn.  with  Ubaivitb  (p.  940). 

Syn.  with  PrroHBunrDB  (p.  946). 

I.    Syn.  with  Samabskxtb,  or  Ubakoniobats  of  Yrnuvic 
AXD  Irok  (iy.  66  ;  y.  186). 

muiinx.  17*0^ — A  diatomic  radide,  which  may  be  supposed  to  exist  in  th« 
uranie  compounds  (p.  942). 

UXAO.  Tetiasodic  carbonate,  or  sesquicarbonate  of  soda,  Ka«H*(C0')*.2H*0, 
occurring  at  the  bottom  of  a  lake  in  Maracaibo,  South  America  (i.  796). 

Syn.  with  Cubab4  (ii  186). 
,    See  Uric  Acid  (p.  966). 

A  mineral  of  unknown  composition,  occurring  in  the  orthoclase  of 
Kotteroe  in  Norway.  It  has  been  supposed  to  be  identical  with  monazite  (cerous 
phosphate);  but,  according  to  Forbes  and  Dahll  (J.  pr.  Chem.  Izvi.  446),  it  crys- 
lallises  in  tridinic  forms,  whereas  monazite  is  monodxnic 
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meric  with  ammoniam-cyanate  and  with  carbamide,  and  fofming  thednef ' 
■tataent  of  human  urine,  was  lint  obtained,  in  an  impuze  state,  as  Egtrmeii 
naeeum  uriiUB,  bv  Bouelle  the  younger,  in  1773,  and  afterwards  pvparsd,  in  aatate  of 
grsater  purity,  by  Foureroy  and  Vauquelin,  in  1799.  Wonl^r,  in  1888  CFbgg: 
Ann.  zii.  258 ;  vr.  €19),  obtained  it  by  molecular  transfonnation  of  ammoninm-cyTBDatc^ 
and  it  has  been  further  examined,  chiefly  by  Liebig  and  Wohler  {jAid,  xx.  S72X 
Dumas  {Ann.  Ch.  Phys.  [2],  zlir.  273),  Pelonse  {ibid.  [3],  tL  65),  Marchand 
(J.  pr.  Chem.  zzxir.  248;  zzxr.  481),  Werther  {lOtid.  zzzf.  51),  Heintx  {ibid, 
ylii.  401),  and  Mi  Hon  (Compt.  rend.  zzri.  119). 

Urea  is  contained  in  the  urine  of  all  roammiferous  animals,  especially  in  that  of  t^ 
flesh-eaters ;  in  smaller  quantity  also  in  that  of  birds  and  of  reptiles ;  and  in  the 
renal  secretions  of  some  aninuds  of  the  lower  orders.  It  is  found  in  small  qnanti^ 
in  the  blood  of  man  and  of  other  animals  in  the  state  of  health ;  somHimea  aJao  in 
the  perspiration,  in  the  amniotic  liquid,  in  morbid  exudations,  and  eren  in  the  tassuea^ 
It  forms  an  essential  constituent  of  the  vitreous  humour  of  the  eye  (about  30  per 
cent,  of  the  solid  substance,  according  to  Millon),  and  has  lately  been  foaod  by 
WurtE  (Ann.  Ch.  Pharm.  zcviiL  287)  in  the  chyle  and  lymph  of  Tarions  animals,  Its 
presence  in  the  animal  economy  is  due  to  the  transformation  of  the  tissues  under  the 
influence  of  oxygen  absorbed  in  respiration ;  it  is,  in  fiict,  the  last  term  in  the  aariea  of 
oiganic  products  of  oxidation  of  the  nitrogenous  tissues. 

Urea  is  produced  artificially: — 1.  By  the  spontaneous  transfonnation  of  ammoDimD- 
cysnate.  A  solution  of  this  aalt^  when  recently  prepared,  exhibits  the  reactions  of 
i^anie  acid ;  but  when  heated,  or  left  to  evaporate,  it  is  converted  into  urea.  Solpho- 
cyanate  of  ammonium  heated  with  oxide  of  silver  is  first  converted  into  cyanate  of 
ammonium,  and  then  into  urea. — 2.  From  cyan  amide,  CIPK\  by  assumption  of  I  at. 
water,  the  chan^  taking  place  on  adding  a  drop  of  nitric  add  to  the  aqueona  solntion. 

8.  It  is  obtamed  as  a  product  of  the  decomposition  of  many  organic  bodies  of 
plex  constitution :  0^.,  of  creatine,  guanine,  uric  add,  allantoin,  && 

Urea  is  commonly  regarded  as  identical  with  carbamide,  N*  yW^     ;    and, 

quently,  the  processes  which  give  rise  to  this  latter  compound  are  generally  spoken  of 
as  modes  of  formation  of  urea.  Such  are  the  reactions  of  gaseous  ammonia  on  chlo- 
ride of  carbonyl,  of  aqueous  ammonia  on  ethyiic  carbonate  (i.  752),  and  the  decom- 
position of  oxamide  by  heating  with  mercuric  oxide  (Williamson,  Mhaunm  dm 
Conffris  teientif,  de  Fmite,  1847) : 

N*iCK>*yR*  +  HgO     -    N«((X))"H*  +  CO*  +  Hg. 

OxADiide.  CarlMmtde. 

But  urea,  though  it  exhibits  most  of  the  characters  of  an  amide,  oipedally  in  being 
resolved  into  carbonic  acid  and  ammonia  by  the  action  of  acids  and  alkalis,  nevertheless 
does  not  appear  to  react  like  an  amide  under  all  circumstances.  Thus,  it  has  be<m 
hitely  shown  by  Wanklyn  and  Gamgee  (Chem.  Soc  J.xxi.  25),  that  uiea,  whra 
heated  with  a  great  excess  of  potassium-permanganate  in  presence  of  mudi  caustic 
potash,  gives  off  the  whole  of  its  nitrogen  in  the  S)rm  of  nitrogen-gas ;  whereas,  when 
ammonium-salts  and  amides  are  simil^ly  heated,  ^e  whole  of  the  nitrogen  is  oxidised 
to  nitric  acid.    Hence  Wanklyn  and  Gamgee  regard  urea  aa  constituted  difTeientlT 

r(NH)- 
from  carbamide,  and  represent  it  by  the  formula  C<  NH*  ,  which  is  that  of  mmli- 

(  OH 
gas  having  2  at.  hydrogen  replaced  by  imidogen,  one  by  amidogen,  and  the  fourth  by 

fNfl« 
hydzQxyL    Carbamide  may  be  represented  on  the  same  type  as  C  •{  NH*,  and  cyanate 

I  0" 

OCNH^V 
Preparaiion  of  Urea. — 1.  From  urine.— The  urine  is  evaporated  to  dryness  over  the 
water^bath ;  the  residue  is  exhausted  with  alcohol ;  the  solution  again  evaporated;  and 
the  residue  exhausted  with  absolute  alcohol :  the  resulting  solution  yields,  by  evaporation, 
•lightly  colonred  urea. — Or  urine  concentrated  by  evaporation,  or  by  leaving  it  to  freese, 
is  treated  with  nitric  or  oxalic  add,  which  throws  down  a  precipitate  of  nitrate  or 
oxalate  of  urea.  The  oxalate  ma^  be  decomposed  by  chalk,  which  forms  insoluble 
caldc  oxalate,  leaving  the  urea  m  solution  (Berzelius).  The  nitrate  of  urea  is 
decomposed  in  aqueous  solution  by  carbonate  of  barium  or  potassium ;  the  greater 
part  of  the  resulting  nitrate  of  barium  or  potassium  is  removed  by  evaporation  and 
crystallisation ;  and  the  urea  remaining  in  solution  is  purified  by  repeated  crystaUisa- 
tion  from  a]^hol. 
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2.  From  cyan  ate  of  ammoDium. — ^The  aitifldal  preparation  of  urea  horn  this 
■alt  yields  a  mnch  better  produot  than  the  preparation  from  nrine.    Cyaaate  of  potas- 
sium ia  decomposed  by  sulphate  of  ammoninm,  and  the  resulting  sulphate  of  potassium, 
which  is  yezy  little  soluble  either  in  water  or  in  alcohol,  is  separated  from  the  urea 
formed  by  transformation  of  the  ammonium«cyanate,  which  is  yery  soluble  in  both  liquids. 
The  following  methods  giye  good  results : — a.  A  mixture  of  28  pts.  dry  and  pul- 
verised ferrocy&nide  of  potassium  and  14  pts.  manganese 'perozide  is  heated  on  an 
iron  plate ;  the  solution  obtained  by  exhausting  the  mass  with  cold  water  is  mixed 
with  20^  pts.  dry  sulphate  of  ammonium;  the  liquid  is  decanted  from  the  precipitated 
Bulphate  of  potassium ;  and  the  remaining  portion  of  that  salt  is  remoyed,  as  &r  as 
possible,  by  eyaporation  and  coolin|f.  The  solution  is  then  eyaporated  to  dryness,  and 
the  urea  is  extracted  from  the  residue  by  boiling  alcohol  (Lie big). — fi.  Cyanide  of 
potassium,  prepared  by  melting  8  pts.  of  the  dehydrated  ferrocyanide  with  8  pts. 
carbonate  of  potassium,  is  conyerted  into  cyanate  by  adding  16  pts.  minium  to  the 
melted  mass.    This  salt  is  then  dissolyed  out  by  water ;  the  solution  is  mixed  with 
8  pts.  sulphate  of  ammonium ;  the  sulphate  of  potassium  is  remoyed  as  before ;  the 
filtered  liquid  is  eyaporated  to  dryness ;  and  the  residue  is  exhausted  with  boiling^ 
alcohol  (Clemm,  Aim.  Ch.  Pharm.  Ixyt  882).  The  alcoholic  solution  of  urea  obtained 
by  either  of  these  methods  frequently  contains  a  certain  portion  of  undeoomposed 
ferrocyanide,  which,  howeyer,  may  be  easily  remoyed  by  careful  addition  of  forroso- 
ferric  sulphate. — 7.  According  to  J.  Williams  (Chem.  Soc.  J.  xxi.  64),  a  better  and 
more  abundant  product  is  obtained  by  digesting  <^anat6  of  lead,  at  a  gentle  heat,  with 
an  equiyalent  quantity  of  ammonium-sulphate,  and  eyaporating  the  filtered  liquid. 

Properties, — ^From  a  pure  aqueous  solution,  urea  generaUy  crystallises  in  long 
flattened  prisms  without  terminal  faces ;  but  when  the  alcoholic  mother-liquors, 
still  containing  a  few  impurities,  are  left  to  eyaporate,  the  urea  is  obtained  in 
slightly  yellowish  quadratio  prisms,  terminated  by  octahedral  faces.  Frequently  the 
combination  odP  .  P  .  oP  is  found  at  only  one  extremity  of  the  prism.  Angle  ooP  : 
odP  »  »0*>;  oeP  :  P  -  189<> ;  P  :  P  -  82° ;  ooP  :  oP  -  90<>.  Urea  has  a  cooling 
taste,  like  that  of  saltpetre.  It  dissolyes  in  its  own  weight  of  cold  water,  in  all  pro- 
portions of  hot  water,  and  is  also  yery  soluble  in  alcohol  (in  6  pts.  of  cold  and  1  pt. 
of  boiling  alcohol),  but  nearly  insoluble  in  ether.  It  melts  at  120^,  and  decomposes  at 
higher  temperatures. 

JkcompatUions, — 1.  Under  yarious  circumstances  urea  takes  up  water,  and  is  re- 
solyed  into  carbonic  anhydride  and  ammonia: 

COH*N»  +  H«0     -     CX)«  +  2NBP. 

This  decomposition  takes  place  when  urea  is  heated  with  water  in  sealed  tubes  to 
temperatures  aboye  100^;  or  when  it  is  boiled  with  pottish,  lime,  or  magneeia,  or 
warmed  with  strong  sulpkuric  acid,  or  eyaporated  with  solution  of  lead-^xeetaie;  also 
under  the  influence  of  orofte,  in  presence  of  free  alkali  (Gorup-Besanez,  Ann.  Ch. 
Pharm.  cxxy.  807);  also  by  eUctrolyeit,  (Schlagdenhauffen,  J.  Phaim.  [8], 
zliy.  100.) 

2.  In  many  cases  urea  giyes  up  only  half  its  nitrogen  in  the  ttann.  of  ammonia,  the 
other  half  taking  the  form  of  cyanic  or  cyanuric  add : 

COH«N»    »     COHN  +  NH». 

Thus  a  soluti<m  of  urea  eyaporated  with  nitrate  of  sUtfer,  yields  cyanate  of  lilyer  and 
nitrate  of  ammonium  (Wohler  and  Liebig). — ^Urea  heated  with  phoepkorie  ankp* 
dride  yields  phosphate  of  ammonium  and  cyanic  acid,  together  witn  cyanuric  add, 
ammelide,  &c^— Urea  heated  alone  to  160^ — 170^  is  conyerted  into  biuret  and  €yan- 
nxio  add: 

•2C0H<N»    -    0»0«H«N»  +  NH«. 
Urem.  Biurat. 

8C0H*N»    -     C«0«H«N»  +  8NH«. 
Urea.  Cyanorie 

add. 

But  if  the  tem^ature  be  kept  down  to  a  few  degrees  aboye  the  melting-point,  a  white 
amorphous  residue  is  obtains,  consisting,  according  to  Gerhardt  (IhUti,  L  406),  of 
melanurenic  add  (Gerhardt's  ammeline) : 

4C0H«N«    •     C«0»H*N«  +  C0«  +  4im«. 
Ures.  MeUumrenie 

add. 

TJrea  heated  to  146® — 160®  with  phenoi  also  yields  biuret,  together  with  phenate  of 
ammonium.    (Baeyer,  Ann.  Ch.  Pharm.  cxxxi.  251.) 

Hydrochlorate  of  urea  heated  to  145^  yields  chloride  of  ammonium  and  cyanuric  add. 
(De  Vry,  Ann.  Ch.  Pharm.  lxi.249.) 
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and  then  ranauifl  »  mixtare  of  aal-wnmanmc'  and  eftaamt  mad  (Wmrti^  9bid 

307):  

flOOH^F*  +  »Ca«    -    2CWH*BP  +  tiSHHTl  +  SHCl  +  H». 

3.  "Bj  other  reagrats,  nm  is  lesolred  into  cariMmie  aahydzide,  vater,  and  frae 
gen.    Thus,  with  m^fviw  add  or  mercuric  nitrite : 

COH«N«  +  N«0»     -     CW  +  2HK)  +  2N«. 
Similarij,  bj  %podUofvu#  tfcti  (or  chlorine  in  pnaenee  of  water)  and  JupodUorifai: 
COH«in  +   8C1H0     -     C0»  +   8HCI  +  2HK)  +  M». 


The  decomposition  of  nrea  by  excess  of  potasthtmrpermamganate  in  presenee  nf  a 
siderable  quantity  of  canstic  alkali  has  £pen  already  mentioned  (p^  950) ;  nnda 
drcnmstanoes,  the  whole  of  the  nitn^n  is  evolved  in  the  free  state.  When,  on  the 
other  hand,  a  smaller  qnanti^  of  permanganate  is  nsed,  so  that  a  poftion  of  the  nns 
escapes  die  first  action  of  the  pennanguiata  and  remains  in  contact  with  the  nax^ga* 
nate  of  potassium  fonnedhr  the  reduction  of  the  permanganate,  part  of  thenitzoges  of 
the  uvea  IS  oxidised  to  nitnc  arid.    (WanklynandGamgee.) 

4.  Urea  heated  with  el^lie  oxalate  to  IZ6^ — 170^  for  several  boars  in  a  8««led 
tube,  yields oxam id e, ethylie  allophanate^  and  alcohol  (Grabowaki,  Ann.  CL 
Phann.  cxxxir.  115): 

2C0H<N«  +  C«O\0«H»)«    «    CK)*H«N«  +  aWJPO\CH*)  +  (C«H«)HO. 

Una.  BtfaTlicoxa-  Oxamlde.  fiihylic  aUophft-  AleokoL 

late.  nate. 

5.  Una  heated  with  3  pts.  aniUns  to  150^ — 170°  giTes  off  ammonia,  and  Ibnaa  di- 
phenylurea: 

COH«N»  +  2(C«a»)H«N    -     COBP{C^*yiSP  +  2NH". 

The  reaction  is  analogous  to  that  by  which  triphenyl-rosaniline  is  fanned  fion  rosa- 
niline  and  aniline.    pBaeyer,  Ann.  Ch.  Fharm.  cxzi.  251.) 

6.  Urea  treated  with  chlorides  of  acid  radidee  yields  compound  ureas  containing 
those  radicles,  e^* : 

COH*N«  +  C«H»0C1     -    Ha  +   COH«(C«H«0)N». 

Urea.  Chloride  of  Acetylorea. 

acetyl. 

7.  With  ethylie  cyanate  urea  combines  directly,  forming  the  compound  CW^*(^ 
[-C0H«2f*  +  2C0(C*H*)N],  isomeric  with  creatine,  and  already  described  as  di- 
echyl-tricarbonyl-tetramide  (ii.  565). 

8.  When  urea  and  quercetic  acid  are  mixed  in  aqueous  solution  in  a  oertun  propor- 
tion, direct  combination  takes  place ;  but  with  excess  of  urea,  a  yellow  deoompositioo- 
product  is  formed.    (Pfaundler,  Ann.  Ch.  Pharm.  cxix.  213.) 

Detection  and  EetvmatUm  of  Urea. 

Pure  urea  is  easily  recognised  by  its  behariour  when  heated.  To  detect  uvea  in 
animal  fluids,  ther  alcoholic  extract  is  precipitated  with  nitric  arid,  and  the  piccipi^ 
tated  crystalline  laminae  are  examined  with  the  microscope-goniometer,  to  asoettain 
whether  they  exhibit  the  characteristic  angle  (82°). 

For  the  quantitatire  estimation  of  urea,  especially  in  urine,  severs!  methods 
have  been  proposed. — ^Precipitation  of  the  alcoholic  extract  with  nitric  add,  and 
weighing  the  nitrate  of  urea  dried  at  100°,  does  not  yield  exact  results. — ^Bunsen'a 
method  of  estimation  is  based  upon  the  resolution  of  urea  into  carbonic  anhydride  and 
ammonia.  The  urea  is  mixed  with  solution  of  barium-chloride  containing  ammonia ;  the 
filtered  liquid  is  heated  in  a  sealed  tube  to  220° — 240° ;  and  the  carbonate  of  barium 
produced  by  the  decomposition  is  weighed  (Ann.  Ch.  Fharm.  Ixv.  375 ;  Jahreeb. 
1847-1848,  p.  089).— RagBkT(Ann.Ch.Pharm.lTi.92)andHeintz(t(ii.lxTi.  114) 
evaporate  the  liquid  with  sulpnurie  acid,  treat  the  black  residue  with  water  to  dissolve 
out  the  resulting  sulphate  of  ammonium,  and  wei^h  the  ammonia  as  chloroplatinate. — 
Hill  on  {ibid,  Ixviii.  370)  decomposes  the  urea  with  a  solution  of  mercuric  nitrite,  and 
determines  the  carbonic  anhydride  thereby  evolved,  by  absorption  in  a  bulb-apparatus 
contsining  potash — Neubauer  (Jalu^sb.  1853,  p.  702)  effects  the  same  deoompori- 
tion  in  an  apparatus  like  that  of  Fresenius  and  Will  for  estimating  caibonic  acid 
(i.  38),  and  determines  the  loss  of  weight  resulting  from  the  escape  of  the  carbonic  anhy- 
dride and  nitrogen  together.  This  loss  of  weighty  multiplied  by  0*834,  gives  the  quan- 
tity of  urea. 

Liebig'sTdumetric  method  (Ann.  Ch.  Pharm.  Ixxxr.  370)  is  based  upon  the 
precipitability  of  urea  by  mercuric  nitrate,  and  further  oo  the  circumstance  that  the 
white  precipitate  thereby  produced  is  not  decomposed,  and  therefore  not  turned  yellow, 
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'hy  carbonate  of  sodium.  2  toIs.  urine  are  mixed  with.  1  yoL  of  a  l)ax7ta-ioliifcion  pre- 
pared with  2  vols,  baiyta-water  satniated  in  the  cold,  and  1  toI.  of  a  eolation  of 
Dariom-nitrate  alao  saturated  in  the  cold ;  the  liquid  is  filtered  from  the  predptated 
sulphate  and  phosphate  of  barium ;  and  a  graduated  solution  of  mercuric  nitrate  is 
adcted  to  a  measured  quantity  of  this  filtered  liquid  (about  16  c.c)  till  a  sample  taken 
out  giyes  a  yellow  precipitate  with  carbonate  of  sodium.  It  is  convenient  to  dilute 
the  mercuric  solution  to  such  a  degree  that  1  cubic  centimetre  of  it  shall  correspond  to 
0*01  grm.  of  urea. 

Bunsen's  method  and  that  of  Bagsky  and  Heintz  give  yery  exact  results ;  those 
obtained  br  MiUon's  and  Neubauer^s  methods  are  less  satisfiictoiy.  Liebig^s  Y<dume« 
trie  method  is  easy  and  quick  of  execution,  and  the  results  are  yeiy  exact,  when  oer- 
tain  necessazy  corrections  are  made.    (See  XJbinx,  p.  966.) 

Chnyixmnds  of  Urea. 

a.  With  Acids. — Hydroehlorate  of  urea,  COH^N*.HCI,  is  produced,  with  erolu- 
tion  of  heat,  by  the  action  of  hydrochloric  acid  gas  on  urea.  The  product  is  a  yellow 
oil,  which  solidifies  to  a  crystaUine  mass  on  cooling.  It  is  decomposed  by  water,  and 
even  by  moist  air,  and  is  resolyed  by  heat  (at  145°)  into  sal-ammoniac  and  cyauurio 
acid  (p.  952). 

Nitrate,  COH^'.HNQ*. — This  salt,  the  most  characteristic  of  the  urea-com- 

eiunds,  is  moderately  soluble  in  water,  but  only  yery  slightly  soluble  in  nitnc  acid, 
ence  a  czystalline  precipitate  is  obtained  on  aclding  nitric  acid  to  moderately  dilute 
solutions  of  urea,  and  a  concentrated  solution  solidifies  with  nitric  acid  to  a  crystalline 
pulp.  Nitrate  of  urea  separates  in  these  precipitations  in  shining  laminae,  which 
appear  under  the  microscope  as  rhombic  or  hexagonal  plates,  the  acuter  angle  of 
which  »  82^.  By  slow  evaporation,  or  by  cooling  of  a  warm  aqueous  solution,  it  is 
sometimes  obtained  in  well-defined  prisms.  It  is  more  soluble  in  hot  than  in  cold 
water,  and  dissolves  also  in  alcohol.  It  is  decomposed  by  heat  (at  about  140°),  and 
detonates  when  suddenly  heated. 

Oxalate,  2C0H*N^.C*0^H'.— This  salt  separates  in  thin  crystalline  laminse,  mostly 
grouped  in  tufts,  when  a  solution  of  urea  is  mixed  with  a  concentrated  solution  of 
oxalic  acid.  It  dissolves  easily  in  hot  water,  less  easily  in  cold  water,  still  less  in 
alcohol :  it  is  precipitated  fh>m  its  aqueous  solution  by  excess  of  oxalic  acid. 

According  to  Loschmidt  (Wien.  Akad.  Ber.  11  ^],  7,  384),  oxalate  of  urea  crys- 

talUses  in  monoclinic  usually  tabular  prisms,  exhibiting  the  combination  [  ooPoo  ]  . 

oP  .  ooP  ,  [ooP2]  .  [Poo]  .  -i-P  .  +2P00.    Axes  a  :  6  :  9  «  1  :  0*56416  :  0*49062. 

Auffle  h:c   -   820  10';    fooPoo]:  ooP  -  1120  12';    oP :  +  2Poo    «    119°    4'; 

odP  :   +  2Poo   «   134°  16 .    The  crystals  cleave  perfectly  parallel  to  +  2Poo . 

The  crystalline  forms  of  several  other  urea-salts  have  also  been  examined  by 
Loschmidt  (Wien.  Akad.  Ber.  lii.  [2],  238;  Jahresb.  1865,  p.  657).— The/maaro^f, 
2C0H*N«.C*H*0*,  acid  maleate,  COH*N«.C^H«0*,  neutral  maleate,  2C0H*N».C*H*0«, 
acid  nudate,  COH*N«.C*H«0»,  and  succinate,  2C0H<N«.C*H»0*,  crystallise  in  mono- 
clinic  forms;  the  gaUate,  COH'K^.C'H'O,  in  monoclinic  but  nearly  rectangular 
prisms;  the  parabanate,  COH*N«.C»H-N«0«,  and  the  tartrate,  2COH*N».C*H«0«  in 
rhombic  forms ;  and  the  citrate,  2C0H.^N'.C^*0',  in  shining,  six-sided,  tridinio 
prisms. 

$.  With  Metallic  Oxides. — On  adding  moist  silver^xide  to  a  solution  of  urea,  a 
grey  powder  is  deposited,  made  up  of  fine  needles,  and  containing  2COH^N'.3Ag'0. 

Mercuric  nitrate  added  to  a  solution  of  urea  mixed  with  potash,  forms  a  white  precipi- 
tate containing  GOH^N*.2HgO. — Mereurio  chloride  forms  in  the  same  solution  a  white 
precipitate,  2COH^N'.3HgO,  which  turns  yellow  in  boiling  water.  On  adding  mer- 
curic oxide  to  a  warm  solution  of  urea,  the  compoimd  COH^N^HgO  appears  to  be 
produced. 

7.  With  Salts. — ^A  solution  saturated  in  the  cold  with  equivalent  quantities  of  urea 
and  eodiwmrchloridey  yields,  on  evaporation,  shining,  well-developed,  monoclinic  prisms 
of  the  compound  COH*N'.Na01.H^O. — ^A  boiling  very  concentrated  aqueous  solution 
of  1  at.  eodiuTn-^itrate  mixed  with  1  at.  urea,  deposits,  on  cooling,  long  prismatic  crystals 
of  the  compound  COH^K*.NaNO*.H'0.  Urea  likewise  forms  crystallisable  compounds 
with  the  nitrates  of  potassium,  calcium,  and  magnesium,  chloride  of  cadmium,  and 
mercuric  chloride. 

With  nitrate  of  silver,  urea  forms  the  two  compounds,  COH^N'.AgNO*  and 
00H*N*.2AgN0'.  The  former  is  obtained  in  large  rhombic  prisms,  when  solutions 
of  urea  and  silver>nitrate  are  mixed  together,  either  cold  or  warm.  The  second  sepa- 
rates in  prismatic  crystals,  by  evaporation  in  a  vacuum,  from  a  solution  containing  an 
excess  of  the  silver-salt. 

S.  With  17 itric  Anhydride  and  Mercuric  Oxide. — ^Mercuric  nitrate  added  to 
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a  aolntUm  of  uMa  ibrmi  a  wbite  pKcipHate,  the  eonpontion  of  wliidi  varies  aceogfliag 
to  dmmftaBoac    Wben  the  two  solntioiis  an  dilute,  and  mixed  wldle  wmrm,  i1m» 
floeoileiit  preapitate  fiitmed  at  lint  qaicklj  duiigee  to  a  white  grmwlai'  oowder 
eoDteaning  2COH*N'.K'0*.4QgO.    Whena  eofaitioii  of  meiciixie  nitnte  ie  poazwd  iato  a 
eolation  of  niea  ae  long  as  a  precipitate  is  fonned,  and  this  preeipftBte  is  expoaed  for 
■ome  time  to  a  tempentnn  of  40^ — 60^,  it  is  transformed  into  a  maae  of  aix-eided 
ahining  lamins,  eonsisting  of  2COH*N*.NH>*.3HgO.     Lastlj,  when  a  eohitioB  of 
mtiate  of  urea  is  mixed  with  an  add  eolation  of  meiearie  nitrate  till  toHyidity  enffwew. 
the  liqaid  depoeite,  on  standing,  eiystaUine  croste  made  ap  of  small  tabalar  caryBtals  of 
the  compoond  COH«K'.N*0».2HgO.    (Liebig.) 

The  oompoeition  of  these  three  compoonds  is  not  yet  definitely  (faced ;  it  is  not  koowB, 
indeed,  whether  they  contain  mercoric  oxide  and  nitfate  of  uea,  or  area  eombiaed 
with  mercaiic  nitrate  and  mercoric  oxide. 

8ub$tUuiion'derivtUive$  cf  Urea* — Con^und  TTrmt, 

These  bodies  have  already  been  described  as  oarbamides  (\.  753).  They  mnst^  how- 
erer,  be  regarded  as  deriyatires  of  area,  not  of  carbamide,  if  carbamide  and  urea  are 
really  distinct  compoonds ;  for  those  which  contain  arid  radicles  are  produced  by  the 
action  of  acid  chlorides  npon  area  itself;  and  those  containing  aleohol-radielee  are 
obtained  by  processes  exactly  analogoas  to  those  which  yield  normal  area — ^riz^  by 
the  action  or  ammonia  on  cyanic  ethers,  or  of  amine- bases  on  cyanic  acid  or  cyanic 
ethers.  Corresponding  deriTatires  of  carbamide  might  be  prodoced  by  the  action  of 
amines  on  phosgene  or  on  carbonic  ethers,  but  the  reaction  does  not  appear  to  haTte 
been  tried. 

Ureas  oontaininff  two  atoms  of  alcohol-radicle  are  likewise  formed  by  the  aetvm  of 
water  on  cyanic  ethers,  an  amine  being  prodaced  in  the  first  instance,  and  then  cooi- 
bining  wiUi  the  rest  of  the  cyanic  ether ;  thos : 

CO(C«H»)N  +  H«0     -     C0«  +  (C«H»)H»N. 

Bthylic  BtbjUiniQe. 

cyuiate. 

CO(0»H»)N  +  (C*H»)BPN     -    COH«CC'H»)«N«. 
Etbyllc  DMjtarcA. 

qraoatOL 

Diethyhuea  is  also  produced  by  distilling  the  oily  body,  C^H^^NK)*,  formed  by  the 
action  of  potash  on  cyanorie  ether  (ii.  293): 

C^^'NH)*     -     00(C»H»)N  +  COH»(Cf»H»)«N«. 

Etbylte  Dkthylttrea. 

cyaa«te. 

Polymeric  areas  containing  ethylene  are  produced  by  the  action  of  cyanic  acid  or  the 

cyanic  ethers  on  ethylene-diamines  (ii.  695): 

(0«H«)'^*ITO1»  +  2C0AgN    -    2AgCl  +  OK)«H*(0«H«)'N«. 

Chloride  of  eth  J-  Cjanate  of  Ethyleno-urea. 

kDe.dtammoDiuin.  tllver. 

The  properties  and  reactions  of  the  compoand  areas  are  analogoas  to  those  of  area 
itself.  They  mostly  czystaUise  in  deliqaescent  prisms,  easily  solable  in  water  and  in 
idoohol.  They  form  ciystallisable  compounds  with  nitric  acid,  bat  on  the  whole  do 
sot  anite  with  acids  so  easily  as  normal  area.  Those  which  contain  only  I  at. 
aloohol-ndicle  are  resolyed  by  heat  into  cyanic  add  and  an  amine-base.  IMmethyl- 
area  and  diethylnrea  are  yolatile  without  decomposition ;  or,  rather,  they  are  repro- 
dnced,  darinff  the  distillation,  hj  the  combination  of  the  prodocts  (cyanorie  ether  and 
ethylamine,  n>r  example)  resalting  firom  their  decomposition  in  the  earlier  stage  of  tha 
process. 

muusas.  Compounds  containing  the  elements  of  a  uiea-ealt  minus  water.  (Sea 
tJaic  Aom,  p.  958.) 

VMMTm    This  name  has  been  applied  to  the  group  CS'NO,  which,  by  sabatitntion 

for  1  at.  hydrogen  in  ammonia,  may  be  supposed  to  form  area,     m     (N,  and  by 

fubstitation  for  2  at.  hydrogen,  biuret,  ^^^^^*|n  (L  600), 

Syn.  with  Amtlic  Cabbamatb. 

A  name  first  applied  to  ethylie  carbamate,  afterwards  extended 
to  all  carbamic  ethers  (i.  750). 

Syn.  with  Mbthtlic  Cabbjjcatbl 
C*N*H^O".    lAthic  acid,    Hamsdure. — This  important  add  was 
bySebeelein  ]77fif  but  was  first  submitted  to  a  minute  examination  by 
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liiebig  and  Wohler  in  1838  (Ann.  Ch.  Fbaim.  zzvL  241).  Its leaetkms  and  tnauh 
formations  have  also  been  examined  by  Brngnatelli  (Ann.  Ch.  Phjs.  [2],  riii^ 
201),  who  disooyered  alloxan ;  by  Front  (Ann.  Phil.  ziy.  363),  irho  diaooyered  mnr- 
exide;  fnrther  by  Gregory  (Ann.  Ch.  Pharm.  xxxiii.  834;  Ix.  267),  Sehlieper 
{ibid,  ly.  262;  lyi.  1;  Ixyii.  231),  Pelonze  (Ann.  Ch.  PhjB.  [3],  yi.  71),  and,  more 
especially  of  late  years,  by  Baeyer  (Ann.  Ch.  Pharm.  cxxyii.  199;  exxx.  129 ;  cxxxy. 
812 ;  Jahreeb.  1863,  p.  621 ;  1864,  p.  632 ;  1865,  p.  362),  who  has  discoyered  a  con- 
raderable  number  of  new  derivatiyes  of  urio  add,  and  giyen  the  most  complete  and 
connected  account  of  the  uric  add  group  of  compounds  yet  published. 

Uric  acid  is  a  product  of  the  incomplete  oxidation  of  animal  tissue.  In  combination 
chiefly  with  ammonia,  it  forms  the  ^rindpal  urinary  constituent  yoided  by  insects, 
land-reptiles,  and  birds  (whence  it  is  found  in  guano).  Normally  it  occurs,  but  in 
small  proportion,  in  the  urine  of  man,  and  is  found  in  yet  smaller  proportions  in  that  of 
camiyorous  quadrupeds,  and  can  scarcely  be  said  to  exist  in  that  of  herbiyorous  and 
omniyorous  quadrupeds. 

According  to  yarious  authorities,  it  is  constantly  present  in  the  juices  of  the 
human  spleen,  liver,  lungs,  and  brain.  The  merest  traces  of  it  are  also  met 
with  normally  in  blood ;  but  in  certain  forms  of  disease,  such  as  albuminaria,  and  more 
espedally  gout,  its  proportion  in  the  blood  becomes  yery  appreciable.  In  certain 
cases  of  gout,  indeed,  Ji  the  fluids  of  the  body  are  found  more  or  less  saturated  with 
uric  acid,  and  some  of  them  eyen  supersaturated,  so  as  to  deposit  the  concretions  of 
Bodium-urate,  commonly  known  as  dialk-stones.  Lastly,  the  excess  of  it,  occurring 
under  greater  or  less  derangement  of  bodily  health,  is  frequently  discharged  by  the 
kidneys,  and  deposited  in  the  form  of  urimur  sediment,  grayel,  or  calculus. 
No  artificial  method  of  produdng  urio  add  has  yet  been  discoyered. 
Preparation, — The  best  material  for  preparing  uric  add  is  the  excrement  of  serpenta. 
This  substance,  which  consists  chiefly  of  ammonium-urate,  is  boiled  with  dilute 
potash  or  soda-ley,  till  completely  dissolyed ;  and  the  filtered  solution  is  supersaturated 
with  hydrochloric  or  dilute  sulphuric  add,  whereby  the  uric  add  is  thrown  down  as  a 
flooculent  gelatinous  predpitate,  which  soon  becomes  crystalline.  Potash  is  better 
adapted  for  the  purpose  than  soda,  because  urate  of  potassium  is  much  more  soluble 
than  urate  of  sodium. 

Uric  add  may  also  be  prepared  from  guano,  by  boiling  that  substance  with  a  dilute 
solution  of  borax  (1  pt.  borax  to  120  pts.  water),  whereby  a  solution  of  sodium-urate  ie 
obtained,  and  predpitating  with  hydrochloric  acid. 

Properties. — Uric  add  precipitated  by  hydrochloric  add  is  anhydrous,  and  forma 
small  perfectly  white  crystalline  scales.  When  slowly  depodted  from  dilute  solu- 
tions, it  sometimes  separates  in  large  crystals  containing  C*H*N^0'.2HH).  It  is  nearly 
insoluble  in  watery  1  pt.  of  it  requiring  15,000  pts.  of  cold  and  1,800  pts.  of  boiling 
water  to  dissolve  it ;  in  alcohol  and  ether  it  is  quite  insoluble.  Concentrated  at£- 
phurio  aeid  dissolves  it  abundantly  when  heated,  and  the  solution,  on  cooling,  deponte 
a  very  deliquescent  compound,  containing  C*N*H*0*.4S0*H*,  accordingto  Fritz sc he ; 
C*N<H*0*.2S0*H«,  according  to  Lowe  (Bull.  Soc.  Chim.  1867,  i.  442).  Water  added 
to  the  solution  precipitates  the  uric  add. 

IkcompotiHons, — 1.  Dry  uric  add,  when  heated,  decomposes  without  melting,  giving 
off  hydrocyanic  acid,  yielding  a  sublimate  of  (^anuric  acid,  cyanate  of  ammonium, 
urea,  and  carbonate  of  ammonium,  and  leaving  a  carbonaceous  residue. — ^Uric  acid 
heated  with  water  for  some  time  to  180^,  undergoes  a  decomposition,  the  chief  product 
of  which  is  mycomelic  add  (Hlasiwetz,  Ann.  Ch.  Pharm.  ciii.  211) : 

C*N*H*0«     -     C*N*HW  +  CO. 

An  alkaline  solution  of  uric  acid  boiled  for  a  considerable  time  yields  uroxanic  acid, 
together  with  formic  add,  oxalic  acid,  and  urea. — 8.  Uric  add  fused  with  hydrate  of 
potaseiwtti,  giyes  off  ammonia,  and  leayes  a  residue  containing  oxalate,  carbonate,  and 
qranate  of  potassium. 

4.  Dry  urie  add  is  not  attained  by  diy  eMorine  at  ordinary  temperatures,  but  when 
heated  in  the  gas,  it  is  decomposed,  yielding  cyanic  add  together  with  other  products. 
When  chlorine  acts  upon  uric  add  in  presence  of  water,  alloxan  and  parabanic  acid 
are  produced  in  the  first  instance,  and  ultimately  carbonic  add,  oxalic  add,  and  am- 
moma.  According  to  L.  Hardy  (Ann.  Ch.  Phys.  [4],  ii.  372),  urio  add  suspended 
in  water  is  converted  by  bromine,  at  ordinary  temperatures,  into  alloxan  and  urea : 

0*N*H«0«  +  Br*  +   2H«0     =-     C*N«H»0«  +   CN«H«0  +  2HBr. 

If  the  mixture  becomes  heated  during  the  reaction,  parabanic  acid,  oxalic  add,  and 

bromide  of  ammonium  are  likewise  produced.    Chlorine  and  iodine  act  in  like  manner. 

Most  oxidising  suhetanees  convert  uric  acid  into  alloxan  or  parabanic  add ;  when 

boiled  with  toaier  and  peroxide  of  lead,  it  yields  allantoin. — With  chlorous  acid,  it 
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yields,  acooiding  to  Schiel  (Ann.  Ch.  Pharm.  ezii.  78^  a  cUoriiMtEd  acid  ealU 
chloralnrie  acid  (i.  C84). — Ozone  ia  quickly  abaotbed  ^  vrie  add,  fmniag  allsB- 
toin  and  urea,  together  with  other  prodncta  (Q-orup-Aeaanei;  ibitL  ex.  499}. 
Uric  acid  boiled  with  a  aolntion  of  potaBnumr/frriajfaniae  eontaimng  cantftie  potaalt, 
yields  carbonate  of  potassium  and  aJlantoin,  part  of  which  is  ultimately  euavexted  imto 
lantannric  acid  and  nrea. 
Detection  and  EtHmatum, — ^Urie  add  may  be  recognised  by  its 


water  and  in  hydrochloric  add,  and  by  its  crystalline  character  under  the 
(generally  rhombic  tables  with  the  obtuse  ang^  rounded  ofl^  and  often  aaeoeiafed  with 
dumbbell-shaped  crjrstals*),  and  espedaily  by  its  reaction  with  mitrie  add.  Oa 
moistening  it  with  nitric  add,  and  evaporating  at  a  gentle  heat,  a  yellow  or  reddisi 
residue  is  obtained,  which  assumes  a  fine  Tiolet-red  colour  when  treated  with  amoMmia^ 
and  violet-blue  with  potash  (mnrexide  and  purpurate  of  potaanum,  iy.  748).  Aaotlier 
yery  delicate  reaction  is  given  by  Schi  ff  (Ann.  Ch.  Pharm.  dx.  65).  The  uric  «dd 
is  dissolved  in  carbonate  of  todiwn^  and  a  drop  of  the  solution  is  Uad  on  paper  Bois- 
tened  with  tilver»iohUion  ;  if  uric  add  is  present,  a  brown  spot  is  formed,  earbooaia  of 
silver  being  reduced  by  uric  acid  at  ordinary  temperatnres. 

For  the  quantitative  estimation  of  uric  add  in  urine,  the  liquid  is  mixed  with 
hydrochloric  add,  and  left  to  stand  for  twenty>four  hours,  and  the  pulvemlent  depoait 
of  uric  acid  is  weighed.     (See  Ubikb,  p.  967). 

Urates. — Uric  acid  is  dibasic.  Its  salts  are  but  sparingly  soluble  in  water,  mnch 
more  easily  in  alkaline  liquids,  especially  when  heated,  fireely  soluble  also  in  aoloiioBa 
of  borax.  They  have  been  examined  chiefly  by  Ben  sch  (Ann.  Ch.  Fharm.  liy.  189 ; 
Ixv.  181). 

Acid  urate  of  ammonium^  C^*H'(NH^)0*,  is  produced  whenever  nric  acid  aad 
ammonia  come  in  contact,  and  usually  forms  a  white  amorphous  mass,  but  is  deposited 
in  fine  needles  from  a  solution  containing  excess  of  ammonia.  It  dissolves  in  l,riX)  pCa. 
of  cold  water.  This  salt  occurs,  together  with  free  uric  acid,  in  the  excrements  of 
birds  and  serpents.    The  neutral  ammonium-salt  is  not  known. 

Pota8Bium'8alt8.^1!)i6  neutral  ealt,  C^N^H*K*0',  is  obtained  by  aatorating  a 
eold  dilute  solution  of  potash,  free  from  carbonate,  with  uric  acid,  and  boiling  down 
the  solution  in  a  retort  At  a  certain  degree  of  concentration,  the  salt  is  depoated  in 
fine  anhydrous  needles,  which  may  be  purified  by  decanting  the  clear  liquid  and 
washing  with  dilute  alcohoL  It  dissolves  in  44  pts  of  cold  and  Zb  pts.  of  boilii^ 
water ;  the  solution  is  slowly  decomposed  by  boiling.  The  'salt  has  a  caustic  taste, 
and  quickly  absorbs  carbonic  add  fiom  the  air. — ^The  acid  ealt,  C^N^H*EO*,  ia  pred- 
pitated  in  a  granular  form  on  passing  carbonic  add  gas  through  a  solution  of  the 
neutral  salt.  It  dissolves  in  800  pts.  of  cold  and  in  about  80  pts.  of  boiling  water, 
from  which  solution  it  is  deposited,  on  cooling,  in  amorphous  flocks. 

There  are  two  urates  of  sodium — ^the  neutral  salt,  containing  C*N*H'Na*0*.HK) 
and  the  aeid  salt,  C*N*H*NaO'.    Both  are  less  soluble  than  the  corresponding  potas- 
tium-salts. 

Urate  of  Lithium  is  more  soluble  than  any  of  the  other  alkaline  urates:  henes 
lithia-water  is  sometimes  prescribed  to  gouty  patients,  and  others  who  suffer  from  a 
superabundance  of  that  acid. 

Urates  of  Barium.— The  neutral  salt,  C^^H^Ba^O*,  is  obtained  by  adding  vie 
add  to  a  boiling  saturated  solution  of  baryta,  keeping  the  latter  in  excess.  One  pt  of 
it  dissolves  in  7,900  pts.  of  cold  and  1,790  pts.  of  boiling  water. — ^The  aeid  soli, 
C**N*H*Ba"0',  produced  by  boiling  uric  acid  with  water  and  carbonate  of  barium,  is  a 
white  powder,  insoluble  in  water  and  .in  alcohoL 

Urates  of  Strontium, — These  salts  are  prepared  like  the  barium-salts. — ^The 
neutral  salt,  C*N^H'Si^'0'.2H*0,  appears  under  the  microscope  as  a  mass  of  fine 
needles  grouped  in  stars.  It  absorbs  moisture  from  the  air ;  gives  off  its  water  of 
crystallisation  at  166® ;  decomposes  at  170®;  dissolves  in  4,800  pts.  of  cold  and  1,790 
pts.  of  boiling  water.— The  add  salt,  0"N"H«Sr''0*.2H'0,  is  white,  amorphous,  inso- 
luble in  alcohol  and  in  eUier.  One  pt.  of  it  dissolves  in  608  pts.  of  cold  and  276  pts.  of 
boiling  water. 

Urates  of  Calcium,— The  neutral  salt,  C*N*H*Ca''0«,  is  obtained  by  dropping  a 
solution  of  the  neutral  potassium-salt  into  a  boiling  solution  of  calcium -chloride  till  a 
permanent  nredpitate  begins  to  form,  and  boiling  the  solution  for  an  hour ;  urate  of 
ealdum  isthen  deposited  in  anhydrous  grains,  soluble  in  1,600  pts.  of  cold  and  1,440 
pts.  of  boiling;  water.— The  oda  salt,  C"N'HKJa''0«.2H*0,  separates,  on  mixing 
chloride  of  calcium  with  a  boiling  solution  of  acid  urate  of  potasdum,  as  an  amorphous 

*  Thete  ciyttalf  have  beta  fuppoted  to  conilit  ofammoDium-ozalarate,  but  their  nature  bai  not 
baea  axaetlj  aacsrtained. 
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precipitate,  tolnble  in  608  pU.  of  cold  and  276  pt8.  of  boUing  water,  much  more  loluble 
in  water  containing  chloride  of  potassium. 

Urate  of  Magnesium, — ^The  neutral  salt  is  not  known. — ^The  acid  aalt, 
G**N"H'Mg''0*.6H^,  separates,  after  two  or  three  hours,  firom  a  mixture  of  magne- 
sium-siilphate  and  acid  potassium-urate,  in  silky  nodules,  which  often  float  at  the 
surface  of  the  liquid.  The  solution  of  these  nodules  in  boiling  water  deposits  needles, 
which  at  170°  give  off  19*2  per  cent,  water  of  ciystallisation,  corresponding  to  rather 
leas  than  5  at.  H'O. 

Urates  of  Copper. — The  cuprie  salt  is  a  green  precipitate,  which  turns  brown 
when  boiled  with  water.  A  solution  of  uric  acid  in  potash  producra,  in  an  alkaline 
cuprie  solution,  a  white  crystalline  precipitate  of  cuprous  urate,  which  is  permauent  in 
the  air,  is  decomposed  by  hydrochloric  acid,  yielding  uric  acid  and  cuprous  chloride, 
does  not  undergo  any  alteration  in  hot  water  or  potalih-ley,  but  when  boiled  with  the 
alkaline  cuprie  solution,  is  converted  into  red  cuprous  oxide  (Berlin,  J.  pr.  Chem. 
Ixxzi.  184).  Babo  and  Meissner  (Jahresb.  1868,  p.  639)  hayo  applied  this  reac- 
tion to  the  Tolumetric  estimation  of  uric  acid ;  but  the  results  do  not  appear  to  be  rery 
trustworthy. 

Urate  o/Xea<^C**N*H*Pb''0*,iaobtained — by  dropping  a  dilute  solution  of  neutral 
potassium-urate  into  a  boiling  dilute  solution  of  lead-nitrate,  separating  the  yellow 
precipitate  which  first  forms,  and  adding  a  fresh  portion  of  the  potassium-salt  to  the 
filtrate — as  a  white  amorphous  precipitate,  apparently  anhydrous,  and  quite  insoluble 
in  water  and  in  alcohoL 

Urate  of  Silver  ia  a  white  amorphous  precipitate,  which  quickly  suffers  reduction. 

Sthtlubic  Acids.  (Drygin,  Jahresb.  1864,  p.  630.) — Keutral  urate  of  lead 
heated  with  excess  of  cthylic  iodide  to  100^  for  24  hours,  or  to  120^  for  12  hours, 
yields — ^together  with  iodide  of  lead-^  two  ethylic  derivatives  of  uric  acid :  namely,  di- 
ethyluric  acid,  C*N*H«(C*H»)«0«,  and  triethyluricacid,  C*N^H(C«H»)»0»,  which 
may  be  separated  by  cold  ether-alcohol,  the  latter  only  dissolvinp;  therein. 

Jbiethylurie  acid,  the  most  abundant  product  of  the  reaction,  dissolves  in  water  and 
in  alcohol,  but  not  in  ether,  remains  as  an  amorphous  mass  when  its  alcoholic  solution 
is  evaporated,  and  crystallises  from  hot  water  in  broom-shaped  groups  of  short  obtuse 
needles,  which  sublime  with  difficulty.  It  dissolves  in  cold  potash-ley,  and  is  preci- 
pitated therefrom  by  hydrochloric  acid,  in  amorphous  flocks  which  turn  red  after  some 
time.  It  is  decomposed  by  heating  with  dilute  hydrochloric  acid,  but  the  products 
have  not  been  examined.    Iodide  of  ethyl  converts  it  into  the  triethylated  compound. 

TViet^lurie  acid  is  soluble  in  ether,  alcohol,  and  hot  water,  crystallises  in  small 
slender  needles,  melts  when  carefully  heated,  and  sublimes  very  easily.  It  dissolves 
in  potash,  and  is  precipitated  therefrom  by  hydrochloric  acid  in  white  needles.  When 
heated  with  hydrochlorie  acid  it  eives  off  gas,  and  yields  a  product  having  the  compo- 
sition, but  not  the  properties,  of  diethyluric  add. 


Prodttcts  formed  from  Urie  Acid  by  Oxidation,  jv. 

Uric  acid  is  remarkable  for  the  fiunlity  with  which  it  is  altered  by  oxidising  agents, 
and  the  great  number  of  definite  and  crystallisable  compounds  obtained  in  this 
manner,  or  by  treating  the  immediate  products  of  oxidation  with  acids,  alkalis,  re- 
ducing agents,  &c  The  following  is  a  list  of  the  principal  compounds  thus  produced :— « 


Uric  acid  . 
Pseudo-uric  acid 
Uroxanio  acid  • 
Alloxan  .  . 
Alloxanic  acid  . 
Alloxantin 
Barbituric  acid  . 


C»N<H«0«.H« 

C»N*H»0«.H 

C»N«H'»0«.H« 

C»N«H«0* 

C«N«H«0».H» 

CW«H<0'.3H«0 

C*N»H*0».H« 


Bromobsrbituric  acidC«N*H«BrO*.H 
Dibromobarbituric } 


acid 
Tioluric  acid 
Diliturio  acid 
Violantin  . 
Dialuric  acid 
Uramil 


I 


C^«H«Br«0> 

C<N»H«0*.H 
C*N«H«0».H 
C*N«H»0» 
C*N«H"0«.H 


Thionuric  acid 
Hydurilic  acid 
AUantoin 
Glycoluril 
Mycomelic  acid 
Oxaluric  acid 
Allanturic  add 
Hydantoin    . 
Hydantoic  add 
Allituric  acid 
Leucoturic  acid 
Fhrabanic  acid 
Dibarbituric  acid 
Murexide 
Mesoxalic  acid 


C*N»H»CHS.H« 
C*N*H*0«.H* 

C*N*H«0* 

C^N*H«0«.H 

C»N«HH)«.H 

C«N«H»0>.H 

CFNm*0* 

(>N«H»0*.H 
ON*H»0».H 

C»N*H«0».H« 

CW-H«0« 

C«0»H« 


When  uric  acid  is  subjected  to  an  oxidising  agent,  in  presence  of  water,  it  gives  up 
two  of  its  hydrogen-atoms  to  the  oxidising  agent,  while  the  dehydrogenised  residue 
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(whieh  may  be  called  dehydnric  acid)  reacts  with  water  to  form  mesoxalie  aeid 
anduiea: 

C»N«H«0"  +  4H«0     «     C«H«0»  +  2CS^H*0. 

Dehjduiic  Megozalic  Urea, 

acid.  acid. 

The  fleparation  of  the  urea  generallj  takes  place,  howeyer,  by  two  stages,  the 
portion  being  removed  more  easily  than  the  second;  thus,  when  dilute  nitric  aeid 
upon  nric  acid,  alloxan  is  produced ;  and  this,  when  heated  with  baryta-water,  is  far- 
tner  resolved  into  mesoxalie  acid  and  urea : 

C»N*H»0«  +   2H*0    -   C*N«HK)*  +  CN«H«0. 
Oehydarie  Alloxan.  Urea, 

acid. 

C*N«H«0*  +  2H«0     =     C5^K)»  +  CN*HH). 
Alloxan.  Mecozalle  Uraa. 


Moreover,  the  urea  is  frequently  resolved  into  carbonic  acid  and  ammonia  bj  the 
action  of  the  acids  or  alkalis  present 

Alloxan  is  a  monureide  of  mesoxalie  acid — ^that  is  to  sa^,  it  is  a  eomponndaf  that 
acid  with  one  atom  of  urea  minus  2HK) ;  and  the  hypothetiad  dehydnrie  acid  is  the 
diureide  of  the  same  acid,  derived  from  it  by  addition  of  1  at.  urea  and  sabtxattka 
of  4  at.  water.  Now,  by  hydrogenising  mesoxalie  acid,  we  obtain  tartronic  acid, 
CH*0*;  and  by  hydrogenising  alloxan,  we  obtain  dialnrie  acid,  whidi  two  bodies 
accordingly,  bear  to  uric  acid  the  same  relation  that  mesoxalie  acid  and  urea  bear  ta 
dehydunc  acid :  thus — 

C«H«0».        C^N»HH)*.        C»N<H«0«. 

Mesoxalie  Alloxan.  Debydurie 

add.  acid. 

C»H«0».        C*N»HW.        C*N*H*0». 
Tartronic  Dlaiuric  Uric  acid, 

acid.  acid. 

And  just  as  the  hypothetical  dehyduric  acid  yields  mesoxalie  acid  and  alloxan,  ao  sbonld 
actual  uric  acid  yield  tartronic  and  dialuric  acids.  These  bodies,  howevo*,  have  not 
been  obtained  by  the  direct  breakiog-up  of  uric  acid,  but  only  by  rehydraeenisiBg 
the  mesoxalie  add  and  alloxan  which  result  from  the  breaking-up  of  its  £hydxo- 
genised  product. 

Provisionally,  however,  dialurio  and  uric  acids  may  be  regarded  as  tartron-ureide 
and  tartron-diureide,  respectively. 

The  several  bodies  just  mentioned  are  typical  of  three  well-defined  dassee  of  coid- 
pounds,  to  one  or  other  of  which  an  immense  number  of  uric  add  products  may  be 
refBiied.  First,  there  is  the  dass  of  simple  non-nitrogenous  adda^  or  an-nreides, 
like  tartronic  and  mesoxalie  add ;  secondly,  there  is  a  class  of  bodies  containing  a 
residue  of  the  add  plus  one  residue  of  urea — these  are  the  mon-ureides,  such  as 
dialuric  add  and  alloxan ;  and,  lastly,  the  dass  of  bodies  containing  a  residue  of  the 
add  plus  two  reddues  of  urea,  or  the  di-ureides,  sudi  as  uric  add  itself. 

Mesoxalie  acid,  the  most  complex  non-nitrogenous  product  obtainable  directly 
from  uric  add,  constitutes  the  third  term  in  the  following  series : 

An-ureides, 

CH«0",  Carbonic  add, 
C*H»0*,  Oxalic  acid, 
C*H='0»,  Mesoxalie  acid, 

each  of  which  contains  1  at.  carbonic  oxide,  CO,  more  than  the'  preceding.  Now, 
when  mesoxalie  acid  is  acted  upon  hj  nascent  oxygen,  its  excess  of  carbonic  oxide  is 
removed  in  the  form  of  carbonic  dioxide,  and  it  is  thus  converted  into  oxalic  acid : 

C>H«0*  +   0     =     CO*  +  C«H«0«. 
Meioxalic  Oxalic 

acid.  add. 

Hence,  when  uric  acid  is  subjected  to  a  more  active  oxidation  than  that  which  suffices 
to  produce  mesoxalie  add,  we  obtain  oxalic  acid,  which  may  occur  either  in  its  simple 
anureide  state,  or  conjugated  with  1  at.  urea  to  form  a  monureide,  such  as  para- 
banic  add ;  or  with  2  at.  urea  to  form  a  diureide,  such  as  my  comelic  acid,  a  body 
related  to  oxalic  acid  just  as  uric  acid  is  related  to  mesoxalie  add. 

In  like  manner,  when  uric  acid  is  subjected  to  a  still  more  powerful  oxidation  than 
suffices  to  produce  oxalic  acid,  we  obtain  carbonic  add,  which,  like  oxalic  and  mos- 
oxfUic  adds,  is  also  capable  of  giving  rise  to  ureides.    No  ureide  of  carbonic  add 


UEIC  ACID. 


959 


lias,  indent,  yet  been  farmed  diivctlj  from  uric  acid,  the  actire  treatment  required  to 
eflcMct  the  complete  oxidation  of  the  uric  acid  producing  also  a  separation  m>m  one 
another  of  the  resulting  carbonic  acid  and  urea,  which,  howeyer,  may  be  obtained  in 
combination  by  other  means.  Allophanio  acid,  for  instance^  is  a  monureide  of 
carbonic  acid ;  but  no  diureide  of  this  acid  appears  to  have  been  yet  produced. 

Alloxan,  the  monureide  of  mesoxalic  acid  above  mentioned,  is  rormed  from  mes- 
oxalate  of  urea  by  elimination  of  2  at.  water;  but  tiiere  is  another  monureide, 
namely  alloxanic  acid,  which  differs  from  the  original  ssJt  by  only  1  at  water. 
Siuiilarly,  oxalic  acid  forms  two  monureides — namely,  parabanicacid  orparaban, 
analogous  to  alloxan ;  and  oxaluric  acid,  analogous  to  aUoxanic  acid.  Carbonic 
acid,  however,  forms  but  a  single  ureide,  whic^  is  produced  by  the  elimination  of  only 
1  at.  water,  and  accordingly  belongs  to  the  same  series  as  the  oxaluric  and  alloxanio 
acids:  thu»^- 


Aoids, 
CH*0*,    Carbonie. 

C»H«0\  Oxalic 


Ureides, 
C*Nm*G^,    Allophanio  acid. 

J  C«N«H«0<,    Oxaluric  acid. 
IC«N«H«0",    Paraban. 


'  m«w*auc.         J  0<N*H*0*,    Alloxan. 

Similarly,  among  the  diureides,  some  are  formed  from  the  corresponding  monureides 
by  elimination  of  one  atom,  and  others  by  elimination  of  two  atoms  of  water. 

Mesoxalic  add,  as  already  observed,  is  convertible,  by  deoxidation  or  hydicgenation, 
into  tartronio  acid,  and  by  pushing  the  deoxidation  a  stage  ftirther,  malonio  acid  is 
obtained,  both  of  which  acids  are  capable  of  forming  monureides  and  diureides ;  and, 
in  a  similar  manner,  oxalic  and  carbonic  adds  famish  a  variety  of  similar  deoxida- 
tion-products. 

Of  the  nnmeaKTOs  compounds  belonging  to  the  uric  acid  group  thus  produced,  the 
most  important  are  included  in  the  following  table,*  which  is  divided  perpendicularly 
into  thrae  columns  of  an-ureides,  mon-urddes,  and  di'Ureides,  and  horizontally  into 
three  lasers  of  carbonic,  oxalic,  and  mesoxalic  products.  The  compounds  connected  by 
dotted  lines  differ  in  composition  from  one  another  by  an  excess  or  defidt  of  one  atom 
of  urea  minus  one  atom  of  water,  while  those  standing  on  the  same  level  in  the  ad- 
joining columns,  and  unoonnected  by  dotted  lines,  differ  from  one  another  by  an  excess 
or  defldt  of  one  atom  of  urea  minus  two  atoms  of  water : — 


CHH)*,  Carbonie.. 


Mon-ureides, 
— C«N*H*0«,  Allophanic. 


I>i-Mreide$, 


C"N«H«0«,  Aceturea. 
,^-  '  C"N«H»0«,  Glyooluric. 


Cm*0\  Acetic."' 
C«H<0«,  GlycoUicr' 
CH^O*,  Qlyoxylic. 

C«H«0«,  GlyoxaUc.- 
C«HK)*,  OxaHc.  -  " ' 


C«N«H«0«,  Hydantoin. 
.C«N*H*0«,  Lantanuric 
' '  '  'J0»N»HH)*,  Oxaluric 

C"N«H*0",  Parabanic. 


,C^N«H*0»,  GlycoluriL 
^.''C*N*H«0»,Allantoin. 


C*N*H<0»,  Mycomelic 


C«N«H«0«,  Barbituric 
C*N«H*0*,  Dialuric, 
C*N«H*0*,  Alloxanic  " 
C«H»0*,  Mesoxalic -<)*N*H«0*,  Alloxan. 


C«H«0*,  Malonic 
C»H*0*,  Tartronic 


C»N*H<0,  Hypoxanthinc 
C»N«H*0«.  Xanthine. 
C*N*H«0»,  Uric  add. 
-  -  -  .C»N*H«0*,  Pseudo-uric 


Between  some  of  the  consecutive  monureides  shown  in  this  table,  there  exist  bodies 
formed  by  the  union  of  the  two  consecutive  monureides,  with  elimination  of  water. 
Such  is  the  mode  of  formation  of  allituric  lantanuric,  and  hydurilic  acids, 
and  of  alloxantin;  thus: 


CfN*H«0« 

AHiturlc 
acid. 


C»N«H<0»  +   C>N«HW  -  BPO. 
Hydantoin.  Lantunaric 

acid. 


•  Odllng's  "  Lectures  on  Animal  Cbemiitry  **  (U»ndon,  1866)  p.  KS. 
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Leocoturie  Lantanuric  Panbaiiir 

add.  add.  acid. 

HTdurilic  Barbituric  Dialorie 

add.  add.  add. 

Alloxanlin.  Dialurlc  Alloxan. 

acid. 

All  the  compounds  above  formnlated  aie  described  in  their  slphabedeal  plaeei^ 
except  barbituric  acid,  glycolnril,  glyoolnric  acid,  and  some  deriyatiTea  of  aoetjlinva 
or  acetmreide. 

1.  Oxalic  Monurddes, — Glycolnric  acid,  CyH*0\  appears  to  be  identical  with 
Baeyer^s  hydantoic  acid  (iii.  177). 

ThA  barinm-salt  of  this  acid  is  produced,  together  with  urea,  by  heatisg  glyoohiril 
(p.  961)  with  baryta-water: 

C*N«HH>«  +   2H»0     -     C^«H«0«  +  CSm*0. 

Gljrcoluril.  Gljcolorlc  Uraa. 

acid. 

The  urea,  however,  splits  up,  in  presence  of  the  baryta,  into,  carbonic  acid  aad  aa- 
monia,  so  that  carbonate  of  barium  is  deposited  and  ammonia  given  off. 

The  glycolurate  of  barium  remains  in  solution,  and  by  deoompoainff  this  floIntMn 
with  dilute  sulphuric  acid  and  evaporating  the  filtrate,  glyoolurie  acid  is  obtained  in 
transparent  crystals.  Its  dilute  solution,  treated  with  silver-oxide  in  exoeos,  ji^da  aa 
alkaline  liquid,  which  gradually  deposits  a  silver-salt,  C'N'H'AgO*,  in  fine  pearij 
scales  and  warty  tufts  of  white  needles;  on  acidulating  with  nitric  add,  or  adding 
nitrate  of  silver,  the  pearly  scales  are  deposited  immediately.  (Bheineck,  Ann.  Ch. 
Pharm.  cxxxiv.  219.) 

Lantanaric  acid,  C'N'H^O*,  is  probably  identical  with  the  allantoric  acid  d 
Fe louse  (L  182),  and  with  diffluan  (li.  822). 

The  relations  of  lantanuric  and  oxalurie  acid  to  one  another,  and  to  another 
uric  acid  product  called  oxaluramide  (iv.  277)>  are  the  same  as  those  of  hydrogea 
and  water  to  ammonia : 

H.H,  hydrogen.        ....    C'N»H"(H)0»,  lantanuric  add. 

H.flO,  water C«N»H»(HO)0«,  oxalurie  add. 

H-H"^,  ammonia     ....    CN*H'(H^)0*,  oxaluramide. 

Tribromacetylurea,  C»N«H»Br*0»  =  CN«H*(C*Br*0)0,  is  dejKMited  fitxna 
solution  of  dibromobarbiturie  acid  saturated  with  bromine,  after  stanmng  for  twelva 
hours,  or  more  quickly  on  agitation,  in  colourless  prismatic  needles : 

C*N*H«Br«0«  +  BPO  +  Br     -     0«N«H«Br*O«  +  C0«  +  HBr. 

The  same  compound  is  separated  by  chlorine  from  a  solution  of  dibromobarbiturie  add. 
It  is  sparingly  soluble  in  cold  water,  easily  soluble  in  alcohol ;  its  vapour  or  powder 
strongly  irritates  the  mucous  membrane  of  the  nose  and  eyes.  It  melts  at  140^  with- 
out  decomposition,  to  a  colourless  liquid,  which  solidifies  at  123^ ;  and  when  mora 
strongly  heated,  gives  off  an  oil  (probably  tribromacetamide),  which  solidifies  on  cool- 
ing, while  cyanuric  add  remains  behind.  Tribromacetylurea  is  decomposed  by  boil- 
ing with  water,  adds,  or  alkalis,  yielding  urea^  carbonic  acid,  and  bromoform,  the  for- 
mation of  these  products  being,  however,  preceded  by  that  of  an  intermediate  add, 
probably  CN'H'Br'.HK). — A  solution  of  tribromacetylurea  in  ammonia  becomes  turbid 
immediately  on  boiling,  with  separation  of  bromoform ;  and  the  filtrate,  when  ooncen- 
trated  by  evaporation,  deposits  long  needles  of  isobiuret,  CN*H*0'.H'0,  whidi 
melts  at  185^  (biuret  at  177^),  but  resembles  biuret  in  other  respects. 

Monobromacetylurea,  C«N«H»BrO«  «  CN*H«(C«H«BrO)0,  is  obtained  by  mix- 
ing 3  pts.  urea  with  5  pts.  bromide  of  bromacetyl,  and  recrystallising  the  product* 
from  dilute  alcohol,  in  needles,  which  dissolve  sparingly  in  cold  water,  and  are  decom- 
posed by  water  at  the  boiling  heat,  also  by  alkalis.  Ammonia  converts  it  intoglyoolyl- 
urea  (hydantoin,  iii.  177),  or  into  oxacetylurea  (glycoluric  add): 

CN«H«(C«H«BrO)0     -     CN«H«(C«H*0)"0  +  HBr. 

Bromacetylurea.  Glyoolylurea. 

CN»H«(C»H«BrO)0  +  H»0     «     CN«H«[C*H«(HO)0]0  +  HBr. 
Bromacetylurea.  OxaoetytoTBa. 

2.  OxaUc  Diwrides, — ^AUantoin  and  mycomelic  acid  are  described  in  their 
alphabetical  places. 
Glycoluril,  C'N^H'O',  is  deposited  in  octahedral  crystals,  when  a  solution  of 
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allantoin,  in  about  SO  pts.  water,  is  acidulated  with  sulphuric  acid,  and  treats  with 
sodium-amalgam  containing  about  1  per  cent,  of  sodium.  It  contains  1  at.  oxygen 
less  than  allantoin.  When  boiled  witn  bazyta-water,  it  is  resolved  intx>  glycoluric  acid 
and  urea  (p.  960).    (R  h  e  i  n  e  ck.) 

3.  Mesoxalio  Monureidea. — ^The  most  important  of  these  compounds  appear  to  be 
alloxan  and  barbituric  acid.  Alloxan,  the  first  discovered  product  of  the  artificial 
oxidation  of  uric  acid,  has  recently  been  recognised  by  Liebig,  as  a^pre-formed  con- 
stituent of  urine.  When  treated  with  bromine,  it  yields  dibromobarbituric  acid,  con< 
Tertible,  by  successive  dehydrogenation,  into  bromobarbituric  and  barbituric  acid, 
which  last  may  be  regarded  as  a  sort  of  nucleus  of  the  following  series  of  compounds : 

Me90xaIio  Monureides. 

CnT«H«(HO)«0«       .        .        .        Alloxanic  add. 
C^N»H«(Br»)0«        .        .        .        Dibromobarbituric  acid. 

C*N«H*0"        ....        Barbituric  acid. 

C^N*H«(Br)0« .  .  .  .  Bromobarbituric  acid. 

C*N«H"(HO)0«  .  .  .  Dialuric  acid. 

C5*N*H»(H«N)0«  .  .  .  Uramile. 

CW»H»(H«NSO«)0«.  .  .  Thionuric  acid. 

C*N«H«(NO)0«  .  .  .  Violuric  acid. 

C*N»H*(NO«)0»  .  .  .  Dilituric  acid. 

CW«H«(N«0»)0«  .  .  .  Violantin. 

This  last  body,  violantin,  appears  to  be,  not  a  residuary,  but  a  completed  compound 
of  violuric  and  dilituric  adds.  The  mutual  relationship  of  barbituric  add,  dialurio 
acid,  and  uramile  in  this  subgroup,  is  strictly  parallel  to  that  of  lantanuric  acid,  oxaluric 
acid,  and  oxaluramide  in  the  oxalic  group.  Moreover,  malonic  and  barbituric  acids  aro 
homologous  with  oxalic  and  parabanic  adds  respectively. 

Dibromobarbiiuric  aeid,  or  Bromalloxan,  ONTBn3r*0'.  (Baeyer,  Jahresb. 
1863,  p.  634  ;  1864,  p.  632.)-— This  compound  is  produced  by  the  action  of  bromine  on 
violunc,  dilituric,  orhydurilic  add, according  to  tne  equations: — 

Cnff«H"(NO)0«  +  Br«     -     CWH«Br»0»  +  NOBr  +  HBr, 
Violarte  odd.  Dfbromobarbl* 

Carie  add. 

C*N'H»(NO«)0«  +  Br«     -     C^N»ffBr»0»  +  NO«Br  +  HBr. 
DUlCiuic  add.  Dibromobar- 

bituric add. 

C"N*H«0«  +  HH)  +  Br*     -     C^N«H«Br*0»  +  C«N»H«0«  +  4HBr. 
HyduriUc  Dibromobubi-  Alloxan, 

add.  turic  add. 

To  prepare  it,  hydurilie  acid  (iii.  220)  is  triturated  to  a  paste  with  nitric  acid ;  bro- 
mine is  added  as  long  as  it  is  taken  up,  and  the  solution  is  warmed,  whereupon  it 
gives  off  nitrous  acid,  and  deposits  dibromobarbituric  add. 

In  this  reaction  the  hydurilie  add  is  first  converted  into  violuric  or  dilituric  acid, 
which  is  then  transformed  into  dibromobarbituric  acid,  as  above. 

This  add  czystallises  in  colourless  brilliant  plates  or  prisms,  belonging  to  the  tri« 
metric  system.  It  is  soluble  in  water,  very  soluble  in  hot  alcohol  and  in  ether.  When 
boiled  in  aqueous  solution,  it  is  quickly  decomposed  into  hydrobromic  acid  and  alloxan ; 
but  it  may  be  crystallised  easily  &om  nitric  add,  which  does  not  decompose  it.  It 
dissolves  readily  in  alkalis,  yielding  compounds  which  are  easily  decomposed  by  heat, 
with  loss  of  part  of  their  bromine. 

A  solution  of  dibromobarbituric  acid,  digested  with  metallic  jeinc,  loses  half  its  bro- 
mine, and  is  converted  into  bromobarbituric  acid,  C^N*H'BrO'. 

By  sulphydric  acid,  in  presence  of  water,  it  is  reduced  to  dialuric  add : 

C^N*H"Br'0»   +   H«S  +  H«0     -     C*N«H*0«  +  2HBr  +   8. 
Dibromobarbi-  Dialuric 

turic  acid.  acid. 

With  a  small  quantity  of  hydriodic aeid,  it  yields  hydurilie  acid: 

2C*N«H»Br»0»  +   6HI     =      C«N*H«0«  +    4HBr  +   8P; 
Dibromobarbl-  Hydurilie 

turic  acid.  acid. 

but  when  it  is  heated  with  hydriodic  acid  in  excess,  the  reduction  proceeds  a  step  fur- 
ther, and  barbituric  acid  is  produced : 

C«N'H»Br»0»  +   4HI     =     C*N'H^O«  +   2HBr   +    21^. 
Dibrnmobarbi-  Barbituric 

turic  acid.  acid. 

Vol.  V.  3  Q 


„  Potassiiuo . 

,,  Sodium 

,,  SariTiiii     • 

„  Copper 

„  Lead. 
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A  solutioii  of  dibromobarbitnric  acid,  saturated  with  bromine,  deposits 
tribromacetyl-urea  (p.  960). 

Barbituric  acid,  0«N*H^0'.2H*0,  crystalliseB  in  beantiial  prinns,  or 
in  plates  or  needles,  belonging  to  the  tiimetric  system,  sparingly  soluble  in  eold,  e^aiij 
in  hot  water.  By  fuming  nitric  add,  it  is  conyexled  into  dilituric  acid  (ii.  91^) ;  hf 
fotasaia  nitraU  into  potassic  yiolurate;  andhj bromine,  into  dibromobarbiturie 
iLcid. — ^When  boiled  with  caustic  potashy  it  gires  off  ammonia,  and  yield^mftlonatc 
of  potassinm,  C'H'K'0\  whence  it  appears  to  have  the  constitution  of  xnalonjl- 
nrea: 

CN«BP(C«HH)«)"0     «    C«H^O*  +  CN^H^O  -  2HK). 

Malonic  Urea, 

acid. 

Barbituric  acid  is  dibasic,  and  forms  cjiiefly.add  salts,  which  are  obtained  bj  (iisl 

ing  the  corresponding  acetates  with  barbituric  acii. .  The  neutral  lead-salt  is  obtained 

by  precipitation  with  neutral  lead-acetato.    The  following  have  been  analysed : 

Barbiturate  of  Ammonium"      . '      d*N«BP(NH*)0». 

C*N«H»KO«. 
C^N«H«K«0«.2H«0. 
C^*H«Ba"0«.2H«O. 
C5»N*H«Cu"0".3H*0. 
C*N«HTb''0». 

Dibarbiiurie  acid,  C"N<HK)»  =  2C«N<H<0»  -  H«0.— The  ammoniumH«lfc  of  ttm 
acid  is  formed  by  heating  barbituric  acid  with  glycerin  to  150^.  The  add  itedf 
is  separated  by  hydrochloric  acid  from  its  potassium-salt,  as  a  white  nearly  inso 
luble  powder.  It  is  dibasic,  and  its  acid  salts  are  sparingly  soluble  in  water,  asd 
mostly  amorphous.  The  neutral  dibarbiturates  of  alkali-metal  are  easily  soliible  ia 
water,  and  are  precipitated  by  alcohol. 

Dibarbituric  acid,  treated  with  bromine  and  water,  is  transformed  into  yellow  oyi* 
talsof  hjrdrobromate  of  dibromodibarbituric  acid,CN*H*Bi^O*.HBr,  wfaKii, 
in  contact  with  water  or  alcohol,  are  converted  into  white  crystals  of  dibromodi- 
barbituric  acid,  C"N^H^Br*0';  this  add  crystallises  from  hot  water  in  laigecoksr- 
les3  crystals  containiog  1  at.  water. 

4.  Mesoxalic  Diureidea. — The  relationship  between  the  three  mesoxalie  diuretd»— 
hypoxanthine,  or  sarcine,  C*N*H*0;  xanthine,  C*N*H*0*;  and  nric  acid, 
C^N^H^O' — though  long  suspected,  from  the  similarity  of  their  formolse,  has  bet 
recently  received  an  experimental  demonstration  at  the  hands  of  Strecker  and 
Bheineck.  These  chemists  have  shown  that  hypoxanthine  is  converted  into  xanthine 
(q.v.)  by  oxidation  with  nitric  acid,  and,  conversely,  that  tirio  acid,  by  deoixidatioa 
with  sodium-amalgam,  yields  a  mixture  of  xanthine  and  hypoxanthine.  Xanthine  is 
doubtless  a  monureide  of  barbituric  and  a  diureide  of  malonic  acid,  in  the  same  sense 
that  uric  acid  is  a  monureide  of  dialuric,  and  a  diureide  ofiartronic  acid. 

Pseudo-uric  and  uroxanic  acidn  havo  the  composition  of  hydrates  of  nrie  acid. 
Uroxanic  acid,  C*N*H"0«  «  C»N*H*0«.3H«0,  is  actually  produced  by  the  fixatit^a 
of  wator  on  uric  acid,  its  potassium-salt  being  formed  by  boiling  uric  acid  far  a  long 
time  in  potash-ley.  Pseudo-uric  acid,  C*N*H«0*  »  C«N*H*0".H«0  (iv.  744),  it 
not  produced  by  direct  oxidation  of  uric  acid,  but  results  fh>m  the  combination  of 
cyanic  acid  vapour  with  uramile  or  amidobarbituric  acid,  C^N*IP(H*N)0*  (p.  961). 
For  just  as  cyanic  acid  converts  ammonia  into  anomalous  cyanato  of  ammonia,  or  una, 
so  does  it  convert  the  residue  of  ammonia  contained  in  uramile,  into  a  residue  of  urea, 
thereby  changing  the  amido-monureide  into  a  simple  diureide,  thus : 

C^N»H»(H»N)0»  +  CNHO     «     C^N«H»(CN«H«0)0    or  C*N*H*0*. 

Uramile.  Cj'nnic  Pseudo- 

acid,  uric  add. 

See  the  next  article. 

—    The  secretion  of  the  kidneys,  the  chief  fluid  excretion  of  man  and  of  the 

higher  animals.  The  healthy  urine  of  man  is  a  clear,  yellowish,  fluorescent  liquid,  of  a 
peculiar  odour,  saline  taste,  and  acid  reaction,  having  a  mean  specific  gravity  of  1*020, 
and  generally  holding  in  suspension  a  little  mucus. 

Normal  ConstitUdSnts. — 1.  Water. — 2.  Inorganic  salts  :  potassium,  sodium, 
ammonia,  calcium,  magnesium,  in  combination  with  hydrochloric,  phosphoric,  sulphu- 
ric (nitric,  carbonic)  and  silicic  acids.  The  ash  contains  iron. — 3.  Nitrogenous  crystal' 
Une  bodies :  urea,  uric  acid,  hippuric  acid,  creatinine,  xanthine  (ammonia). — 4.  Norn- 
nitrogenous  organic  bodies:  sugar  (in  minute  quantities,  Briicke,  Bene e -Jones); 
lactic,  succinic,  oxalic,  formic  (malic),  and  phenylic  acids.    All  these  are  found  In  smsJl 
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quantities;  indeed,  their  Dormal  oocnrrence  can  hardly  he  said  to  he  certain. — 5.  Free 
gases;  oxygen,  nitrogen,  carbonic  acid.  In  100  cc  of  nrine,  Planer  ibnnd  0*87  N» 
006  O,  4-54  firee  GO*,  2-07  fixed  CO*,  measured  at  ^  C,  and  760  mm. 

6.  FigmmU, — Several  substances  have  been  describNfld,  hy  yarioos  ohservers,  as 
urinary  pi^ents.  Scherer  TAnn.  Ch.  Phaim.  Ivii.  180),  hy  decomposing,  with 
hydrochloric  acid  and  alcohol,  tne  precipitates  formed  in  nrine  by  nentral  and  hasio 
aoetate  of  lead,  obtained  colouring  bodies  of  variahle  composition.  Harley  (Wnrt. 
VerdhL  y.  1)  has  giyen  the  name  wohmMtvi^  to  a  dark-red,  amorphous,  resinons 
smbstance,  containing  iron,  readily  solnble  in  alcohol,  ether,  firesh  nnne,  and  alkalis, 
but  insoluble  in  water  or  acids,  which  he  obtained  from  urine. — ^Aoooiding  to  Thud i- 
chum  (Brit.  Med.  Joum.  Noy.  6,  1864),  there  is  but  one  normal  urinary  pigment, 
wroehr^mA,  an  amorphous  substance,  of  a  pure  yellow  colour,  easily  soluble  in  water, 
less  so  in  ether,  yery  dilute  adds,  and  alkalis,  and  least  of  all  in  alcohol. — Schunk 
(Froc.  Roy.  Soc.  xy.  1)  belieyes  that  human  urine  contains  two  peculiar  and  distinct 
eottractiye  matters  pigments),  one  soluble  in  alcohol  and  ether,  of  the  composition 
C**H**NO** ;  the  other  soluble  in  alcohol,  but  insoluble  in  ether,  and  of  the  composition 
C**H'^0" :  he  regards  the  results  of  preyious  obseryers  as  being  the  products  of 
greater  or  less  decomposition. 

In  yarioos  diseases  spontaneously  occurring  deposits  of  urates  are  often  highly 
coloured  of  a  red  or  rose-red  hue.  The  pigments  in  such  cases,  known  under  the 
names  of  ntsaiAo  acid,  purpurifif  uroerythrint  haye  at  present  been  little  studied. 
The  urine  of  man  and  of  many  animals  (dog's  urine  contains  a  yeiy  large  quantity) 
contains  in  health  a  small  quantity,  and  in  some  cases  of  disease  a  yery  la^rge  amount, 
of  a  substance  which  was  allied  by  Heller  uraxanihin,  but  which  has  been  shown  by 
Schunktobe  indican.  Fresh  urine  is  precipitated  with  neutral  and  basic  acetate  of 
lead,  the  filtrate  treated  with  ammonia,  and  the  resulting  precipitate  washed,  suspended 
in  alcohol,  and  submitted  to  sulphuretted  hydrogen.  The  filtered  alcoholic  solution  is 
eyaporated  at  a  low  temperature.  It  may  be  farther  purified  by  dilation  with  water, 
agitation  with  fresh  hydrated  oxide  of  copper,  filtration,  treatment  with  sulphuretted 
hydrogen,  and  renewed  filtration.  By  the  action  of  acids,  indigo-blue  and  indigo-red, . 
with  which  most  probably  the  urofflattein  and  ur&rhodin  of  Heller  are  respectively 
identical,  may  be  obtained.  The  same  change  probably  takes  places  through  the 
natural  decomposition  of  urine  under  certain  conditions,  for  indigo-blue  has  been 
observed  to  occur  spontaneously  in  urine  on  exposure  to  air.    (Has sail.) 

Harley  regards  ail  these  matters  as  derivatives  from  his  urohaematin.  Thudichum 
denies  the  existence  of  indican,  and  states  that  his  urochrome  yields,  under  various  pro- 
cesses of  decomposition,  a  black  or  brown  powder,  uramdanin  (and  a  red  resin),  the 
latter  consisting  mainly  of  uropittinf  insoluble,  and  omichoHo  acid  (Scharlingfs  omich- 
myl-oxide),  soluble  in  ether, — ^and  passes  by  a  simple  process,  probably  of  oxida- 
tion, into  uroerythrin.  Hassall,  however,  was  able  to  convert  the  blue  pigment  into 
isatin  and  aniline,  and  Schunk  states  that  both  the  brown  powder  and  resia  are  pro- 
ducts from  indican. 

7.  Albttminfnd  Matters  a/nd  Ferments, — ^If  urine  be  mixed  with  four  or  five  times  its 
hulk  of  spirit,  and  a  watery  extract  be  made  of  the  resulting  deposit,  a  solution  is 
obtained  which  is  not  precipitated  by  nitric  acid,  and  which,  on  boiling,  gives  a  pre- 
cipitate of  phosphates  only,  but,  especially  when  concentrated  by  evaporation,  shows 
the  xanthoproteic  and  Millon's  reactions  very  distinctly.  The  same  solution  rapidly 
converts  starch  into  sugar.  By  treating  urine  with  phosphate  of  calcium  (see  Pepsin, 
Saliva),  ferments  may  be  obtained  capable  of  acting  on  starch,  and  of  digesting  albu- 
minoid matters. 

8.  Extractiws  and  other  Matters. — Colloid  acid  of  M arcs t  (Proc  Boy.  So&xiv.  1). 
Decolorised  urine  is  concentrated,  treated  with  baryta,  filtered,  dialysed  for  40  hours, 
again  concentrated,  and  treated  with  basic  acetate  of  lead,  avoiding  an  excess.  ^  The 
Irad-salt  thus  obtained  may  be  decomposed  with  sulphuric  acid.  Schonbein  is  led 
to  believe  that  urine  normally  contains  a  trace  of  peroxide  of  hydrogen.  Urine  is  said 
to  contain  unoxidised  sulphur  and  phosphorus. 

Occasional  or  Abnormal  Constituents. — ^i7/io<7^,  the  corpuscles  being  either 
entire  and  forming  a  sediment,  or  destroyed,  and  their  haemoglobin  altered.  Pus, 
mucus,  spermatic  fluid,  ^.  Albumin.  In  most  instances  the  albumin  of  albuminous 
urine  seems  to  be  identical  with  serum-albumin.  In  some  cases  heat  alone,  in  other 
cases  nitric  acid  alone,  fails  to  produce  a  precipitate.  In  a  case  of  MoUities  ossiufn, 
Bence-Jones  found  in  the  urine  a  peculiar  protein-substance,  which  was  coagulated 
by  nitric  acid  in  the  cold,  but  redissofved  on  applying  heat,  reappearing,  however,  on 
cooling.  Fibrin  in  bloody,  and  especially  in  the  so-called  "  chorions  "  urine,  Qisein, 
or  alkaline  albuminates.  Fats,  cholesterin.  Leucine^  tyrosine  (m  certain  hepatic  dis- 
eases), ^an^cnn  (in  young  children).  Cystine,  xanthine,  taurine.  6^/fM»>««  (in  diabetes 
and  in  smaller  quantities  in  various  chronic  diseases).     Inosite,   acetone,   alkapton^ 
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lactic,  iuseth  (?),  meUtcetotUc  (?),  lutyric,  valerianic  (?),    beiUaic, 
oxalurie,  taurocholie,  glyoochoUc,  choUe  acids.    Biliary  pupnents,  indigo-blue^ 

These  are  products  of  metamorphosis ;  but  the  urine  is  also  frequently  the 
nattprs  derived  directly  from  the  food.    Of  the  substances  which  are  capable  of 
absorbed  from  the  alimentary  canal  into  the  blood,  some  reappear  in  the  urine  un- 
changed, while  others  are  more  or  less  altered,  the  changes  being,  with  some  excepdoas, 
those  of  oxidation.    Thus,  there  have  been  recovered  from  urine  (in  most  instaDccs,  of 
course,  in  small  quantities)  arsenic,  antimony,  bismuth,  copper,  chromium,  gold,  iroa. 
lithium,  lead,  mercury,  silver,  tin,  zinc.    The  following  substances  alao  are  said  to 
pass  unchanged : — alkaline  carbonates,  sulphates,  nitrates,  phosphates,  boratca,  chlo- 
rates, silicates,  chlorides,  iodides,  bromides ;  salts  of  calcium,  magnesium,  and  barium ; 
snlphocyanate  and  ferrocyanide  of  potassium;  urea,  leucine,  hippuric  acid,  creatuke; 
quinine  (?),  morphine,  strychnine,  atropine,  alcohol  (?),  sulphovinat«s,  suIphomelhyUtea, 
sulphoamylates ;  gallic,  pyrogallic,  anisylic,  cumaric,  cuminic,  camphoric,  and  pirie 
acids,  together  with  seveial  pigmentary  and  odoriferous  matters.    The  ammonia-eahs 
pass  unchanged,  or  are  partiallv  converted  into  nitrates.    Free  oi^anic  acids  (ocsali^ 
citric,  &c)  are  unchanged;  their  neutral  salts,  however,  are  converted  into  carboiiates ; 
malic  acid,  as  malate  of  calcium,  becomes  succinic  acid  (Me issuer).     Sulpbnr  aad 
alkaline  sulphides  and  sulphites  are  changed,  in  part  at  least,  into  sulphates.  Sulphur 
taken  in  by  the  skin  is  said  to  give  rise  to  xanthine.    Free  iodine  becomes  alloliae 
iodide.    Tannic  is  changed  into  gallic  acid.    Benzoic  acid,  hydride  of  benzoyl,  da- 
namic  add,  quinic  add,  and  mandelic  add  give  rise  to  hippuric  acid.     Nitrobeiiacne 
add  is  converted  into  nitrohippuric  add,  chlorbenzoic  into  chlorhipparic,  fiati^he 
into  salicyluric,  toluic  into  toluric,  anisic  into  anisuric  acid.     Uric   add,  alLm- 
toin,  alloxantin,  guanine,  glycocine,  theine,  and  theobromine  are  said  to  give  riae  to  an 
increase  of  urea.    Salicin  is  converted  into  salicylol,  salicylic  acid  (salicyluric),  aad 
saligenin.    Ferrocyanide  of  potassium  becomes  ferricyanide.    Indigo-blue  is  sakltobe 
reduced  to  indigo-white. 

Acidity  of  Urine — Healthy  urine  has  generally  when  passed  an  add  reaction ;  the 
mean  amount  of  additv  ma^  be  taken  as  equivalent  to  2  grms.  of  oxalic  acid  in  the  24 
hours.  The  degree  of  acidity  varies  from  time  to  time ;  it  is  lessened  daring  diges- 
tion ;  indeed  the  urine  may,  after  a  meal,  become  alkaline.  The  acidity  is  due,  in  pazt 
at  least,  to  the  acid  phosphate  of  sodium,  but  the  quantity  of  that  salt  present  ia 
healthy  urine  is  insuffident  to  account  for  the  whole  of  the  acidity ;  the  rest  is  supplied 
by  some  free  add  or  adds — hippuric,  lactic,  colloi'd.  According  to  Scherer,  the 
addity  of  urine  exposed  to  the  atmosphere  gradually  increases  for  several  days,  throqgh 
an  "add  fermentation,"  in  which  the  mucus  and  the  pigmentary  and  extractiTe  matters 
take  part ;  afterwards  a  spedes  of  yeast  appears.  This  increase  of  acidity  ia,  bow- 
ever,  denied  by  Bence-  Jo nes. 

Alkaline  Urine, — Sooner  or  later,  within  a  few  days,  or  not  until  two  or  three  weeks, 
the  add  gives  way  to  an  alkaline  reaction,  the  urea  becoming  converted  into  carbomie 
of  ammonia  through  a  process  of  fermentation.  This  change  is  accompanied  by  the 
appearance  of  crystals  of  triple  phosphate,  confervoid  growths,  and  vibriones.  It 
may  take  place  almost  immediately  after  the  urine  has  been  passed,  or  (in  certain 
diseases)  even  within  the  bladder.  The  mucus  has  been  supposed  to  act  as  a  ferment ; 
but  this  is  {8X)bably  inoorrect.  It  is  much  more  likely  that  the  change  is  dne  to 
the  action  of  a  distinct  ferment,  perhaps  an  organic  bdng. 

TaHe  {after  Parkee)  of  the  Amounts  of  the  several  Urinary  Constituents  passed  m 

Twenty-four  Hours. 

By  an  average  man  of  66  kilos.  Per  1  kilo,  of  bodywelffbc 

Water 150100    centimetres.     23*000    centimetres. 

Total  solids               .        .  61-14    grammes.            -93     grammes. 

Urea 3818                               -600 

Uric  acid -565                             -0084 

Hippuric  acid  (Bene  e- J  ones).  *4                                  *006 

Creatinine  (Neubauer)   .        .  -91                                '014 

Figment  and  extractives    .         .  lO'OO                                -151 

Sulphuric  add  ....  2012                             .0806 

Phosphoric  acid         «         .  3' 164                              -048 

Chlorine  ....      (8-21)   700  -126 

Ammonia.        ....  '77 

Potassium         ....  2*5 

Sodium 11*09 

Caldum -260 

Magnesium       •        •        •        .  -207 
Iron 
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tJzine,  being  the  Tebide  Uirovgli  which  the  body  geU  rid  of  by  far  the  greater  part 
of  the  solid  matters  resnltiDg  from  or  concerned  in  the  Titai  processes  of  meta- 
morphosisy  naturally  varies  within  the  widest  limits,  as  to  both  the  absolnte  and 
relative  quantities  of  its  constituents,  according  to  the  condition,  behaviour,  and  treat- 
ment of  the  organism.  The  amount  of  urea  passed  during  a  given  time  is,  taken 
relatively  to  the  body-weight,  increased  in  childhood  and  lessened  in  old  age,;  it  is 
directly  dependent  on  the  quantity  and  quality  of  food  consumed,  and  is  obscurely  con- 
nected with  the  labours  of  the  frame  (see  Nutiution,  iv.  1 53).  The  uric  acid  is  increased 
by  food  (especially  by  animal  food),  by  exercise,  by  hindrances  to  the  action  of  the  skin, 
or  to  the  function  of  respiration  in  general,  and  by  various  morbid  conditions.  Hip- 
purie  acid  is  increased  by  vegetable  food ;  in  the  horse  it  is  said  to  be  increased  by 
work.  Creatinine  is  increased  by  animal  food.  The  chlorides,  sulphates,  and  phos- 
phates vary  with  the  food ;  the  sulphates  and  phosphates  are  saia  to  run,  to  some 
extent,  parallel  with  the  urea,  and  to  be  increased  by  muscular  work,  and  the  phos^ 
phates  (especially  the  earthjr  phosphates)  by  mental  labour.  For  farther  details  con- 
sult Parkes,  "  The  Composition  of  the  Urine  in  Health  and  Disease." 

Urine  of  other  Animals, — ^The  urine  of  carnivorain  general  is  acid  and  dear, 
contains  a  large  amount  of  urea,  but  only  a  small  quantity  of  uric  add.  That  of 
herbivorais  alkaline  and  turbid  (from  carbonates),  contains  hippuric  but  no  uric 
add  (unless  the  animals  are  starving  or  feeding  on  flesh),  a  large  quantity  of  earthy 
carbonates,  and  but  little  phosphates.  The  unne  of  the  dog  is  wholly  or  very  nearly 
free  from  uric  acid ;  contains  qrnurenic  add,  hippuric  acid,  a  lar^e  quantity  of  indican ; 
and,  when  the  animal  is  feeding  on  fl^h  and  fat,  soihe  sucdnic  add.  That  of  the 
horse  is  rich  in  hippuric  acid  and  earthy  carbonates,  and  contains  a  decided  quantity 
of  sugar.  That  of  the  cow  contains  from  *4 — 2*7  per  cent,  of  hippuric  acid  (Hen- 
neberg);  from  it  have  been  obtained  dam61ic,  damaluric,  and  tauiylic  adds.  The 
urine  of  the  sucking  calf  is  remarkable  for  the  presence  of  allantoin  and  the  absence 
of  hippuric  add,  a  feature  which  disappears  on  weaning.  The  urine  of  the  pig  is 
alkaline,  a9d  rich  in  alkaline  carbonates,  clear  even  on.  standing  for  some  time,  but 
becomes  turbid  when  heated,  contains  urea,  but  neither  uric  nor  hippuric  acid.  The 
portion  of  the  excrement  of  birds  that  corresponds  to  urine  is  rich  m  uric  acid  and 
urates  of  ammonia  and  lime.  Urea  is  said  to  exist  in  the  excrement  of  carnivorous 
birds.  The  urine  of  ophidians  consists  of  uric  add,  urates  pf  sodium,  potassium,  and 
ammonium,  some  urea,  and  a  little  calcic  phosphate.  Xhs  urine  of  the  Testudo  tabu- 
lata  contains  urea,  uric  and  hippuric  acids,  chlorides,  sulphates,  and  a  small  quantity 
of  phosphates.  The  urine  of  the  frog  contains  urea,  chlorides,  and  phosphates.  Uric 
acid  has  been  found  in  the  excrement  of  butterflies,  beetles,  caterpillars,  and  snails, 
and  guanine  in  the  excrement  of  spiders,  and  in  certain  organs  of  mollusca. 

Viinary  Sedimenta. — Many  specimens  of  urine  exhibit^  on  standing,  deposits  or 
sediments  consisting  of  morphological  elements,  and  of  chemical  bodies,  crystalline  or 
amorphous.  To  the  first  class  belong  blood-corpusdes,  pus-  and  mucus-corpuscles, 
spermatozoa,  epithelial  scales,  casts  of  the  uriniferous  tubes,  &c.  The  members  of  the 
second  class  are  various  and  many. — Urates  (the  ordinary  brick-dust  sediment)  in 
amorphous  irregular  partides,  round  globules,  and  fine  adcular  crystals,  consisting  of 
a  great  excess  (82  per  cent)  of  uric  acid  in  combineUion  with  variable  quantities  of 
ammonia,  soda,  potash,  and  lime. —  Uric  acid,  in  crystals  of  various  shapes,  mostly 
coloured,  chiefiy  rhombic  prisms  and  plates,  sometimes  thin  hexagonal  plates,  dumb- 
bells (artifidal  only?). — Phosphates:  ammonio-phosphate  of  magnesium,  in  large, 
transparent,  rhombic  prisms,  or  penniform;  phosphate  of  caldum,  amorphous,  or 
crystallising  in  very  vanous  shapes,  often  forming  glomerulos  or  rosettes,  with  lozenge- 
shaped  or  adcular  elements,  sometimes  penniform. —  Oxalate  of  calcium^  in  octahe- 
dral crystals,  or  forming  the  "  dumb-bell  bodies. — Carbonate  of  calcium  occasionally 
occurs  in  man,  sometimes  in  the  form  of  dumb-bells.  It  is  very  abundant  in  the  urine 
of  the  horse,  in  peculiar  globular  bodies,  formed  of  concentric  layers. — Hippuric  acid 
(uncommon),  in  acuminated  needles  or  adcular  crystals. — Cystine,  amorpoous,  or  in 
transparent-,  colourless,  hexagonal  plates. — Leucine,  in  peculiar  round  bodies,  having 
a  concentric  arrangement,  or  in  neeoles,  or  granular. — Ti/rosine,  in  adcular  heaps  and 
rosettes. — Xanthine,  amorphous,  or  in  small  oblong  plates  (Be  nee -Jones). — CholeS' 
terin, — Sulphate  of  calcium,  in  adcular  crystals,  has  been  observed.    (Valentiner.) 

Viiiuurjr  Calovll. — In  the  pelvis  of  the  kidney,  in  the  ureters,  in  tha  bladder,  and 
in  the  urethra  are  found  concretions  of  very  variable  size,  form,  consistency,  structure, 
and  composition.  They  are  called  urinary  (renal,  ureteric,  vesical,  urethral)  calculi, 
and  are  made  up  chiefly  of  the  solid  constituents  of  the  urine.  Sometimes  homog&- 
neous,  they  are  more  frequently  formed  of  numerous  concentric  layers.  A  central 
portion,  the  nucleus,  may  generally  be  distinguished  from  the  external  portions,  and  is 
sometimes  formed  by  a  foreign  body. 
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Uric  acid,  urates  of  ammonium,  calcium,  potaanma,  wodinm,  and 
pbates  of  caldumi  of  ammonium  and  magnesium,  and  of  iron,  caibooatea  of 
and  magnesium,  oxalates  of  calcium  and  ammonium,  hipporafce  of  unmonhEB, 
of  ammonium,  cystine,  xanthine,  ferric  oxide,  silica,  mucus,  &&,  blood,  cohomiitg 
other  extractive  matters,  have  all  been  mentioned  as  constituents  of  unnmrj 
It  is  very  unusual  to  meet  with  calculi  formed  exclusively  of  a  single  sobstance ; 
calculi  are  formed  chiefly  of  uric  acid,  others  chiefly  of  oxalate  of  ealcinin.  but 
generally  contain  at  least  a  small  quantity  of  other  matters.  The  most  oohubob 
are  uric  add  with  urates  of  ammonium  or  calcium,  anunonio-magnesiaD  pboqilisei 
with  phosphate  and  carbonate  of  calcium,  uric  acid  with  phosphates,  oxalate  of  cal- 
cium with  phosphates.  The  concentric  layers  are  £requently  distinct,  not  in  ^ipcar- 
ance  only,  but  also  in  composition ;  and  a  curious  alternation  of  material  is  at  timm 
observed,  uric  acid,  for  instance,  changing  place  with  urates,  phospbatesy  firalatin.  As, 
A  nudeus  of  uric  acid  is  frequently  surrounded  by  an  extenial  coat  of  phnephatea,  h^ 
a  nucleus  of  phosphates  with  a  coating  of  uric  add,  &c.,  is  never  observed.  The  mo^ 
external  layers  in  many  calculi  of  various  composition  is  apt  to  be  phosphatic.  Iki 
oxalate  calculi  (often  called  muiberrvt  firom  their  peculiar  form)  axe  genecalfy  tia 
hardest,  the  phosphatic  the  softest.  Csdculi  of  <78tine  are  rare,  those  of  xantliiae  8t3 
more  so. 

The  following  may  be  taken  as  analyses  of  the  moare  typical  forma : 


Uric  acid. 
Uric  add        •        .        •        . 

Urates 

Ammonio-magnesian  phosphate 
Extractives  •  .  .  . 
Water    .        .        .        .        . 


92-8 
3-2 


100  > 
300  ( 


84*69 
9-03 
112 

2-61 


Pboiphat:G. 

Urate  of  sodium     .  .  .      9*77 

Calcic  phosphate    .  .  .    84*74 
Ammonio-magnesian  phosphate  38*35 

Calcic  carbonate     .  .  .3*14 

Hagnesic  carbonate  .  ,      2'd5 

ExSactives,  &e.     •  .  •      6*87 


Oxalate. 

Calcic  oxalate           •         .  63*5 

Calde  phosphate       •         -  6*2 

Water  and  organic  matters  30-S 


Analysis  of  Urine. 

DetsrminaHan  of  Urea.  (Liebig's  method.)  Prepared  urine  (if  albumin  be  pre- 
sent it  must  be  separated  by  boiling ;  some  urea  will  probably  be  lost) :  two  Tolomei 
of  urine  are  mixed  with  1  volume  of  a  ''  baryta  mixture  "  (consisting  of  2  Tolumes  of 
baryta-water  to  1  volume  of  a  solution  of  barium-nitrate,  both  saturated  in  the 
cold),  and  filtered. —  Urea-solution:  2  grms.  of  pure  urea  are  dissolved  in  water, 
and  Uie  solution  diluted  to  100  c.c. — Mercurial  solution :  a  concentrated  aolation  of 
pure  mercuric  nitrate  is  diluted  with  four  times  its  bulk  of  water.  10  cjc  of  the 
urea-solution  are  measured  into  a  beaker,  and  the  mercurial  solution  is  slowly  add<4 
from  a  burette  as  long  as  any  precipitation  takes  place ;  a  drop  of  the  mixture  is  f  hea 
let  fall  by  a  glass  rod  into  a  drop  of  a  solution  of  sodic  carbonate,  placed  in  a  watch- 
glass,  or  on  a  glass  plate,  over  some  black  surfS&ce.  If  the  precipitate,  which  occoia  on 
the  mingling  of  the  two  drops,  does  not  become  in  a  few  seconds  distinctly  joUow, 
more  of  the  mercurial  solution  must  be  added  to  the  mixture  in  the  beaker,  and  the 
trial  made  again.  As  soon  as  a  distinct  yellow  colour  appears  (the  shade  bang  noticed 
by  the  observer  in  order  to  guide  him  afterwards),  the  trial  drops  are  returned  into 
the  beaker,  and  a  little  of  the  soda-solution  added,  until  the  mixture  is  only  faintly 
add.  A  drop  is  then  again  to  be  tried  with  the  soda-solution ;  and  if  the  yellow  colour 
does  not  show  itself,  a  small  quantity  of  the  mercurial  solution  must  still  be  added  to 
the  mixture  in  the  beaker,  and  trial  made  again.  When  the  yellow  colour  has  been 
thus  obtained,  the  total  quantity  of  mercurial  solution  used  is  read  off;  it  corresponds 
to  '2  grm.  urea.  The  mercurial  solution  itself  is  then  diluted  according  to  these  in- 
sults, so  that  20  c.c.  of  it  corresponds  to  10  grms.  of  the  urea-solution,  IjO,  so  that 
10  C.C  correspond  to  *1  grm.  urea.  It  is  well  not  to  add,  at  once,  the  whole  of  the 
water  required ;  but  to  stop  a  little  short  of  that,  and  titrate  again,  since,  practicall j, 
the  demo  of  dilution  required  is  rather  less  than  that  suggested  by  calculation. 

Method. — Of  the  prepared  urine,  15  cc,  corresponding  to  10  c.c  of  the  original 
mine,  are  poured  out  into  a  beaker  or  flask,  and  the  mercurial  solution  is  added  until 
the  yellow  reaction,  as  described  above,  is  obtained ;  the  mixture  is  also  in  the  sanke 
way  reduced  in  acidity,  and  trial  made  again.  The  quantity  of  mercurial  sohition 
used  will  give  the  amount  of  urea  in  the  10  ac.  of  urine.     Unfortunately^  tlie 
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SMMtioD  if  exact  only  for  fluids  containing  2  per  cent,  of  nrea;  its  appearance  is  pre- 
tuAtare  when  more,  and  is  delayed  when  less  than  that  percentage  is  present.    If  the 
prepared  urine  contains  an  excess  of  nrea,  double  its  volume  of  the  mercurial  solution 
will  have  been  used,  and  yet  no  reaction  set  in.    Hence,  if,  on  airiying  at  this  point, 
1  ce.  of  distilled  water  be  added  to  the  mixture  for  every  additional  2  e.c.  of  the  mer- 
cnrial  solution  employed,  the  proportion  of  urea  will  be  maintained  at  2  per  cent,  and 
the  final  result  will  be  correct.    Thus  if,  after  the  addition  of  30  cc  of  the  mercurial 
Bolution  to  15  c.e.  of  prepared  uiine,  the  reaction  is  not  seen,  1  cc  of  distilled  water  is 
added,  and  the  process  continued.    Supposing  the  reaction  finally  sets  in  when  10  c.o. 
more,  or  40  cc  in  all,  of  the  mercurial  solution  have  been  used,  the  5  cc  of  distilled 
water,  which  have  been  also  added,  will  bring  up  the  original  15  cc  of  urine  to  20  cc ; 
the  40  cc  of  mercurial  solution  will  have  been  employed  on  a  fluid  containing  2  per 
cent,  of  urea.    If  the  prepared  urine  contains  less  than  2  per  cent,  of  urea,  an  approxi- 
mate correction  may  be  made  by  subtracting  '1  cc.  from  every  6  cc.  of  the  mercurial 
solution  that  is  run  short  of  the  normal  30  0,0,   Thus,  if  with  15  cc  of  prepared  urine, 
the  yellow  colour  is  struck  on  using  20  cc.  of  the  mercurial  solution,  *2  cc  (30—20 
■s  5  X  2)  are  deducted,  and  therefore  19*8  cc  taken  as  the  correct  result.    A  further 
correction  must  be  made  for  chloride  of  sodium,  the  presence  of  which  delays  the  reac- 
tion.   We  may  make  an  approximate  correction  by  deducting  from  the  quantity  of 
mercurial  solution  employed  1*5  cc — ^2*5  cc,  according  to  the  quantity  of  chloride  of 
Bodium  present   Or  we  may  first  remove  the  chloride.  To  15  cc  of  prepared  urine,  ona 
or  two  arope  of  solution  of  neutral  chromate  of  potash  are  added,  and  a  solution  of 
nitrate  of  silver  dropped  in  from  a  burette,  until  the  appearance  of  the  red  chromate  of 
silver  indicates  that  the  whole  of  the  chloride  has  been  thrown  down ;  the  mercurial 
solution  can  then  be  at  once  used  without  removing  the  silver-precipitate.    The  re- 
duction in  the  percentage  of  urea,  by  the  addition  of  the  silver-solution,  must  of 
course  be  taken  into  account.     Or  two  portions  of  prepared  urine  may  be  taken  of 
15  cc  each.     One  is  neutralised  with  nitric  acid,  the  mercurial  solution  sdded,  and  the 
point  marked  at  which  a  permanent  precipitate  (a  distinct  cloud,  not  a  mere  opales-  * 
cence)  is  produced.    The  other  is  titrated  in  the  usual  way.    The  number  of  cc.  em- 
ployed in  the  latter,  minus  those  employed  in  the  former  operation,  will  give  the  real 
« quantity  of  urea.    It  must  be  remembered  that  other  nitrogenous  bodies,  creatinine, 
allantoin,  &c,  are  precipitated  by  the  mercurial  solution  in  the  same  way  as  urea. 

Heintz  andRag9ku*8  Method. — A  given  quantity  (20  cc)  of  urine  is  precipitated  with 
tetrachloride  of  piatinum,  and  the  precipitate  washed  with  spirit,  dried,  and 
weighed.  From  2  to  5  cc.  of  the  same  urine  (according  to  concentration)  are  heated  to 
180^ — 200°,  in  a  covered  platinum  or  porcelain  capside,  with  an  equal  bulk  of  sul- 
phuric acid ;  and  after  cooling  are  diluted  with  water,  filtered,  and  precipitated  with 
tetrachloride  of  platinum.  Both  precipitates  are  calculated  for  100  cc  urine,  and  the 
former  deducted  from  the  latter ;  the  result  multiplied  by  '13423  gives  the  percentage 
of  urea. 

Bavinfa  Method, — ^A  small  quantity  of  urine  is  poured  into  a  graduated  glass  tube 
a  third  full  of  mercury ;  the  tube  is  then  filled  with  a  solution  of  sodic  hypochlorite, 
rapidly  inverted  over  a  saturated  solution  of  chloride  of  sodium,  and  left  to  stand 
several  hours.  The  quantity  of  gas  (nitrogen)  given  out  is  read  off.  1*549  cubic  inches 
of  nitrogen  at  60°  F.  and  30"  bar.  «-  1  grain  urea. 
Uric  acid,  ammonia,  &c.  are  in  this  method  confounded  with  urea. 
Bunsen^s  Method. — ^A  p^iven  quantity  of  prepared  urine  is  heated,  at  220° — 240°, 
with  chloride  of  barium  in  a  sealed  tube,  and  the  resulting  carbonate  of  bapium  deter- 
mined.    1  gnu.  barium-carbonate  =  '8041  urea. 

Uric  Acid. — ^To  200  cc.  of  urine,  10  cc.  of  hydrochloric  acid  are  added,  the  mix- 
ture allowed  to  stand  48  hours  in  a  cool  place,  filtered  through  a  very  small  filter, 
on  which  the  crystals  are  placed,  washed,  dried,  and  weighed.  The  wash-water 
should  not  exceed  30  cc  ;  if  the  last  drops  still  produce  cloudiness  in  a  silver-solution, 
more  must  of  course  be  used ;  and  for  every  additional  cubic  centimetre  of  wash- 
water  used,  '045  milligramme  is  added  to  the  amount  of  uric  acid  found.  This  correc- 
tion is  a  compromise  between  the  loss  arising  from  the  partial  solubility  of  the  uric  acid, 
and  the  gain  due  to  the  colouring-matter  inseparably  connected  with  the  crystals. 
Hassall  (Lancet,  1867*  May  6),  has  shown  that  the  mixture  of  uric  acid  and  pig- 
ment, which  is  usually  weighed  as  uric  acid,  varies  extremely,  according  to  the  con- 
centration of  the  urine,  the  amount  of  acid  employed,  the  time  allowed  for  crystallisa- 
tion, and  the  surrounding  temperature.  If  the  urine  contains  albunun,  this  must 
first  be  removed  by  coagulation,  with  the  very  careful  use  of  dilute  acetic  acid,  using 
afterwards  strong  acetic,  instead  of  hydrochloric,  acid  to  precipitate  the  uric  acid. 

Htppuric  Aeid. — The  urine  is  digested  with  animal  charcoal  (2  grammes 
to  each  10  cc ),  and  filtered ;  200  cc.  are  evaporated  down  to  50  cc,  20  cc. 
of  hydrochloric  acid  added,  and  the  mixture  allowed  to  stand  for  twenty-four  hours 
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in  a  eool  place.  The  hipDurie  add  vliich  eryskaUiaee  out  is  eoQeeted  on  a 
filter,  washed  with  a  Bmali  quantity  of  cold  water  nntil  the  filtnte  is  coUinaAem^ 
at  100°,  and  weighed.  The  waeh-water  is  collected  and  mearaved,  aad  for  emj 
6  ex.  of  it,  '01  gramme  is  added  to  the  weight  of  hifjipine  add,  in  oider  to  comet 
the  error  due  to  that  substance  beiug  slightly  soluble  in  cold  water.  This  prueeaa  is 
of  course  useless  where  uric  add  is  present. 

Creatinine. — To  300  c.c.  of  urine,  rendered  alkaline  with  milk  of  limet  a  weia- 
tion  of  calcic  chloride  is  added  as  long  as  any  precimtate  occurs.  Tb«  raixtczc 
is  allowed  to  stand  for  one  or  two  hours,  and  filtered.  The  filtrate  and  wakshings  aie 
eraporated  to  dryness  in  a  water-bath,  and,  while  still  warm,  treated  with  30  or  44 
cc  of  alcohol,  96  per  cent.  The  mixture,  after  standing  for  four  or  fiT-e  faoors  ia 
a  cool  place,  is  paraed  through  a  small  filter,  and  the  filter  washed  with  small  qnamitin 
of  spirit. 

The  filtrate  and  washings — ^reduced  in  bulk,  if  necessary,  to  40  or  50  cjC  by 
being  placed  orer  hot  plates — are  mixed  with  5  cc.  of  a  solution  of  chloride  of  bsc 
(specific  gravity  1*2,  absolutely  free  from  acidity),  and  allowed  to  stand  for  three  cr 
four  days  in  a  very  cool  place.  The  crystals  that  appear  are  collected  on  a  fimali 
filter,  washed  first  with  the  mother-liquor,  and  then  with  small  quantities  of  Kf^i rit, 
dried  at  100°,  and  weighed.     100  pts.  of  zinc-compound  =  62*44  pts.  of  creAtiniw. 

Albumin.  —  From  30  to  109  cc.  of  urine,  according  to  concent  rat  ion,  an 
heated  with  the  naked  fiame,  a  drop  or  two  of  acetic  acid  being  added,  until  th'. 
albumin  is  thoroughly  coagulated,  and  the  fluid  capable  of  being  filtered.  The  deposit 
is  dried  at  120^,  and  over  sulphuric  add,  until  it  ceases  to  lose  weight.  Other  matten 
are  carried  down  with  the  albomin,  but  these  are  insignificant. 

Su^ar. — In  diabetes,  when  the  quantity  of  sugar  is  rery  considerable^  the  deter- 
mination may  be  mads  with  the  alkaline  copper-solution,  by  the  saccharimeter,  or  bj 
fermentation.  When  the  quantity  of  sugar  is  very  small,  the  following  prooeas  any 
be  adopted : — A  given  quanti^  of  urine  (1000  cubic  centimetres)  is  concentmted,  aad 
precipitated  with  sugar  of  lead  and  filtered ;  the  filtrate  is  precipitated  with  acetate  of 
lead  and  filtered.  This  second  filtrate  is  predpitated  with  ammonia,  the  depoeit 
suspended  in  alcohol,  submitted  to  snlphydric  acid,  and  filtered.  The  spirit  fil- 
trate is  evaporated,  and  its  sugar  determined  in  any  of  the  usual  ways. 

Chlorides. — In  fresh  urine,  free  from  albumin,  much  uric  add,  or  mnens,  tbt 
chlorides  may  be  detennined  with  tolerable  accuracy  by  the  silver  and  chraaate  «l 
potash  method. 

Phoephates  maybe  determined  by  the  uranic  oxide  process. 

Ammonia. — ^Twenty  cubic  centimetres  of  urine  are  placed  in  a  shallow  Tessel,  over 
which  is  arranged  another  small  shallow  vessel  containing  10  cc.  of  a  standard 
solution  of  dilute  sulphuric  add ;  and  the  whole  is  covered  with  an  airtight  bell-jar. 
The  bell-iar  is  slightly  raised,  10  cc  of  milk  of  lime  quickly  introduced  into  the 
urine,  and  the  jar  at  once  replaced.  In  about  48  hours,  the  whole  of  the  ammonia  is 
disengaged  from  the  urine,  and  absorbed  by  the  sulphuric  acid.  By  titrating  the  sul- 
phuric acid  after  the  experiment^  and  comparing  it  with  the  standard  solution,  the 
amount  of  ammonia  is  arrived  at. 

Bile  Acids. — Urine  is  precipitated  with  basic  acetate  of  lead  and  a  little  am- 
monia ;  the  predpitate  is  washed,  boiled  in  alcohol,  and  filtered  hot ;  the  alcoholic 
solution  is  treated  with  a  few  drops  of  soda,  and  evaporated  to  dryness ;  the  residue 
extracted  with  absolute  alcohol';  tne  filtered  solution  reduced  in  volume,  mixed  with 
an  excess  of  ether,  and  left  to  crystallise.  The  crystalline  deposit  is  mixed  with  dilute 
sulphuric  add  (1  to  4),  and  a  few  drops  of  a  solution  of  cane-sugar  added.  The  mixture^ 
on  being  gently  warmed,  should  give  the  purple  coloration  of  Pettenkofer.       H.  F. 

VMXMMt  VmUMMM  SA&T  OF.  Sal  urina  fusibilis, — ^Ammonio-sodic  phos- 
phate. 

VXIira»  nwUBXr  of.  The  solution  of  ammonium-carbonate,  obtained  by  dis- 
tilling putrid  urine. 

miooBitoMSf  mtooTAHZJi,  mu>sK  i  thjuv,  mtoo&Atrciv« 
vBOHmKAxnTf  tnu>nnBTiATmr,  mopxTTzir,  VBOAKOBnr.    See 

UbINABT  PlOlCEMTS  (p.  963). 

VROSTBA&ITB  (from  oZpov,  urine ;  ^rr^op,  tallow ;  and  X»0os,  stone). — A  fiitty 
substance  found  in  a  urinary  calculus.  On  evaporating  the  solution  of  the  calculus  in 
carbonate  of  sodium,  adding  a  little  sulphuric  acid,  extracting  with  ether,  and  leaving 
the  ether  to  evaporate,  theurostealitewas  obtained  as  a  violet  residue,  which  softened 
in  boiling  water  without  dissolving,  was  sparingly  soluble  in  alcohol,  more  easily  in 
ether  and  in  caustic  potash,  less  easily  in  ammonia  ai:d  in  carbonate  of  potassium.  It 
softened  when  heated,  and  when  more  strongly  heated  gave  off*  a  thick  smoke,  and  an 
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k  odour  like  that  of  benxoixf  and  shellac.    (Heller,  Arch.  f.  Phmn.  pathoL  Chemie,  xl 

\  Jfikros.  1845,  p.  1.) 

?  VSOXAWZO  AOIB.    C^N'H^^O*.    (Stadoler,  Ann.  Ch.  Fbarm.  IzxTiii.  286; 

"^  Ixxz.  1 19.) — ^A  product  obtained  bj  boiling  uric  acid  with  rather  strong  potash-lej : 

C»N*H<0»  +   3H'0     -     C*N<H"0». 

Uric  acid.  Uroxanic  add. 

Other  products  are  formed  at  the  same  time — ^namely,  lantanuric  acid,  urea,  formic  acid, 
and  oxalic  acid. 

On  leaving  the  resulting  solution  in  contact  with  the  air,  it  absorbs  carbonic  acid, 
^  and  slowly  deposits  acid  urate  of  potassium  in  the  form  of  a  white  powder ;  but,  after 

^  several  weeks  or  months,  tabular  crystals  of  potassic  uroxanate  are  formed,  the  urate 

disappearing  at  the  same  time.     By  decomposinff  the  solution  of  the  uroxanate  with 
f  hydrochloric  or  sulphuric  acid,  the  uroxanic  acia  is  obtained  in  indistinct  prismatic 

^  crystals,  or  from  warm  moderately  dilate  solutions,  in  colourless  transparent  tetra- 

hedrons, 
t  Uroxanic  acid  is  slightly  soluble  in  cold  water,  (juite  insoluble  in  cold  alcohol.    It 

■  is  easily  decomposed  even  by  boiling  with  water,  giving  off  carbonic  anhydride.    The 

dry  acid  heated  in  a  glass  tube  above  100°,  gives  off  water  and  carbonic  anhydride. 
If,  however,  the  temperature  be  maintained  at  130*^  till  the  weight  of  the  residue 
becomes  constant,  the  acid  is  found  to  have  lost  84*8  per  cent,  of  its  weight,  and  a 
yellowish  hygroscopic  substance  is  left,  called  uroxil  by  Stadeler,  and  having  the 
composition  of  uroxanic  anhydride,  C^N*H"0^  (which  is  also  that  of  dialurate 
of  ammonium).  At  a  stronger  heat,  uroxanic  acid  melts  to  a  brown  liquid,  gives  off 
ammonia,  and  probably  also  cyanide  of  ammonium,  yields  an  oily  distillate  solidifying 
as  it  cools,  and  leaves  a  small  quantity  of  carbonaceous  residue.  Strong  nitric  acid 
does  not  act  on  uroxanic  acid  in  the  cold,  but  dissolves  it  when  heated,  without  evo- 
lution of  gas,  the  solution  on  cooling  yielding  crystals,  probably  a  product  of  oxida- 
tion. The  mother-liquor  yields,  on  evaporation,  a  white  residue,  which  is  not  coloured 
by  carbonate  of  ammoniunL 

Uroxanic  acid  is  dibasic,  the  general  formula  of  its  salts  being  CN^H'M'O*.  Some 
of  the  uroxanates  are  soluble  in  water,  but  most  of  them  are  insoluble  in  alcohol. 

The  ammanium-aalt  separates,  in  small  four-sided  tablets,  on  adding  alcohol  to  a 
solution  of  the  acid  in  dilute  ammonia. — The  potaatitmrsaltt  C*N*&K'0\3H'0, 
obtained  as  above  descril)ed  from  uric  acid,  crystallises  in  large,  nacreous,  four-sided 
plates,  with  angles  of  07°  and  83°.  It  is  moderately  soluble  in  cold,  very  soluble 
m  hot  water,  insoluble  in  alcohol ;  gives  off  its  water  of  crystallisation  at  100° ; 
and  at  a  higher  temperature  melts,  gives  off  a  little  carbonate  of  ammonium,  and 
leaves  a  residue  blackened  by  charcoal. 

The  barium-stUt  separates,  on  mixing  a  solution  of  the  acid  in  excess  of  ammonia 
with  chloride  of  barium,  and  adding  alcohol,  in  thick  flocks  which  gradually  change 
to  slender  shining  needles. — ^The  ealcium'Salt,  obtained  in  like  manner,  forms  small, 
shining,  four* sided  plates,  which,  by  boiling  in  the  liquid,  are  converted  into  larger 
crystals,  like  those  of  the  barium-salt—The  lead-salt,  2C*N*H"Pb"0*.H«0,  is  pre- 
cipitated by  nitrate  of  lead  from  the  solution  of  the  potassium-salt,  in  delicate  satiny 
scales,  quite  insoluble  in  water,  and  becoming  anhprdrous  at  100°. — The  nlver'salt  is  ol> 
taiued  in  like  manner,  as  a  white  flocculent  precipitate,  but  soon  settles  down  to  a  dense 
powder,  which  turns  red  on  exposure  to  light,  and  black  when  heated  in  the  liquid. 

ISn>B.    See  preceding  article. 

See  Ubikabt  Fioments  (p.  963). 

Syn.  with  UaoxAino  Anhtdbids. 

Syn.  with  Aixoxamtik  (i.  138). 

UXOXTIk     Syn.  with  Uboxil. 

JTRMOMISL  G**H"0  ? — ^A  resinous  body  obtained  from  the  leaves  of  the  red  bear- 
beny,  Arctostaphylcs  uva-ursi.  It  was  first  prepared  by  Trommsdorffin  1854 
(Arch.  Pharm.  [2],  Ixxx.  273),  and  further  exanuned  by  Hlasiwetz  (J.  pr.  Chein. 
bdv.  123),  who  assigned  to  it  the  formula  C**H*^0*.  To  prepare  it,  the  leaves  of  the 
bearberry,  after  being  freed  from  arbutin  by  exhaustion  with  water,  are  treated  with 
alcohol,  the  solution  is  evaporated,  the  residue  treated  with  water  and  ether,  and  the 
ursone  which  then  remains  undissolved,  is  purified  by  crystallisation  from  alcohol. 
Or  the  leaves  are  treated  with  ether  in  a  displacement  apparatus,  whereby  a  dark- 
green  extract  is  obtained,  which  deposits  a  considerable  quantity  of  crystalline  ursone 
-to  be  purified  by  crystallisation  from  alcohol. 

Ursone  crystallises  in  slender  colourless  needles,  having  a  silky  lustre,  tasteless 
and  inodorous,   insoluble  in  water  and  in  aqueous  acids  or  alkalis,  soluble  with 
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diffienlt^  in  edier  or  alcolioL  It  melto  at  190<>--200^  and  solidiiifia  agun  in  tba 
crystalbne  form  on  cooling;  if  heated  abo7e  its  melting-point,  it  remains  amuarphoom 
after  cooling,  and  at  a  stiu  higher  temperature  boils,  and  appeals  to  rolatilise  whhoBt 
decomposition. 

According  to  Hlasiwets,  nrsone  agrees  in  composition  and  in  most  of  its  piroperties 
with  hartin  from  lignite  (iii  14). 

mtTICA*  The  stinging  power  of  nettles,  Urtica  urens  and  U.  dioiea,  is  doe  (ac- 
cording to  Sal  adin)  to  acia  carbonate  of  ammonium,  contained  in  glands  beneAili 
their  eiodermis ;  the  juice  contains  nitrate  of  potassium  and  nitrate  of  calciom.  Ac- 
cordinff  to  Boll ig,  water  distilled  OYer  the  herb  contains  carbonate  of  ammoninm; 
according  to  Ghorup-Besanes,  it  contains  formic  acid. 

The  yellowish  decoction  of  the  leaves,  when  left  to  dir  in  contact  with  the  air,  espe- 
cially in  presence  of  alkalis,  is  said,  by  Leuch,  to  yield  a  fine  emerald-green  coloxu*. 
The  herb  of  XT.  urens  yields,  by  fermentation,  a  so-called  ferment-oil  (ii.  636)  (Bley). 
The  seeds  of  both  kinds  of  nettle  are  said  to  be  useful  as  remedies  in  cases  of  dyseo- 
tery. 

The  fibre  of  many  species  of  Urtiea  yields  useful  tissues.  The  Chinese  are  said  to 
fiabricate  a  fine  silky  stuff  from  the  fibres  of  Urtica  nivea,    (Handw.  d.  Chem.  iz.  68.) 

VnriO  ACIBf  or  mnnor.    An  add  obtained  from  sereral  species  of  lichen.   It 

was  first  prepared  and  examined  by  K nop  (Ann.  Ch.  Pbarm.  xliz.  103),  and  fnrtber 
inyestigated  by  Boehleder  and  Heldt  {ilnd,  xlnii.  12),  Thomson  {ilrid.  liii.  262), 
Sten house  (ibid,  Ixviii.  97,  114),  and  Hesse  {ibid,  cxrii.  343). — Stenhouse  a8s$g;iied 
to  it  the  formula  C^iP'O"— more  probably  C*»WO^\  or  C»»H»«0';  according  to 
Hesse,  it  is  C>■H*■0^  It  is  found  in  Uanea  florida,  U.  harta,  U,  plicata,  U.  ba^aia, 
Bamalina  calicariSf  Cladonia  ranffif&rina,  Petrmdia/urfuraeea,  Evgrnia  prunastrs  and 
others. 

According  to  Stenhouse,  the  several  species  of  Uenea  are  best  adapted  for  the  firs- 
paration  of  usnic  acid,  especially  Uenea  Jhrida;  next  in  point  of  eligibility  comes 
Cladonia  ranffiferina,  while  the  several  species  of  Ramalina  and  Evemia  vrunoBtri  aro 
less  adapted  for  the  purpose,  because  they  yield  resinous  acids  difficult  to  purify. 
Hesse  uses  Bamalina  ealicaris  (var.  fraxinea  and  chnaumatica)  for  the  prepai»tion  of 
alpha-usnic  acid,  and  Cladonia  rangifenna  for  the  preparation  of  beta-usnie  aeid. 

Preparation. — Knop  exhausts  the  lichens  with  ether  in  a  displacement  apparatoa, 
then  mstils  off  the  ether,  and  treats  the  residue  with  alcohol ;  the  alcoholic  solution 
thus  obtained  deposits  usnic  acid  in  crystals  on  cooling.  Rochleder  and  Heldt  digpst 
the  lichens  with  a  mixture  of  ammonia  and  aqueous  alcohol,  filter  the  liquid 
after  some  minutes,  then  mix  it  with  one-third  of  its  volume  of  water,  and  neutraliae 
with  acetic  acid ;  the  usnic  acid  tliereby  precipitated  is  washed,  and  recrystallised  from 
alcohoL— Stenhouse  exhausts  the  lichens  with  milk  of  lime,  and  precipitates  with  hy- 
drochloric acid. 

Hesse  also  exhausts  the  lichens  {RaTnalina  ealicaris ,  Yar./raxineaKDd  chnaumdtHea) 
with  milk  of  lime,  supersaturates  with  hydrochloric  acid,  and  boils  for  a  short  time, 
whereupon  alpha-usmc  acid  crystallises  out.  The  deposit  is  washed  with  water,  then 
boiled  with  alcohol,  and  the  residue  is  dissolved  in  boiling  acetic  acid,  the  solution 
mixed  with  animal  charcoal,  and  filtered. — ^To  prepare  beta-usnic  acid  from  dadamia 
rangiferina,  Hesse  exhausts  the  lichen  with  dilute  soda-ley ;  saturates  with  hydro- 
chloric acid ;  washes  the  precipitate,  which  contains  brown  humous  substances,  with 
water ;  dries  it,  and  exhausts  it  with  ether ;  evaporates  the  ethereal  solution ;  and 
mixes  the  residue  with  alcohol.  Beta-usnic  acid  then  crystallises  out,  and  may  be 
purified  by  reciystallisation  f^om  alcohol  with  addition  of  animal  charcoaL 

Properties. — ^iJsnic  acid  forms  thin,  light,  sulphur-yellow  needles,  which  beooone 
strongly  electric  by  friction,  are  not  moistened  by  water,  dissolve  but  sparingly  in 
ordinary  alcohol,  even  at  the  boiling  heat,  but  easily  in  boiling  ether  or  turpentineK>i]. 

Usnic  acid  melts  when  somewnat  strongly  heated,  alpha-usnic  acia  at  203^ 
(Hesse),  at  200^  (Knop);  beta-usnic  acid  at  175^ :  this  difference  of  melting-point  is 
the  only  essential  distinction  between  the  two  acids.  Melted  usnic  add  is  ydlowish 
and  resinous,  and  solidifies  in  the  crystalline  form  on  cooling ;  at  a  higher  temperature 
it  yields  a  crystalline  sublimate,  an  oily  distillate  containing  beta-orcein,  and  a  car- 
bonaceous residue.  Usnic  acid  is  not  coloured  by  fertic  chloride  or  by  hypoddorite 
of  sodium. 

Chlorine  converts  usnic  acid  into  a  resinous  body ;  sulphuric  acid  dissolves  it,  form- 
ing a  yellow  solution,  which  is  predpitated  by  water.  Nitric  add  heated  with  it^  forma 
a  yellow  resin.  Usnic  acid  dissolves  easily  in  aUeaUne  lipids :  the  solutions,  which 
contain  beta-orcein  together  with  a  resin,  become  dark-red  on  exposure  to  the  air,  and 
at  last  nearly  black. 

Usnic  acid  is  monobasic,  the  composition  of  its  salts  being  C*'H*'MO',  according  to 
Hesse;   C'H'^MO',  according  to  Knop.    The  usnates  of  the  alkali-metals  are 
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eolnble  in  water;  the  test  are  insoluble  in  water,  but  soluble  in  alcohol;   ether 
extracts  nsnic  acid  from  them. 

Usnate  of  ammanitim,  obtained  by  passinff  ammonia-gas  into  absolute  alcohol  in 
irliich  uanic  acid  is  suspended,  fbnns  needle-shaped  crystals. — The  potasaium'Saitf 
CH'rKO'.OH'O,  is  prepared  by  boiling  usnic  acid  with  a  strong  solution  of  potassic 
carbonate.  It  separates  almost  completely  from  the  solution  on  cooling,  and  when 
recrystallised  from  alcohol,  forms  white  laminae,  which  give  off  all  their  water  at  1 30^. 
Xtfi  solution  froths  like  soap-water,  and,  when  mixed  with  a  large  quantity  of  water, 
deposits  an  acid  salt.— The  aodiumsalt  forms  stellate  croups  of  silky  needles;  it  re- 
acts like  the  potassium-salt,  but  is  more  easily  decomposed. — The  barium-salt, 
C''H'^Ba"0'^  may  be  crystallised  irom  alcohol ;  the  aqueous  solution  quickly  becomes 
ooloured  on  exposure  to  the  air. — The  eupric  salt,  C*^**Cu"0**,  is  a  green  precipitate ; 
the  lead-salt,  a  white  precipitate ;  the  aUver-sdlt,  a  white  precipitate  which  quickly 
blackens. 

UVXVIO  and  UVATOMIO  AOI]>8«  Acids  produced,  according  to  Finck» 
by  the  action  of  baryta-water  on  pyroracemic  acid.  The  former  has  the  composition 
€^H*0'* ;  the  latter  appears  to  be  merely  a  syrupy  modification  of  pyroracemic  acid 
(iv.  770). 


Chrome-ffomet,  Chrome4ime-gama,  8CaO.Ci*0*.3SiO*,  with 
small  quantities  of  alumina,  ferrous  oxide,  and  magnesia,  occurs  at  Saranowskaja, 
n4ar  Bissersk,  and  near  Kysditimsk,  in  the  Uzal,  in  rhombic  dodecahedrons,  and 
massive,  with  imperfectly  conchoidal  or  splintery  fracture,  emerald-green  colour,  and 
greenish-white  streak,  Titreous  lustre,  more  or  less  transparent  on  Uie  edges.  Hard- 
ness ss  7*5  to  8*0.  Specific  gravity  =  3*4  to  3*5.  It  does  not  fuse  by  itaelf  before 
the  blowpipe,  but  fonns  a  dear  olive-green  glass  with  boiaz.    (See  Gabm^t,  ii.  772.) 


VAOCZVZO  ACXD«  This  name  was  given  by  Lerch  (Ann.  Gh.  Fharm.  xliz. 
227)  to  a  volatile  acid,  obtained  on  one  occasion  by  the  saponification  of  butter  from 
cow's  milk,  but  which  appears  to  have  been  merely  a  mixture  of  butyric  and  cnprie 
acids. 


VACCJJIAIIM.  A  small  genus  of  plants  including  the  bilberry  and  whortle- 
berry. The  green  parts  of  the  common  bilberry  {Vaccinium  M^rtillwi)  contain 
quinie  add  (Zwen^er,  Ann.  Ch.  Pharm.  czv.  108).  The  £ruit  contains,  according  to 
Fresenius  (ibid.  ci.  226): 

Fruit-sugar  .         .        .        •        .5*8% 

Free  acid  (regarded  as  malic  add).        .    1-3 1 

Albuminous  substances .        .        .        .    0*8 1  Soluble  in  water. 

Pectin,  gum,  colouring-matter        .        .    0*5 1 

Ash 0-8/ 

Kernel  and  husk 12*8  V 

Pectose 0*2   I  Insoluble  in  water. 

Ash 0-55J 

Water 776 

The  colouring-matter  of  the  berries  forms  with  lead-oxide,  a  fine  blue  compound 
which  is  oolong  green  by  alkalis.  The  berries  yield,  by  fermentation,  a  kind  of 
brandy  (**  Hddelbeerbrantwein  "  or  "  Heidelbeeigeist ")  which  is  prepared  in  large 
quantities  in  many  parts  of  the  Black  Forest 

Whortleberries,  tne  fruit  of  Vaoomium  VUis  idaa,  and  cranberries,  the  firuit  of 
Vaccinium  Oxycoccus  (L.),  Oxycoccus  ^ustris  (Bich.),  contain,  according  to  Scheele, 
dtric  add  and  a  small  quantity  of  malic  acid. 


The  most  usual  method  of  producing  a  vacuum,  or  rather  a  highly 

rarefied  atmosphere,  is  by  the  common  air-pump.  The  exhaustion  may  be  made  much 
more  complete  by  filling  the  exhausted  receiver  with  carbonic  acid  gas,  absorbing  this 
gas  by  lime,  and  repeating  the  process  several  times.  A  vacuum  may  also  be  proauced 
by  driving  the  air  out  of  a  vessel  with  steam,  and  then  condensing  the  steam  by  cooling. 

In  the  barometric  or  Torricellian  vacuum,  there  is  nothing  present  but  a  very  minute 
quantity  of  mercnir-vapour.  An  excellent  method  of  producing  a  vacuum  has  been 
ooDtrired  by  Br.  ^prengel  (Chem.  Soc.  J.  xviii.  9);    It  consists  in  connecting  the 
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vessel  to  be  exhausted  with  the  upper  part  of  a  long  yertacal  tabe^  down  wluch  ft 
colamD  of  mercfuiy  is  made  to  flow. 

VA&BVB.    Sjrn.  with  VAUiBOifB. 

VA&XJroZAirZTB.     A  name  given  by  Breithaapt  to  oithodase    fiom    the  > 

silver-miue  of  Valenciana  in  Mexico ;  related  to  adularin,  and  containing,  aeeordjng  J 

to  Plattner,  66*82  per  cent,  silica,  17*68  alumina,  0*09  ferric  oxide,  and  14*80  potash. 

The  trimetricvarietj  of  native  antimonions  oxide  (L  323). 

U  C"H*«N*0«.  (Schlieper,  Ann.  Ch.  Pharm.  lix. 
16.) — A  body  containing  the  elements  of  4  at.  valeronitrile,  C^H'N,  and  3  at*  acetie  acid, 
C*H«0«,  or  of  1  at.  valeronitrile  and  3  at.  valeracetamide,  C»H'»(C*H»0)NO.  It  is 
found  in  the  neutral  oil  produced  by  distilling  glue  with  potassium-chromat^  and  snl- 
phuric  acid,  and  is  obtained  therefrom,  in  the  same  manner  aa  valeronitrile  (ii.  272% 
by  repeated  fractional  rectification  of  the  portion  boiling  between  68^  and  90^. 

Valeracetonitrile  is  a  mobile  colourless  liquid,  moderately  soluble  in  water,  and 
miscible  in  all  proportions  with  alcohol  and  ether.  It  hais  an  aromatic  odour,  mafcra  a 
transient  grease-spot  on  paper,  has  a  specific  gravity  of  0*79,  and  boils  between  68^ 
and  71°.  It  is  verv  inflammable,  and  burns  with  a  faintly  luminous  flame.  By  heating 
with  sulphuric  acid,  or  with  aqueous  fixed  alkalis,  it  is  decomposed,  with  formation  of 
ammonia^  acetic  acid,  and  valerianic  acid : 

C«H«N*0«  +  8H»0     =     4C*H"0«  +   3C»HH)«  +  4ira». 

Chlorine  and  bromine  decompose  valeracetonitrile,  with  evolution  of  hydrochloric  or 
hydrobromic  acid. 

dehtfde,  Amylic  Mdehyde,  ValertfUhydriie. — This  body  was  discovered  by  I)  a  ma  a 
and  Stas  (Ann.  Gh.  Phys.  [21  Ixxiii.  145),  who  obtainea  it  by  oxidising  amylic  alco- 
hol with  nitric  or  chromic  acid.  It  is  also  produced  in  the  distillation  of  fusel-oil  with 
sulphuric  acid  (Gaul tier,  Ann.  Ch.  Pharm.  xliv.  127) ;  by  the  dry  distiUation  of  a 
mixture  of  formate  and  valerate  of  calcium  (Limpricht,  ibid,  xcvii.  370);  by  the 
action  of  manganese-peroxide  and  sulphuric  acid  upon  gluten  (Keller,  tbitL  xzxiL  31); 
of  chromic  acid  on  castor-oil  (Arzbacher,  ibid,  Ixxiii.  202),  and  of  sulphuric  anhy- 
dride on  leucine  (Schwa nert,  i6ttf.  cii.  226),  in  the  dry  distillation  of  valerates, 
most  easily,  aceordins  toEbersbach  {ibid.  cri.  262),  from  valerate  of  calcium  after 
addition  of  lime ;  and,  lastly,  by  the  diy  distillation  of  lupulin-resin  which  has  been 
exhausted  witb  water,  after  addition  of  lime.  (Personne,!.  Pharm.  [3]  xxvi  241, 
329 ;  xxvii.  22.) 

Valeral,  obtained  by  the  dzy  distillation  of  ralerates,  was  fonnerly  regarded  as 
isomeric,  but  not  identical,  with  valeraldehyde  produced  by  oxidation  of  amylic  alco- 
hol ;  the  two  products,  however,  invariably  exhibit  the  same  reactions,  and  appear  to 
differ  only  in  boiling-point,  that  of  the  product  obtained  by  distillation  of  v^erates 
being  somewhat  the  higher  of  the  two,  and  not  constant,  a  peculiarity  doobtleaa 
arising  from  admixture  of  other  substances.  - 

Preparation. — ^Valeral  is  usually  prepared  by  oxidising  amylic  alcohol  with  chromato 
of  potassium  and  sulphuric  acid.  *  The  best  way  of  proceeding,  according  to  Parkin- 
son (Ann.  Ch.  Pharm.  xc.  114),  is  to  allow  a  mixture  of  11  pts.  amylic  alcohol, 
16|-  pts.  sulphuric  acid,  and  16^  pts.  water,  to  flow,  slowly  into  a  lukewarm  solution  of 
12^  pts.  potassium-chiomate,  whereby  sufficient  heat  is  .produced  to  cause  the  greater 
part  of  the  valeral  to  distil  over ;  towards  the  end,  however,  the  distillation  must  bo 
assisted  by  external  heating.  The  oily  layer  of  the  distillate  is  separated,  and  shaken 
up,  first  with  potash-le^,  to  remove  valerianic  acid  formed  at  the  same  time,  and  then 
with  acid  sodium-sulphite,  with  which  it  forms  a  crystalline  compound ;  the  resulting 
crystals  are  pressed  and  washed  with  alcohol,  and  the  valeral  is  separated  therefrom 
by  distillation  with  carbonate  of  sodium. 

Properties. — Colourless,  very  mobile,  strongly  refracting  liquid,  neutral  to  vegetable 
colours,  having  a  burning  bitter  taste,  a  pungent  fruity  (xlour,  and  exciting  coughing 
when  inhaled,  like  most  compounds  of  the  amyl-grouj).  Specific  gravity  »  0*8057 
at  17^  0*8224  at  0°  (Kopp).  Boiling  point  96°  to  97®  under  tbe  ordinary  prea- 
sure,  92*8^  under  a  pressure  of  740  mm.  (Kopp).  After  keeping  for  some  time, 
the  boiling-point  rises,  and  a  considerable  portion  of  the  valeral  passes  into  a  modifi- 
cation, probably  polymeric,  having  a  higher  boiling-point.  Vsleral  is  very  inflam- 
mable, and  burns  with  a  bright  flame,  exhibiting  a  famt  blue  colour  on  the  edges. 

Valeral  is  insoluble  in  water,  but  mixes  in  all  proportions  with  alcohol,  ether,  and 
volatile  oils.  It  dissolves  iodine,  phosphorus,  and  various  resins,  but  not  sulphur,  and 
mixes  with  strong  sulphuric  acid. 
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Decofnpontions. — 1.  Valeral  heated  abore  its  boiling  point  is  transformed  into  an 
isomeric  compound,  boiling  between  150^  and  200^. — ^Tbe  same  compound  is  found  in 
the  mother-liquor  of  the  preparation  of  yaleral-sodium-sulphite  (p.  974),  and  is  also 
ibrmed  by  heating  that  salt  with  dry  sodium-carbonate  (Parkinson).  According  to 
Xi  imp  rich  t,  on  the  other  hand  (Ann.  Ch.  Pharm.  cxiy.  244),  valeral  is  not  converiutd 
into  an  isomer  by  heat,  neither  is  any  such  body  found  in  crude  valeral. 

2.  Valeral  exposed  to  the  air  is  gradually  converted  into  valerianic  acid ;  the  oxida- 
tion is  accelerated  by  contact  with  platinum-black.  The  same  change  is  produced  by 
the  action  of  a  mixture  of  potassium-chromatea.nd  sulphuric  acid,  and  by  other  oxidising 
agents.  -"Nitrie  add  of  ordinary  strength  converts  it  into  nitrovalerianic  acid. — 3.  By 
the  prolonged  action  of  <;A&>rintf,  valeral  is  converted  into  dichlorovaleral,  which 
unites  with  acid  ammonium-sulphite,  forming  the  ciystalline  compound  C^H^Cl^O. 
HaHSO'  (Kundig,  Ann.  Ch.  cxiv.  1). — 4.  By  distillation  with  photphoric  pentachlo- 
ride,  valeral  is  converted  into  the  chloride  C^H'<>C1*  which,  when  treated  with  alco- 
holic potash,  gives  up  hydrochloric  acid,  and  yields  the  compound  C^H'Cl.  (£  b  er  s- 
hach.) 

6.  The  ammonia-oompound  of  valeral  is  converted  by  atdphydrio  acid  into  valeral- 
dine,  a  base  homologous  with  thialdine  (p.  772). 

6.  When  valeral-ammonia  is  evaporated  with   ht/drocyanic  acid,  the  valeral  is  con- 
verted into  leucine,  just  as  aldehyde  is  converted  into  alanine  (i.  63) : 

C*H»«0  +   CNH  +  H*0     -     C«H»>NO«. 
ValeraL  Leucine. 

7.  With  cyanic  acid,  valeral  forms  an  acid,  CH'^N'O'  (Baeyer),  homologous  with 
tngenic  acid  (p.  883) : 

C»H»»0  +  30NHO     -     C0«  +  C'H»«N»0«. 

8.  Valeral  fused  with  potaanum-hydrate,  gives  off  hydrogen  and  yields  valerate  of 
potassium : 

C»H»«0  +  KHO     -     C»H»KO«  +  H». 

9.  When  valeiral  is  heated  with  lifne,  amylic  alcohol  and  valerate  of  calcium  are 
produced ;  and  on  distilling  the  mixture,  decomposition-products  of  the  latter  are 
obtained,  including  the  two  compounds,  G*H"0  and  C'H'^0,  apparently  consisting 
of  mixed  acetones — ^the  former  isomeric  with  caproic  aldehyde,  the  latter  with  osnanthol. 
(Pittig,  Ann.  Ch.  Pharm.  czvii.  68.) 

.  10.  When  valeral  is  treated  with  sodium,  ultimately  with  aid  of  heat,  hydrogen  is 
evolved,  and  a  yellow  sodium-compound  is  formed,  which  is  decomposed  by  heating  to 
120®  with  ethylic  iodide,  yielding  an  oil,  C*H**0,  isomeric  with  valerone  (E  b  e  r  sbach). 
Borodin,  on  the  other  hand  (Zeitschr.  Ch.  Pharm.  1864,  p.  353;  Jahresb.  1864, 
p.  387)f  obtained  a  mixture  which  was  decomposed  bywater  into  caustic  soda,  valerate 
of  sodium,  amylic  alcohol,  and  two  new  bodies,  C**lr*0  and  C**H'*0.  The  first  of 
these  is  a  monatomie  alcohol,  isomeric  or  identical  with  decatylic  alcohol.  It  is  a 
colourless  aromatic  oil,  boiling  at  203*3®  and  having  a  specific  gravity  of  0*8569  at  0®. 
It  forms  ethers  with  acetic  and  bemBoie  acids,  reacts  like  other  monatomie  alcohols 
with  pentachloride  of  phosphorus,  forms  a  sulpho-acid  when  treated  with  oil  of 
vitriol,  and  with  sodium  a  compoimd  analogous  to  sodium-ethylate.  Its  formation 
from  valeral  is  represented  by  the  equation : 


8C»H>«0 

+  Na«    -    C"H«>NaO«  +  C»H»^aO. 

Valeral. 

Decatvlate              Valerate 
of  todiuin.            of  aodittm. 

C»*H«NaO 

+  H*0    -     NaHO  +  C"H«0, 

Decatrlate 
of  sooiuin. 

DpcntyliG 
alcohoL 

The  second  body,  C**H''0,  isomeric  with  camphol,  is  a  light-yellow,  tasteless,  neu- 
tral oil,  insoluble  m  water,  easily  soluble  in  alcohol  and  ether,  having  a  specific  gravity 
of  0*9027  at  17"*.  Its  boiling-point  rises  from  250®  to  280®  and  290°,  without  percep- 
tible change  of  composition. 

11.  Valeral,  treated  for  fifteen  days  with  aodium-amalyam  and  water,  is  partly  con- 
verted into  amylic  alcohol.    (Wurtz,  Ann.  Ch.  Pharm.  cxxxiv.  201.) 

12.  Alsberg  (Jahresb.  1864,  p.  485),  by  heating  a  mixture  of  1  vol.  valeral,  3  vols, 
amylic  alcohol,  and  1  vol.  acetic  acid,  obtained  a  compound,  C^H'*(C^H")H)*,  which  he 
calls  diamylvaleral,  but  which  has  in  reality  the  composition  of  the  diamylic  ether 
of  amylene-glycol  (p.  974).  The  same  compound  is  produced,  together  with  valerianic 
acid  and  a  little  amylic  alcohol,  by  treating  valeral  with  ethylate  of  sodium  and  abso- 
lute alcohol : 

6C*H»»0  +   2C«H»NaO  +   H^^O     -     2C*H»NaO«  +  C*H»»(C»fl")«0«  +   2C«HH). 

Valeral.  Sodium-  Sodium-  Diatnjrlic  Ethylie 

ethylate.  valerate.  amylenHte  alcohol. 
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COXFOVIIDS  AMD  BKBITAIITfM  OF  YaLMBAJ^ 

ValenUammania,  C^WO:SW  »  C«H*(KH«)0.— Valenl  abaoite 
Jbrmiiig  &  Uuck  syrup,  which,  after  sereral  veeks,  deporitB  aystals  of  TBlflrml-ainmoiria 
(Parkinsoji).  According  to  Eb  era  bach,  the  compoiiiid  is  mora  easily  prepai«dbj 
adding  aqueous  ammonia  to  Talezal  mixed  irith  a  thoosaod  times  its  bulk  <rf  vxter: 
the  Uqnia  immediately  becomes  Bulky,  and  after  a  few  hoars  deposits  czystsls,  tiw 
formation  of  which  goes  on  for  sereral  months.  Yaleral-ammonia  melts  when  heated, 
is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether.  It  is  deoompoaed  by 
sulphydric  add  with  formation  of  yaleialdine,  and  by  hydzotTanie  add  with  fonmtiaa 
of  leudne  (p.  973). 

Compounds  of  Valeral  wUk  Mkaline  BiiulpUtes. — ^The  ammanium'^alt, 
OH*(Nfl*)S0*,  is  deposited  in  shining  laminc  on  distilling  a  mixtnie  of  add  ammo- 
nium-sulphite and  Tueral,  and  leaving  the  distillate  to  evaporate.  It  is  deoompoeed 
by  water,  acids,  and  alkalis,  with  separation  of  valeraL — ^The  todmm-^alt,  2C*H*NaSO\ 
2H*0,  is  neaiiy  insoluble  in  absolute  alcohol  and  in  ether,  sparingly  solnble  in  cold 
water;  it  dissolves  without  decomposition  in  water  at  70^  to  80^,  but  when  mors 
strongly  heated  with  water,  it  is  decomposed  with  separation  of  valeral  and  snlphnn^^ 
acid.  Alkalis  and  acids  decompose  it  immediately.  The  air-dried  crystals  ofltoieaea 
in  a  vacuum  over  oil  of  vitrioL  

Compounds  of  VaUral  toiih  JeeHe  and  Beneoie  Anhfdriies. — ^The  oompound  CH'^O- 
O'H'O'  is  formed  by  heating  1  at.  valeral  with  1  at.  acetic  anhydride,  (x*  2  at.  aeede 
add,  to  200^  in  a  sealed  tube  for  four  to  eight  hours,  and  passes  over  at  195^  on  sab- 
mitting  the  oily  product  to  j&actional  distilbtion.  It  is  a  oolouriees,  ethereal,  mobile^ 
neutral  liquid,  of  specific  gravity  0*963,  boiling  at  about  195^,  insoluble  in  water, 
easily  miscible  with  alcohol  and  ether.  It  is  not  alt€(red  by  water,  but  in  contact  with 
potash  is  easily  resolved  into  acetic  add  and  valeral  (Kolbe  and  Guthrie,  Ann.  Gh. 
Fharm.  ciz.  296).— The  benzoic  compound^  G*H>*O.G^Hi«0",  is  obtained  in  like  manner 
by  heating  valeral  with  benzoic  anhydride  to  260°,  and  passes  over  on  rectification  at 
264°.  It  is  a  white  czrstalline  body,  tasteless  and  inodorous,  insolnble  in  water, 
melting  at  111°,  and  boiling  at  264°.  Alkalis  decompose  it  into  valezal  and  bennie 
acid.    (Kolbe  and  Guthrie.) 

JXehlarovaleral,  C^H'GIK),  is  produced  by  the  action  of  chlorine  on  valeral  (p.  973) 

Meikylvaleralt  OH'(GH')0,  is  obtained  by  distilling  a  mixture  of  equivalent  quan- 
tities of  alkaline  valerate  and  acetate,  agitating  the  oily  distillate  with  potash,  and  rec- 
tifying till  the  boiliag-point  becomes  constant.  It  is  an  oHy  liquid  boiling  at  120°. 
(Williamson,  Ann.  Ch.  Pharm.  Izzzi.  86.) 

JHamfflffoleral  (so-caUed),  C^'H^K)*.— This  compound,  isomeric  or  identical  with 

diamylie  amylenate,  /n»g;M(x[  ^'>  ^®  neutral  amylic  ether  of  amylenic  glycol,  is  pro- 
duced, as  already  observed  (p.  973),  by  heating  valeral  with  amylic  alcohol  and  acetic 
add,  or  with  sodium-ethylate  and  absolute  aloohoL  It  has  a  diaafflweable  odour  like 
that  of  the  amyl-compounds,  and  of  celery,  is  insoluble  in  water,  of  spedflc  gravity 
0*849  at  7°,  and  boils  at  256''.^DUthylwdend  (soKiaUed),  C»H>^G>H»)*0«,  m- 
pared  by  hei^ing  1  vol.  valeral  with  4  vols,  alcohol  and  1  voL  acetic  add,  is  slightly 
solnble  in  water,  has  a  pleasant  fruity  odour,  a  specific  m,vity  of  0*836  at  12°,  and 
boils  at  l6S'2^.—Dimethsflvaleral  (so-called),  C*H"(CT»)«0«,  prepazed  with  1  vol. 
valeral,  2*5  vols,  methylic  alcohol,  and  0*6  vol.  acetic  add,  has  an  agreeable  odour,  a 
specific  gravity  of  0*852  at  10°,  and  boils  at  124°.    (Alsberg.) 

See  preceding  aitide. 
Syn.  with  Vausral. 


Gi*H**NS*.  (B  eissenhirtz,  Ann.  Gh.  Pharm.  xe.  109.— 
Parkinson,  ilnd.  xc  119.)— An  organic  base,  homologous  with  thialdine,  produced  by 
the  action  of  sulphydric  add  on  valeral-ammonia  suspended  in  water.  It  is  a  viadd 
oil,  which  does  not  solidify  at  —  20°,  has  a  strong  unpleasant  odour,  is  insoluble  in 
water,  soluble  in  alcohol  and  ether,  and  volatilises  without  decomposition.  It  has 
an  alkaline  reaction,  and  unites  with  hydrochloric  acid,  forming  the  salt  G"H"NS'. 
HGl,  which  cxTstallises  in  needles,  and  when  dissolved  in  water,  yields  with  silver- 
nitrate,  first  chloride  and  then  sulphide  of  silver. 

▼AauOtAano  /LCZD.    Syn.  with  AMn>ovAi^itic  Acm  (p.  978). 

▼A&SRAMXBB.  G*H«O.H^.— The  primary  amide  of  valeric  add,  firet 
prepared  by  Dumas,  Malaguti,  and  Leblanc  (Gompt.  rend.  xxv.  475,  658),  and 
further  examined  byDessaignes  and  Chautard  (Ann.  Gh.  Pharm.  Ixviii.  338).  It 
is  produced  by  the  action  of  7  or  8  vols,  strong  aqueous  ammonia  on  1  vol.  ethylie 
valerate,  and  sublimes  on  evaporating  the  liquid  in  shining  lamin».   It  melts  at  100?, 


VALERAMINE— VALERIC  ACID.  975 

and  subKmes  at  a  somewhat  higher  temperatiure.  It  is  insoluble  in  wht&r,  giyes  off 
ammonia  when  boiled  with  aUums,  bat  is  not  decomposed  thereby  at  ordinary  tempe- 
ratures ;  when  heated  with  phosphoric  anhydride,  or  passed  in  the  state  of  yaponr  over 
red-hot  lime,  it  is  resolved  into  water  and  valeronitnle,  or  cyanide  of  tetiyl,  C^H'N 
(ii.  272).  Y/ben  ignited  with  potassium,  it  gives  off  hydrogen  and  carboretted  hydro- 
gen, and  forms  cyanide  of  potassium. 

▼  ATtMB  A  Ml  II JB.    The  name  originally  given  by  Wurts  to  amylamine. 

duced  by  the  action  of  valeric  anhydride  on  aniline.  Crystallises  in  lustrous  needles 
or  prisms,  sparingly  soluble  in  water,  easily  in  alcohol  and  ether.  Melts  at  115°,  and 
distils,  for  the  most  part  unaltered,  at  a  temperature  above  220°.  It  is  but  slowly 
attacked  by  caustic  potash,  and  it  is  only  by  fusion  with  hydrate  of  potassium  that  any 
appreciable  quantity  of  aniline  can  be  obtained  from  it.  (Chiozza,  Ann.  Ch.  Phys. 
[3],  xzzix.  201.) 

See  Yauebio  Acm  (p.  976). 

Syn.  with  Amtlbkb  and  with  Bobkkbnv. 

r.  The  root  of  Valeriana  offiehudis  contains  starch,  extractive  matter, 
resin  (about  6  per  cent.),  an  essential  oil,  valeric  acid,  and  the  ordinaxy  plant-consti- 
tuents. 

The  essential  oil  of  valeri  an  is  obtained  by  distillation  with  water,  1,000  pts. 
of  the  root  yielding  from  4  to  12  pts.  of  oil.  It  is  a  pale-yellow  or  greenish  liquid, 
having  a  strong  odour  of  valerian,  an  aromatic  taste,  and  strong  acid  reaction.  Specific 
gravity  »  0*90  to  0*93°.  Becomes  viscid  at  — 15°,  but  does  not  solidify  completely  even 
at  —  40°.  Begins  to  boil  at  about  200°,  the  boiling-point  gradually  rising  to  above  400°. 

Crude  valerian-oil  is  a  mixture  of  several  substances.  According  to  Pierlot  (Ann. 
Ch.  Phys.  [3],  Ivi.  291),  100  pts.  of  it  contain : 

25  pts.  campbene,  G'^*'  (bomeene,  valerene). 

6  pts.  valeric  acid. 
18  pts.  stearoptene  \ 
47  pts.  resin  l  or  70  pts.  valeroL 

5  pts.  water  j 

On  submitting  the  crude  oil  to  fractional  distillation,  a  yellowish  oil  passes  over 
between  120°  and  200°,  containing  nearly  all  the  valenc  acid  and  the  bomeene 
(i.  626);  afterwards,  accordiufi:  to  Gerhardt(Ann.  Ch.Phys.  [3],  vii.  275),  an  oxy- 
genated oil,  valerol;  according  to  Pierlot^  this  oil  may  be  resolved,  by  further 
fractional  precipitation,  and  distillation  over  potassium-hydrate,  into  a  camphor  or 
stearoptene,  a  resin,  valeric  acid,  and  water. 

▼A&BmXAWXO  or  VAIinUO  ACm.    C*H'«0*     ->     ^^^^lo.—DdfhmiC 

Acid,  Pkocenie  Acid,  BtUylearbonie  Acid,  Baldriansaure,  (Chevreul  [1817], 
Becherehee  sur  Us  corps  ffraa,  pp.  99,  209. — Grote,  Brandes' Arch,  xxxiii.  160. — 
Trommsdorf  f  and  Ettling,  Ann.  Ch.  Pharm.  vi.  176. — ^Dumas  and  Stas,  ilnd, 
XXXV.  145. — Balard,  t6u2.  liL  811. — ^Meyer  and  Zenner,  ibid,  Iv.  317. — Moro, 
ibid,  Iv.  330. — ^Bedtenbacher,  ibid,  lix.  41. — Hlasiwetz,  ibid.  Ixxi.  40.— 
Winckler,  Bepert.  Pharm.  xxvii.  169. — Kramer,  Brandes'  Arch.  xl.  269;  xliii.  21. 
•—P.  Morin,  J.  Pharm.  [3],  vii.  299.) — ^This  acid,  related  to  amylic  alcohol  in  the 
same  manner  as  acetic  add  to  ethylic  alcohol,  was  first  obtained  by  Chevreul,  in  1817, 
from  the  fat  of  Jklphinum Phocana,  and  thence  called  delphinic  or  phocenic  acid. 
Grote,  in  1830,  obtuned  from  essential  oil  of  valerian  an  acid  which  he  designated  as 
valerianicacid.  This  was  shown  by  Trommsdorff  and  Ettling  to  be  identical  with 
Chevreid*s  phocenic  acid,  and  the  same  acid  was  afterwards  produced  bv  oxidation  of 
amylic  alcohol,  by  Bumas  and  Stas,  who  established  its  composition  and  its  relation  to 
amylic  alcohoL 

Valeric  acid  appears  to  be  somewhat  widely  diffhsed  in  the  vegetable  kingdom, 
being  found  in  ralerian-root,  angelica-root,  the  root  of  Athamanta  oreoseUnuTn,  the  fruit 
and  bark  of  the  ^elder  rose  0^ibttmum  Opulus),  the  bark  of  the  elder-tree,  and  in 
many  plants  of  the  composite  order.  It  is  also  found  in  many  animal  oDs  and  other 
animal  secretions.  It  is  a  firequent  product  of  the  oxidation  of  fats  and  of  the  putre- 
faction of  albuminous  substances,  &c  Amylic  alcohol  yields,  by  oxidation,  valerianic 
acid,  together  with  valeral  and  amylic  valerate. 

Preparation. — Bj  oxidation  of  amylic  alcohol. — A  mixture  of  1  pt.  amylic  alcohol  and 
2  pts.  strong  sulphuric  acid  is  allowed  to  flow  slowly  into  a  solution  of  5  pts.  acid  potas- 
sium-chromate  in  water ;  and  when  the  first  action,  which  takes  pliice  spontaneously,  is 
over,  the  mixture  is  heated  for  some  time  in  a  Hunk  provided  with  a  verticnl  condcns- 
ing-tube,  in  oi-der  to  convert  the  valeral  produced  in  the  first  instance  into  valeric  acid. 
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The  liquid  is  tlieii  distilled ;  the  distillate  saturated  witli  carbonate  of  sodimn ;  th» 
amylic  valerate  contained  in  it  is  distilled  off;  and  the  dry  residue  of  sodium-Talerala 
is  dissolved  in  an  equal  weight  of»  water  and  distilled  with  sulphuric  acid  (|^  to  }  pC 
oil  of  vitriol  to  1  pt.  sodium-salt).  The  distillate  consists  of  an  aqueous  solutioiv  of 
valeric  acid,  surmounted  by  an  oily  layer  consisting  of  a  definite  hydrate,  C*H'*0*.HH>, 
from  which  the  pure  acid  or  hydric  valerate,  C*H"0*,  may  be  obtained  br 
rectification,  a  milky  aqueous  distillate  passing  over  at  first,  and  afterwards,  at  175  , 
the  pure  acid,  in  the  form  of  a  clear  oily  liquid. 

Properties. — ^Pure  valeric  acid,  or  hydric  valerate,  is  a  colourless  mobile  oil,  having 
a  sour  burning  taste,  and  a  strong  peculiar  odour,  like  that  of  valerian-oil,  some- 
what also  like  that  of  butyric  acid  and  decayed  cheese.  Specific  gravity '  «■  0*9S7  at 
16''  (Dumas  and  Stas) ;  09378  at  IQ-fi*',  and  0-9665  at  0^  (Kopp) ;  0*9558  at  15«> 
(Mendelejef).  Index  of  refraction,  1*3952  (Delffs).  It  is  active  or  inactive  to 
polarised  light,  according  as  it  has  been  prepared  from  active  or  inactive  amylic  alcohol : 
the  active  modification  produces  a  rotation  of  17°  to  the  left  in  a  tube  60  centimetz«a 
long  (Fedler,  Chem.  Soc  J.  zxi.  74)-  It  remains  liquid  and  transparent  at  — 15% 
makes  transient  grease-spots  oo  paper,  boils  at  175^  (Dumas  and  Stas;  Perain): 
at  175*8°  under  a  pressure  of  746  mm.  (Kopp).  The  specific  gravity  of  its  vapour, 
when  determined  at  a  sufficiently  high  temperature,  is  3*66 ;  calc  for  2  vols.  ~  3*53. 

Hydric  valerate,  (CH^^'O'),  dissolves  in  30  pts.  water  at  12°,  mixes  in  all  propordoos 
with  alcohol  and  ether,  and  dissolves  abundantly  in  strong  acetic  acid.  It  dissolves 
water,  and  forms  an  oily  hydrate,  C*H'*0*.H*0  (commonly  called  the  trihydrate,  from 
having  been  regarded  as  C'*H**0'.3H'0),  which  separates  on  decomposing  a  valerate 
with  sulphuric  acid  not  too  much  diluted ;  or  on  adding  chloride  of  calcium,  or  other 
dehydrating  salt,  or  phosphoric  anhydride,  to  an  aqueous  solution  of  the  acid.  This 
hydrate  is  oily,  like  the  pure  hydric  valerate,  but  has  a  higher  specific  gravity  (0-950, 
according  to  Trautwein),  and  a  lower  boiling-point;  when  it  is  heated,  aqueous 
valeric  acid  first  passes  over,  and  afterwards  pure  hydric  valerate. 

Valeric  acid  mixes  with  oil  of  turpentine,  and  dissolves  phosphorus,  camphor,  and 
some  resins. 

DeoomposUioM, — 1.  Valeric  acid  vapour  passed  through  a  red-hot  tube,  is  resolved 
into  carbonic  oxide,  carbonic  anhydride,  and  a  mixture  of  hydrocarbons  of  the  olefins 
group  (ethylene,  tritylene,  and  tetiylene),  sometimes  also  mixed  with  marsh-gas 
(Hofmann,  Chem.  Soc.  Qu.  J.  iii.  121). — 2.  'WYien.Ka  deetric curreiUhs  passed  throngk 
a  solution  of  potassic  valerate,  the  valeric  acid  is  resolved,  with  absorption  of  oxygen 
into  tetryl  and  carbonic  anhydride : 

20*H»^«  +  O     «    era"  +  2C0«  +  HH). 
Valeric  Tetryl. 

add. 

The  tetiyl  is,  however,  converted  by  further  oxidatioa  into  tetiylene  and  water : 

0»H»  +  O     «    2C*H«  +  HK); 

or  it  is  oxidised  to  tetrylic  oxide,  (0*3^)^0,  which  then  reacts  with  the  valeric  add 
to  form  teti^lie  valerate  (Kolbe,  Ann.  Oh.  Pharm.  Ixix.  257).—  3.  By  poUatie  per* 
manganaU  m  alkaline  solution,  valeric  acid  is  oxidised  to  carbonic  acid,  oxalic  add, 
butyric  add,  and  its  lower  homologues,  together  with  a  volatile  solid  add,  perbaps 
angelic  acid  (Neubauer,  Ann.  Ch.  Pharm.  cvi.  59). — 4.  Valeric  acid  dissolves,  with 
evolution  of  neat,  in  strong  stdphwric  acidy  apparenUv  forming  a  conjugated  add. — 
5.  Strong  nitric  acid  slowly  converts  it  into  nitrovalenc  acid. — 6.  With  chlorine  and 
bromine  it  also  forms  substitution-prodacts.  It  dispolves  iodine,  but  without  forming 
an  iodatedacid. — 7.  With  pentachloride  or  oxychloride  of  phosphorus,  it  forms  valeric 
diloride  or  valeric  anhydride.— 8.  When  heated  inih  pcntasulphide  of  phosphorus^  it 
forms  thiovaleric  acid,  a  liquid  having  an  extremely  offensive  odour,  and  probably 
consisting  of  G«H<"OS.    (Ulrich,  Ann.  Ch.  Pharm.  ex.  281.) 

Valerates. — ^Valeric  acid  is  monobasic,  forming  neutral  salts,  C^H'MO^  and  a  few 
acid  and  basic  salts.  The  valerates  are  produced  by  direct  saturation.  They  are 
unctuous  to  the  touch,  inodorous  when  dry,  but  smell  of  valeric  acid  when  moist,  espe- 
dally  if  they  are  also  warmed ;  they  have  a  sweetish  taste,  with  somewhat  pungent 
after>taste.  Most  of  them  dissolve  in  water,  a  few  also  in  alcohol ;  many  of  them 
rotate  on  the  water  in  the  act  of  dissolving.  By  dry  distillation,  they  yield  chiefly 
valerene  and  valerone.  A  mixture  of  valerate  and  formate  subject  to  dry  distillation 
yields  valeral;  a  mixture  of  valerate  and  acetate  yields,  in  like  manner,  methylvaleral 
(p.  975).  The  soluble  valerates  are  decomposed  by  the  electric  current,  with  forma- 
tion of  carbonic  acid,  tetrylene,  and  tetrylic  valerate. 

Valerates  are  decomposed  by  mineral  acids  and  by  many  organic  acids :  e.g.  acetic, 
tartaric,  citric,  malic  acid,  &c.,  with  separation  of  valeric  acid.  Butyric  acid  does  not 
decompuse  them ;  on  the  other  hand,  butyrates  heated  with  valeric  acid  yield  free 
butyric  acid.    On  this  reaction  i«  founded  a  method  of  separating  butyric  and  valeric 
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aetds,  by  paztial  satoreiion  with  potash,  wliereby  only  valerate  of  potaasinm  is^  at  first 
prodaceo.  When  a  mixture  of  acetic  and  valeric  acids  is  partiiuly  neutralised  witii 
potash,  and  heated,  acid  acetate  of  potassium  remains  behind.  (Liebig,  see  Analtsts, 
i.  260,)  Valeric  acid  is  further  distinguished  from  butyric  acid,  which  it  resembles  in 
many  respects,  by  the  behaviour  of  its  cupric  salt  {infra). 

Valerate  of  AmmoniunL,  C^H*(NH*)0',  easily  gives  off  amnoonia  when  heated. 
It  dissolyes  freely  in  water  and  in  alcohol.  When  heated  with  phosphoric  anhydride, 
it  3rields  raleionitrile.  This  salt  is  formed  in  the  putrefaction  of  organic  bodies,  and  is 
a  frequent  constituent  of  mouldy  cheese. — TLhepotaesium-ealt,  &H*KO',  solidifies 
on  eyaporation,  to  an  amorphous,  white,  deliquescent,  saline  mass,  having  an  alkaline 
reaction,  very  soluble  in  water  and  in  string  alcohd,  soluble  in  lees  tiian  3*9  pts.  of 
absolute  alcohol  at  20°.  It  melts  at  140°,  and  decomposes  at  a  stronger  heat.  When 
distilled  with  arsenic,  it  ^elds  a  heavy,  oily,  alliaceous,  fuming  liquid,  probably  the 
caoodyl  of  valeric  acid  (Gibbs,  Sill.  Am.  J.  [2],  zv.  118). — The  sodnmreaU  crystal- 
lises, by  spontaneous  evaporation  in  dry  air  at  32°,  in  cauliflower-lilce  masses,  extremely 
deliquescent^  reiy  solume  in  water,  and  even  in  absolute  alcohol,  melting  at  140^. — 
The  litkium-ealtf  20*H"LiO*.HK),  czystallises  from  the  syrupy  solution,  in  spherical 
warty  masses. 

Valerate  of  Barium,  C'*H'*Ba*0*.2H»0,  o^tallises  by  spontaneous  evaporation 
in  shining,  easily  friable  crystals,  which  dissolve  in  2  pts.  water  at  16°,  in  1  pt.  at  20^, 
exhibiting  a  very  brisk  rotation,  and  are  sparingly  soluble  in  alcohol.  They  give  off 
from  2  to  24  per  cent  water  on  expoenre  to  the  au:  at  26°,  the  rest  fabout  7  per  cent.) 
when  heated;  the  dry  salt  decomposes  at  a  dull  red  heat,  giving  on  an  inflammable 
gas,  probably  tetiylene,  yielding  a  strong-smelling  distillate  of  valeral,  with  a  litUe 
valerone,  and  leavi^carbonate  of  barium  mixed  with  a  little  charcoal. — Thecalcium^ 
salt,  C"ff'Ca''0*.H*0,  crystallises  by  slow  evaporation  in  stellate  ^ups  of  prisms 
and  needles,  easily  soluble  in  water  and  in  ordinary  alcohol,  sparingly  soluble  in 
absolute  alcohol,  melting  with  deoompcnition  at  160°.  A  mixture  of  6  pts.  inalerate  of 
calcium  and  1  pt  lime  yields,  by  dry  distillation,  a  mixture  of  valerone  and  valeral. — 
The  s^ron^-ittm'Sa^^  crystallises  in  four^ded  tables. — The  magnesium-salt  is 
obtained,  by  slow  evaporation,  in  tufts  of  transparent  prisms,  moderately  soluble  in 
water,  slightly  soluble  in  alcohol. 

The  cupric  salt  separates  from  the  blue-green  solution  of  cupric  carbonate  in  the 
aqueous  add,  in  green  monoclinic  prisms  containing  C**H"Cu  0^.H'0,  soluble  in 
water  and  in  alcohol.^  When  concentrated  valeric  acid  is  added  to  a  solution  of  cupric 
acetate,  and  the  liquid  agitated,  anhydrous  cupric  valerate  separatee  after  a  while  in 
oily  drops,  which  in  fiye  to  twenty  minutes  change  into  a  greenish-blue  crystalline 
powder  of  the  hydrated  salt  According  to  Larocque  and  Huraut  (J.  Pharm.  [3] 
IX.  430)^  this  reaction  distinffuishes  valeric  from  but^c  acid,  which,  when  added  to 
cupric  acetate^  immediately  forms  a  crystalline  precipitate. 

Iron-salts, — Neutral  ferric  valerate  has  not  been  obtained  in  the  separate  state. 
Valerate  of  sodium  added  to  ferric  chloride,  throws  down  a  mixture  of  neutral  and 
basic  salt,  which,  after  drying,  forms  a  dark  brick-red,  amorphous  powder.  Iron 
dissolyes  in  aqueous  valeric  acid  with  evolution  of  hydrogen,  forming /^rrfn^  vdleraie. 

Lead-sal ts.^'The  neutral  salt,  C'*Hl"Pb''0^  separates  from  solution  b^  slow  eva- 
poration, in  shining,  easily  fusible  luomsB.—Abasiesalt,  C'®H*'Pb"0*.2PbO,  is  obtained, 
by  treating  yaleric  acid  with  excess  of  lithai]^,  exhausting  with  cold  water,  and  eya- 
porating  t£e  filtrate  in  a  yacuum  oyer  oil  of  vitriol,  in  henuspherical  groups  of  shining 
needles,  infusible  and  sparingly  soluble  in  water. 

Mercury -sa  lie, — ^The  neutral  mercuric  salt  separates,  on  mixing  mercuric  chloride 
with  yalerate  of  sodium,  in  slender  white  needles,  which  are  also  deposited  on  boiling 
the  basic  salt  with  water,  and  leaving  the  filtrate  to  cool.  The  basic  salt,  which  has  a 
red  colour,  is  obtained  by  moderately  heatiuff  the  neutral  salt^  or  by  dissolving  mercu- 
ric oxide  in  warm  concentrated  valeric  acid.  It  is  insoluUe  in  cold  water,  and  is 
deoompoeed  by  boiling  water  into  the  neutral  salt  and  a  red  residue. — The  merourotis 
salt  separates  in  small  needles  from  a  solution  of  mercurous  oxide  in  hot  concentrated 
yaleric  acid. 

The  silver-salt,  OH'AgO',separates on eraporation,  in  white  shining  laminae.  On 
adding  an  alkaline  yalerate  to  nitrate  of  silyer,  a  curdy  precipitate  is  formed  which 
gradually  becomes  crystalline.  The  salt  blackens  on  exposure  to  light,  and  is  decom- 
posed by  heat 

Zinc -salt,  CH'^Zn'O^ — Metallic  rinc  dissolyes  slowly  in  aqueous  valeric  acid. 
The  aqueous  acid  saturated  by  boiling  with  zinc-carbonate  and  filtered  hot,  deposits 
the  anhydrous  zinc-salt  in  nacreous  scales  resembling  boric  acid.  The  same  salt  is 
obtained  by  precipitation.  According  to  Dndou,  it  dissolyes  in  60  pts.  cold  and  40  pts. 
boiling  water,  in  17*6  pts.  cold  and  16*7 pts.  boiling  alcohol;  according  to  Wittstein, 
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it  dissolTes  in  90  pts.  cold  water,  in  60  pts.  cold  alcohol  of  80  per  eeni.,  in  5MplaL 
cold  and  200  pts.  boiling  ether.  The  aqneons  solution  gives  off  yaleric  acid  on  hoSJia^ 
The  salt  melta  at  140"^,  and  decomposes  at  a  higher  temperature. — ^A  i^raiei  soft, 
G'*H*'Zn''0M2H^,  is  obtained  by  mixing  equivalent  quantities  of  hydric  ralente  sad 
recently  precipitated  zinc-carbonate  with  a  small  quantity  of  water,  and  drying  at  a 
gentle  heat.  It  does  not  differ  in  appearance  drom  tbeanlnrdKms  salt,  girea  altSO.  iSm 
crystallisation-water  at  100°,  and  dissolres  in  44  pts.  of  coid  water,  the  aolvtioii,  vkea 
evaporated,  yielding  crystals  of  the  anhydrous  salt  (Wittstei  n).  Yaleiate  of  ame  m 
used  as  a  remedy  in  nervous  disorders.  The  commercial  salt  is  said  to  be  arwnitiinn 
contaminated  with  butyrate,  the  presence  of  which  may  be  detected  by  aeparafi^g  tk§ 
acid,  and  testing  with  acetate  of  copper  in  the  manner  already  described  (p.  977). 

AanUtovatoHe  AoM.  0*H"NO*  -  C*H*(NH*)0«.   V4ieramie  Aeid.     Vi 


AM,—Thw  add,  which  mig^  also  be  reguded  as  otcyvOeramie  tteid,  (CFSPOy  V^  was 

found  by  Gorn'p-Besanea  (Aqb.  Gh.  Fhann.  xeviii.  16),  tcnsliier  wilh  leodas 
(amidocaprio  acid)  in  the  pancreas  of  an  oz.  It  is  |»rodaoed  aitiAoially  bj  tks 
action  of  ammonia  on  an  alcoholic  solution  of  bromovalene  add : 

C»H^rO«  +  2NH«     -     C»H"NO*  +  NH^r. 

(Cahours,  Ann.  Ch.  Fharm.  SuppL  ii.  83. — ^Fittig  and  Clark,  Zeitaefar.  t  dioa. 
1865,  p.  503).  It  might  probably  also  be  formed,  dmilsxly  to  the  homologoas  ™^* 
adds,  by  redudng  nitrovaleric  acid  with  sulphydric  acid,  and  by  the  acti<m  of  faydzo- 
cyanic  and  hydrochloric  adds  on  butyral. 

Amidovaleric  add  was  prepared  fi»m  the  pancreas  of  the  ox  by  extractioii  witli  ^'wM 
water.  The  solution  was  bdled,  the  filtrate  mixed  with  excess  of  baiyta-water  to 
separate  phosphoric  acid,  and  the  filtrate  evaporated  to  a  syrup  over  the  water-bath; 
whereupon  it  aeposited  a  mixture  of  leucine  and  amidovsleric  add,  which  -veze  sepa- 
rated by  Pactional  solution  in  alcohol  of  specific  gravity  0'82,  the  amidovaleric  %n^ 
bdng  much  less  soluble  than,  the  leudne.  It  was  ultimately  purified  by  reoTatallitt- 
tion  irom  strong  alcohol. 

Amidovaleric  acid  closely  resembles  leudne  (amidoeapric  add),  but  is  lees  aolnhleai 
water  and  in  alcohol,  espedally  in  the  latter ;  it  is  ins^uble  in  ether.  It  unites  with 
acids,  forming  crystallisable  compounds,  which  are  mudi  more  soluble  than  the  cone- 
sponding  leudne-salta.  It  dissolves  easily,  and  without  decompodtion,  ia  aqueocs 
alkalis,  forming,  for  the  most  part,  crystallisable  compounds. 

When  heated  in  a  glass  tube,  it  melts  and  sublimes,  with  partial  deeompodtion, 
giring  off  alkaline  vapours  having  a  strong  odour  of  herring-pidde,  probably  tetiyl- 
amine.    When  heated  in  the  air,  it  bums  quickly  with  a  bluish  flame. 

Bromowalerlo  Aeid,  G^H*BrO*.»Produced  by  the  action  of  bromine  on  valeric 
acid  at  140® — 160®  (Cahours,  Ann.  Ch.  Fharm.  Suppl.  ii.  74),  or  on  valerate  of 
silver  (Borodine,  ^id,  cxix.  121).  It  is  a  colourless  heavy  oil,  baring  a  pungeot 
odour,  and  boiling,  according  to  Cahours,  between  226®  and  280®,  without  perc^pSble 
decomposition  ;  according  to  Borodine,  on  the  other  hand,  it  is  decomposed  by  boOinft 
giring  off  hydrobromic  acid,  yielding  a  distillate  containing  valeric  add,  and  apparent^ 
valeral,  and  learing  a  carbonaceous  reddue. 

Bromovaleric  add  separates  valeric  add  from  valerates.  Its  compounds  with  the 
alkalis  and  alkaline  earths  are  easily  soluble  and  not  ciystallisable.  Tlie  sjlwuli 
is  white,  insoluble,  and  very  unstable.    (Borodine.) 

This  add  is  easily  ethtfified ;  its  ethylie  ether  boils  between  190®  and  194^. 

Olilorowalerlc  Aolds.  TncMorotHderie  or  CMorovaierigh  aeid,  C^H'OPO* 
is  formed  by  pasdns  chlorine-gas  into  hydric  valerate  in  the  daa»k,  the  liquid  being 
cooled  at  firvt,  and  afterwards  warmed  to  50®  or  60® ;  the  excess  of  chlorine  is  expelled 
by  a  stream  of  carbonic  anhydride.  Trichlorovalerio  add  is  an  oily  liquid,  very  risdd 
at  -18®;  not  very  mobile  at  ordinary  temperatures,  but  perfectly  mobile  at  30®.    It  is 

inodorous,  has  a  sharp  burning  taste,  is  hearier  than  water,  and  decomposes  at  110® 

1 20®,  with  evolution  of  hydrodbloric  add.  In  contact  with  water  it  forms  a  very  fluid 
hydrate,  which  sinks  to  the  bottom  of  the  water.  The  add  dissolves  in  aqueous  alka- 
lis, but  is  precipitated  therefrom  by  acids  in  its  original  state.  The  aqueous  solittioo 
forms,  with  nitrate  of  diver,  a  predpitate  soluble  in  nitric  add.  (Dumas  and  Staa.) 


action 

asdsted 

a  sharp,  burning,  bitter  taste,  heavier  than  water,  not  solidifying  at  — 15®,  not  volatil^ 

deoompomng  when  heated  above  150®.    It  unites  with  water,  forming  an  oily  hydrate^ 
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OH^01H3'.H*0,  and  dieeolves  in  a  large  quantity  of  water,  oatdlj  alio  in  alcohol  and 
ether.  The  solutions,  after  a  while,  contain  free  hydrochloric  acid.  The  add  is  easily 
de<sompo8ed  by  fixed  alkalis,  bat  not  by  ammonia. 

Tetnchlorovalerie  acid  decomposes  carbonates.  The  alkaline  tetrachloro'valarates 
axe  easily  soluble  in  water;  the  rest  insoluble  or  sparingly  soluble. — ^The  tUver'^aU, 
OH.*AgQ^0',  obtained  by  precipitation  from  the  ammonium'Salt,  is  white,  slightly 
eolnble  in  water,  easily  in  nitrie  acid;  the  solution,  when  exposed  to  light, deposits 
cblcmde  of  silver.  The  drr  salt  deoomposes  slowly  in  the  dark,  foimine  ehlonde  of 
silver,  uid  a  substance  which  makes  grease-ipots  on  paper— probably  trichJoroxyralerie 
adkl,  G^H'Cl'O*.    (Damas  and  S  t as.) 

anftrovalerio  JLold,  C*H*(NO*)0*.  (Dessaignes,  Ann.  Ch.  Phann.  Ixix.  274.) 
^Formed  by  the  action  of  strong  nitric  acid  at  the  boiling  heat  on  ralerie  add ; 
cxjstallises  from,  the  add  solution  in  thin  needles,  from  water  in  rhombic  plates.  It 
sublimes  at  100°,  but  its  boilinjg-point  is  roudi  higher. — Nitrovaieraie  of  lead  is  easily 
solnble,  and  crystallises  in  thm  prisms. — ^The  jerrio  salt  is  insoluble,  and  zesembles 
fenric  soediiate. — Hie  ba/nmiif  and  ealdum-Mlis  are  Teiy  scduble,  the  latter  ciystal- 
lisiaff  in  needles.-^The  silver-sali,  0*H*Ag(K0*)O%  dystallisee  fxom  boiling  water  in 
sLender  prisms. 

I>eBsaignes  is  of  opinion  that  the  add  designated  as  nitrovalerie  add  may  perhaps  be 
nitro-angelic  add,  G«H'(NO')0*. 

MEb.    See  Valbbiav  (p.  976). 

[O  JLMMMftTDM*    Syn.  with  Valeilll  (p.  973). 

CO  AMVnmXDM.  C»«H»W  «.  (C*H»0)»0.  Vafirie  Oxide,  Fale- 
ric  Valerate.  Anhydrous  Valeric  Acid.  (Ohiozza,  Ann.  Ch.  Phann.  Ixxxiv.  106.) 
— ^Prepared  by  decomposing  6  at.  diy  valerate  of  potassiimi  with  rather  more 
than  1  at.  ozyehloride  of  phosphorus,  and  purified  by  washing  the  distillate  with  carbo- 
nate of  sodium,  dissolving  it  in  ether,  and  evaporating.  It  is  a  colourless,  moderately 
mobile  oil,  not  misdble  with  water.  When  recently  prepared  it  has  a  fiidnt  and  not 
unpleasant  odour  of  apples,  bat  when  rubbed  between  the  fingers,  it  emits  the  ofien- 
sire  odour  of  valeric  add.  Spedfle  gravity  ->  0*934  at  15<^.  BoiUng-point,  216°. 
Vapour-dendty  »  6*23.  It  slowly  absorbs  water,  and  is  converted  into  valeric  add. 
When  heated  with  an  alkali^  it  is  instantly  converted  into  a  valerate.  On  gently 
warming  it  with  a  smaU  quantity  otpotassio  karate,  a  violent  action  takes  place,  and 
free  valeric  add  is  formed  as  well  as  potassie  valerate : 

(C»H«0)K)  +  KHO     -    0»H»O.K.O  +  C»H«O.H.O. 

With  alcohol  it  quiddy  forms  ethylic  valerate ;  hence  the  etbw  used  in  purifying  it 
must  be  free  from  aloohoL — ^By  ammonia  it  is  quiddy  converted  into  valeramide  ;  by 
anUme  into  valeranilide. 

Benzovalerie  anhydride,  C'H*0.OH*0.0,  is  piodnoed  by  the  action  of  benzoic 
chloride  on  potassie  valerate  (i.  658),  and  other  double  anhydrides  containing  vaJeiyl 
may  be  formed  in  a  similar  manner. 

▼A&BSZO  BXOBIiaa»  C*H*OBr,  is  podueed  by  the  action  of  phosphoric  pen- 
tabromide  on  valeric  add.    It  is  a  liquid  boiling  at  1 43^.    (B  Ac  h  a  m  p.) 

▼AUBBXO  CMEMBXBM^  G*H*0C1,  is  produced  by  the  action  of  phosohoric 
oxyehloride  on  valerate  of  sodium  (IColdenhauer),  or  of  phosphorous  chloride 
on  valeric  add  (B  ichamp).  It  is  a  eoburless,  mobile,  fuming  liquid,  having  a  med- 
fic  gravity  oif  1*006  at  6^,  and  boiling  between  116^  and  120® ;  easily  decompossa  Vf 
water  into  hydrochloric  and  valeric  add.  (BAchamp,  Gompt  rend.  xlii.  224. — 
Moldenhauer,  Ann.  Ch.  Phann.  civ.  111.) 

▼A&XBIO  BTKSRS*  The  valerates  of  methyl,  ethyl,  and  am jl  are  prepared 
by  distilling  valerate  of  sodium  with  sulphuric  add  and  the  ootrespoiiding  a1coh<d8. 

Met  hylic  Valerate,  C*H\OH*)0*,  is  a  colourless  liquid,  having  an  odour  like  that 
of  wood-spirit  and  valerian  together.  Spedfic  gravity  «  0*8869  at  16° ;  0*9016  at  0^. 
Boils  at  116^^.    I^edfic  heat  (between  46®  and  21®)  -*  0*491.  (Eopp.) 

Ethylic  Valerate,C^B.\0^^)0,  is  a  colourless  liquid,  having  a  fruity  odour,  also 
like  that  of  valerian.  Spedficjiavity  -  0*866  at  18®  (Kopp),  0*894  at  0®  (Otto). 
Index  of  refraction  -*  1*3904  (Delffs).  Boils  at  133®  (Otto;  Kopp;  Bert  helot); 
at  131®  (Delffs).  Dissolves  sparingly  in  water,  eadly  in  alcohol.  Ammonia  converts 
it  into  valeramide. 

Ethylic  valerate  dissolves  sodiam,  with  little  or  no  evolution  of  lijdrogen.  Wan  k- 
lyn  (Chem.  Soc  J.  xvii.  371),  by  heating  2  grms.sodimn  with  6  grms.  ethylic  valerate 
SAd  7*6  grms.  pure  ether,  obtained  an  oily  body,  having  approximately  tJie  composition 
of  valeryl: 

2(C»H»0.C«H*.0)  +  Na«     w     2C«H»NaO  +  (C*H»0)'. 
Ethylic  valerate.  Sodium-ethjUts.        Valeryl. 

3b  2 
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Gent  b«r  and  Or«iiier  ^Jabmb.  1866,  p.  319)oliUhifd  no  xwIbtjU  boUhe 

■ftlt  of  A  erjw/UJ^^mWt  acid,  and  an  oily  body,  wbiefa,  when  diatillcd,  ji«]ded,  i 

pal  prodoct,  a  liquid  boiling,  lika  tbe  ao-caUed  diamjlTaleial  (p.  974X  beiWeca  2M^ 

aad  260^. 

Amyiie  Valerate^  C*H*(C*H")0,  is  prepand  m  abore,  and  ia  lik^viae  fonaed  ta 
tbe  preparation  of  valcrie  acid  by  ozidiaing  amylic  akofaol  witb  aolphnric  acid  and 
potaaeic  duomate^  being  contained  in  tbe  oily  liqoid  aeparated  from  the  valente  ef 
aodinm  (p.  976).  It  ia  an  oily  liquid,  haTing  an  agrwable  frnity  odoor.  Specifie 
giaTity  -  0-8646  at  17^.  Boiling-pmnt  187^  to  188^  (Kopp);  196^  (B»lardV 
vapour-density  »>  6*1.  A  solution  of  tbis  eUier  in  6  to  8  pts.  alccrfiol  ban  a  atioag 
odoor  of  apples,  and  is  used  for  aromatising  sugar,  &e. 

Cetylic  Valerate,  C*H*(C>«H»)0,  bas  a  8peci6c  gnmty  of  0-862 at  20o,  ndU  at 
26^,  aolidiflea  i«ain  at  20^  and  boils  at  280<'->290O.  (RDoUfna^  Ann.  Ch.  ~ 
czzxi.  283.) 

▼A&XtoXO  lOMBa,  0*H*OI,  is  prepared  hj  distilling  an  anfaydroiis 
with  iodide  of  phosphorus,  and  rectifying  the  distillate  over  mareufy.  It  is  a  beaij 
neaily  colourless  liquid,  boiling  at  108^,  quidcly  deoompoaed  by  vater  and  bj  alcnhal 
(Ca hours,  Compt.  rend.  zlir.  1262.) 

VAXaBlO  OZIBBS.  The  pnOogfde,  (C*H*0)*0,  baa  been  alreadj  deacribed  as 
Taleric  anhydride  (p.  979). 

Valerie  Peroxide,  Ci«H*"0«»(C*HK))*0',  is  produced  by  tbe  action  of  hydnrted 
barium-peroxide  on  raleric  anhydride.  It  is  a  heaTy  oily  liquid,  ali^tly  aohible  ia 
water,  exploding  slightly  when  heated,  and  acting  as  an  oxidising  agent  when  suspended 
in  water.    (Brodie,  Proc.  Boy.  Soc  xii.  656.) 

▼AluntZVS*  Olycerides  produced  by  heating  valeric  add  with  glyeenn.  The 
delphinin  or  phocenin  which  CheTreul  obtained  by  treating  dolphinHHl  witb  alcohol, 
was  probably  a  mixture  of  triralerin  with  monoralerin  and  divalerin. 

Monovalerin,  C»H'«0«  -  (C«H»)"(HO)«^C»HW)  -  C*H»H)«  +  C«H«0»  -  WO, 
— ^Produced  b^  heating  valeric  acid  with  excess  of  glycerin  to  200^  for  three  bovzs. 
and  purified  with  potash-ley,  &e.  in  the  usual  way.  It  is  also  fonned  bj  Uia  actioa 
of  hydrochloric  acid  gas  on  a  mixture  of  glycerin  and  valeric  add.  Oily  neutral  liquid 
having  a  &int  odour,  and  a  specific  gravity  of  1*100  at  16^.  Mixes  witb  half  its  bulk 
of  water  to  a  dear  liquid ;  separates,  on  addition  of  more  water,  and  mixes  witb  100 
vols,  water  to  a  liquid  having  the  character  of  an  emulsion.  By  contact  witb  the  air 
for  some  weeks  it  becomes  acid,  and  then  contains  fr^e  valeric  add,  but  the  alteration 
is  not  attended  with  any  perceptible  absorption  of  oxygen.  Alcohol  and  hydrochlorir 
add  decompose  it,  even  in  the  cold,  forming  ethylic  valerate  and  glycerin.  Aqaeoss 
ammonia  slowly  converts  it  into  valeramide. 

Divalerin,  C'«H"0»  -  (C'HT.HO.CC'HH)')*  -  C«HW«  +  2C^"H>»  -  2H^. 
—Produced  by  heating  glycerin  with  valeric  add  to  275^.  Oily  liquid,  having  a  dis- 
agreeable flaby  odour  and  a  bitter  aromatic  taste.  Spedfic  gravity  »  1*069  at  16^. 
Solidifies  at  —40^,  but  remains  soft  and  transparent;  does  not  mix  readily  with 
water.    Its  reactions  are  similar  to  those  of  monovalerin. 

Trivalerin,  C»*H«0«  -  (C^»y"(C*fi*0«)«  -  C»H«0»  +  30»H»H)*  -  8H«0. 
— ^Produced  by  heating  divalerin  to  220°  with  8  or  10  times  its  weight  of  valeric  add. 
It  is  a  neutral  ofly  liquid,  having  a  fiunt  unpleasant  odour,  insoluble  in  water,  but 
soluble  in  alcohol  and  ether;  decomposed  by  alcohol  and  hydrochlorie  add  like  tbe 
other  valerins.    (B  er t  h  e  1  o  t) 

▼AliSBISIO  ACJIBBv  in  the  nomenclature  of  Laurent  and  others,  are  subatitn- 
tion-products  of  valeric  acid,  in  which  3  at.  hydrogen  are  replaced  by  cbloriiie  or 
other  radicles,  e.ff,  ehlorovalerisic  add,  C^H'Cl'O'.  In  like  manner,  those  prodncts  in 
which  4  at  hydrogen  are  thus  replaced,  are  called  valerosic  acids. 

VAXdnt09X0X&0SBT]>»IW,  (C*H*)'"(C»H*0)0G1<,  is  produced  b^  heating 
epichlorhydrin  (i.  894)  with  chloride  of  valeryl  to  100^.  It  is  a  mobile  liquid,  smell- 
ing  like  amylic  acetate,  having  a  spedfic  gravity  of  1*149  at  11^,  and  bdling  at  346^, 
under  a  pressure  of  787  mm.    (Truchot,  Ann.  Ch.  Pharm.  cxxxviii.  297.) 

(C»H»)- ) 
VAXiaXOaSiTOSKA&.    C^>*0*  »  H    fO*    -    C*H*0*  +  C*H*H>  - 

H*0. — A  compound  analogous  to  acetal,  produced  by  heating  glycerin  with  valeral  to 
170**— 180<»  for  24  hours.  It  is  a  liquid  boiling  between  224®  and  228°.  Specific 
gravity  =■  1027  at  0°.  Vapur-density,  obs.  «  6*626  ;  calc.  «  8*644.  It  is  inso- 
luble m  water,  has  only  a  faint  odour,  but  is  decomposed  by  moist  air,  and  then  emits 
an  odour  like  that  of  valeral.  (Harnitz-Harnitzky  and  Menschutkin,  Ann. 
Ch.  Pharm.  cxxxvi.  126 ;  Jahresb.  1865,  p.  606.) 
Similar  compounds  are  obtained  with  acetic  and  benzoic  .aldehydes. 
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C*H'*>0? — The  neutnl  oxygenated  conetitaent  of   Taleriaa-oil 

p.  976).    It  was  fint  prepared  and  examined  by  Qer bar dt  (Ann.  Ch.  Fhys.  [3],  Yii. 

276),  and  afterwaids  fonnd  by  Personne  (Ck>mpt.  rend,  xxxrii.  809)  in  the  Yolatile 

oil  of  Inpnlin.    It  is  prepared  by  rapidly  dzBtilling  valerian-oU  in  a  stream  of  carbonic 

anhydride,  whereupon  bomeene  (Talerene),  bomeol,  and  Taleric  acid  pass  OTer  firsts 

aad  afterwards  TaleroL    The  latter  is  heated  to  200^,  for  some  time,  in  an  atmosfdiers 

of  carbonic  anhydride,  then  cooled  in  ice,  and  the  valerol  which  crystallises  ont  is 

^washed  with  aqiieoos  sodic  carbonate,  rectified  several  times  in  carbonic  anhydride, 

and  crjrstallised  by  cooling  (Gerhardt).    According  to  Pierlot  (Ann.  Ch.  fhys. 

[31,  In.  204),  it  must  be  diBtilled  over  hydrate  of  potassium,  to  free  it  completely  from 

Taleric  acid. 

Yalerol  aqretallises  at  0^  in  cdlonrless  transparent  prisms.  It  melts  at  20^,  then 
remains  liquid  at  ordinary  temperatures,  and  does  not  solidify  till  cooled  to  0^.  In  the 
liquid  state  it  floats  on  water.  It  is  slightly  soluble  in  water,  easily  soluble  in  alco- 
hol, ether,  and  volatile  oils.  According  to  Pierlot,  its  boiling-point  is  not  constant, 
but  varies  during  distillation  from  200^  to  430^  without  remaining  stationary  at  any 
intermediate  point ;  in  facti  valerol  is  not  a  definite  compound,  but  a  mixture  of  the 
stearoptene  of  valerian-oil  (p.  976),  with  resin  and  a  little  water.  According  to  Gerhardt 
and  Cahonrs,  it  is  converted  into  valeric  acid  by  atmospheric  oxidation,  and  when 
heated  with  potassie  hydrate  gives  off  hydrogen,  and  yields  valerate  and  carbonate  of 
potassium: 

C*H>K)  +  SKHO  +  H«0     -    C»H»KO«  +  K«CX)»  +  8H«. 

According  to  Pierlot,  on  the  other  hand,  it  is  not  converted  into  valeric  add  by  ex- 
posure to  the  air,  or  by  treatment  with  any  oxidising  agent,  and  if  quite  free  from 
Taleric  add  is  not  acted  upon  by  potash. 

▼AUntOlhACTXO  JLCZD*  C*H**0'.~- Syn.  with  ethyl-lactic  add  (see  Lactic 
Etebbs,  iii.  468).  According  to  J.  Clark  (Jahresb.  1866,  p.  819),  it  is  produced  by 
heating  bromovaleric  addwiUi  silver-oxide  and  water.  Its  linc-salt  crystallises  readily. 

▼A&BBOnL     C»H>«0  -  ^^\   -  c*^|0.— Fafeiy/-*tt^/.    Valcne.    Va- 

UroyUbutyloxide.  Diiutylaoetone.  DUmiiflearbonoxyd. — ^This  body,  the  ketone  of 
valeric  acid,  is  produced  by  the  distillation  of  valerates,  the  calcium-salt  being  gene- 
rally used.  It  was  first  prepared  by  Ldwig  (Pogg.  Ann.  xlii.  412),  mixed,  however, 
with  a  Iaw  quantitjr  of  taleral;  pure  valerone  was  first  obtained  bjr  Ebersbach 
(Ann.  Ch.  Pbunn.  cvi.  268),  who  separated  the  valeral  by  means  of  acid  sulphite  of 
sodium.  The  best  mode  of  preparing  it  is  to  distil  valerate  of  caldum  with  onennxth  of 
its  weight  of  lime ;  the  quantity  obtained,  however,  is  but  small,  probably  because  Uie 
greater  part  of  it  is  resolved  into  valeral  and  teti^lene:  C^>*0  »  C*H'*0  •*-  C«H*. 
Viderone  is  a  transparent,  coloorle ^s,  mobile  liquid,  having  a  pleasant  ethereal  odour 
and  burning  taste.  It  is  lighter  than  water,  does  not  mix  with  it,  but  dissolves  in 
alcohol  and  ether.  It  boils  at  166^,  does  not  combine  with  add  sulphite  of  sodium, 
and  is  decomposed  by  sodium  and  by  pentadiloride  of  phosphorus  only  when  heated. 

▼AZAKOVrrsSLa.  C*H'N.— Syn.  with  Ctanidb  of  Tbtbtl,  C^*.CN.  (See 
Ctaiodbs,  ii.  272.) 

Lowig's  name  for  the  hydrocarbon  C^H* 

See  Valbbisio  Aoipb  (p.  980). 

Syn.  with  Yalbbtl. 

A  name  applied  to  the  hydrocarbon  C*iB",  aooording  to  which  de- 
nomination, valerene  or  amylene  m^  be  desifimated  as  hydride  of  valeroyl^  0*H'.H,  &&, 
valerone  as  valeroyl-butyloxide,  C*fi'.C^H*.0,  &c. 

Syn.  with  Valbbtlusba.    (See  Cabbamidbs,  i.  763.) 

C*H*0.  Valeroxpl.'— The  radide  of  valeric  add  and  its  derivatives. 
According  to  Wanklyn,  it  is  obtained  in  the  isee  state  by  the  action  of  sodium  on  ethylic 
valerate  (p.  979). 

The  bromide,  chloride,  &c.  of  valeryl  are  described  as  valeric  bromide,  &c  (p.  979) ; 
the  protoxide  as  valeric  anhydride  (p.  979) ;  the  peroxide  as  valeric  peroxide  (p.  980). 

IZC  AGIO.    Syn.  with  Amidotalbbio  Aan  (p.  978). 

tT&-8UTY&.    Syn.  with  Yaubomb. 

C*H*.  (Reboul,  Ann.  Ch.  Pharm.  cxxxi.  238;  cxxxii.  117; 
cxxxv.  372;  Jahresb.  1864,  p.  605;  1866,  p.  609.)— This  hvdrocarbon,  homologous 
with  acetylene,  is  obtained  by  heating  bromide  of  amvlene  with  concentrated  alcoholic 
potash  to  140°  for  sevrml  hours,  diBtilling  the  liquia  separated  from  the  product  by 
water,  and  collecting  that  which  passes  over  from  44^  to  46^.    It  is  a  colourless. very 
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aolnle  liquid,  which  floats  on  water,  and  iButaAy  insoliible  tbenon.  It  Ins  s  .  .  „ 
alHaeeooi  odour,  boils  at  44^^  to  46^  imder  apreware  of  746  mm.,  has  a  Taponr-denRtj 
of  2*356  (calc.  2*354).  It  is  not  absorbed  by  an  ammooiacal  solntioo  of  cm>fo—  cfakndr. 
■Bromiine-wtnpound$  of  VdUryUne. — Valerylene  shaken  a^  with  f^tao^  aqneoas 
hTdrobiomic  acid,  becomes  hot  and  is  conTeited  into  a  red  oil,  which,  w^ua  washiiig 
with  alhaline  water,  yields,  by  fractional  distillation,  the  two  foBowiDg  compooads : 

IConohydrobromate  of  Taleiylene,  G*H'.HBr,  boiling  at  112^; 
Dihydrobromate  of  Talerylene,  C»H«.2HBr,  „         170**— 175**- 


nie  former,  which  is  the  chief  product,  is  distingnished  from  the  isomerie  body: 
bromamylene,  0*H*Br,  boiling  at  115^,  chiefly  by  its.property  of  fbxming  with " 
a  liquid  compocmd,  G*H'.HBr.Bi*,  whereas  monolnomamyMoe  Cmrds  with 
ciystallisable  compound,  O^H^r.^c*. 

When  bromine  is  added  br  drops  to  vakiryleBe  cooled  by  a  fireeong aaiztare,a  freih 
quantily  of  Taleiylene  added  before  the  red  colour  appears,  then  more  bromine,  and  sa 
on  altematdy,  a  heavy  oil  is  formed  containing  two  liquid  bromine-eoaiiioaBda^ 
G^fi'Bi'  and  C'H'Br*,  in  vazions  proportions.  If  the  addition  of  bramiae  ba  diaeoft- 
tinued  when  no  more  instantaneous  decoloration  takes  place,  the  product  onnaiBiii 
mainly  of  the  dibromide ;  in  the  contraxy  case,  pronded  thi  action  be  anflkdcmtlj  pH^ 
longed,  nothing  but  tetrabromide  is  obtained.  In  sunshine  the  tetiahronide  fisna  in 
an  hour  or  two,  together  with  ^eorvstalline  compound,  CH'Br.B^  (a). 

Tglrabrondde  of  Valerpiens,  CSw*,  is  a  thick  Toy  heavy  liquid,  which  doea  not 
solidify  at  —10^;  it  is  isomeric  with  the  (probably  solid)  bromide  of  dibromamy laae, 
C*H»Bi*3i*. 

Dibnmide  of  VateryUne,  CH'Br*,  is  obtained  by  distilling  the  abore-mentiQned 
mixture,  and  collecting  the  portion  which  passes  over  below  2S(P,  It  boils  at  16^— 
172^,  and  unites  quickly  with  bromine,  forming  a  tetrabromide,  from  which,  howaver, 
on  exposure  to  sunshine,  crystals  of  a  compound,  0*HrBr.Br*r5)  separate,  diflariag 
ftom  uie  isomeric  body  (a)  in  crystalline  form,  behaviour  when  heated,  and  et^afaility 
in  ether.  Hence  it  appears  probable  that  there  are  two  iBomeric  telrabwimidee  of 
Taleiylene,  C*H^r*  and  C^H'Br'JBz',  each  of  which  yields  a  corresponding  aubetits- 
tion-product.    Wurtx's  diallyl  is,  perhi^,  homologous  with  valerylene. 

BromovalmyUne,  C^H'Br. — 'When  the  aboTe-mantioned  mixture  <tf  dibromide  and 
tetrabromide*  of  valeiylene  is  distilled  to  dryness  with  alcoholic  potash-solution,  and  the 
distillate  mixed  with  water,  a  heavy  oil  separates,  whidi  is  resolTod  by  fiactianal 
distillation  into  the  thne  following  compounds: — (!)  IHbromida  if  PtUeryieme, 
C*H*Br*  (boiling  at  170^—176°),  mixed  with  a  small  quantity  of  the  ramponad 
C*H«Br(G*HK)) ;  (2)  BromovalerpkM,  G*H'Br,  boiling  at  125^— ISO^";  aad  (3) 
Vai^ette,  0*H*,  healing  at  45^  to  50°,  together  with  a  small  quantity  of  TaleiyleBa. 
The  formation  of  these  bodies  is  represented  by  the  equations : 

C^HfBr*  -     HBr     »     C^'Br.    BiomoTaleiylene. 
C*H»Br*  -  2HBr    -     C»H«.        Valylene. 
C»H»Br*  -        Br«   =     0»H».        Valeiylene. 

Bromovaler^lene  is  partially  decomposed  by  distillation,  and  becomes  coloured  bykeep- 
ing.  It  unites  at  low  tempetratures  with  bromine,  forming  the  compounds  C^HTB^ 
and  G*H^r*.  When  shaken  up  with  an  ammoniacal  solution  of  cuprous  eUonde,  it 
is  immediately  comreited  into  a  yellow  solid  body,  consisting  of  cuprooa  Tafylidi^ 
G^HHTn,  together  with  cuprous  bromide  and  oxide : 

0»H*Br  +  OuH)     »     0»HK3u  +  OuBr  +  HH). 


&yn.  with  Yxlkrll  (p.  978.) 
tT&mUlA.     See  Cabbajodbs  (i.  758). 

The  commerdal  name  of  the  large  cups  of  the  prickly-eapped  oak 
(Quereus  JEgiU>p8\  an  invasion  of  whieh  is  used  in  tanning  leather.  Th^  contain 
tannin  and  game  acid.  The  tamiiii  does  not  ^eld  pyrogallic  acid  by  diy  distaUatioii, 
and  is  but  slightly  precipitated  by  sulphuric  add,  eycn  fircmi  yety  ooncsntnibed 
Bolutdons. 

▼AXiTl*.    Edbe's  name  for  Tsibtl  or  Bira^n.. 


tillation,  together,  w.^. » ^.v»w  ..^^ j*««x«^,  v«i.w<^u  ^»  .ux*  w  .  jlu  «i*j  »»  vi/i««^» 
pure  by  treating  the  mixture  with  ammoniacal  cuprous  chloride,  which  conyerts 
the  yamene  into  cuprous  yalylide,  G^H^Cu,  but  does  not  act  u})on  the  yaleny- 
lene.    The  cuprous  valylide  (which  may  also  be  obtained  by  the  action  ctf  ammo- 
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piacal  eniooos  chloride  on  biosiovaleiyleDe),  is  washed  by  decantation  with  ammo- 
uiacal  water,  then  with  a  little  aloohol,  and  dried.  It  decomposes  quickly  when  heated, 
leaving  a  black  residue.  It  is  decomposed  bj  bromine  with  inflammation,  and  bv 
fuming  nitaric  acid  with  incandescence.  An  ammoniacal  silver-solution  converts  it 
into  a  silver-compound  of  analogous  composition  and  properties. 

To  separate  Uie  valylene,  uie  coppeiwsompound  is  warmed  with  a  veij  slight 
excess  of  dilute  hydrochloric  acid,  and  tbe  hydrocarbon  which  distils  over  is  condensed 
bv  a  freeiing  mixture^  Yalylene  is  a  light  liquid  boQing  at  about  50^,  having  an 
alliaceous  odonr,  recalling  also  that  of  pmssic  acid.  When  brought  in  contact  by 
drops  with  bromine  in  a  freezing  mixture,  it  forms  a  erystaUine  mass  saturated  with  a 
'  thick  liquid,  the ciystalline  portion  consisting  of  bromide  of  valylene,  CH'Br*,  and 
the  liquid  being  a  mixture  of  the  compounds  OH*Br«,  G*H*Br*,  and  perhaps  C'H'Bi'. 

See  the  last  artiele. 


I     See  VAiUDnm,  OxmiB  or  (p.  989). 


This  name  is  glTen  by  Sohafhautl  (K.  Jahzeab.  f. 
MiiL  1M4,  p.  721)  to  a  minoral  from  the  Ssmatine  of  Braoeo,  on  the  coast  of 
G«noa,  <Mintaiainjt  49*60  per  cent.  nHca,  6*66  afamina,  18*18  Ume^  1412  magneeia, 
8*28  iiairoas  oxide,  8  66  Tanadium-pentoadde,  8*76  soda,  and  1*77  water.  It  is 
ooanely  laminar,  with  one  distinct  and  two  indistinet  direetions  of  dettTSfle,  has  a 
nacreous  lustre  and  greenish-grey  coUmr,  and  is  tiimlwfwn  t  in  thin  laminip.  Hardness 
lees  than  4.    Specific  grafity  m  8*266. 

V  AW  %  T»lliI'l'Jfc     Vanadate,  or  more  properly,  VaiuuUii<hckhride  of  lead.    See 
Yanadatss  (p.  991). 

rABXOVa  ACZB.J     SeeVAiiAiin«,0«D«o»(p.988). 


▼JIWilllTPM.  Mamie  weight,  61-2 ;  Sfj^mbol,  V.— A  metal  usually  classed  with 
molybdsniun  and  twigsten,  but  uiown  by  recent  investigations  to  belong  to  the  same 
series  as  arsenic,  antimony,  and  bismntJi. 

Del  Rio,  in  1801  (Oilb.  Ann.  Lai.  7),  found  in  the  lead-ore  of  Zimapan,  in Mesieo, 
a  new  metal  which  he  designated  as  er^Arom'iifli ;  subsequently,  however,  he  regarded 
it  as  impure  chromium.-^efstrom,  in  1830  (Pogg.  Ann.  zxi.  43)  found  in  the  bar- 
iron  obtained  from  the  ores  of  Tabeqg  in  Sweden,  and  especially  in  the  refinon^  sla^ 
a  new  metal  which  he  named  yanadium,  after  the  Scandinavian  deity  Vanadu; 
Wohler  (ibid,  xzL  49)  then  showed  that  the  lead-ore  of  Zimapan  consisted  of  lead- 
vanadate,  and  that  Del  Bio's  eiythronium  was  not  chromium,  but  vanadium.  Subse- 
quently this  metal  has  been  found  in  several  other  ores,  most  abundantly  in  lead- 
vanadate  from  Wanlockhead  in  Scotland,  and  from  La  Plata ;  in  smaller  quantity  also 
in  pitchblende,  in  many  iron-ores,  and  the  pig-iron  obtained  from  them ;  also  on  the 
native  copper  of  Lake  Superior,  probably  as  phosphate ;  and  in  several  kinds  of  day,  to 
the  amount  of  0*02  to  0*07  per  cent.  Vanadium  appears,  therefore,  to  be  somewhat  widely 
diffiued,  but  it  never  occurs  in  laige  quantity,  ana.has,  indeed,  been  hitherto  regarded  as 
one  of  the  rarest  of  the  metals.  Quite  recently,  however,  a  more  productive  soorce  of 
it  has  been  discovered  by  Boscoe  (Proe.  Boy.  Soc.  xvi.  228)  in  some  of  the  copper- 
bearing  beds  of  the  Lower  Keuper  sandstone  of  the  Trias,  worked  at  Alderley  £dge  and 
Mottram  St  Andrews,  iiv  Cheshire.  In  working  up  a  pure  oobalt-ore  from  Hottram» 
a  large  quantity  of  a  lime-preeipitate  was  obtained,  containing  nearly  2  per  cent  of 
vanaidinm. 

Bxtraeiion,^!.  From  the  refinery  slag  of  the  Taberg  iron-ore. — The 
finely-pulverised  slag  is  deflagrated  with  nitre  and  carbonate  of  sodium ;  the  fbsed 
mass  is  digested  with  boiling  water ;  and  into  the  erode  solution  of  potassinm-vana- 
date  thus  obtained,  lumps  of  sal-ammoniac  are  introduced,  whereby  vanadate  of  am- 
monium, which  is  insoluble  in  a  saturated  solution  of  sal-ammoniac,  is  deposited  in 
crystalline  grains.  This  salt,  when  ignited  in  an  open  vessel,  leaves  pure  vanadium- 
pentoxidCi*   (Berzelius.) 

2.  From  certain  kinds  of  pig-iron. — The  grey  pig-iron  smelted  from  the  oolitic 
iron-ores  of  Westbury,  in  Wiltshire,  contains,  aceoiung  to  Biley  (Chem.  Soc.  J.  xvii. 
21),  about  0*7  percent,  vanadium,  which  becomes  concentrated  in  the  graphitic  residue 
left  on  dissolving  the  iron  in  hydrochloric  acid.  On  treating  this  resiciue  with  pot- 
ash^ley,  to  free  it  from  silica,  and  burning  the  remaining  gtaphite  with  free  access  of 
air,  a  mixture  of  tetroxide  and  pentoxide  of  vanadium  is  obtained.    (Bi  ley.) 

3.  From  native  vanadate  of  lead. — ^The  solution  of  the  mineral  in  nitric  acid  is 
freed  fr(Mn  lead  and  arsenic  by  snlphydric  acid ;  the  blue  filtered  liquid  is  boiled  for 
a  short  time,  and  then  evaporated  to  dryness  at  a  moderate  heat ;  the  dark-red  residue 
is  boiled  with  a  saturated  solution  of  ammonium«carbonate,  which  is  added  from  time 
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to  time ;  nod  the  liquid  is  filtered  at  the  boiling  heat.    On  cooling,  it 

needles  of  anxmoDinm-Tanadatei  which  may  be  parifled  by  reerygtalliiwBHaw,     (J  oli  a* 

Bton,  N.  Edinb.  J.  of  Sc  v.  166,  318.) 

4.  From  the  lime-precipitate,  obtained,  as  already  mentioBed^   id  porting 
the    cobalt-ore   of  Mottram  in   Cheshire. — ^This  precipitate,  oontaining   maiBlj 
arsenic,  iron,  lead,  copper,  yanadinm,  and  lime,  with  snlphwic  and  phjosphcsie 
was  first  w(dl  ftimacea  with  ground  coal,  to  drive  off  the  greater  portion  of  the 
then  roasted  with  one  quarter  of  its  weight  of  soda-ash,  so  as  to  oonrart  the  Tsnaifii 
into  a  soluble  vanadate ;  and  on  lixiviation,  arsenic  and  the  heavy  metals  were 
pletelv  thrown  down  by  sulphuretted  hydrogen.  ^  The  de^  blue  sohitioiB  was  m 
lised  by  ammonia^  the  precipitated  vanadium-oxide  dried  and  oxidised  hj  nitzie 
and  the  crude  vanadic  acid  thus  obtained  was  boiled  out  with  a  satorated  soIqImb  ot 
ammonium-carbonate.    The  slightly  soluble  anmionium-vanadate  wa 
recrystallised.  In  order  to  prepare  pure  vanadic  add  from  this  salt^  it  n 
the  powdery  add  thus  obtained  was  suspended  in  water  into  which  ammonia-gas 
passed ;  the  dissolved  ammonium-vanadate  was  separated  by  filtration  fixxm  a 
containing  silica,  phosphates,  &&    The  pentoxide  obtained  by  heating  this  aalt  was 
free  from  phosphorus.    A  second  method  of  preparing  the  pure  vanadhun-peBtaiide 
consists  in  decomposing  the  pure  oxychloride  with  water,  and  freeing  the  acid  from  aay 
traces  of  silica  by  exposure  to  hydrofiuorie  add  gas.    Great  difficulty  a 
in  obtaining  vanadium  free  from  phosphorus ;  Sll  the  native  vanadates  eoptain 
quantities  of  phosphorus.    (B o s  co e. ) 

Metallic  vanadium  remains  when  vanadium-nitride  is  heated  to  whiteneBB  in 
monia-gas  (Uhrlaub,  PQgg.  Ann.  ciii.  134),  but  it  does  not  appear  to  hava 
obtained  quite  pure. 

Berzelius,  by  igniting  vanadium-pentoxide  with  potassium,  and  washing  out  the 
fused  mass  with  water,  obtained  a  brilliant  metallic-looking  powder,  which  has  beea 
hitherto  regarded  as  pure  vanadium ;  but  Boscoe  has  shown  that  it  is  an  oxide. 

Compoundsof  Vanadium. — ^Be  rz  el  ins,  to  whose  elaborate  res6ardi,pnb]islied 
in  1831  (Fogg.  Ann.  xxii.  1),  we  were  till  lately  indebted  for  nearly  all  our  Imowledge 
of  the  vanadium-compounds,  obtained  three  oxides,  to  which  he  assigned  the  fbnauhe 
VO,  VC^,  rO*  (F  «>  68*6,  O  -  8) ;  he  also  obtained  a  chloride  corresponding  to  the 
highest  oxide,  namely  VCl*.  According  to  these  results,  vanadium  was  regazded  as 
a  metal  belonging  to  the  same  class  as  chromium,  molybdenum,  and  tungsten.  Tiae 
view,  however,  was  somewhat  difficult  to  reconcile  with  the  observed  fiict  c^  the  iso- 
morphism of  certain  vanadium-compounds  with  analogous  compounds  belonging  to  the 
phosphorus  and  arsenic  groups ;  the  mineral  vanadinite,  for  example,  which  is  a  eeot- 
pound  of  lead-vanadate  and  lead-chloride,  is  isomorphoos  mth  apatite,  pyxomorpiiitfl^ 
and  mimetesite — minerals  consisting  of  caldum-phosphatochlonde,  lead-phospfaato- 
ehloride,  and  lead-arsenatochloride.  This  anomalv  induced  several  chemists  to  suspect 
that  vanadium  might  really  belong  to  the  phosphorus  and  arsenic  group  of  elements. 
Baumgarten,  in  particular  (Jahrosb.  1865,  p.  219),  was  led  to  this  condnsion  byol^ 
serving  among  the  last  erystskllisations  from  the  soda  mother-liquors  at  Schoningen, 
colourless  crystals,  consisting  of  phosphatofiuoride  of  sodium,  2Ka'FO*.NaF.19H^, 
in  which  the  phosphorus  was  partly  replaced  by  arsenic,  and  to  a  greater  extent  by 
vanadium  (the  crystals  containing  from  0*89  to  1*06  per  cent,  vanadic  oxide).  Baam- 
garten  likewise  obtained  perfectly  similar  crystals,  containing  the  same  proportioB  of 
'  vanadium,  by  direct  qmthesis. 

Sneh  observations  could  not,  however,  be  regarded  as  having  much  weight  against 
the  definite  experimental  results  of  Berzelius,  which  showed  b^ond  doubt  tfaat^if  the 
lowest  of  the  three  oxides  -obtained  by  him  is  a  monoxide,  VO,  the  lughest  must 
be  a  trioxide,  FO*.  This  condnsion  was  based :— 1.  On  the  constant  loss  of  wei|^t 
which  the  highest  oxide  undergoes  on  reduction  in  hydrogen  at  a  red  heaL — 2.  Oa 
the  action  of  chlorine  on  this  i^sduced  oxide,  whereby  a  voSitile  diloride  is  formed,  and 
a  residue  of  vanadic  oxide  obtained,  which  is  found  to  be  exactly  one-third  of  the  quan- 
tity originally  taken  for  reduction  in  hydrogen.  These  results  maybe  reprasented  by 
the  following  equations : 

(1)    vo»  +  H*    -    ro  +   ff»0» 

(2)  ZVO  +  CP  »  F0»  +  2r(7/». 
But  the  recent  experiments  of  Boscoe,  whilst  fully  confirming  these  frindamsntal 
results  of  Berzelius,  and  proving  that  if  the  atomic  weight  assigned  to  vanadium  by 
that  chemist,  viz.  68*5,  be  oonect,  the  formuUe  of  the  oxides  must  be  VO,  VO*,  FO*, 
or  V*0,  V»0*  V^O",  and  that  of  the  volatile  chloride  VC1«,  have  shown,  <m  the  other 
hand, — 1.  That  the  supposed  metal  of  Berzelius  is  really  an  oxide.— 2.  That  the  quantities 
of  oxygen  in  this  and  the  three  higher  oxides,  united  with  the  same  weight  of  vanadium, 
are  to  one  another  as  the  numbers  2, 3,  4,  5 — these  four  oxides  being,  in  fact,  represented 
by  the  formulx  VO',  VO',  V0\  VO*,  analogous  to  those  of  the  oxides  of  nitrogen 
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(neglecting  the  monoxide). — 3.  That  the  supposed  trichloride  obtained  by  BerseliiiB  is  an 
ozychloride,  VOCl",  related  to  vanadic  oxide,  VK>*,  in  the  same  manner  as  phosphorio 
oxychloride  is  related  to  phosphoric  oxide.  The  quantitatire  results  of  the  reduction 
of  Tanadic  oxide  in  hydrogen,  and  the  treatment  of  the  reduced  oxide  by  chlozine,  are 
represented  on  this  yiew  by  the  equations : 

VK)»  +    2H«    -     V«0»  +  2HH). 

8V»o»  -k-  ea*   -  v»o»  +  4V0ci». 

Bosooe  has  ftirther  pointed  out  that  vanadic  oxide  forms,  with  metallic  oxides,  two 
classes  of  salts,  analogous  in  composition  to  the  orthophosphates  and  metaphosphates 
(p.  991).  It  may  therefore  be  concluded  that  yanadium  exhibits  in  all  respects  the 
characters  of  a  metal  belonging  to  the  phosphorus  and  arsenic  group. 

VilWIITITUMy  BBOBKIBSS  OF.  No  bromide  of  vanadium  has  vet  been  ob- 
tained in  the  free  state.  The  so-called  tribromide  obtained,  by  Scbafarik,  is  an  ozy- 
bromide,  VOBr*  (p.  992). — ^The  tetrabramide,  VBH,  is  probably  contained  in  the  blue 
solution  of  vamuuum-tetroxide  in  hydrobromic  acid.  This  solution  dries  up  in  a 
vacuum  to  a  blue  gum,  which  becomes  violet-brown  when  heated,  but  is  still  perfectly 
soluble  in  water.  The  aqueous  solution  gives  off  a  greenish-grey  precipitate  with  am- 
monia. 


IS  OV«  None  of  these  compounds  are  known  in  the 
free  state. — The  tetrachloride,  YCP,  probably  exists  in  solution  and  in  two  isomeric 
modifications: 

a.  Vanadic  add,  boiled  with  strong  hydrochloric  acid,  gives  off  chlorine  and  forms  a 
blue  solution,  which,  when  concentrated  by  evap«ration,  yields  a  blue  syrup  not  pre- 
cipitated by  alcohoL  When  perfectly  dried  by  heat,  it  leaves  a  brown  oxychloride  no 
longer  quite  soluble  in  water. 

/3.  Vanadium-tetroxide  dissolved  in  strong  hydrochloric  acid  forms  a  brown  solution, 
which,  when  left  to  evaporate,  yields  a  bla&  liquid,  becoming  brown  again  on  dilution. 
The  brown  solution  turns  blue  when  evaporated  by  heat,  or  on  addition  of  strong 
sulphuric  acid.  Ammonia  added  to  the  brown  solution  forms  a  greenish-brown  pre- 
cipitate, insoluble  in  water. 

Several  oxychlorides  of  vanadium  have  been  obtained  (p.  992). 

▼A WA  D10aK,  BBTBOnmr  AJn>  WMVOKAXZOM  or.  l.  Blowpipe 
Beactions. — ^All  compounds  of  vanadium  heated  with  borax  or  phoepkorussalt,  pro- 
duce a  dear  bead,  which  is  colourless  if  the  quantity  of  vanadium  is  small,  yellow  if  it 
is  large ;  in  the  inner  flame  the  bead  acquires  a  beautiful  green  colour. 

2.  Beaetione  in  Solution. — ^Vanadium-dioxide  (the  metallic  vanadium  of  Ber- 
Eenus),may  be  obtained  in  solution  by  the  action  of  nascent  hydroeenon  a  solution 
of  the  pentoxide  in  sulphuric  add.  The  solution  of  hvpovanadious  sulphate 
thus  obtained  has  a  lavender  colour,  and  is  an  extremely  powerful  redudng  agent. 
(See  p.  987.) 

Vanadium-tetroxide,  or  vanadious  oxide  (the  dioxide  of  Berselius)  dissolves  in 
acids,  forming  salts  called  van  ad  i  ous  salt8,most  of  which  are  of  a  blue  colour.  Vana- 
dious salts  form,  with  the  hydratea  and  monoearbonateB  of  the  fixed  alkalies  a  greyish- 
white  predpitate  of  hydrated  vanadious  oxide,  which  dissolves  in  a  moderate  excess 
of  the  reagent,  but  is  predpitated  by  a  large  excess,  in  the  form  of  a  van  adit e  of 
the  alkali-metaL — Ammonia  in  excess  produces  a  brown  precipitate,  soluble  in  pure 
water,  but  insoluble  in  water  containing  ammonia. — Ferroeyamde  of  potassium  forms 
a  ydlow  predpitate,  which  turns  green  on  exposure  to  the  air. — Shtlphurie  aeid  pro- 
duces no  precipitate. — Sulphide  of  aanmomi'win  forms  a  black-brown  precipitate,  so- 
luble in  excess. — Tinctuire  ofgaUs  fonns  a  finely-divided  black  predpitate,  which  gives 
to  the  liquid  the  appeaianee  of  ink. 

Vanadium-tetroxide  also  unites  with  the  more  basic  metallic  oxides,  forming  salts 
called  vanadites,  allof  which  are  insoluble,  except  those  of  the  alkali-metals.  The 
solutions  of  the  alkaline  vanadites  are  brown,  but  when  treated  with  sulphydrie  acid, 
they  acquire  a  splendid  red-puiple  colour,  arising  fh>m  the  formation  of  a  sidphur- 
salt. — Acids  colour  them  blue,  by  forming  a  double  vanadious  salt ;  tincture  of  gaUs 
colours  them  blackish-blue.  The  insoluble  vanadites,  when  moistened  or  covered  with 
water,  become  green,  and  are  converted  into  vanadates. 

Vanadinm-pentoxide,  or  vanadic  oxide,  reacts  for  the  most  part  as  an  add  oxide, 
uniting  with  bases  to  form  salts  called  vanadate s.  These  stJts  are  all  more  or  less 
soluble  in  water;  the  barium-  and  lead-salts,  however,  are  veiy  sparinsly  soluble. 
The  alkaline  vanadates  are  sparingly  soluble  in  cold  water,  espedalJy  if  it  contains 
Aree  alkali  or  another  alkaline  salt :  e.g.,  vanadate  of  ammonium  is  nearly  insoluble 
in  water  containing  sal-ammoniac :  hence,  on  treating  a  solution  of  potassium-vana- 
date  with  excess  of  sal-ammoniac,  a  precipitate  of  ammonium-vanadate  is  produced. 
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^Hm  aqiieoiis  Mlvtioos  of  the  TBiiadates  an  eoloarpd  nd^  the  gtiuuggr  addi,  Iwt  tho 
mixtare  often  beoom<>s  ccHourifaB  ag^  after  a  while.  Thej  gire  oraage-rad  preeipi- 
tatee  with  the  antwumious,  plumbic,  euprie,  and  mercurie  mU. — Sulpl^rie  atkl  pio- 
dncea,  in  neatial  aolntiona  of  the  Tanadatea,  a  mixed  ptecipitate  of  sidphnr  and  hj- 
dnted  Taoadioaa  oxide;  in  add  aohitions  it  menlj  throws  down  snlphnr,  and  ndweea 
the  Tanadie  oxide  to  Tanadiona  oxide. — Sulphide  of  ammomum  imparts  to  solatiaBs 
of  the  vanadates  a  brown-ved  ooloor,  and,  on  adding  an  add  to  the  eolation,  a  lig^b^ 
brown  predpitate  ia  fonned,  consisting  of  vanadk  nlphide  mixed  with  aolpfaar ;  the 
liquid,  at  the  same  time,  genenlly  aoquiea  a  bine  eolonr. 

Yanadie  and  chromic  adds  are  the  only  acids  whose  solntions  are  red ;  Haej  are 
diitingmshed  from  one  another  by  the  Tsnadic  add  becoming  bine,  and  the  chzomie 
add  green,  by  deoxidation. 

When  a  eolation  of  ranadic  add,  or  an  addolated  solution  of  an  alkaline  ranadAtr, 
is  shaken  up  with  ether  containing  hydrie  peroxide^  the  ai^neoos  solution  acqnirps  a 
red  colour,  like  that  of  ferric  acetate,  while  the  ether  remains  colourless.  This  leAc- 
tioD  will  serve  to  detect  the  presence  of  1  pt.  of  ranadic  add  in  40,000  pta.  of  fiqind. 
The  red  colouring  is  also  produced  by  osonised  ml  of  turpentine,  and  by  hydne  per- 
oxide alone ;  also  by  ordinary  ether  not  containing  hydne  peroxide.  Chromic  aeid, 
even  in  considerable  quantity,  does  not  interfEam  inth  the  zeaetion.  (G^.  Werther, 
J.  pr.  Chem.  Ixxsiii.  195.) 

3.  Bttimation  aud  Separation, — Yanadivm,  in  Ilia  fotm  of  fnb  pentoiiila  or 
tetroxide,  is  estimated  by  redoeing  it  to  trioxide  by  ignition  in  a  stream  of  hydrpgcB. 

In  solutions  of  vanadites,  the  vanadium  is  predfntated  by  mixine  the  solntiaB  with 
excess  of  mercuric  chloride,  and  then  with  ammonia.  The  peedpitate,  eonaiatjng  of 
mercuric  vanadite  and  chlonde  of  dimcfcmammoninm  (white  pwcinitate)  is  ignitod  is 
contact  with  the  air,  whereupon  vanadram-pentoxide  remains  mixed  only  with  a  sadl 
quantitv  of  mercuric  oxide,  from  which  it  is  separated  by  solntioB  ia  catbonafte  of 
ammonia. 

When  vanadic  add  is  dissolved  in  a  liquid  not  containiiig  any  other  fixed  eomsthii- 
ents,  it  may  be  separated  as  vonadium-pentoxide  by  evaporation,  and  if  volatile  adds 
or  ammonia  aro  also  present,  by  igniting  the  residue. 

Vanadic  acid  may  be  separated  from  many  acids  and  other  aubstancss,  by  causii^it 
to  unite  with  ammonia,  expelling  the  excess  of  ammonia  by  evaporation,  and  then 
adding  a  saturated  solution  of  sal-ammoniac,  in  which  vanadate  of  ammonia  is  inso- 
labia  The  predpitate  is  then  washed  on  a  filter,  first  with  solution  of  sal-ammoniac, 
then  with  alcohol,  and  the  ammonia  driven  off  by  ignition.  This  method  serves  to 
separate  vanadium  from  the  alkali-metals. 

Vanadium  may  be  separated  from  many  of  the  preceding  metals  by  the  solubility 
of  its  sulphide  in  sulphide  of  ammonium ;  and  fi»m  others,  which  ars  precipitated 
from  their  add  solutions  by  sulphydric  add,  by  acidulating  the  liquid  and  pwdng 
sulphydric  add  gas  through  it;  ue  vanadium  then  remains  dissolved  in  the  form  of 
ranamous  oxide. 

From  lead,  barium,  and  strontium,  vanadic  acid  may  be  separated  by  ftaaion  with 
acid  sulphate  of  potassium ;  on  treating  the  fused  mass  with  water,  sulphate  of  lead, 
barium,  or  strontium  remains,  while  vanadate  of  potassium  is  dissolved.  Sulphuric 
add  cannot  be  used  to  effect  this  separation,  because  the  predpitated  sulphate  always 
carries  down  with  it  a  portion  of  the  vanadium.    (B erzeii  u s.) 

Vanadium  may  also  oe  separated  from  these  metals,  and  from  all  others  which  form 
insoluble  carbonates,  by  fosing  the  vanadate  with  twice  its  weight  of  sodiam-carbooate^ 
digesting  the  fused  mass  in  water,  and  washing  the  undissolved  portion,  (v.  Hauer, 
J.  pr.  Chem.  Ixix.  385.) 

Atamie  Weight  of  Vanadium. — The  atomic  weight  of  this  metal  has  been  de- 
termined in  two  ways : — a.  By  igniting  vanadium-pontoxide,  VH>*,  in  puro  dry  li^ydio- 
gen-gas,  whereby  it  is  reduced  to  the  tzioxide,  VO*.    The  atomic  weij^t  oi 
is  then  determined  from   ha  equation: 

8  (66-aa) 

whero  a  »  the  weight  of  vanadium-pentoxide  taken  ; 

„      6  Bs  „  vanadium*  trioxide  obtained. 

Bosooe,  in  four  experiments,  obtained  the  following  results : 

Weight  or  Wdffhc  of  Atomte 

No.  pentoxid*  trioxtde  weight  of 

taken.  obtained.  TanMiam. 

1.  7-7897  6-3827  fil-26 

2.  6*6819  5-4296  61*89 
8.  61896  4-2819  61*48 
4.  60460  41614  6186 
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The  Bsean  atomic  wmghk  deduced  Cram  tbeae  experiments  is  51*37t  with  a  mran  ems 
of  +  0*066.  Beizelius  foond,  as  a  mean  of  four  experiments,  that  120*927  pts.  of  the 
peatoxide  yielded  100  pts.  of  txioxido»  which  gxres^  accordiBg  to  the  above  equation* 
V  —  62*66.*  The  diirerenee  is  probably  ^hio  to  the  &ct  that  the  taiiadiam  employed 
bj  BeraeUos  contained  a  trace  of  phoaphoroa,  which  prerented  the  complete  rednctMn. 

/3.  By  the  analysis  of  Yanadiam-K>xytriohloiride  or  T«Dadyl-trichloride»  VOOi*. — The 
chlorine  in  this  compound  was  estimated  both  by  Gky-Lnssac's  Tolumetric  process,  and 
by  weight-analysis.  Nine  volumetric  determinations  nve  61*306  per  cent  chlorine; 
seven  gravimetric  determinations  give  61*241  per  cent,  r^rom  these  numbers  an  atomic 
weight  of  61*06  is  obtained  for  vanadium.  The  mesii  of  61*06  uid  61*37  (the  number 
obtained  from  the  reduction  axperimente),  vis.  61*31,  is  regarded  as  the  tnie  atomic 
weight  of  vanadium.    (Bosc o e.) 

▼AWilT^gprai,  V&VOXXBBS  or.  Yanadium-tetzoxide  dissolves  in  hydro- 
fluoric add,  foiming  a  blue  solution,  which  yields,  by  spontaneous  evaporation,  a 
ereenish  syrup  and  green  crystals,  probably  consiBting  of  the  hydrated  tetrafluoride. 
It  forms  light-blue  double  salts  with  the  fluorides  of  potassium  and  sodium. 

Vanadinm-pentoxide  also  dissolves  in  warm  aqueous  hydrofluoric  acid,  and  the 
solution,  evaporated  at  40^,  leaves  a  white  mass,  which  dissolves  perfectly  in  water, 
but^  when  strongly  heated,  leaves  an  insoluble  residue  of  pure  vanadinm-pentoxide. 

lOBZmUi    OV.     Vanadium-tetfcndde   dissolves  in    aqueous 

mm  m      M  •  %   9    m      ..  *  M^^aiai  *  M 


h^rdriodic  acid,  forming  a  blue  solution,  which  turns  green  in  contact  with  the  air,  and 
yields,  by  spontaneous  evaporation,  a  Inown  semifluid  mass,  soluble  with  black-brown 
colour  in  water. 


V«0« 

YH)* 
V«0» 


There  are  two  compounds  of  vanadium  and 
nitrogen. — The  mononitride,  YN,  obtained  by  heating  the  compound  of  vanadium-oxy- 
trichu>ride  with  ammonium-chloride  to  whiteness,  in  a  current  of  ammonia-gas,  is  a 
greyish-white  powder,  onalteiable  in  the  air.  It  gave,  by  analysis,  78'6  per  cent,  vana- 
dium and  21*4  nitrog^,  the  formula  VN  requiring  77*8  vanadium  and  20*2  nitrogen. 
(Boscoe.) 

Vanadiu7nndimtrid$,  YN*,  was  obtained  by  Uhrlaub  (Pogg.  Ann.  ciii.  184),  who 
however  assigned  to  it  a  different  formula,  by  heating  the  ammonium-oxyehloride  in 
ammonia-gas  to  a  moderate  temperature.  It  is  a  black  powdOr,  which  is  strongly 
acted  upon  by  warm  nitric  acid,  a^l  gives  off  ammonia  when  fused  with  potash. 

VAJf  ASnJMf  oaUEBSS  or.  The  oxides  of  vanadium  are  analogous  in  com- 
position to  the  oxides  of  nitroeen,  excepting  that  the  one  corresponding  to  the  prot- 
oxide or  monoxide  of  nitrogen  lias  not  yet  been  obtained.  The  complete  series  is  aa 
follows : 

Yanadium-monoxide  (hyp.) YH) 

Yaoadium-dioxide,  Hypovanadious  oxide,  or  Yanadyl     • 
Yanadium-trioxide,  or  Hypovanadic  oxide      ...        * 
Yanadinm-tetroxide,  Yanadious  oxide,  or  Yanadious  anhydride 
Yanadium-pentoxide,  Yaaadic  oxide^  or  Yanadic  anhydride     . 

VaaadlnmHllozlde,  Y'O'.— This,  the  lowest  oxide  of  vanadium  yet  obtained, 
was  regarded  by  Berzelius  as  metallic  vanadium.  As  it  enters  into  many  vanadium- 
compounds  (just  as  uranyl  enters  into  the  uranic  compounds),  it  may  be  appropriately 
called  vanadyl. 

Yanadium-dioxide  is  obtained  by  reducing  either  of  the  higher  oxides  with  potassium 
(Berzelius),  or  by  passing  the  vapour  of  vanadium-oi^trichloride,  (YOGI*),  mixed 
with  excess  of  hydgogen,  through  a  combustion-tube  containing  red-hot  charcoal 
(Schafarik,  Ann.  Oh.  Pharm.  dx.  86;  Jahresb.  1869,  p.  168).  As  obtained  by  the 
second  process,  it  forms  a  light-grey  glittering  powder,  or  a  metallically  lustrous  ezys- 
talline  crust,  having  a  speciflc  gravity  of  3-64,  brittle,  veiy  difficult  to  fuse,  and  a 
conductor  of  electricity.  When  heated  to  redness  in  the  air,  it  takes  fire  and  bums 
to  black  oxide.  It  is  insoluble  in  sulphuric,  hydrochloric,  and  hydrofluoric  acid,  but 
dissolves  easily  in  nitromuriatic  acid,  forming  a  dark-blue  liquid.    (Schafarik.) 

The  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent  hydrogen,  evolved 
by  metallic  zinc,  cadmium,  or  sodium-amalgam,  on  a  solution  of  vanadic  acid  in  sul- 
phuric add.  After  passing  throng  all  sh^es  of  blue  and  green,  the  liquid  acquires  a 
permanent  lavender  tint,  and  then  contains  the  vanadium  in  solution  as  dioxide,  or  aa 
hy  po  van  ad  t  on  s  sal  t.    This  compoond  absorbs  oxygen  more  rapidly  than  any  other 

•  BerzeUns,  regarding  the  highwt  oxide  as  ro>,  [O  «  81  and  tuppostug  it  Co  be  rtduoed  to  VO 
hj  ignition  in  hydrogen,  ealculated  the  atomic  weight  of  the  metal  ftom  the  equation  Fm  Sh   ^' 

which  gives,  according  to  his  experiments,  F  s  68&5,  and,  according  to  Roscoe's,  V  m  67*87 ;  this  ia 
raally  the  molecular  weight  of  the  dioxide. 
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known  redncing  agents  and  bleadies  indigo  and  other  yegetable  coloon  as  qniddy  mm 
chlorine.    (Roscoe.) 

The  degree  of  oxidation  of  the  Tanadinm  in  the  larender-eoloored  solixtion  mrmm 
sflcertainM  by  oxidising  it  with  a  standard  sdlntion  of  pennanganate.  By  this  mechod 
it  was  found  that  160  pts.  of  vanadinm-pentoxidelost  *26'6S  per  cent,  oxygen  on  redoe- 
tion  with  zinc;  the  ealeulated  loss  from  V*0*  to  VK)'  is  26*8. 

When  the  nentral  larender-eolonred  solution  of  a  hypovanadious  salt  is  left  exposed 
to  the  air  for  a  few  seconds,  the  colour  changes  to  a  deep  chocolate-biown  from  absorp- 
tion of  oxygen;  indeed,  this  reaction  is  as  delicate  as  that  of  an 'alkaline  pyiogallate. 
If  air  be  passed  through  the  add  larender-coloured  solution  of  hyporanadioos  sulphate, 
oxygen  is  absorbed,  the  liquid  assumes  a  permanent  blue  colour, -uid  the  Tanadiom  is 
then  contained  in  solution  as  tetroxide.  If  the  free  add  cont'aiasd  in  the  larender 
solution  be  neutralised  by  zinc,  the  liquid,  on  exposure  to  air,  attains  a  permanent 
brown  tint,  which,  on  addition  of  adds,  becomes  green,  the  solution  then  oontaininK 
Tanadium-trioxide.    (Ro  s  co  e.) 

VMimdI«m«^trloxiae«  VO*,  or  maamAjUnwrnrnMiAmf  (V*0<)''0.  (Bendius's 
suboxide). — Obtained  by  igniting  the  pentoxide  in  hydrogen-gas,  or  in  a  cmcible 
lined  with  charcoal.  It  is  a  black  powder,  with  an  almost  meUllic  lustre,  aod  infor 
siUe  ;  by  pressure  it  may  be  united  into  a  coherent  mass  which  conducts  electridtj 
(Schafarik).  When  exposed  warn  to  the  air,  it  glows,  absorbs  oxygen,  and 
is  oonyerted  into  pentoxide.  At  ordinary  temperatures,  it  slowly  absorbs  oxygen, 
and  is  converted  into  tetroxide.  By  ignition  in  chlorine-sas  it  is  converted  into 
vanadyl-trichloride  and  vanadium-pentoxide.  It  is  insoluble  in  acids,  but  may  be 
obtained  in  solution  b^  the  redudng  action  of  nascent  hydrogen  evolved  from  metallic 
magnesium  on  a  solution  of  vanadic  add  in  sulphuric  add.  100  pts.  of  vanadium- 
pentoxide  were  found  to  lose,  on  reduction  with  magnesium,  17*7  per  cent,  oxygen ;  the 
calculated  loss,  on  reduction  to  YK)',  is  17*5  per  cent  Solutions  of  vanadium-trioxide 
may  also  be  obtained  by  partial  oxidation  of  the  lavender-coloured  solution  of  the  di- 
oxide (Roscoe).  According  to  Schafarik,  vanadium-trioxide  unites  with  adds,  forming 
salts  (which  may  be  called  hypovanadic  saltsX  red  in  the  anhydrous,  and  green 
in  the  hydrated  state.  When  the  tetroxide  or  pentoxide  is  ignited  in  a  glass-tube  in  a 
stream  of  h^dro^n,  the  glass  acquires  a  red  colour,  in  consequence  of  the  formation  of 
hypovanadic  silicate. 

Vanadlmn-tetroside,  YH)*,  Vanadious  Oxide  or  Anhydride,  (Berzalios's 
vanadic  oxide.) — ^This  oxide  is  produced,  either  by  the  oxidation  of  the  dioxide  or  tzi- 
oxide,  or  by  the  partial  reduction  of  the  pentoxide.  By  allowing  the  tzioxide  to 
absorb  oxygen  at  ordinary  temperatures,  the  tetroxide  is  obtained  in  blue  shining 
crystals.  It  dissolves  in  adds,  the  more  easily  in  proportion  as  it  has  been  less 
strongly  ignited,  forming  solutions  of  vanadious  salts,  i^ch  have  a  brig^t-Uue 
colour.  The  same  solutions  are  produced  by  the  action  of  moderate  reducing  agimts, 
sudi  as  sulphurous,  sulphydxic,  or  oxalic  add,  upon  vanadic  add  in  solution ;  also  bv 
passing  air  through  add  solutions  of  the  dioxide  tUl  a  permanent  blue  colour  is  attainedL 
100  pts.  of  vanaidium-pentoxide,  reduced  with  sulphurous  or  sulphydric  adi,  lose 
9*03  per  cent. ;  the  calculated  loss  on  reduction  to  the  tetroxide  is  8'75  per  cenL 
(Roscoe.) 

The  prindpal  reactions  of  vanadious  salts  have  been  already  mentioned  (p.  985^ 
The  solutions  treated  with  alkaline  carbonates,  yield  a  predpitate of  v ana dious  hy- 
drate, which,  when  dried  out  of  contact  with  the  air,  is  neutral,  has  a  grey  colour,  and 
is  insoluble  in  water.  It  oxidises  readily  in  contact  with  the  air,  acquiring  a  brown 
colour  and  add  reaction,  and  imparting  a  green  colour  to  water.  It  dissolves  easily  in 
acids,  and,  when  ignited,  leaves  the  anhydrous  tetroxide. 

Vanadious  phosphate  and  sulphate  have  been  obtained  in  definite  crystals  (iv.  586 : 
V.617). 

Vanadium-tetroxide  also  unites  with  the  more  basic  metallic  oxides,  forming  salts 
called  vanadites.  Those  of  the  alkali-metals  are  soluble  in  water,  and  areformeid 
by  dissolving  the  tetroxide  or  the  corresponding  hydrate  in  caustic  alkalis;  the  rest 
are  insoluble  and  are  obtained  by  predpitation. — ^The  aTn/moniumsalt  is  likewise  pro- 
duced by  adding  ammonia  to  a  warm  solution  of  a  vanadious  salt  (the  sulphate,  for  exam- 
ple), till  the  resulting  precipitate  redissolves  with  black-brown  colour.  This  solution, 
if  left  to  itself  in  a  well-cloiu^  vessel,  deposits  vanadite  of  ammonium  on  cooling,  as  a 
brown  crystalline  powder,  the  liquid  then  becoming  colourless.  The  salt  dissolves  in 
pure  water,  forming  a  brown  solution,  from  which  it  is  precipitated  by  ammonia. — ^Tho 
potaeemm-eaU,  prepared  in  a  similar  manner,  forms  brown  shining  crystals. 

The  insoluble  vanadites  have  been  but  little  examined. — The  manganoua  salt  is  a 
brown  powder,  which,  when  exposed  to  the  air  in  the  moist  state,  oxidises  to  man- 
ganous  vanadate. — The  mercuric  sail  is  thrown  down,  together  with  cliloride  of  dimer- 
curammouium  (white  precipitate),  on  adding  ammonia  to  a  solution  of  merenzie 
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ofaloride  mixed  with  a  Tanadous  salt.    The  precipitate,  vhea  ignited,  leaves  Tanadimn- 
tetxozide,  atill  retainiDg  a  small  quantity  of  mercuric  oxide. 

VMiadlimi-9«nto9dd6v  VO*.  Vanadie  Oxids,  Vtmadie  Jnhgfdride.  JtHtydrotu 
Vanadie  Acid, — ^This  is  the  highest  oxide  of  yanadium.  It  is  i>repared  by  igniting 
ranadate  of  ammonium  in  an  open  platinum-emeible;  when  cold,  it  has  a  rusty-yellow 
colour,  lighter  in  proportion  as  the  oxide  is  more  finely  divided. — ^Tbe  pentoxide  may 
also  be  obtained  by  dissolxing  the  impure  tetroxide  in  strong  sulphuric  add,  and 
evaporating  the  solution,  ^ire  vanMio  sulphate,  yO*.2SO'.HH)  (p.  617 — ^there 
called  "  bosievanadic  sulphate,"  and  represented  oy  the  formula  V0'.2S0'),  then  remains 
as  a  light,  orange-eoloured,  sandy  powaer,  which,  on  ignition,  leaves  the  pure  pentoxide 
(Fritssche,  J.  pr.  Ghem.  liii.  98). — ^Very  |mre  vanadium-pentoxide  ia  likewise 
obtained  by  decomposing  vanadyl-triehloride  with  water  (Schafarik): 

2V0C1«  +   8H*0     -     V«0»  +  6HC1. 

Pure  vanadium-pentoxide  has  a  more  or  less  reddish-yellow  colour :  it  is  tasteless, 
reddens  moistened  litmus-paper,  and  dissolves  in  1,000  pts.  of  water,  forming  a  light- 
yellow  solution.  When  heated,  it  melts  without  decomposition,  if  kept  from  contact 
with  deoxidising  substances;  and  the  red  liquid  oyst^ses  on  cooling,  becoming 
incandescent  at  the  moment  of  solidification,  in  consequence  of  the  heat  then  suddenly 
eyolyed.  The  solidified  mass  is  yellowish-red,  and  according  to  Kordenskjold 
(Pogg.  Ann.  Gxii.  160),  contains  more  or  less  distinct  rhombic  crystals. 

Yanadium-pentoxide  is  not  altered  by  simple  ignition,  but  is  easily  reduced  by 
heating  with  potassium,  charcoal,  hydrogen,  carburetted  hydroeen,  orcanie  substances, 
&c.  hi  solution,  it  is  also  easily  reduced  by  sulphurous  or  siupbydnc  add,  and  even 
by  nitrous  acid ;  also  by  st«ainou8  salts,  and  by  sugar,  alcohol,  and  other  organic  sub- 
stances, the  colour  of  the  solution  then  changing  from  red  or  yellow  to  green  and 
blue.  The  solution  of  the  acid  in  hydrochloric  acid  gives  off  chlorine  when  evaporat^ed  ; 
tincture  of  galls  colours  the  solution  of  vanadie  acid  black,  on  standing,  in  consequencn 
of  reduction. 

Vanadie  Bydrate  or  Vanadie  Acidy  H«O.VK>«  +  aq.  or  2HV0*.H«0,  is  ob- 
tained, by  treating  a  somewhat  concentrated  solution  of  an  anhydrovanadate  of 
alkali-metal  with  nitric  add,  as  a  bulky  flocculent  predpitate,  which  dries  up  in  the 
air  to  a  light  brown-red  powder  having  uie  composition  just  mentioned.  It  gives  oft* 
1  at  water  over  oil  of  vitriol,  and  when  dried  by  heat,  forms  solid  lumps,  having  a 
conchoidal  fracture. 

Yanadium-pentoxide  dissolves  in  the  stronger  adds,  forming  red  or  vellow  solutions, 
which  are  partly  decolorised  by  boiling  and  evaporation,  esp«nally  when  they  contain 
excess  of  vanadium ;  many  of  these  solutions  yield  crystalline  compounds  by  spon- 
taneous evaporation.  (See  Fhosthatovamadio  Acm,  iv.  686;  and  Sulphatbs  of 
Yanadiuic,  v.  617).  Alkalis  added  to  the  solutions,  form  predpitates  soluble  in 
excess.    The  solutions  are  easily  reduced  by  oxidisable  substances. 

Yanadatbs.— Yanadium-pentoxide  unites  with  bases  much  more  readily  than 
with  adds.  When  fused  with  alkaline  carbonates,  it  eliminates  3  at.  carbonic  anhy- 
dride, forming  orthovanadates^  analogous  to  the  orthophoephates,  s.^.: 

d(Na«O.CO«)  +  Y»0*    =     8Na«0.Y»0»  +   8C0». 

It  also  forms  metavanadates,  analogous  to  the  metaphosphates,  and  two  series  of 
acid  vanadates  or  anhydrovanadates,  viz.: 

Orthovanadates,  M»YO*    -      ^m^"[^"         -    8M»0.Y«0*.* 

Metavanadates,  MYO»      »      ^m"[^'         -    KPO.VW. 

Divanadates,  M*Y*0»>       «     2MY0«.Y»0»      -    M«0.2Y0». 
Trivanadates,  M«V«0"     ^    2MYO«.2Y»0»     -     M«0.3Y«0*. 

Metavanadate  of  lead  occurs  native,  as  Dechmite ;  the  orthovanadate  also,  combined 
with  lead-chloride,  as  Vanadiniie,  Jksdoieite  is  a  diplumbic  vanadate,  Pb'Y'O'  b 
2PbO.Y-0^,  analogous  in  composition  to  a  pyrophosphate. 

The  metavanadates  are  mostly  yellow ;  some  of  them  however,  espedally  those  of 
the  alkaline  earth-metals,  and  of  zinc,  cadmium,  and  lead,  are  converted  by  warming 
— either  in  the  solid  state,  or  under  water,  or  in  aqueous  solution,  especially  in  presence 
of  a  free  alkali  or  alkaline  carbonate — into  isomeric  colourless  salts.  The  same 
transformation  takes,  place  also,  though  more  slowly,  at  ordinary  temperatures.  The 
metavanadates  of  alkali-metal  are  colourless.  The  acid  vanadates  are  yellow,  or 
yellowish-red,  both  in  the  solid  state  and  in  solution ;  hence  the  solution  of  a  neutral 
vanadate  becomes  yellowish-red  on  addition  of  an  acid.     The  metavanadates  of 

*  ZMO.ro*,  according  to  the  old  atonic  weigbti. 
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Ammoniimii  the  alkskli-metalB,  bariam,  and  lead  are  bat  sparingly  soluble  in 
^  the  other  metavanadates  are  more  soluble.  The  alkaline  Tanadates  are  more  soliiUe 
in  pore  vater  than  in  water  containing  &ee  alkali  or  salt ;  henee  thej  an  prneipi- 
tinted  from  their  solution,  by  addition  of  alkali  in  excess,  or  of  siJts.  The  Tmoadatea 
are,insolnble  in  alcohoL  The  aqueous  solutions  of  vanadates  £Dim  jeUow  pieespkates 
withsan^tMumy-,  oap^^er-,  lead-,  and  meroury^BaitM ;  with  imeiun  of  yofft,  thej  £on  a 
de^  bla^  liquid. 

Vanadates  containing  fixed  bases  are  not  deoemposed  bj  ignition;  stioa^  adds 
turn  theur  solntions  red»  md  when  added  in  excess,  often  tlurow  down  very  add  aalta. 
From  concentrated  s<dutions  of  acid  Tanadates,  mtrio  acid  throws  down  a  bnlkj  brown 

Sreeipitatf  of  ranadic  acid,  retaining  a  small  quantitjr  of  the  base. — HydroehJorie  add 
ecomposes  the  Tanadates,  with  cTolution  of  chlorine  and  ftgrmatioa  of  TaoadiuBo 
tetrozide.— .^Ice^  aeid,  in  ezctiss,  takes  away  part  of  the  base  from  neutral  Tanadates, 
couTerting  them  into  di-  and  tri-Tanadates. — Sulphurous  acid,  alcohol,  and  other 
reducing  agents,  colour  the  acid  solutions  blue,  by  formation  of  Tanadium-tetroxide. 

The  Tanadates  haTe  been  examined  chiefly  by  Berzelius,  and  more  recently  bj 
T.  Hauer  (J.  pr.  Chem.  Ixix.  385;  Ixxvi.  166,  929;  Ixxx.  824),  and  Czttdnowics 
(Pogg.  Ann.  exx.  17 ;  Jahresb.  1863,  p^221);  Uieir  crystalline  forms  by  Or  ail  i  eh 
iKrystaUoffrt^hische  Untersuchungen,  Wien  u.  Olmutz,  1868,  p.  3). 

Vanadates  of  Ammonium, — ^The    metavanadate,  (NH^)yO',  is  obtained   by 
adding  an  excess  of  ammonia  to  the  reddish-yellow  acid  solution  of  Tanadic  acid  in 
ammonia,  then  warming  it  and  leaTing  it  to  eraporate,  or  mixing  it  with  alcohol ;  also 
by  placing  a  lump  of  sal-ammoniac,  more  than  sufficient  for  saturation,  in  a  solution 
of  potassium-  or  sodium-vanadate  (p.  985).    It  separates  in  colourless,  transparent, 
crystalline  crusts,  which  dissolTe  slowly  in  cold  water,  forming  a  colourless  liquid ; 
quickly  in  boiling  water,  forming  a  yellow  solution.    It  is  decomposed  by  heat,  learing 
Tanadium-pentoxide  when  heaUd  in  contact  with  the  air.    Its  solution  forms,  with 
tincture  of  galls,  a  deep  black  liquid,  which  may  be  used  as  an  insoluble  ink.    Alkalis 
do  not  act  upon  it ;  acids  colour  it  blue ;  chlorine  destroys  the  black  colour,  but  the 
ink  does  not  fade  spontaneously  (Berselius). — Ydlow  metavanadate, — ^The  yellow 
solution  of  Tanadic  add  in  ammonia  mixed  with  excess  of  ammonia,  and  left  to 
cTaporate  uriihout  warming,  yields  lemon-yellow  indistinct  crystals,  which  dlssolre  in 
water  with  the  same  colour,  and  are  repredpitated  therefrom  by  alcohol. 

The  divanadaU,  2(NH«)VO»V»0».4H«0  or  (NH*)"0.2V«0*.4H«0,  is  obtained  by 
saturating  warm  aqueous  ammonia  with  ranadic  acid,  and  leaving  it  to  CTapontte ; 
or  by  mixing  a  boilmg  solution  of  the  metavanadate,  gradually  and  with  agitation, 
with  acetic  acid,  till  the  predpitate  redissolres.  The  yellowish-red  liquid,  on  cooling, 
deposits  the  mlt  in  large,  transparent,  orange-red  crystals,  which  dissolre  in  water, 
and  are  precipitated  by  alcohol  as  a  lemon-yellow  powder. — ^This  trivanadate^ 
(NH<)V0*.VH)*.3H«0  or  {NH*)«0.3V»0».6H«0,  is  obtained  ly  repeated  aystalKsa- 
tion  of  the  diadd  salt  from  water  containing  acetic  add.  it  forms  large  splendid 
red  crystals,  which  are  permanent  in  the  air,  more  soluble  in  water  th&n  the  preceding 
salt^  but  give  off  water  and  ammonia  at  a  moderate  heat.    (v.  Hauer.) 

VanadaUa  of  Barium,— The  metavanadate,  Ba'(VO«)^H«0,  is  obtained,  by 
double  decomposition,  as  a  yellow  gelatinous  predpitate,  whidi  turns  white  slowly  in 
the  cold,  immediately  when  heated.  The  white  and  yellow  salts,  which  haTe  the  same 
composition,  dissolve  sparingly  in  water,  each  with  its  own  colour,  and  the  solution, 
when  left  to  evaporate,  deposits  the  salt  in  white  crystalline  grains.  It  dissolves  with 
red  colour  in  strong  sulphniic  add.  When  heated,  it  gives  off  water,  and  turns  yellow, 
but  becomes  white  again  on  cooling.  At  a  red  heat,  it  melts  to  a  yellow-brown  trans- 
parent mass.  It  is  completely  decomposed  by  fusion  with  add  sulphate  of  potaasinm. 
— The  divanadate,  Ba'*(yO')*.y<0*,  separates  by  spontaneous  eTaporation,  from  a  soln- 
tion  of  potassium-divanadate  mixed  with  chloride  of  barium,  in  orange-vellow  prisms, 
or  on  addition  of  alcohol,  in  shining  lemon-yellow  scales,  slightly  soluble  in  water. — 
Another  acid  saU,  3Ba0.5V«0».19H»0  -  3Ba(VO^«.2y«0*.19H«0,  is  obtained  by 
dropping  chloride  of  barium  into  a  warm  solution  of  the  divanadate,  and  then  adding 
acetic  acid  till  the  nredpitate  redissolves.  The  solution,  on  cooling,  deposits  the  salt 
in  reddish-yellow,  shining,  oblique  prisms,    (v.  Hauer.) 

A  so-called  basic  salt  (?  the  orthovanadate)  is  formed,  on  mixing  the  solution  of 
the  metavanadate  with  baryta-water,  as  a  yellow  precipitate,  which  a£er  a  while  turns 
white.  ^ 

Vanadates  of  Calcium, — The  metavanadate  is  obtained,  by  slow  evaporation  of 
ammonium-vanadate  mixed  with  calcium-chloride,  in  white  or  yellowish  crystalline 
crusts ;  it  is  moderately  soluble  in  water  (more  soluble  than  the  strontium- salt),  and  is 
predpitated  by  alcohol. — ^The  add  salt  forms  large,  orange-red,  non-efflorescent  crys- 
tals, easily  soluble  in  water. — ^A  basic  salt  (7  orthovanadate)  is  said  to  be  obtained  by 
mixing  the  solution  of  the  metavanadate  with  lime-water. 


VANADIUM :  OXIDES.  991 

Vanadate*  of  Copper, — Cuprie  metaiwmadate  86pante8,as  a  yellow pneiinMii, 
on  adding  alcohol  to  a  mixture  of  a  cnprie  salt  and  potaaaiian-metaTanadste. — Axkoeid 
edit  separates,  as  a  yellow  crystalline  cmst^  from  a  solution  of  add  potaasinm-Taaadate 
mixed  with  cnpric  snlphate. 

Cupric  orthowmadcie  ooeors  natiye  in  to  lb  or  th  i  t  e,  a  mineral  fonAd  at  Eriedriebs* 
rode  in  the  Thxiringian  Forest^  and  at  Syseersk  and  Niscbne-T^igilsk  in  Rnasia.  The 
mineral  from  Friedrichsrode  contains,  according  to  Gredner's  analysis  (Pogg.  Ann« 
Ixxix.  546),  89-02  per  cent  VK)*,  88*27  OuO,  16*62  GaO,  and  5*06  water,  together 
with  0*92  l^gO,  0*52  MnO,  and  0*76  insoluble  matter,  agreeing  nearly  with  ^efintola 
(Gu;Ga)\VO«)*.(Ca;Ga)H*0*;  that  from  Russia  appears  to  be  similarly  constituted, 
but  to  contain  only  copper  withont  ealdnm ;  but  it  has  not  been  analysed.  The  speeifie 
gravity  of  the  Thnringian  mine(ral  is  3*495 ;  that  of  the  Bnaaian,  3*55.  Hardness  «i 
3.  Both  minerals  form  small  six-sided  tables,  spherical,  radmte,  gran«lo-laminar  ot 
scaly  lumps,  or  earthy  deposits,  having  an  olire-green,  grass-green*  sidon-green,  or 
lemoD-yellow  colour,  vitreous  and  naerecfus  lustre,  and  yellow  or  greenidi-yellow  to 
greyish  streak.    The  mineral  is  soluble  in  nitric  add. 

Vanadatee  ofLead.-^Ihe  metabanadaie,  Pb(yO^*» oocurs  native  as  dechenite 
(ii.  808).  It  is  also  obtained  by  predpitating  either  flie  metavamdate  or  add  vana- 
date of  potasaium  with  acetate  of  le«d.  It  diasidves  slightly  with  yeUow  eolour  in 
water,  easily  in  dilute  nitric  add ;  when  it  is  heated  with  strong  nitric  add,  a  brown 
substance  separates,  probably  consisting  of  a  lead*vanadate  containing  a  veiy  laige 
excess  of  aeid.  The  metavanadate  is  not  decomposed  by  boiling  with  aqueous  carbonate 
of  potassium,  and  not  completely  by  boiling  with  strong  sulphuric  add ;  but  fusion  with 
add  sulphate  of  potassium  decomposes  it  perfectly. — Thedivanadate,'Ph(YO*)F.yH)^, 
is  obtained  by  predpitating  the  add  ^tassium-salt  with  nitrate  of  lead,  as  an  orange- 
yellow  predpitate,  uightly  soluble,  with  yellow  colour,  in  water. 

A  dijthMiAie  vanadate  (pyrovanadate),  Pb'V'O'  «  SPbO.T'O',  oceuzs  native  as 
deseloiaite. 

ThB  triplumbie  eaU,  or  orihovanadate,  occurs  native  in  combination  with  chloride  of 
lead,  as  vanadinite  or  vanadite,  PbGl'.SPb'VOS  a  mineral  occurring  atSmapan 
in  Mexico,  in  the  county  of  WicUow  in  Ireland,  at  Wanlockhead  in  Scotland,  at  Windisch- 
kappel  in  Garinthia,  and  at  Beresowsk  in  the  Ural,  in  crystals  belonging  to  the  hexa- 
gonal system,  isomoiphous  with  pyromorphite  and  mimetesite.  The  crystals  usually 
exhibit  the  combination  of  the  hexagonal  prism,  ooP  with  the  basal  &ce  oP  and  the 
hexagonal  pyramid  P,  having  the  angle  P  :  P  in  the  terminal  edges  «  143°.  It  cdso 
forms  kidney-shaped  lumps,  with  fosiform  to  fibrous  separation.  Golour  yellow  to 
brown.  Lustre  waxy  to  adamantine.  Transparent  to  translucent  on  the  edges  only. 
Hardness  »  3.  Spedfle  gravitv  ■*  6*8  to  7 '2  It  dissolves  in  nitric  acid,  forming  a 
yellow  solution,  any  undissolved  portion  becoming  covered  with  a  red  depodt  of  vana- 
dium-pentoxide. 

Jnalyeee: — a.  PromZimapan(Berielius). — b.  From  Wicklow  in  Ireland  (Thom- 
son, dutline$fU  574). — e.  From  Windischkappel:  ciystaUised ;  specific  gravidas  6*886 
(Bamm  els  berg,  Pogg.  Ann.  xoviii  249).— <2.  From  Beresowsk :  brown  crusts  on  crys- 
tallised pyromorphite;  spedftc  gravity  »  6*863  (Struve,  Verb.  d.  min.  Ges.  xu 
Petersburg,  1857) : 

0*  o»  Ct  dt 

Ghlorina     ....    8*56        2*44  2*23  2*46 

Vanadium-pentoxide    .        ...      23*43  17'41  16*98  14*54 

Phosphoric  pentoadde 0*95  3*08  2*79 

Lead-oxide ....  76*54      73-94  76*70  79*47  78*88 

97-29     101*99 

A  cupriooplumbic  vanadate  called  ch  ileite,  occurring  as  an  amoiphous  brown  sub* 
stance  in  cavities  of  the  massive  pyromorphite  of  Mina  Grande  in  Ghile,  was  found  by 
Bomeyko  (Ann.  Min  [4],  xiv.  146)  to  contain  15-21  per  cent  V«0»,  6*26  A8*0", 
0-72  P'O*,  60*66  PbO,  17*88  CuO.and  0*37  PbCl*,  which  maybe  represented,  approxi- 
mately, by  the  formula  (Pb;Cu)*(V0«)*.8(Pb;Gu)0,  the  vanadium  being  partly  replaced 
by  arsenic  and  phosphorus. 

Vanadates  of  Lithium, — The  metavanadate  crystallises  from  concentrated  solu- 
tions, in  radiate  groups  of  slender  colourless  needles,  eadly  soluble  in  water. — The  acid 
salt  forms  large  red  efflorescent  crystals,  resembling  add  chromate  of  potasdum,  easily 
soluble  in  water  and  not  completely  predpitated  by  alcohoL 

Vanadates  of  Potassium.— The  metavanadate,  KVO*  or  K'O.V'O*,  disolves 
slowly  in  cold,  easily  in  boiling  water,  with  difficulty  in  water  containing  potash.  The 
solution  vields,  by  spontaneous  evaporation,  a  syrup  which  dries  up  to  a  white  earthy 
mass,  melting  when  heated  to  a  transparent  yellow  liquid,  and  becoming  white  again  on 
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oooUng^The  aeid  salt,  2KVO'.V«()*.3H*0,  or  K*0.2V>0*.SH>0,  is  obteined  by 
fusing  the  metsTanadate  with  yanadiam-peDtozide,  or  b^  boiling  it  with  addition  of 
water.  It  forms  broad,  reddish-yellow,  crystalline  laminie,  sli^tW  soluble  in  oofal, 
abundantly  in  boiling  water,  llbe  crystals,  when  heated,  giye  on  their  water,  and 
turn  brick*red  ;  thediy  salt  is  easily  fusible,  and  forms  a  yellow  mass  on  cooling.  The 
salt  is  partially  decomposed  by  boiling  with  a  small  quantity  of  water,  met&Tanadafc#« 
and  diyanadate  dissolying,  and  a  more  acid  salt  remaining  behind.  On  mixing  a  cold 
concentrated  solution  of  the  diyanadate  with  caustic  potash,  the  diTsnadate  P&ztlr 
separates  unaltered;  but  if  the  two  solutions  are  mixed  hot,  metayanadate  is  proaucetL 

Vanadates  of  Stiff er.-r-Tho  metavanadaU  is  a  gelatinous,  yeUowish,  or  wliitiflh 
precipitate,  soluble  in  nitric  acid  and  in  yeiy  dilute  ammonia,  and  precipitated  from 
the  latter  solution  by  ooneentrated  ammonia.  It  is  not  completely  deoompoaftd  by 
bydrodiloric  acid. — ^The  acid  salt  is  yellowish-red,  slightly  sfuuble  in  water,  easily 
soluble  in  nitric  add  and  in  yeiy  dilute  ammonia.  It  melts  below  a  red  heat»  anid  ciya- 
tallises  on  cooling.  The  ammomacal  solution  yields,  by  evaporation,  crystala  of  ammo- 
nio-argentic  vanadate. 

Vanadates  of  Sodium, — ^The  nutatanadate  resembles  the  potassium-aalt. — ^llie 
dimnadate,  2NaVO«.V*0*.9HH>  -  Na*0.8irH)*.9HH),  is  prppu«d  like  the  eon«- 
sponding  potassium-salt,  and  separates,  by  spontaneous  evaporatioB,  in  laige  erfstaU  of 
a  8plen£a  orange-red  colour.  It  is  but  slightly  soluble  in  water,  eren  at  the  UMln^ 
heat :  nevertheless,  1  pt.  of  it  imparts  a  distinct  yellow  colour  to  200,000  pts.  of  water 
It  effloresces  in  dr^air,  ac<^uiring  a  rusty-brown  colour,  melts  at  an  incipient  red  hoat« 
and  forms,  on  ooolmg,  a  shming,  amorphous,  varnish-like  mass  of  a  dark-red  eolonr. 

A  jfhoephatovanadate  qf  sodHvm  is  obtained  by  heating  a  mixture  of  vaaadie  and 
sodic  phosphates  with  nitric  acid. 

Vanadates  of  Strontium, — The  metafKmadate,  Si(yO*)*,  is  gradnally  pveeipi- 
tated  by  chloride  of  strontium  ftam  metavaaadato  of  ammonium,  in  white  cijBtailine 
grains.    It  is  more  soluble  than  the  barium-salt    The  solution,  mixed  with 


water,  forms,  after  some  time,  a  yellow  precipitate,  which  afterwards  turns  white  (pro- 
bably the  oithovanadate).— The  divanadaU,  Sr(V0«)*.V«0».9HH)  -  8r0.2V"0»»HH), 
senarates  on  cooling  from  a  hot  yery  strong  solution  of  sodium-divanadate  mixed  with 
chloride  of  strontium,  in  shining  orange-iod  crystals,  having  the  form  of  sodimn-divm- 
nadate.  It  is  not  very  soluble  in  water,  but  more  soluble  than  the  barium-salt.  Th» 
crystals  do  not  effloresce  even  in  dry  air.— The  trimnadate,  Sr(V0*)'.2yK)'.14HH>» 
8r0.3yOM4H*0,  is  prepared  by  mixing  a  solution  of  an  albdine  diyanadate  with 
acetic  add  and  strontium-chloride,  and  heating  the  liquid  nearly  to  the  boiling-point. 
A  straw-yellow  basic  salt  is  then  depodted,  and  the  deep-red  filtrate  evaponted  over 
oil  of  vitriol  yidds  crystals  of  the  trivanadate.  By  reciystal lisation,  with  addition  of 
a  large  quantity  of  free  acetic  add,  it  is  obtained  pure,  in  large,  red,  diclinic  eEystala, 
exhibiting  a  golden-yellow  sur£ace-lustre  by  reflected  light.  They  are  permanent  in 
the  air,  giye  off  8  at  water  at  100^,  turn  yellow,  and  melt  at  a  low  red  heat  to  a  dark- 
led liquid  which  solidifies  to  a  crystalline  mass  on  cooling.  The  salt  dissolyes  eadly, 
and  without  deoompodtion,  in  water,  on  addition  of  acetic  add.  (y.  fiauer,  J.  pr. 
CHiem.  Ixxvi.  166.) 

Vanadates  of  Vanadium, — Several  oxides  of  vanadium,  intermediate  in  com- 
position between  the  tetroxide  and  pentoxide,  and  perhsps  consisting  of  compounds  of 
the  two,  are  described  by  Beizelius.  They  are  producecl  by  direct  oxidation  of  the 
tetroxide,  or  by  mixing  vanadious  salts  with  yanadates  in  various  proportions.  Th<) 
compounds  thus  characterised  are : — 1 .  A  purple  oxide,  formed  when  vanadious  hydrate 
is  left  for  twenty-four  hours  in  a  vessel  not  perfectly  dosed;  2.  A  green  oxide  con- 
taining V«0«.2V*0» ;  3.  Ayellow-creen  oxide,  V«0«.4V»0»;  and  4.  An  orange-yellow 
oxide.    (See  Gmelin's  Handbook,  iv.  84.) 

The  remaining  vanadates  have  not  been  examined  with  suffident  exactness  to  rendtr 
special  description  necessary. 


m  or,  orVAVABY&.BKOaUa,yOBr*.-. 
This  compound  (regarded  by  Schafarik,  who  discovered  it,  as  tribromide  of  vanadium, 
VBr*),  is  formed,  like  the  corresponding  oxychloride,  by  igniting  a  mixture  of  vani^ 
dium-tetroxide  and  charcoal  in  bromine-vapour.  It  forms  needle-shaped  crystals,  having 
a  dark-brown  colour  and  blue  metallic  iridescence.    (Schafarik.) 


rABZUBBv  OZTOBXrOBIBBB  OV.— a.  Vanadium-osytriekloride^or 
Vanadyl-trichloride,  VOCl*  (usually  regarded  as  vanadium-trichloride),  is  pri}- 
pared:  (a).  By  the  action  of  chlorine  on  vanadium-trioxide  : 

8V*0«  +  6C1»     «     VK)»  +  4V0C1*. 
(3.)  By  burning  the  dioxide  (Berzelius^s  metal)  in  chlorine-gas,  at  a  red  heat,  a 
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greenish-yellow  vapour  being  then  fonned,  which  oondenses  to  a  liquid.— (7.)  By  pasaing 
cfalorine-gaa  over  an  ignited  mixtnre  of  the  triozide,  tetiozide,  or  pentozide  of  Tana- 
dinm,  wiw  iehaicoal,  and  condensing;  the  resulting  vapours  in  a  cooled  U-tube.  The 
liquid  is  freed  from  eauess  of  chlorine  by  passing  dry  ur  through  it,  or  by  rectifying 
it  over  mercury. 

Vanadyl-trichloride  is  a  golden-yellow  liquid,  of  spediic  gravity  1*764  at  20^, 
(Schafarik),  1*841  at  U'6^  (Boscoe).  Boiling-point  127^.  Vapour-density  « 
6-41  (SchafarikX  6*108  (Koscoe) ;  ealc.  (2  vols.)  »  6*119.  When  exposed  to  the 
air,  it  emits  cinnabar-coloured  vapours,  being  resolved  by  the  moisture  of  the  air  into 
hydrodJoric  and  vanadic  acids.  With  a  smaU  quantity  of  water,  it  becomes  turbid, 
£rom  separation  of  vanadic  acid ;  with  a  laiger  quantity,  it  forms  a  clear  pale-yeUow 
solution,  which  when  left  to  itself  for  some  time,  or  more  quickly  when  heated,  gives 
off  chlorine^  turns  green  or  blue,  and  then  contains  vanadium-tetrachloride,  or  the  cor- 
responding oxide,  or  vanadyl-dichloride.  The  same  efibcts  are  produced  on  dissolving 
vanadyl-trichloride  in  hydrochloric  aoid.  The  recently  prepared  solution  in  hydro- 
chloric acid  dissolves  gold.  Vanadyl-trichloride  dissolves  also  in  alcohol,  the  solution, 
however,  being  quickly  reduced  to  a  lower  chloride.    (Schafarik.) 

The  following  experiments  show  that  this  compound  contains  oxy^n:—(l.)  The 
vapour,  passed  over  perfectly  pure  carbon  at  a  red  heat,  yields  carbonic  anhydride.— 
(2.)  It  oxidises  maenesium,  converting  it  into  magDesia.---(3.)  It  converts  sodium  into 
caustic  soda. — (4.)  Its  vapour  passed,  together  ^th  hydrogen,  through  a  red-hot  tube, 
yields  vanadium-trioxide.    (Roscoe.) 

$.  Vanadmmrox^ichiariae,  or  VanadvMiehloride^  VOCl*. — This  compound,  obtained 
by  the  action  of  zinc  on  vanadyl-tricnloride  at  400^  in  sealed  tubes,  is  a  Uffht- 
green  crystalline  solid,  having  a  specific  gravity  of  2*88,  insoluble  in  water,  deli- 
quescing on  long  exposure  to  the  air,  easily  soluble  in  acids.    (Boscoe.) 

7.  Vanadium-osymonoohloridetOt  Fanadyl-monachloride,\OCU  formed  by  the  action 
of  l^drogen  upon  vanadyl-trichloride  at  a  red  heat,  is  a  brown,  light,  powdeiy  solid, 
insoluble  in  water,  but  easily  soluble  in  acids.    (Roscoe.) 

8.  lHvanadi^m<mockloride,  V'0*C1,  is  also  formed  by  the  action  of  hydrogen  at  a 
red  heat.  It  is  easilv  separated  from  the  preceding  compound,  as  it  is  a  heavy, 
shining,  metallic  powder,  resembling  mosaic  gold.    (Boscoe.) 


OF.  Two  vanadium-sulphides  are  known,  cor- 
responding to  the  tetraxide  and  pentoxide* 

The  tetrasuipkide  or  Vanadious  sulpkide,  VSS  is  produced  by  heating  the  tetroxide 
to  redness  in  a  stream  of  sulphydne  acid  gas.  It  is  black,  very  friable,  of  sp.  gr. 
4*70,  insoluble  in  water,  aqueous  alkalis,  and  sulphides  of  alkali-metal,  not  alteml 
by  hydrochloric  or  snljphuric  acid,  but  converted  by  nitric  add  into  vanadious  sulphate. 
When  heated  in  the  air,  it  bnrxis,  producing  sulphurous  and  vanadic  anhydrides. 

HydraUd  vanadious  sulphide  is  obtained  by  dissolving  a  vanadious  salt  in  excess  of 
an  alkaline  monosulphide,  and  precipitating  with  hydrochloric  acid.  The  precipitate 
is  brown  at  firet,  but  becomes  black,  without  decomposition,  on  washing  and  drying. 

Vanadious  sulphide  unites  with  basic  metallic  sulphides,  forming  salts  oUled 
sulphovanadites.  Those  of  the  alkali-metals  are  obtained  by  dissolving  the 
hydrated  sulphide  in  monosulphide  of  ammonium,  &&,  or  by  treating  a  vanadite  with 
exeess  of  sulphydne  acid.  These  suiphosalts  are  blade  in  the  dry  state,  purple-brown 
in  solution  (like  the  permanganates;.  The  other  sulphovanadites  are  insoluble  in 
water,  and  are  obtained  by  predpitation.    (Berselius.) 

JPientasuiphids  of  Vanadiumt  or  Vanadic  siUpkide,  V8^,  cannot  be  formed  in  the  dry 
way,  but  is  obtained  by  dissolving  the  pentoxide,  or  an  alkaline  vanadate,  in  excess  of 
alkaline  monoeidphide,  and  precipitating  with  hydrochloric  acid.  It  is  brown  when 
moist,  black  in  the  dry  state,  but  yields  a  brown  powder.  When  heated  in  a  retort, 
it  is  resolved  in  sulphur  and  the  tetiasnlphide ;  by  neating  in  the  air,  it  is  oxidised  to 
sulphurous  and  vanadic  anhydrides.  It  dissolves,  with  zed-brown  colour,  in  aqueous 
solutions  of  alkaline  carbonates,  hydrates^  and  snlphydrates. 

Vanadic  sulphide  unites  with  basic  metallic  siuphidee,  formingthesulphovana- 
dates.  Those  of  the  alkali-metals  are  soluble  in  water,  and  aro  obtained  by  dissolving 
vanadium-pentoxide  in  excess  of  alkaline  sulphide,  or  by  treating  the  alkaline  vana- 
dates with  excess  of  sulphydrie  add;  in  the  dry  way  aboby  fusmg  vanadium-com- 
pounds with  alkali  and  sulphur. 

The  suld^ovanadates  of  alkali-metal  are  brown  in  the  dry  state,  red-brown  in 
solution.  The  aqueous  solution  of  the  potassinm-salt  gives,  with  Uoohol,  a  scarlet 
precipitate,  which  turns  brown  when  wadied  with  alcohol. — ^The  sulphovanadates  of 
barium,  caldum,  and  strontium  may  be  obtained  as  crystalline  powders,  slightly 
soluble  in  water.  All  the  other  smphovasuulates  are  ixisoluble  in  water,  and  aro 
obtained  by  predpitation.    (Berzelius.) 
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Syn.  with  VurAiHiTX-MbiioziiNi  (p.  987). 

See  Vaitadiuic,  Oxtbbomidb  of  (p.  992). 
■•    Syn.  vith  Vanadiux-Oztchlobidk  (p.  993). 
rABT&-TBICB&OBI]ia.    Syn.  with  VAMADnni-OxTTBiCBLOBiDS  (pL  992X 

▼AVn&JL  F(Hit2k.  ranM/uL—The  fruit  of  Vamttm  plmti/clm,  a  diBba^ 
orchidaceoos  plant  growing  wild  in  Mezioo»  Brasil,  and  Quiana,  and  cnltivatfld  ia 
Jamaica,  Trinidad,  Manritina,  Ceylon,  Jaya,  and  other  trt^ical  eoontziea.  Tha  poda, 
which  are  nearlj  cjlindrieal,  five  or  six  inchea  long,  and  a  line  or  two  thi^  banre  m  ▼^oj 
pleaaant  aromatie  taste  and  smell,  and  are  often  ooTsied  ezteniallj  with  wfaita 
shining  crystals  of  Tanillin,  iHueh  m  their  prineipal  oonstttnoBt,  Tb^  also  cwrtala 
an  iron-greening  tannin,  a  non-drying  &t^oil,  wax,  resin,  &e. 

Vanilla  is  ns^  fin  flarouring  ioes,  ereams,  chocolate,  kc ;  also  in  mediWna  ta  the 
form  of  powder  and  of  alcoholic  tinetore. 

[O  AOm.    Syn.  with  VAimxDr. 

r,C*«H*0«  (Gobley);  C'^HvO^CStokkebye), the  neutral odozifenMS 
principle  of  Tanilla,  was  formerly  mistaken  for  benzoic,  and  afterwards  for  cinnamir 
acid.  It  was  first  recc^ised  as  a  peculiar  substance  by  Bley  ( Jahresb.  1868,  p.  535 ; 
1869,  p.  608^,  further  examined  by  Go  bley  (J.  Fhimn.  [3],  zzxir.  401 ;  Jaluveb. 
1868,  p.  534),  and  afterwards  by  Stokkebye  (Jahresb.  1864,  p.  612),  whodeaigBates 
it  as  vanillic  acid, 

Yanillin  ma^  be  prepared  by  mixing  the  alcoholic  extract  of  Tanilla  with  water  to 
a  syrupy  consistence;  agitating  with  ether,  evaporating,  and  treating  the  residiie  with 
boiling  water ;  again  evaporatiDg ;  and  treatiiu;  the  resulting  crystals  with  animal 
charcoal  (Go  bley).  It  crystallises  in  long,  colourless,  four-sided  prisms,  bevelled  at 
the  ends.  It  is  nearly  insoluble  in  cold  water,  moderately  soluble  m  hot  water,  mora 
easily  in  alcohol^  ether,  and  volatile  oils.  The  alcoholic  solution  has  a  fiuiit  acid 
reaction.  It  melts  at  76°  (Gobley),  at  S2P  (Stokkebye),  begins  to  snblimeat  160<* 
(Gob ley),  and  distils  over  with  vapour  of  water  (Stokkebye).  It  dissolves  in 
strong  sulphuric  acid  and  in  caustic  potash.    Nitric  acid  converts  it  into  oxalic  add. 

VAyovmSt  BBITSITT  OV.    See  Sfbcuic  Gbavitt  (p.  366). 

VAYOmUi,  &ATBMT  MMAT  OS*.    See  Hbat  (iii.  96). 

Ol*.    See  Hb^t  (iii.  81). 

The  name  implied  in  Normandy  to  the  ash  of  seaweed,  used  as  manure 
and  for  the  preparation  of  bromine,  iodine,  and  potassium-salts.  In  Scotland  the  same 
substance  is  called  kelp  (p.  210). 

V AXan A«J  U ICB.  Sueaua  tareims, — ^l%e  juice  of  Vareima  fokfttatha,  a 
leguminous  plant  indisenons  in  Meodeo.  When  dry,  it  has  a  brownish  vitieons  ^oss, 
and  consists  almost  wholly  of  tannin.    (Soubeiran,  J.  Pharm.  [8],  xzriiL  196.) 

▼ASIO&ABXA.  A  genus  of  lichens,  several  spedes  of  which,  viz.  V.  dealbaU, 
F.  aapargUla,  V.  oreima,  and  others,  are  used  for  the  preparation  of  axchiL — V.  amara 
contams  a  bitter  substance  called  picrolichenin  (iv.  642). 

ITAMkoiUkMXMm  The  name  applied  by  Bobiquet  to  a  crystallina  body,  whidi  he 
obtained  from  that  portion  of  the  alcoholic  extract  of  Farto/artc  deaibata,  which  is 
insoluble  in  water.    It  was  probably  lecanoric  or  orsellic  arid. 

▼ABZOUna.  A  fine-grained  to  compact  diorite,  endosing  roundish  faunps  of 
felspar. 

▼ASmciTB.  A  hydrated  alumtnie  phosphate,  occurring  in  quarts  and  silidons 
shale  at  Mosbach  in  the  Sakon  Voigtland.  It  contains  small  quantities  of  fienons 
oxide,  chromic  oxide,  magnesia,  and  ammonia,  and  is  apparently  related  to  tmquois 
(iv.  551).  It  is  non-crystalline,  has  an  apple-green  colour,  and  &int  waxy  lustre ; 
hardness  —  6*0  to  6*6.  Spedfic  gravity  tm  2*34  to  2*88.  (A.  Breithaupt,  J.  pr. 
Ohem.  X.  607.) 

▼4UUnui.  Terms.  FSmiss, — ^A  solution  of  a  resinous  substance  spread  over 
the  sur&ce  of  wood,  metal,  &e.,  and  forming  shining,  transparent,  hard  crusts,  capable 
of  resisting  the  infiuence  of  air  and  moisture.  The  principal  resins  used  fiw  "*^"»g 
varnishes  are  copal,  anim^,  mastic,  and  sandarach ;  the  solvents  are  spirits  of  wine, 
tuipentine-oil,  or  linseed  and  other  diyinp;  oils. 

Unrstal  varnish  for  maps,  prints,  drawings,  &c.  is  made  by  dissolving  Canada  bal- 
sam in  the  beet  oil  of  turpentine.  (See  Ums  Dictionary  of  Arts  and  Man^aetures, 
iii.  940.) 

▼AAV  lOlTB.  A  manganese-orefrom  Warwickshire,  consisting,  according  to  Bam- 
mdsberg,  of  MnO«J!in«0«.H*0 ;  according  to  Phillips,  of  Mn0.8Mn«0«ja«0  (liu  813). 
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A  Bulwtanoe  oonstitatiiiflr*  aocaidiqg  to  Fr^my  (Jahntlx  1859« 
p.  588),  the  prind^  put  of  the  yessela  of  wood.  It  is  diBtugnUhed  by  its  ioflolnbility 
in  concentKated  acids  and  in  caprate  of  ammonia,  and  is  prepared  by  treating  wood, 
first  wiib.  dilute  potash-ley,  then  repeatedly  with  hydrochlonc  add,  afterwazds  with 
eupiate  of  ammonia,  and  finally  with  eold  hydrie  sulphate. 


V.  indiea,  a  tree  growing  in  Halabar,  yields  a  semiflnid  redn,  which 
hardens  in  the  air,  and  is  used  for  msJdng  Peynie-yamish. 


▼AVaraBKnL  The  name  given  by  Fournet  (AnnsL  des  MineraL  [41,  xiz. 
149)  to  a  coarse-grained  varied  of  diorite  fiom  the  gneiss  of  Vauffnaray  (IX^part. 
da  Bh6ne),  ridi  in  oligoclase,  blaokish-gieea  hcHiiblende,  and  brown-blad^  mioa. 


▼AVQinBLOra.    A  name  originallT  given  by  Pelletier  and  Gaventon  to  stmh- 
nine ;  also  by  Fidlss  to  a  oystalline  sabstence  obtained  from  the  bsrk  of  the  oure- 


▼AV^VMUVXTB.  Native  chromate  of  lead  and  copper.  (SeeCHBoic^TB8,i.934.) 

Syn.  with  Potash  (p.  700). 

A  charcoal  prepared  by  indnerating  common  sea- 
wrack  (Fucus  veaieulaitu)  in  a  covered  cmdble. 

▼aOBVAa&B  ZV0BT.  This  name  is  applied  to  the  tagua-nnt,  the  fruit  of 
Pkytdephas  maavoarpa,  a  tree  growing  on  the  borders  of  the  Magdalen  river  in  Co- 
lumbia, South  Amenca.  It  contains  about  80  per  cent,  of  woody  fibre,  is  veiy  hard 
and  compact,  has  the  appearance  of  ivoiy,  and  may  be  turned  in  the  lathe. 

PJkMOBMMMTm    See  Cellvlosb  (i.  819). 

M  UTJUTXOW  or.    See  NinBrnon  of  Puarrs  (iy.  162). 

r-BTOVfl0.  PkeMitei, — Concretions  ibund  in  the  yeins,  chiefly  of  the 
pelvis,  and  condsting  of  caldc  i^osphate  and  carbonate,  with  a  small  quantity  of  mag- 
nesia, and  generally  an  orsanic  nucleus. 

The  term  vsht^one  is  fuso  applied  to  the  mineral  substances  which  accompany  and 
ofken  enclose  metallic  ores. 

Syn.  with  Stxatitb. 

A  pigment  formed  of  red  haematite. 

See  Tujtpmw'iyn  (p.  919). 

C"Hi*0*?  (Schunck,  J.  pr.  Chem.  lis.  474.)— A  substance  con- 
tained in  madder-root,  whence  it  is  extracted  by  processes  already  described  (pp.  121, 
123).  It  is  a  reddish-brown  amorphous  powder,  like  snuff  or  roasted  coffee.  Boiling 
water  scarcely  dissolves  it»  but  renaers  it  soft  and  coherent  It  is  easily  soluble  in  boil- 
ing aleohol ;  the  solution  reddens  litmus.  It  dissolyes  in  alkalis  and  alkaline  carbonates, 
forming  dingy-red  solutions,  from  which  it  is  precipitated  in  brown  flocks  by  acids. 
The  alcoholic  solution  forms  dark-brown  predpitatev  with  cupric  and  plumbic  acetates. 
Venmtin  also  forms  a  stannous  lake,  the  preparation  of  which  is  described  under  Bu- 
BiAFQf  (p.  121).    Verantin  does  not  impart  any  colour  to  mordanted  &hrics. 

vaB.A.TXZO  ACZB*  0*ii**0*. — ^An  add  existing  in  sabadilla-seeds ;  discovered 
by  £.  Merck  in  1839  (Ann.  Ch.  Pharm.  xix.  180),  fturther  examined  by  Schrotter 
{tbid.  xxix.  188),  and  by  W.  Merck  (t^.  cviii.  58).  It  is  prepared  by  exhausting 
sabadilla-seeds  with  alcohol  addulated  with  sulphuric  add,  precipitating  the  extract 
with  milk  of  lime,  evanoratins;  the  filtrate,  mixing  the  dear  solution  of  caldc  rera- 
trate  thus  obtained  witn  sulphuric  or  hydrochloric  add,  and  leaving  it  in  a  cold  place. 
Yeratric  add  then  crystallises  out»  and  may  be  purificKl  by  solution  in  alcohol  and 
treatment  with  animal  chaicoaL 

Yeratric  acid  crystallises  from  its  alcoholic  solution  by  spontaneous  evaporation,  in 
slender  colourless  spiculse,  or  fouz^ided  prisms.  It  has  a  slisht  add  reaction ;  dissolves 
sparingly  in  cold,  more  freely  in  boiling  water ;  also  in  alcohol,  especially  when  wann, 
but  is  msoluble  in  ether.  At  100^  the  crystals  give  off  water  and  become  opaque ;  at 
a  higher  temperature  they  melt  to  a  dear  liquid,  the  add  afterwards  subliming  without 
decompodtion. 

Chlorine  and  branme  act  strongly  on  veratric  add,  forming  viscid  uncrystallisable 
substitution-products.  The  acid  appears  to  be  but  slightly  a^ed  upon  by  oU  of  vitriol, 
and  not  at  all  by  peiUaehloride  qf  phosphorus.  It  dissolves  in  very  strong  nitric  acid, 
and  the  solution,  when  mixed  with  water,  deposits  nitroveratricacid,  (7H*(N0')0\ 
which  dissolves  easily  in  alcohol,  and  crystallises  therefrom  in  small  yellow  lamine, 
mdting  and  decomposing  at  100^.    ^lis  compound,  boiled  with  nitric  acid,  is  con- 
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Terted  into  dinitroveratric  acid,  vhich,  however,  is  diffieoli  to  sepumte  firom  U10 
mononitnted  add.    ( W.  Mere  k.) 

Veratrie  acid  distilled  with  excess  of  baryta  is  resolTed  into  carbonic  anhjdzide  mad 
reratrol:  C»H»«0*  -  CO*  +  C»H»*0».    (W.Merck.) 

Veratrie  acid  is  monobasic. — ^The  venUraiss  of  the  MaU-mOaU  an  qytyllisable^ 
non-deliqaescent,  easilj  soluble  in  water. — ^The  leadsaU  is  insolnhleb — ^The  mI 
CH*AgO\  is  a  white  precipitate,  slightly  sc^nble  in  water. 

Ethylie  Veratrate,  C*H*^G*H*)0^  is  obtained  by  passing  hydrochlone  acid  _ 
into  a  moderately  concentrated  solution  of  Teratrie  ada  in  strong  alcohol,  diBtillni^ 
the  saturated  solution,  treating  the  distillate  with  water,  ftc,  as  a  radio-ciyntoil1iTMi 
easily  finable  mass,  baring  a  spedfie  grarity  of  1*141  at  18°,  inodoious,  but  hsrmg  « 
slightly  bitter,  bumins,  and  somewhat  aromatic  taste.  It  is  sli^tly  soluble  in  waier, 
easily  in  alcohol,  and  separates  therefirom  by  spontaneous  evaporalioa  in  Hhiniiy 
needles.  It  does  not  ycdatilise  without  decomposition;  when  heated  in  the  sJz;  it 
bums  with  a  luminous  flame.  It  is  decomposed  by  heating  with  potash-ley.  O^i^^ 
Ann.  Ch.  Pharm.  xzzrii  198.) 

Syn.  with  Vs&iTfiux-BisiK(p.  997). 

O'^H'VO'.    (Meissner,  Neues  Joum.  ▼.  Trommadoi^  r.  3. 


— Pelletier  and  GaTentou,  Ann.  Gh.  Fhys.  [2],  xiy.  69. — Conerbe,  tMf.  lii.  352. 
— Merck,  N.Joum.  ▼.  Trommsd.  zzL  134.->G.  Merck,  Ann.  Gh.  Fhaan.  xer.  SOO.)— 
An  organic  base  discovered,  in  1818,  by  Meissner,  in  sabadilla-seeds  (p.  141%  and  aooa 
aftenrards  l^  Pelletier  and  Gaventou,  in  white  hellebore  (  Verairumatbtim) ;  it  is  pio- 
bably  contained  also  in  other  spedes  of  yeratrum. 

PreparaHon, — 1.  The  evaporated  aloohoUc  extract  of  sabadilla-seeds  ia  dissolved  in 
dilute  sulphuric  acid;  the  solntion  treated  with  animal  diarooal,  and  then  predpitaitd 
by  an  alkali  ( 100  pts.  of  the  seeds,  thus  treated,  yield  9  pts.  Teratrtne) ;  the  prodpitate 
still  containing  sabadilline  and  other  bodies,  is  dissolYed  in  dilute  si^hurie  add*  and 
nitric  add  is  added  as  long  as  a  black  pitchy  predpitate  is  thereby  produced ;  the  fll« 
trate  is  predpitated  with  dilute  potash-ley ;  the  washed  and  dried  predpitate  is  dia> 
solved  in  absolute  alcohol ;  the  solution  evaporated ;  the  residue  boiled  out  with  water, 
and  the  impure  veratrine  which  remains  is  dissolved  in  ether,  which,  on  evaporation, 
leaves  the  nure  base  (Conerbe). — 2.  The  pulverised  seeds  are  boiled  with  water  con- 
taining hyorochloric  add ;  the  extract  is  evaporated  to  a  syrup ;  hydrochloric  add  is 
added  as  long  as  it  fonns  a  predpitate ;  the  filtered  liquid  is  decomposed  with  eseess 
of  lime ;  the  precipitate  is  treated  with  hot  alcohol ;  the  extract  evapoiated ;  the  resi- 
due dissolved  in  dQute  acetic  acid,  and  precipitated  by  ammonia ;  and  the  predpitate  is 
purified  by  ether.  By  this  process,  5  kilo^ammes  of  sabadilla-seeds  yi^d  10  to  15 
giammes  of  veratrine  (Merck).— Delondre(J.  Pharm.  [3],  xxvii.  417) prepares  pure 
veratrine  by  exhausting  crushed  sabadilla-seeds  with  water  containing  hydrochloric 
add  in  a  displacement-apparatus,  finally  washing  them  with  water,  predpitating  the 
extracts  with  a  slight  excess  of  potash,  and  heating  the  washed  and  dried  predpitate 
with  twice  its  weight  of  ether  ror  four  hours  in  a  vessel  which  can  be  dosed.  The 
solution  left  to  evaporate  in  shalloV  basins  leaves  pure  veratrine. 

PropertieB, — Veratrine  is  ordinarily  a  white  or  whitish-green  czystalline  powder ; 
but,  b  V  spontaneous  evaporation  of  its  alcoholic  solution,  it  is  obtained  in  long  prisms 
with  rhombic  base  (Merck),  which  effloresce  in  contact  with  the  air,  assuming  the 
aspect  of  porcelain,  and  becoming  very  finable  (G.  Merck)^  It  is  inodorous,  but  the 
smallest  quantity  introduced  into  the  nose  produces  violent  sneezing,  accompanied  by 
headache  and  general  uneasiness.  It  ia  vei^  acrid  and  poisonous,  producing  vomiting 
and  purging  when  taken  internally :  3  milligrammes  of  it  killed  a  young  cat  in  ten 
minutes.  It  is,  however,  used  in  medidne  as  an  external  application,  and  when  taken 
internally,  in  properly  regulated  doses,  is  said  to  exert  an  antifebrile  action.  It  is  inso- 
luble in  water  and  alkaline  liquids,  very  soluble  in  alcohol,  and  still  more  in  etiier  (G. 
Merck).    The  solutions  turn  litmus  blue. 

Veratrine  dried  at  100^  gives,  by  analysis,  64*51  to  66*00  per  cent  carbon,  8*55  to 
8-84  hydrogen,  and  55  mtrogen  (G.  Merck).  The  formula  G"H^N*0*  requires 
64-86  C,  8-78  H,  4*73  N,  and  21-63  0. 

Veratrine  melts  easily  when  heated,  and  decomposes  at  a  higher  temperature;  but 
by  very  careftd  heating,  small  quantities  of  pure  veratrine  may  be  subhmed  witiiout 
decomposition. 

Strong  mUfhurie  add  colours  veratrine  first  yellow,  then  a  fine  carmine-red,  and 
ultimately  violet;  according  to  Vasmer  (Arch.  Pharm.  ii.  74),  1  pt.  of  veratrine 

imparts  an  amethyst-red  cobur  to  3,000  pts.  of  the  acid Strong  nitric  ocuf  is  coloured 

b^  veratrine,  first  scarlet,  and  then  yellow.— Strong  hydrochloric  acid  dissolves  vera- 
trine, espedallpr  when  heated,  forming  a  deep  violet  solution,  and  separating  smaU 
drops  of  oily  hquid. 
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Vera  trine- Bait  8. — ^Veratrine  diMolyea  easily  in  dilate  adda,  fanoiDg  oolomrlsia 
salta,  which  have  a  ahaip  bamiog  taate  and  poisonous  action.  There  appear  to  be  two 
classes  of  Teratrine-salts,  inasmnch  as  Gonerbe  obtained  erjrstallisable  salts  containing 
2  at.  hydrochloric  or  1  at.  sulphuric  acid  to  1  at  Toratrine,  whereas  G.  Merck  obtained 
only  uncrystaUisable  gummy  salts  containing  half  that  proportion  of  acid. 

The  solutions  of  reratrine-salts  are  inactive  to  polarised  light.  Most  of  them  give, 
with  alkaline  hydrates,  carbonates,  and  phosphates,  peeipitates  not  perceptibly  somble 
in  excess  of  the  reagent.  A.  solution  of  a  veratnne-salt,  mixed  with  tartaric  acid, 
gi^es  a  precipitate  with  acid  carbonate  of  sodium,  but  not  with  acid  carbonate  of 
potassium.  The  concentrated  solutions  give  yellow  precipitates  with  auric  acid  and  pla- 
tinic  chloride,  yellowish-white  with  potassium-iodide,  light-red  with  potassium-sul^o- 
cyanate,  kermes-brownwith  tincture  of  iodine,  sulphur-yellow  with  picric  add.  Junc- 
ture of  galls  renders  the  neutral  solutions  turbid,  and  on  addition  of  nydrochloric  acid, 
a  copious  white  precipitate  is  formed. 

C%laro-aurats  of  Veratrine,  C**H*'N*0'.HGl.Au01*,  erystallisee  from  solution  in 
hot  alcohol,  on  cooling,  in  thin  yellow  ciystals  haying  a  silky  lustre,  and  giving,  by 
analysis,  20  87  to  21-26  per  cent,  gold  (calc.  »  21 '09). 

VaBATHO&.  C*H>*0*.  fW.  Merck,  loe.  cU,y-X  compound  formed  by  distil- 
ling veratric  acid  (p.  997),  with  excess  of  baryta  at  a  gentle  heat.  It  is  a  oolourlesa 
oil,  haying  an  agreeable  aromatic  odour,  and  spedfio  grnrity  1*086  at  16^,  solidifying 
at  -I- 15^  and  boiling  at  202<'— 205<'. 

Veratrol  does  not  appear  to  unite  with  alkaline  bisulphites.  It  is  not  altered  by 
alkalis  or  by  weak  adds. — With  pot<u9ium  it  forms  a  gelatinous  mass  without  eyolution 
of  hydrogen. — Chlorine  decomposes  it,  forming  at  first  a  ciyBtalline  produot,  oonyerted 
by  the  further  action  of  the  chlorine  into  an  unctuous  mass. 

Bromme  oonyerts  veratrol  into  dibromo  veratrol,  CH'Br'O',  which  fonns  white 
prismatic  crystals,  insoluble  in  water,  easily  soluble  in  alcohol  and  ether,  melting  at 
92^,  and  volatilising  without  decomposition  at  a  higher  temperature. 

NUrie  aeid  acts  strongly  on  veratrol,  formmg  at  first  nitroveratrol,  C*H^NO*)0', 
which  crystallises  from  aJcohol  in  yellow  laminm.  By  further  action  of  the  nitric  add, 
di nitroveratrol,  C'H'(NO')'0*,  is  produced,  which  forms  long  yellow  needles, 
sparingly  soluble  in  water,  easily  in  akohol,  melting  at  100°,  and  then  volatilising 
with  decomposition. 

VSBATJfcU  M.  Bad.  veratr%  the  root  of  white  hellebore  (  F.  oUmmY  is  used  in 
medidne ;  it  contains,  acoordinff  to  Pelletier  and  Oaventou,  a  volatile  acia  resembling 
sabadillic  acid,  dso  gallic  add  and  veratrine,  together  with  starch,  sugar,  and  frkt ; 
according  to  Simon,  it  contains  also  another  base,  called  for  vine  (iii.  443). 

Veratnm  SabadUla,  Beta  (F.  officinale,  Schlecht),  yields  sabadillarseeds  (Semen 
eabadiUa). 

▼atATRVM-SBanr.  Veratrin.  (Gouerbe,  Ann.  Ch.  Fhys.  [3],lxi.  852.}--- 
A  constituent  of  sabadilla-seeds.  When  the  solution  decanted  from  the  pitchy  precipi- 
tate obtained  in  the  preparation  of  veratrin  after  treatment  with  nitrio  aoid  (p.  996V, 
is  predpitated  with  potash,  and  the  alcoholic  solution  of  the  resulting  predpitate  is 
evaporated,  there  remains  a  yellow  resinous  mass ;  and  on  exhausting  this  mass,  first 
with  water  and  then  with  ether,  veratmm-resin  remains  behind,  and  maybe  purified  by 
solution  in  alcohol  and  evaporation.  This  resin  is  said  to  have  the  oompodtion 
G^^H^'N'O*,  but  it  is  perhaps  only  a  mixture.  It  is  brown,  insoluble  in  water,  ether, 
and  alkalis,  melts  at  185^,  and  decomposes  at  a  higher  temperature.  It  unites  with 
adds,  but  without  neutralising  them  or  forming  crystalline  compounds. 

y^MBMAMOfngm  The  flowers  of  great  mullein  (  V.  7%ap«M),  which  are  used  in 
medicine  as  JlorM  twrAoset,  contain,  according  to  Morin,  a  rednous  colouring-matter, 
volatile  and  &t  oil,  together  with  other  constituents;  accarrting  to  Boisignon,  the 
entire  plant  contains  a  large  quantity  of  ammonium-nitrate. 

V»»»yiU01>,  frt>m  Jloyeia  citfiodora,  has  a  red  colour,  and  yieldo,  bv  distil- 
lation, an  axygenated  oil,  while  the  residual  resinised  portion  gives  os  sulphyorio  add 
when  heated  (Gladstone,  Chem.  Soe.  J.  xvii.  1).  Bespecting  its  spedfic  gravity  and 
optical  properties,  see  Oils,  YouLTiUi  (iv.  186). 

Banc  cuprio  acetate.    See  Acraxbb  ov  Coffbb  (i.  14). 

The  commerdal  name  of  normal  cnpric  acetate,  Ga''(CVO')'  (L 14). 

A  chloritic  mineral  from  Vermont  in  North  America,  con- 
taining, according  to  Thomson  ((httUnea  of  Mineralogy,  i.  872),  49*08  percent  dlica, 
7*28  fuumina,  16*96  magneda,  16*12  ferrous  oxide,  and  10*27  water.  It  resembles 
scaly  talc,  but  is  spedally  characterised  by  swelling  up  ver^  strongly  before  the  blow* 
pipe,  and  breaking  out  into  vermicular  excrescences  before  it  melts.    Similar  minerali 
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ftie  found  at  Milboiy  in  Massachvetts  and  at  Westchetter  in  PennqrlTania.   (HbdAv. 
d.  Ghem.  Iz.  214). 

▼SBmuUOV.    See  MxBCUBfo  SuLpmoa  (iii.  918). 

▼BAXOVTXTM.  The  name  of  one  of  the  flTe  Tarietiea  (pouonooa  pjxitas,  idb- 
pickel,  vennontite,  dalamita,  and  aconitite)  into  which  A.  Breithanpt  diTioes  the  mnw- 
ral  species,  arsenical  pyrites,  on  account  of  differences  in  the  angles. 

rovZA.    The  seed  of  V»  anihdminUca  is  known  in  cominccee  as  Calagero. 

n.  An  organic  hase,  not  yet  isolated,  existing,  aeoordiqg  to  C.  Gr. 
Williams  (Chem.  Soc.  Qn.  J.  vii.  97),  in  yeiy  small  quantity,  in  the  tar  of  bitvHii- 
nons  shale.  On  separating  the  Tolatile  bases  from  the  tar  hj  the  action  of  an  aeid. 
and  subjecting  them  to  fractional  distillation,  Tertidine  is  found  in  the  poitaon  boiliQg 
between  188^  and  219^.    It  imparts  a  fine  green  colour  to  solution  of  chloride  of  liaie. 

▼asirvxav.  Uoerate.  Egeran,  GbkumiU,  Loboite,  JfVvgardite,  Preikate, 
WiluUe.  Cwrine,  Xanihite.—A  calcio-aluminic  siUcate,  9(2CfaO.SiO*).2(2A15>*. 
SSiO*),  in  wjuch  the  lime  is  replaced  to  a  small  amount  by  magnesia,  ferrous  oizide, 
and  manganous  ozide^  and  the  alumina  to  a  somewhat  greater  extent  by  ferric  oxide. 
For  analyses  and  discussion  of  formula,  see  Bammelsberg's  Mimendckemie  (ppi  784- 
789). 

VesuTian  occurs  in  quadratic  crystals,  usually  exhibiting  the  combination  P  .  oP  • 
ooP  .  Poo  .  oDpQo,  &c  [somewhat  like>^.  322  (CRTanrAixoGBAFHT,  ii.  160),  anppoa- 
ing  the  terminal  summits  veiy  much  truncated].  Sometimes  crystals  oecur  with  a 
great  number  of  secondary  faces.  For  P,  tiie  length  of  the  principal  axis  is  0-469^ 
Angle  P:  P  in  the  terminal  edges  «  129*'  81';  in  the  lateral  edses  -  74<»  27'.  CSear- 
age  indistinct  parallel  to  ooP  and  ooPoo .  llie  crystals  usually  have  the  priamatie 
faces,  more  raraiy  the  pyramidal  faces  predominant ;  ther  occur  implant<Ml  and  im- 
bedded, intergrown,  ana  forming  aggregations  of  various  character,  firom  ooIumDar  or 
fibrous  to  granular,  passing  into  massire.  Fracture  conchoidal  or  uneren  to  apliatety. 
Brittle.  Hardness  «-  6  to  7.  Specific  grayity  s  8*2  to  8*5.  Colour  brown  orgRea, 
light  or  dark  to  nearly  black;  also  yellow,  rarely  blue.  Stroik  white.  Lustre  Titreous, 
sometimes  very  strong  on  the  crystalline  f^ces;  also  waxy,  especially  on  the  fraetund 
snrfi&ces.  Transparent  to  translucent  on  the  edges  (mly.  Before  the  blowpipe,  tbsv- 
Tian  melts  easily,  and  with  intumescence,  to  a  yellowish-green  or  brown  glass ;  with 
borax  or  phosphorus-salt  it  exhibits  tlie  iron  reaction,  and  with  the  latter  a  skeleton  of 
silica.  In  its  natural  state  it  dissolves  but  impeifeetly  in  hydrochlorie  acid ;  bat 
after  fusion  it  dissolyes  completely,  witii  sepsration  of  gelatinous  silica. 

Vesuvian  was  first  observed  in  the  ancient  VesuTian  lavas;  it  has  since  been  finmd 
in  serpentine,  gneiss;  and  granular  limestone.  The  mineral  from  Vesuvius  has  a  hair- 
brown  or  olive-green  colour ;  the  crystals  from  Ala  in  the  Val  di  Broszo,  in  PiedaMot* 
are  usually  transjparent  and  shining,  with  a  green  or  brown  cdkmr,  rarely  black.  £^ 
near  Christiania  tn  Norway,  the  Ural,  the  Wilui  river,  near  Lake  Baikal,  Cziklowa  in 
the  Bannat,  and  Monxoni  in  the  Fassa  vallejr,  are  other  localities.  Sulphur-yellow 
crystals  have  been  found  at  Monaoni.  A  fight-brown  'variety  occurs  m  Donegal* 
Ireland.  The  variety  eaUoAJrugardite  comes  £ram  Frugard  in  Finland;  ffokumiie^  or 
loboite^  from  Gokum  near  Bsnnemora  in  Sweden.  Liver-brown  divergingdystals,  horn 
EfgsT  in  Bohemia,  have  been  called  tfferan,  Crystols  called  ^j^prine,  of  a  blue  tint« 
attributed  to  copper,  oome  fkom  near  TeUemark  in  Norway ;  xanihite  is  from  near 
Amity,  New  York.  Vesuvian  is  found  also  at  many  other  localities  in  the  United 
States.    (Dana,ii.  199.) 

VATUAU    See  Vicu. 

VJB'riVJOU  Ktu^hu.  Iwmmoiua-roaL — ^The  rootstoek  of  an  Indian  grass, 
mobahhfJitaikerwm  mmnoaiumfdad  similar  species,  such  as  Andropogcn  Sci^nantkuM, 
he.  It  is  used  in  India  for  maldng  mats,  for  window-blinds  and  other  coverings,  these 
oljects,  when  moistened  with  water,  exhaling  the  fragrant  odour  of  the  vetiver-root. 
The  root  contains  two  essential  oils,  the  more  volatile  of  which  is  lighter  than  water, 
the  other  of  more  viscid  consistence.  100  lbs.  of  root  of  good  quality  yield  about  |  lb. 
of  volatile  oil  resembling  oil  of  sandalwood. 

CitroneUa-oil,  from  the  leaves  of  Jndropoffon  Bchanantkiti,  consists  almost  wbolty  of 
an  oxygenated  oil,  boiling  at  200^,  and  ofspedflo  gravity  0*8741  at  20*'.  Inuwa  gf  ass 
oil,  from  Andnjoogon  Nardus,  is  scarcely  distinguishable  from  citrcmeUaKnl.  (Glad- 
stone, Chem.  Soc  J.  xvii.  1.) 

VZBmunO  JLOSS.    See  the  next  article. 

▼XSmunriK*  A  genus  of  trees  and  shrubs  belonging  to  the  caprifoHaceoua 
order.  The  bark  and  hemes  of  the  guelder-rose  (  V.cjnUtu)  contain  valeric  add  ^vibur- 
nic  acid).  The  red  berries  of  the  wayfiiring-tree  (  V,  Laniana)^  contain,  according  to 
£nz  (Jahresb.  1863,  p.  614),  an  iron-greening  tannic  acid,  valeric,  acetic,  and  tartaric 
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wuadB,  a  bitter  principle,  an  acrid  prineipleb  red  oolouring-mattar,  sugar,  gun,  fat-oil, 
,  resin,  and  chloroph  jll. 


Vetck. — ^The  seed  of  the  common  vetch  {Vieia  aoHva)  contains  the  ordi- 
iisiy  coDStitnents  of  legnminous  seeds.  According  to  Gobel,  100  pts.  of  the  seeds 
contain  39  pt8«  stareh  and  4  pts.  gluten.  Greif  found  68  pts.  staidi  to  2  pts.  gluten, 
besides  sugar,  albumin,  &c 

The  following  table  exhibits  the  composition  of  the  ash  of  three  Q^cdes  of  yeteh. 
I. — ^III.  Seed  of  V.  sativa. — ^L  according  to  Sprengel(J.  techn.  Cnem.  z.  850). — 
II.  according  to  Lewi  (Ann.  Ch.  Phaorm.  1.  421). —  ILL  Vetch  from  Keufchatel 
(Cohen,  ibid.  Izzxr.  288).— IV.  Straw  of  K.  sativa.  The  air-dried  straw  contained 
10 — 12  per  cent,  water,  26-0  substances  extractable  by  water  30*7  eztractable  by 
potssh-lej,  42*0  woodj  fibre,  and  5*10  ash  (Sprengel,  S,  techn.  (3hem.  tL  398). — 
V.  Ash  of  the  entire  plant  of  V,  sativa.  100  pts.  of  the  fresh  plant  yielded  82*9  pts. 
water  and  1*1  ash.  1,000  pts.  of  the  dryjplant  contained  2*38  pts.  sulphur  (Way  and 
OgstoD,  Jahresb.  1868,  p.  661,  Table  B).— VL  The  tufted  yetch  (Fl  craeea):  the 
entire  plant  yielded  68  per  cent,  water,  11*5  subetahces  soluble  in  water,  13*8  sub- 
stances soluble  in  dilute  potash,  and  1*626  ash  (Sprengel,  J.  techn.  Chem,  yiii  355). 
— 7.  Vicia  dumetortan  contains,  in  the  flowering  state,  68*0  per  cent,  water,  10*4  sub- 
stances soluble  in  water,  11*5  substances  soluble  in  dilute  potash-ley,  and  2*25  ash 
(Sprengel,  2oc.  oil) : 

M  of  roehes. 


Vieia  mUtm. 

r.  craeea. 

y-dmme- 

Soed. 

Seed. 

Seed. 

Straw. 

Entire 
plant. 

Entire 
plant. 

BntlrB 
ptanU 

I. 

11. 

III. 

IV. 

V. 

VI. 

VII. 

Quantity  of  ash. 

229 

2*40 

5*10 

2*6 

6*60 

1*62 

2*25 

Potash 

391 

30-3 

35*6 

24*7 

32*8 

17*6 

16*4 

Soda .        .        .        • 

271 

9-8 

.    • 

13*1 

•    . 

.    . 

3*0 

Lime.        •        .        • 

7-0 

4-7 

38-3 

8*0 

20*7 

52*5 

55*3 

Magnesia  . 

6*2 

8-4 

6*3 

4*8 

5*3 

8*9 

4*3 

Ferric  oxide 

0*4 

0*7 

0-2 

0*8 

0*6 

0*7 

Phosphoric  anhydride 

6*0 

37-8 

5*5 

29*6 

10*6 

10-2 

7-9 

Sulphuric            „ 

2*2 

4-1 

2*4 

9*7 

25 

4*2 

5*5 

Silica         .        •        • 

8*7 

2-0 

8*7 

1*1 

1-3 

2*9 

8*8 

Chlorine    •        •        . 

1*9 

•    • 

•    • 

•    • 

•    • 

2*2 

3*1 

Alumina    . 

1-0 

»    • 

0*3 

Manganic  oxide . 

0*2 

.          a 

01 

trace 

•    • 

■    • 

0*5 

Chloride  of  sodium     . 

.    • 

2-0 

2*6 

7*5 

7-3 

Aocoiding  to  Schwerz,  a  hectare  yields,  on  the  ayerage,  1,275  kilos,  of  seed  of 
Vina  sativa  (15  hectolitres),  and  3,000  kilos,  straw.  The  seed  contains  about  30*6 
kilos.,  the  straw  153*1  Idlos.,  the  entire  plant,  therefine,  188*7  kilos,  of  aah-constitnentflL 

VZOWXra.  A  mineral  from  the  Jura  limestone  near  Visnes,  in  the  Department 
of  Moselle  in  France,  consisting  of  gzeenish-blue  grains,  bound  together  liy  a  cement  of 
the  same  colour  but  different  composition.  The  grains  haye  a  specific  grayity  of  3*7> 
and  contain,  according  to  Kar  sten  (Arehiy.  t  B^bau,  zyL  30),  41*12  per  cent,  ferric 
oxide,  29*98  ferrous  oxide,  11*87  carbonic  anhydride,  3*38  phosphoric  uihydride,  and 
2-9  water,  with  small  quantities  of  silica,  alumina,  magnesia,  and  lime ;  probably  a 
decomposed  iron-ore. 

ynMAAMMMTMt  A  hydrated  magnesinm-silieate,  4Mg%iO*.H'0,  with  101811 
quantities  of  iron,  manganese,  calcium,  and  potassium,  oeeurring  massiye^  and  in 
granular  aggregates,  at  Trayersella  in  Piedmont  (Dufrinoy,  Ann.  Min.  [4], 
1.  387.) 

vnnk  Boussingault  (Ann.  Ch.  Phys.  [3],  xxx.  389)  has  determined  the 
quantities  of  mineral  constituents  abstracted  from  the  soil  by  the  culture  of  the  yine. 
As  the  leayes  are  returned  to  the  soil,  the  products  actually  removed  ftom  the  yineyaxd 
are  limited  to  the  wine,  the  lees,  and  the  branches  cut  off  in  pruning.  A  yineyaid  of 
170  acres,  in  Alsace,  produced,  in  1848,  55*05  hectolitres  of  wine,  containing  10*294 
kilos,  of  ash  (1*87  grm.  per  litre);  together  with  492  kilos,  of  air-dried  lees,  containing 
6-65  per  cent,  or  82*72  kilos,  of  ash ;  and,  finally,  2,624  kUos.  of  branches,  with  2-44  per 
cent  or  6403  kilos,  of  ash.    The  composition  of  these  ashes  was  as  follows : 
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TtfOlMid 

I 

t 

AAar       oa 

RtfOk   CMX 

MgO.       AM)*.    SOiL 

CL 

cot 

not. 

ftsIL 

i 

WfiM(l  litre)  O-MS 

~        0*091 

0-l7«        -       0HB6 

trac« 

0!HO 

0*411 

O-OUS  «     1«3V 

c 

LeM                86^ 

0-4      10-7 

»           9-4     fir4 

04 

12-4 

10*7 

is-a    B  97-s 

I 

BnmcbM        19rO 

0^    S7*a 

e-i         M    1-6 

0-1 

90-t 

10-4 

109    s9»7 

1 

The  following  table  ezhibite  the  quantities  of  the  serenl  mineral 
Yemoyed  hj  the  nne-cnltare  from  the  170  acne  of  soil  (as  ealeolated  fiom  the 
ceding  results,)  compared  with  those  zemored  by  other  crops  gfowB  on  equal 
of  land  in  the  neighbourhood  of  the  yinejaxd : 


AbMracted  by 

K<0. 

Nato. 

CbO. 

MfO. 

p>o 

so>. 

Wine 

Lees 

Branches     •        •        •        • 

11-63 

12-07 

4-64 

0-18 
0-18 

•         • 

17-48 
8-60 
0-61 

3-91 
0-72 
0*96 

ese 

3-60 
2-27 

1-02 
1-77 
0'6S 

Total 

28-24 

0-26 

21-49 

6-68 

12-43 

892 

Potatoes      .... 
Mangold-wnnel  . 
Wheat,  with  straw 

1071 

1630 

46-9 

•  • 

•  • 

•  • 

•  • 

•  • 

•  ■ 

23-8 

20-4 

323-0 

Hence  it  appears  that  the  eultore  of  thA  vine  does  not  xvmoTe  mora  potadi  ficai  die 
soil  than  that  of  cereals  and  root-crops. 

On  the  composition  of  the  seyenil  ports  of  the  Tine,  see  Crasso  (Add.  Gh.  Pbaim. 
Ivii.  69 ;  Ixii.  69 ;  Jnhresb.  1847-1 848,  p.  1082 ;  Table  B.  Nos.  46-^).— On  tlie  ash  of 
the  soTeral  parts,  also  Berthier  (Ann.  Gh.  Phys.  [3],  zzziii.  249;  Jahvesb.  1861, 
p.  708). 

In  the  juice  exuding  in  spring  from  fresh-cut  snr&oes  of  the  vine,  Wittstein 
(Jahresb.  1867f  p.  620),  found  chiefly  potash,  combined  with  eitrie  and  laetie  adds ; 
malic  acid  was  not  present. 

VMMMTZM  (from  ifimetier,  the  French  name  of  Bef^eria  mdgarUy-  The  name 
giyen  by  Wacker  to  the  base  obtained  by  Polez  from  the  root-bark  of  tJie  oofmnKm 
barberry,  and  by  him  called  ozyacan  thin  (it.  288).  This  latter  name  has  abo  brcn 
given  by  Leroy  to  another  base  extracted  from  the  white  thorn  {jOratmgua  itxyactmika\ 

See  Acsnc  Acm  (i.  7). 

The  fragrant  flowers  of  the  violet  (Fl  odoraUi)  are  said  to  contain, 
besides  colouring-matter,  slight  traces  of  »  volatile  oil,  two  acids,  one  vpd  and  the 
other  colourless,  an  emetic  principle  called  violin  (probably  identical  with  emetin 
from  ipecacuanha-root)  (ii.  486),  sugar,  and  other  substancea.  The  colouring-matt^ 
of  the  flowers  is  easily  turned  red  b^  acids,  and  green  bv  alkalis.  The  colourlesa  acid 
called  violenic  acid  bv  Peretti  (Buchn.  Kepert.  u.  130),  is  said  to  eiystallise  in 
silky  needles,  to  be  soluble  in  water,  alcohol,  and  ether,  and  to  form  yellow  salts  which 
stain  the  skin. 

Viaia  tricolor  (heartsease  or  pansy)  contains  a  yellow  colouring-matter,  raaiii, 
vegetable  mucus,  and  other  subsUuioes,  but  no  violin.    (Boullay.) 

Syn.  with  Viouir  (p.  1001). 


▼ZO&AW.  A  silicate  of  aluminium,  calcium,  magnesium,  and  sodium,  «^nfiMni|i|r 
also  iron  and  manganese,  ficom  St.  Marcel  in  Piedmont.  It  occurs  massive^  and  in 
indistinct,  elon^j^tted,  granular  concretions,  deavable  in  two  directions  indined  at 
nearly  90®.  It  is  nearly  opaque,  with  a  dark  violet-blue  colour,  and  vitreous  lustre; 
hardness  «*  6  to  6 ;  spedfic  gravity  »  8*233.    (Piatt ner,  J.  pr.  Chem.  xv.  329.) 

▼ZOIiAWmr.  C^*H*0'.  (Baeyer,  Ann.  Ch.  Pharm.  cxxvii.  223.)— A  oom- 
pound  containing  the  elements  of  violurie  and  dilitoric  acids^  and  prodnoed  by  their 
direct  combination,  just  as  allosantin  is  formed  from  alloxan  and  dialvric  add : 

C<N»JBPO«  +  C«N«HH>»    -    CW«H«0*. 
VIolurk  add.  DiUtorfc  Vtotaotln. 

add. 

A  mixture  of  the  hot  concentrated  solutions  of  the  two  acids  deposits  Tidantin  on 
cooling,  in  crystals  containing  C"N'H'0'.4HH).  Violantin  is  likewise  always  pro- 
duced b^  imperfect  oxidation  of  violurie  add,  or  by  inmerfect  reduction  of  mlitarie 
add.  it  may  also  be  prejpared  by  gently  heating  hydurilic  add  with  dilute  nitric  add 
(the  vessel  binng  dipped  mto  hot  water),  till  a  yellow  colouring  appears  on  the  edees ; 
on  removing  it,  a  brisk  reaction  sets  in,  and  violantin  separates  as  a  yellowish-iraite 
crystalline  body.    If  too  little  heat  has  been  applied,  the  product  is  chiefly  mlurie 
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&c»d  I  if,  mi  the  other  hand,  the  mixture  has  been  too  strongly  heated,  dflitnric  add  is 
tlfceprincipal  product. 

'Violantin  cueeolTee  in  water,  but  is  resolved  at  the  same  time  into  Tiolnric  and 
dilitnric  adds.  The  same  decompodtion  takes  plaoe  on  heating  it  with  solutions  of 
salts  of  the  stronger  acids,  a  diUtnrate  of  the  base  being  then  sepainted,  and  Tiolnrio 
acid  remaining  in  solution.  On  heating  it  with  aerates,  both  dilitnrate  and  Tiolnrate 
of  the  base  are  prodnoed,  the  less  soluble  dilitnrate  separating  out,  but  in  most  cases 
strongly  coloured  by  adhering  Tiolurate.  From  a  mixture  of  equal  parts  of  alcohol 
and  water,  Tiolantin  may  be  partly  crystallised  without  decompodtion. — Ammonia'^ai 
colours  Tiolantin  blue ;  aqueous  ammonia  decomposes  it  intodolurate  and  dilitnrate. — 
Stdpl^fdno  and  h^riodie  add  easily  reduce  Tiolantin  to  uramiL 

Biy  Tiolantin  heated  to  120°,  aecomposes  immediately  through  the  entire  mass, 
giTinp  off  gas,  and  leaTing  a  brown  substance  which  dissolTes  with  red  colour  in 
caustic  potash. 

VtOXAWZO  AOZP.    See  Viola  (p.  1000). 

▼ZOUBT  (Ajnuoni).  Eofnumiit  ffudet  consists  of  triethylrosaniline  (iT. 
471).  Aocordfog  to  Duprey  (Bull.  Soe.  Chim.  1867,  i.  96),  it  may  be  rendmd 
sdttble  in  water  by  decompodng  the  hydnodate  with  boiling  caustic  soda,  and  redis^ 
solyin^  in  an  add.  Po irrier  and  Chappat  (tbid,  1866,  ii.  502^  describe  methods  of 
preparing  violet  dyes  tram  methyl-,  eth^-,  and  amyl-aniline,  without  first  preparing 
Tosaniline.  Lautn  (ibid,  862)  prepares  methylaniline-Tiolet  by  dmply  heating  certain 
salts  of  methylaniline.  Thus,  when  a  mixture  of  10  pts.  methylaniline,  8  pts.  hydro- 
chloric add,  and  200  pte.  sand,  is  heated  to  100° — 220°,  and  the  crude  product  ex- 
hausted with  water,  a  solution  is  obtained  haTing  a  very  deep  and  pure  violet  colour.  The 
colouring-matter  contained  in  it  may  be  purified  from  a  trace  of  tany  matter,  by  pre- 
cipitating with  an  alluli  or  aDoiline  salt,  and  redissolTing  the  predpitate  in  water.  A 
second  predpitation  yidds  the  methylaniline-Tiolet  quite  pure,  and  in  the  form  of  a  fine 
green  mass,  whidi  constitutes  the  commerdal  product  A  dmilar  product  is  obtained 
by  subjeetiDg  methylaniline  to  the  action  of  powerful  oxidising  agents,  such  as  cuprie 
mtrate,  mercuric  acetate,  &c. 

VZOXOTy  or  TTOli  A  m  MM  MVMMm  An  emetic  substance  contained,  according  to 
BouUay,  in  all  parts  of  the  common  Tiolet.  It  has  not  been  obtained  pure,  and  is, 
perhaps,  identical  with  emetin  from  ipecacuanha-root. 


This  name  was  given  hj  Fri  ce  (Bep.  of  Patent  Inventions,  Feb.  1860), 
to  a  blue  predpitate  obtained  by  treating  amUne  with  sulphuric  add  and  peroxide  of 
lead. 

VZO&mUCO  AOXV,  C'N*H"0«,  or  NUrOBobariitiiric  acid,  C«N*H>(NO)*0'. 
(Baeyer,  Ann.  Ch.  Pharm.  czxvii.  200.) — ^An  add  produced: — 1.  By  the  action  of 
nitric  add,  nitrous  add,  or  a  metallic  nitrite  on  hydunlic  acid : 

C«N*H«0«  +  HNO«     -    CWH«0*  +   0<N«H*0*  +  H«0. 
Hjdurllie  Violurlc  add.         Alloxan, 

aefd. 

C«N*HKH  +  Ba^O*  +  2HK0«   -    CWH«KO«   +    C»N»BPO*  +  2HK>  +  ITO*. 

Hydurilk  yiolurate  ot  Alloxan, 

add.  poUMinm. 

2.  Together  with  other  substances,  by  the  partial  reduction  of  dilituric  add,  (C^N'HK)*^, 
as  when  that  compound  is  cautiously  heated  with  glycerin,  or  when  feirous  diliturate  la 
reduced  by  solution  of  potasdum-cyanide. 

To  prepare  it,  hyduruic  acid  is  warmed  with  water  and  nitrate  of  potassium,  whereby 
deep-Uue  violurate  of  potassium  is  fonned,  the  quantity  of  which  may  be  increased  bv 
alternatdy  adding  small  quantities  of  acetic  add  (to  neutraUse  free  potash,  which 
would  exert  a  decomposing  action)  and  nitrate  of  potassium.  After  filtering  off  the 
mother-liquor,  the  violurate  of  potassium  is  washed  with  a  small  quantity  of  water, 
mixed  in  hot  solution  with  chlondeof  barium,  and  the  predpitated  violurate  of  barium 
is  exactly  decomposed  by  dilute  sulphuric  acid.  The  filtrate  evaporated  at  60^ — ^70^» 
yields  pure  violuric  add  (about  f  of  the  hydurilic  add  used). 

Yioluric  acid  crystallises  in  shining,  yellowish,  rhombic  octahedrons,  containing 
CWHH)*.H«0.  They  rive  off  their  water  of  crystallisation  at  100°,  dissolve  with 
moderate  fiidlity  in  cold,  more  easily  in  hot  water;  the  solution  is  not  predpitated  by 
alcohol. 

Violuric  add  soon  turns  mouldy  in  aqueous  solution,  and  decomposes  at  the  boiling 
heat ;  the  dry  add  likewise  decomposes  when  strongly  heated,  ^ving  off  red  fumes.-- 
Nitrie  aeid  converts  it  into  dilituric  (nitrobarbitnnc)  add. — Bromine  converts  it,  in 
aqueous  solution,  into  alloxan-bromide  or  dibromobarbituric  acid,  and 
hydrobromic  add,  with  evolution  of  red  vapours : 
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VIolnric  DibranolMrbiCQric 

add.  add. 

Heated  with  ehlorid$  of  Unu,  it  yields  chloropierin. — ^Heated  H*^  rtnrtit^atlk  itj, 
it  gives  off  a  small  quantity  of  ammonia,  and  is  eonyerted  into  hydroyiolnrie  acid, 
a  eompoond  not  yet  examined. — ^Yiolaric  add  heated  with  MtUt-lime,  gives  off  all  its 
nitrogen  in  the  form  of  ammonia. 

B^neing  agents,  such  as  mJpkydric,  kgdriodie  acid,  &e^  eonTert  violorie  aod  into 
uiamil  (amidobarbiturie  acid) : 

CWH»(NO)0»  +  2H«S     -    C«N»H\NH»)0»  ♦  S«  +  H«0. 
Violiiric  UramlU 

add. 

With  wjphUe  of  ammonium,  it  forms  snlphnrie  add  and  thionnrate  of  ammo- 
nium.— ^With  dilitttrie  acid  it  unites  directly,  forming  viola n tin. 

Violnrates. — Violuric  add  is  monohone.  It  decomposes  acetates,  but  not  chkaUcaL 
Its  salts  are  distinguished  by  the  great  beauty  and  vanetr  of  their  colonrs. 

Violurate  of  Ammonium^  C*N'£P(KH*)0*,  crystallises  m  fine,  daik-blne,  anhydzDos 
prisms. — The  potatsium-salt,  C*N*BD*K(>".2HK),  forms  deep-blue  lamins  or  priBms. 
which  dissolve  in  hot  more  easily  than  in  oold  water,  forming  a  deep-blue  sdution. 
At  115^ — 120^,  the  salt  gives  off  its  water,  and  becomes  greenish-blue.  Ihe  solvtioD 
mixed  with  excess  of  potash,  turns  red,  perhaps  from  formation  of  a  basic  salt.  A 
solution  of  potassium-violurato  in  hot  concentrated  hydiochloric  add  depositSL  on 
cooling,  the  compound  2(KCLC«N»H«0*).HC1.«HH),  m  large,  colourless,  sfaming, 
efflorescent  prisms,  easily  soluble  in  water,  spdringly  in  alcohoL    At  100^,  thtte 

crystols  give  off  water  and  hydrochloric  acid,  leaving  the  compound  KC1.C*N'HH>*. 

Violurate  of  9odvu.m  forms  red  nodules  composed  of  short  neemes,  easily  soluble  in  hot 
water* 

Violurate  of  barium,  CTff«H<Ba''0».4H«0,  is  prodpitated  by  diloride  of  barium 
from  a  solution  of  the  potassium-salt,  in  red  shining  quacbatic  tables,  which  are  neazir 

insoluble  in  cold  water,  and  give  off  all  their  water  of  crysteUisation  at  about  230®. 

The  ealcium-aali  forms  bride-red  crystals. — ^The  cupric  salt  is  an  amorphous  olive- 
green  precipitete. — Ferrous  ealt.  Violurio  add  added  to  ftrrons  aeetato  forms  a  daik- 
blue  solution,  from  which  alcohol  precipitates  fonous  violurate  in  six-sided  tables 

with  red  metallic  lustre ;  they  dissolve  easily  in  water,  forming  a  daik-bhie  aoliition. 

The  Uadsalt,  C«H*Pb''NK)«.4H«0,  is  obtained,  by  double  decompodtion,  in  smaU  red 
crystals,  becoming  dark-red  when  diy.  A  reddish  bade  salt  (containing  68  per  oenk 
lead,  and  0*5  hydrogen),  is  formed  bypredpitating  the  potassium-salt  wil^  basic 
acetate  of  lead.— The  magneHum-eaU,  C^*M^'N«0«.6H*0,  separates,  on  cooling,  from 
a  warm  mixture  of  magnesium-acetate  and  violuric  add  or  the  potasdum-salt^  in  hard, 
shining,  purple-red,  rhombic  cystab,  becoming  dark-red  when  dry. — ^The  sUver^stit  is 
a  violet  gelatinous  precipitete. 

VZROUrZA  CKSBFaB.  Ampelofsii  hederaeea.  VUU  hederaoea,  L.  Hedera 
quinquifoUiBy  Du  Boi.»The  leaves  of  this  plant,  which  turn  red  in  autumn,  contain  a 
red  colouring-matter,  called  by  Wittstein  cissotannic  acid,  which  may  be  extracted 
by  alcohol  100  pto.  of  the  fresh  leaves  yielded  1-56  per  cent,  ash.  contatninff  in 
100  pts.:  28-9  K«0,  120  Na«0,  20*2  CaO,  80  MgO,  01  AlW  0'6  Fe«0»  STsO* 
161  P«0»,  60  SiO«,  100  C0«,  and  18  CI  (Wittstein.  Budm. Bepert  xcvi  318)-^ 
The  hemes  contain  malic,  tartaric,  and  dtric  adds  (Biegel,  Arch.  Pharm.  [2],  Iv. 
163.) 


An  add  obtained,  according  to  Quevenne  (J.  Fhann. 
xxii.  449),  by  heating  the  fkt-oil  of  the  Virginian  senegspioot  to  200®  It  U  deaetibed 
as  a  reddish-yellow  ^il,  having  a  strong  odoor  and  ahsjrp  taste^  soluble  in  alcohol. 
ether,  and  alkalis.  —«—«■, 


Syn.  with  Vkbdiobib. 

yzapio  AOnK  C"H"0«(?)  (Eochleder,  Ann.  Ch.  Fhaim.  bdii.  1»8.)-An 
acid  produced  by  the  oxidation  of  csffetannic  add  in  presence  of  ammonia.  Cofiee- 
beans  owe  their  green  colour  to  a  small  quantity  of  calcic  virid^.  To  prepare  the 
add,  the  solution  obtained  by  deoompodng  caffetannate  of  lead  (i.  709)  with  sulphy- 
dnc  add  is  supersaturated  with  ammonia,  and  left  in  contact  with  the  air  for  th£&. 
six  hours,  tiU  it  acquires  a  deep-blue  colour ;  then  mixed  with  excess  of  acetic  add. 
which  colours  it  brown;  then  with  alcohol,  which  precipitates  a  few  black  flocks  ^of 
ulmoiu  substance).  The  h^uid  filtered  from  these  flocks  is  predpiteted  with  acetate 
of  lead,  and  the  blue  precipitete  of  lead-viridate  is  decomposed  by  sulphydric  add. 
The  brown  solution  thereby  obtained  leaves  viridic  add,  on  evaporation,  as  an  amor- 
phous  mass  of  the  same  colour,  and  very  soluble  in  water.    The  solution  fonns  a  blue 
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inrecipitate  with  acetate  of  lead,  greeniah-blue  with  barrta-water,  and  ia  instantlj 
coloured  deep-green  by  ammonia,  potash,  or  soda.  Yiridic  acid  dieaolTea  in  strong 
sulphuric  acid,  forming  a  solution  of  a  fine  crimson  colour,  from  which  water  throws 
down  a  blue  flocculent  precipitate. 

Syn  with  Cklobofktix. 

C"H>'N.— A  base  obtained  from  coal-tar.  Spedile  graiity  -  1*017. 
BoiUng-point  280^.  Slightly  soluble  in  water,  easily  in  alcohol  and  ether. — ^The 
plaiinum-idU,  2(C**H*'N.HCl)PtCl*,  is  greenish-brown,  insoluble  in  alcohol  and  in 
ether. — ^The  fnercuric  sdU  crystallises  from  water,  and  melts  at  86°.  (Thenius, 
Jahresb.  1861,  p.  508.) 

VZBO&A  TAJAWW.  The  fiit  of  Virola  sdnfera,  Aubl.  {MyrUtica  sebtfera,  L.), 
a  tree  indigenous  in  Carolina  and  Guiana.  It  is  obtained  by  boiUng  the  shelled  and 
bruised  almonds  with  water ;  has  a  yellowish  colour,  melts  at  40^ — 60°,  dissolyes  in 
alcohol  and  ether,  partly  also  in  anunonia,  and  is  slowly  but  completely  saponified  by 
potash.    (Bona  St  re,  J.  Pharm.  xix.  186.) 

VIMXAiIITSOXnr.  The  portion  of  crude  Tisein  whidi  is  insoluble  in  alcohol  and 
ether,  and,  according  to  Beinsch,  forms  the  chief  constituent  of  bird-lime  (L  689). 

An  oil  obtained  by  the  dry  distillation  of  viscin« 

See  the  next  article. 


A  substance  which  forms  the  glutinous  constituent  of  the  stalks,  leayes, 
and  especially  the  berries  of  the  mistletoe  {Visoum  album),  and  is  the  principal  con- 
stituent of  bird-Ume.  It  is  also  contained  in  the  receptacle  and  floral  enyelopee  of 
MractylU  awnm^fera  (Macs ire,  J.  pr.  Chem.  i.  416};  in  the  bark  of  the  holly  (Bex 
amiifokv/niS  (Bouillon-La^range);  in  the  milky  juice  of  .FVeiMfv/i^ioM  (Nees  t. 
£  8  e  n  b  e  c  k),  and  in  the  glutinous  substance  which  coats  the  branches  of  Robima  trisoosa. 
(Vauquelin.) 

Crude  viscin  is  obtuned  by  bruising  the  finely-scraped  bark  of  the  mistletoe,  and 
kneading  it  with  water  as  long  as  anything  is  thereby  dissolred.  A  yellow,  very  yiscid, 
and  glutinous  mass  then  remains,  containing  (besides  woody  fibre,  part  of  which  may  be 
mechanically  remored),  pure  viscin,  a  waxy  substance  soluble  in  alcohol,  and  a  mass 
insoluble  in  aloohol  and  ether,  called  vise  ant  s  c  h  i  n.  To  obtain  pure  yiscin,  the  crude 
mass  is  boiled  seyeral  times  with  strong  alcohol;  the  undissolved  portion  macerated 
five  or  six  times  with  ether,  at  ordinary  temperatures,  for  twelve  hours ;  and  the  residue 
left  on  evaporating  the  ethereal  extracts  is  kneaded  first  with  alcohol,  as  long  as  this 
solvent  takes  up  an^rthinf;,  and  then  with  water.    (Beinsch,  Jahresb.  1860,  p.  641.^ 

Yiscin  thus  obtamed  is  dear,  colourless,  nearly  inodorous,  and  tasteless ;  has  tne 
consistence  of  honey  at  ordinary  temperatures;  may  be  drawn  out  into  vezr  fine 
threads;  has  the  same  density  as  water ;  becomes  more  fiuid  at  80°,  and  at  100°  is  as 
fluid  as  <nl  of  almonds,  and  inakes  a  greasy  stain  on  paper.  It  has  an  acid  reaction. 
(Beinsch.) 

Yiscin  is  decomposed  by  dry  distiUatiott  (the  boiling-point  rising  from  210°  to 
above  276°X  >  mobile  oil  called  vi scene  first  passing  over,  then  a  greenish  oil,  and 
afterwards  a  crystalline  buttery  mass,  while  a  blade  substance  resembling  asphalt 
remains  in  the  retort. 

Yiseene  is  a  very  mobile  yellowish  oil,  of  snecifie  pinvity  0*86,  and  distilling 
almost  completely  at  226°.  When  mixed  with  soda-ley,  it  solidifies  to  a  crystiJline 
pulp,  which, when  distilled  with  water,  f^rea  off  a  fraerant  oil  called  viscin ol,  while 
the  remaining  impare  sodium-salt  contains  an  add  celled  viscicacid,  whidi,  in  the 
free  state,  is  an  oil  having  a  strong  add  reaction,  and  a  faint  odour  like  that  of  angelic 
add.    (Beinsch.) 

Yiscautschin  is  contained  in  the  portion  of  crude  visdn  which  is  insoluble  in 
alcohol  and  ether.  To  purify  it,  the  rendue  is  repeatedly  tzeated  with  rectified  oil  of 
turpentine,  which  leaves  woodv  fibre  undissolved ;  the  solution  is  mixed  with  water, 
and  evaporated;  the  dear  yellowish  residue  is  treated  with  ether,  in  which  it  now 
dissolves ;  the  ether  is  evaporated ;  and  the  residue  is  repeatedly  washed  with  alcohol, 
and  dried  at  100°. 

Yiscautschin  has  a  dennty  of  0*978.  It  is  extremely  visdd  and  glutinous,  being,  in 
fact,  tJie  substance  to  which  bird-lime  owes  its  adhedve  properties.  At  120°  it  has 
the  consistence  of  olive-oiL  Crude  viscin  contains  about  0*6  pt.  viscin,  0*2  viscautschin, 
and  0*8  waxy  matter.    (Beinsch.) 

See  the  last  artide. 


VISOMUUMJITAB.    This  name  is  given  bv  Bollfhs  to  an  apparatus  for  measuring 
the  viscosity  of  colouring  liquids  thickcMd  with  gum,  &c.,  by  comparing  the  time  re- 
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qmred  by  a  giyen  quantity  of  the  liquid  to  pass  tluough  a  oertain  apecture^  with  thai 
required  by  an  equal  quantity  of  water. 

▼ZBCnJlK.  The  leayes  and  younger  branches  of  the  miBtletoe(  Viscmm  Mum)  contain 

(according  to  Winckler),  besides  viscin,  about  16*7  per  oenU  nnciystallisable  aqgar, 
5*8  fat-oil,  together  with  tannin,  gum,  &c^  and  a  small  quantity  of  a  volatile  odori- 
ferous principle. 

The  ash  of  the  leaves  and  branches  contains,  accordinff  to  Fresenius  and  Will, 
and  according  to  Beuling,  the  constituents  given  imder  a  in  the  following  table. 
C.  Er  dmann  found  in  the  leaves,  62-5  per  cent,  water  and  Z'S6  ash,  containing  the 
constituents  given  under  b ;  in  the  stalks  of  a  mistletoe  growing  on  an  apple-trp.t 
he  found  56*68  per  cent,  water  and  1*9  ash,  composed  as  under  c  Beinsc  n  fomnd 
the  ash  of  the  stalks  and  leaves  of  a  mistletoe  growing  on  a  Scotch  fir,  to  contain, 
in  100  pts.,  the  constituents  given  under  d.  The  bark  of  the  stem  contains  white 
viscin,  gum,  sugar,  albumin,  tannic  acid,  pectin,  and  similar  substances  (Beinsch); 
the  ripe  fruit  contains  resinous  substances  (bird-lime),  gom,  wax,  &c : — 


A»h  qf  mstUtoe. 

KXO. 

KaSO. 

CnO. 

MgO. 

Fe^PO*. 

p«o». 

SO*. 

CO«. 

80S. 

OL 

Na<a. 

a. 

35-3 

.    • 

19*4 

19*5 

1*8 

16*6 

1-4 

131 

1-6 

.   ■ 

1-0 

b. 

19-7 

4-3 

22*6 

9*3 

1*6 

16*4 

2*0 

16*8 

1*2 

0*8 

e. 

20*1 

41 

22-2 

9*7 

1-6 

16*3 

20 

16*7 

10 

0*8 

rf.  22-0      8-8      21-7      11-7      65      141       1*7       15*8      1*7      0*6 

▼XTSZi&nr.    This  name  was  given  to  the  albuminoidal  substance  of  the  yolk  of 

birds'  eggs,  now  known  to  be  merely  a  mixture  of  albumin  and  casein. 

VZTXX.  The  seed  of  Vitex  Agnus  castus  is  said  to  contain  a  peculiar  bitter  piin< 
ciple  called  castine  (i.  814),  a  volatile  acrid  substance,  a  large <|uantity  of  fiweacid, 
and  fat-oil.  In  Greece,  the  firesh  and  rather  unripe  berries  are  said  to  be  added  to  the 
must  of  the  grape,  to  render  the  wine  more  intoxicating,  and  prevent  it  fiom  tUBing 
sour.    (Landerer,  Buchn.  Bepert.  liv.  20 ;  Ixxxi.  229 ;  Budm.  K.  Bepert.  iii.  392.) 

VZTZ8.    See  Vinb  and  Viboimia.  Cbbepsb  (pp.  999  and  1002^ 

VZTBZiroVAXhi  VUrite. — The  matrix  of  Bohemian  pmpe,  related  to  pitdtstoaM^ 
and  containing,  according  to  Wertheim,  83*72  per  cent,  suica,  3*58  ferric  oxide,  7'67 
lime,  0*67  magnesia,  and  11*46  water.    (Handw.  d.  Chem.  iz.  288.) 

VITKIO&.  An  old  name  for  sulphates,  still  frequently  used  in  commercial  lan- 
guage, the  several  vitriols  being  distinguished  by  their  colours,  or  by  the  metals  which 
they  contain :  «.^.,  white  or  zinc-vitriol,  blue  or  copper-vitriol,  red  or  cobalt-vitzic^ 
green  or  iron-vitriol,  lead-vitriol,  nickel-vitriol,  &c  Fenoso-cupric  sulphates,  obtained 
in  the  preparation  of  cupric  sulphate  on  the  large  scale  from  feirugrinous  materials,  an 
known  as  Admont,  Bayrenth,  and  Salzburg  vitriols  (p.  593). 

VXTSXO&,  OZXi  or.    Concentrated  sulphuric  acid. 

VITSZO&-OcaatB  (the  PUtioite  of  Beudant)  is  a  basic  ferrie  sulphate  found 
in  the  copper-mines  of  Fahlun  in  Sweden.  It  contains  15*9  per  cent.  SO",  62*4  FeKH, 
and  21*7  water  «  2FeH)».SO«.6H«0. 

Syn.  with  Vxtbikopal. 

UH'IMOam.    An  osysulphide  of  antimony,  formed  by  fusing 
tetroxide  of  antimony  with  sulphur  (i  328). 

Native  ferrous  phosphate.    (See  F&osfbatbs,  it.  564.) 

See  Htdbotalcitb  (iii.  219). 

VOO&ZTH.  A  carbonate  of  uranium,  copper,  and  calcium,  oeeurriog  at  Joachimg- 
thai  in  Bohemia.    (See  Casbonatbs,  i.  798.) 

▼OZOTITS.  A  micaceous  or  chloritic  mineral,  occurring  in  the  graphic  granite  of 
Ehrenberg,  nearllmenau,in  the  Thuringian  Forest,  forming  green  soft  lamina,  mostly 
turned  brown  by  weathering.  Spednc  gravity  «  2*91.  It  gives  off  water  when 
heated,  and  before  the  blowpipe,  exfoliates  strongly,  turns  dark-brown,  melts  easilv  to 
a  black  glass,  and  gives  wiUi  fluxes  the  reactions  of  iron.  It  is  easily  decomposed  by 
hydrochloric  acid,  forming  a  yellow  solution,  with  separation  of  tumefied  silica. 
According  to  Schmid  (Fogg.  Ann.  xcvii.  108),  it  contains  33*02  per  cent,  silica,  18-08 
alumina,  33*15  ferric  oxide,  7*28  magnesia,  1*99  lime^  '96  soda,  and  9*52  water. 

Caldo-cupric  vanadate.    (See  Vaxapiuii,  p.  991.) 
Syn.  with  OBsn>iAK(iv.  169). 
Selenide  of  sulphur,  from  Yulcano,  one  of  the  Lipari  Islands. 
Antimonic  hydrate,  6H»0.Sb*0*,  or  Sb»H*0»,  occurring  as  a 
white  powder  or  crust  with  cervantite  (i.  524),  and  resulting  from  its  alteration. 
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VO^AOOl^lTSB.     A  peculiar  rhsoatat  or  emraDt-ngulator,  inTaoted  b; 
Jkcobi.    {Fogg-  Ana.  txxriii.  173). 

VOZAAZO   ■XaOX-BIOKTT.     See  ELmenacm  (ii.  414). 

VOmAXTK    A  feiToao-ferric  Bnlplute,  contaitung  alvmint,  occarriDs  at  the 


Sol&tan,  neat  Naplei.  in  opaqna  octAhedrone  aod  other  monometiic  forms,  haviDg  a 
reainons  Inetre,  dull  green  brown  or  bliiek  rolonr,  aikd  gTejieh-green  streak.  Acford- 
ing  to  Ahich{B«tK.  u-hntt-Zeitong,  1M2,  No.  17),  it  oontains  48-33  percenLSO", 
2-20  A1"0",  17-66  TeK)*,  11-fl  FeO,  4-04  KJO,  8-2fl  NaK),  mi  15-94  watsr,  whenw 
Bammalsberg  dednoee  the  formtda  3(|Fn'.JK')SO<,S(|Fe.JAl)"(S0<)'.12H«O,— A 
similar  nmmrBl,  containing  manganoue  ae  well  ae  ferrona  oxide,  has  been  found  bj 
Ulricb  at  the  BunmeUiberg  mine,  near  Qoslar  in  the  Uais. 

VOKTAHSras.  An  appBiatna  for  meamring  the  force  of  an  electric  current 
by  the  qnantitiee  of  hjdmgen  aod  oi^gell  evolved  in  tlie  electrolTBil  of  water.  (See 
^jrrsicTFT,  ii.  433.) 

VOIiTZOr  or  VOXiTUn.  An  onaulphide  of  ana,  Zn*3'0,  ocenrring  in 
implanted  spheiiiail  Elobnlre  at  Bosi&res  ia  PayHde-Dome,  and  at  tbe  Eliaa  mine  neal 
Joachimathal  in  Bohemia.  Hardnoes  —  *&.  Specifie  giaritj  —  S'SS.  (Fonrnr^ 
Ann.  Ch.  Fhja.  [3J,  zli.  426.— Land  ecker,  Jahrb.  geoL  IteichunBtiOl,  ir.  120.) 

VO&Vm>  The  Toluine  of  a  r^olarly-farmed  body  may  be  calculated  from 
meaanrementa  of  its  linear  and  angalar  dimensioni.  The  volome  of  an  irreguloF  body 
may  be  Ibnnd  from  ita  wug^t  and  spedfio  graTity — that  ia  to  aaj,  the  weight  of  a 
onit-TolDma.  If  w  be  the  weight  of  Uie  body  in  grammea,  and  J  ita  apedfle  gravity, 
the  6nctioa  —  givea  ita  Tolnme  in  cubic  cenCimeties. 

The  capacities  of  Teesels  are  detennined  by  filling  them  with  water  of  mercury  &om 
a  measnnng  tube  or  other  vessel,  whose  capacity  ie  previonsly  known,  or,  when  rery 
great  accnivcy  ia  reqoired,  by  determiiUDg  the  weight  of  watAF  or  menmiy  at  the 
atandard  temperatoie  which  fUla  the  rerael.  The  capacitiea  of  wooden  tbsbi'Is  may  be 
estimated  with  enfltcient  eccmacy,  for  commercial  psrpoaee,  by  filling  them  with 
meaanred  qDantitiee  of  aand  of  fine-gruned  eeeds,  taking  care  to  shake  the  veasel  &Dm 
time  to  time,  ao  that  the  graiua  may  lie  dooe  together. 

The  Tohime  of  a  large  cavity,  or  veeael  ftiU  of  water,  might  in  aome  caaea  be  con- 
veoientlj  determined  by  disBolvings  knownwoghtof  aaolnbteanbataDoeiii  the  water, 
aay  1  kilognmme  of  common  aalt,  agitating  the  water  to  aecnie  uniformity,  and  then 
analyung  one  litre  of  it.  If  thia  liCre  were  ftmnd  in  the  above  caw  to  cnnbun  one 
gramme  of  salt^  it  wonld  be  apparent  that  the  cavity  or  veaael  contained  1,000  litre* 


(3ee  Atojoc  VotDin,  i.  446.) 
IBKBTBS.   or    STBBXOMBTMK.      These    names     Fiff.  820. 
».c  njij....^  ^^  .^tnunenta  fbr  measuring  the  voliime  of  a  aotid  bo^y  by  ^ 

the  qoantity  of  a  liqnid  or  of  air  which  it  diaplocea,  and  thence  also  delcr- 
miaing  it<  apeciflc  gravity.  A  very  simple  apparatus  of  this  kind  wia 
need  by  Playfair  and  Joule  is  their  experiments  on  atomic  volumea 
(Cham.  Soc  Hem.  ii.  477).  It  coQBiats  of  a  gtobolar  fiaik  prorided 
with  a  narrow  neck,  aboot  twelve  inehea  long,  and  gradoated  bom 
below  npwaida  to  indicate  grains  of  water.  Tba  flask  has  a  tubulure, 
■ocnrately  fitted  with  a  ground  stopper,  for  admitting  the  aolid  body  to 
be  measured.  The  instrument  being  filled  to  the  mark  0°  on  the 
neck  witli  water,  oil  of  turpentine,  or  other  liquid  which  doea  not  act 
upon  the  solid,  it  is  inclined  on  one  eide,  the  stopper  removed,  and  the 
a^d  body  car^Uy  introduced.  The  stopper  is  ihen  replaced,  and  the 
number  of  diviaions  through  wliieh  the  liquid  is  nised  in  the  stem  givea 
at  once  the  volume  of  the  body  in  grain-meMurM.  Any  other  nnit  of 
gTBdoHtion  might  of  course  be  adopted. 

The  stereometcr,  invented  by  Capt&ta  H.  K,  Say,  of  the  French 
Engineen,  for  determining  the  specific  gravity  of  gunpowder,  is  an 
inetnuneat  which  meaeures  the  volume  of  a  body  by  the  amount  of  aiz 


The  aimpTest  form  of  this  instnunent  is  shown  in  ^.  S30,  where  AB  is 
a  unifarm  graduated  glass  tulie,  open  at  the  bottom,  and  communicating 
by  a  small  hole  with  the  gloss  vessel  AB,  which  can  be  closed  air-tight, 
l^  a  piece  of  ground  piate-gUss,  F.  The  instrument  ia  immererd 
in  a  cylindrical  glass  vessel,  full  of  clean  mercury.  If,  now.  AB  be 
plunged  into  the  mercury  up  to  A,  the  aero  of  the  acale,  and  the  upper  < 
end  of  the  vessel  AC  be  then  dosed  sjr-ljght^  we  may,  by  again  ruBing 
the  tube,  dimiujah  the  pressure  on  the  air  within  by  the  wright  of  a  meaanmbl* 
column  of  mctcnry ;  we  also  learn  the  increaaa  of  the  volume  of  the  air,  provided  we 
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know  the  capacitj  of  the  diTieions  of  the  tube  AB,  which  we  shall 
suppcee  that,  on  the  tube  being  raised,  the  meieoiy  within  atsnds'at  C,  and  witbotfl 
at  D,  then  h  being  the  ordinary  barometric  i>re68are  of  the  atmosphere  at  tlio  time, 
h—CD  (inches)  is  now  the  pressure  on  the  air  within.  If  »  be  tiie  capaci^  of  tbe 
vessel  A£,  down  to  the  sero  A,  we  find  that — 

Under  the  pressure  A,  the  air  within  has  the  Tohime  u ; 

n  »»       a— CD  fg  „  w+ToLAG. 

Hence,  by  the  law  that  the  Tolnmes  of  gases  are  inTeraely  as  their 

find— 

u               A-.  CD  ^  A-GD     1   4ri 

»  J —  ,  or  «  »  — 555r-  yoL  AC. 


u  +  ToL  AC 


CD 


Fiff. 


Now,  if  we  place  any  olject,  as  sand,  gunpowder,  a  salable  salt,  &c.,  having  tlie  total 
volume  tf,  in  the  vessel  AC,  we  may  proceed,  as  before,  to  find  the  volume  v— «  of  air 
still  remaining  in  A£;  and  as  «  is  alreadv  known,  we  thus  find  %  in 
cubic  inches.  From  the  volume  «,  the  weight  of  the  olyects  in  AE^  and 
the  weight  of  a  cubic  inch  of  pure  water  at  60^,  we  may,  by  a  ain^pls 
calculation,  find  the  specific  gravity  of  the  objects. 

The  etereometer  has  been  rendered  much  moro  accurate  and  convarienfc 
by  Prof.  W.  H.  MiUer,  whose  form  of  the  instrument,  as  employed  by  Idn 
in  finding  the  specific  gravity  of  standard  weights  not  allowed  to  ba 
weighed  in  water,  we  will  now  deecribe,  refecring  to  the  FhiL  Mag. 
[1884]  V.  208,  and  PhiL  Trans.  [1856]  czlvi.  799. 

It  consists  of  two  glass  tubes,  PQ,  DB  (fy.  821),  of  equal  diameter, 
communicating  with  each  other  at  their  lower  ends,  which  are  cemented 
into  the  oblong  piece  of  iron,  QB.  Below  the  ends  of  the  tubes  are  holes 
concentric  with  the  tubes,  that  below  PQ  being  closed  by  the  screw  K« 
while  below  BB  is  the  stopcock  L.  On  the  upper  end  of  PQ  is  tibo 
metallic  cup  F,  which  may  be  closed  air-tight  by  the  plate  of  glass  ^ 
smeared  with  lard.  The  tube  PQ  is  accurately  maxked  with  a  scale  of 
centimetres,  and  the  fractional  parts  of  the  divisions  may  be  read  off  by 
the  ivory  scale  S,  a  centimetre  long,  divided  to  every  fifth  of  a  millimetre. 
Some  contrivances  of  Prof.  Miller  for  avoiding  error  of  pftfalla»  in  this 
reading  need  not  hero  be  described. 

To  use  this  instrument,  the  object  experimented  on  is  placed  in  a  cim 
witlun  the  vessel  F ;  and  mercury  is  poured  into  the  tube  at  D,  until  both 
tubes  are  nearly  full,  and  the  surface  in  PQ  stands  exactly  at  sero  of  the 
scale.  The  plate  £  is  now  placed  air-tight  upon  F,  which  being  accom- 
plished, the  stopcock  £  is  opened,  and  mercury  is  allowed  to  run  out, 
until  the  difference  of  altitude  of  the  mercury  in  the  two  tubes  is  nearly 
equal  to  half  the  height  of  the  barometer  at  the  time.  Suppose  the  mer- 
cury in  PB  now  to  stand  at  the  point  M,  and  in  DB  at  the  point  C ;  then 
the  pressure  within  F  is  less  than  the  atmospheric  pressure  by  the  wei^t 
of  the  column  of  mercury,  MC,  which  corresponds  to  the  column  of  mer> 
cury,  CD,  in  the  simple  form  of  instrument  above  described  (Jig.  820). 
Hence,  hj  the  formula  already  given,  we  may  find  the  volume  of  air 
within  F,  occupied  or  unoccupied  by  other  objects.  This  is  on  the  con- 
dition, however,  that  we  know  the  volume  PM,  and  it  is  necessary  to 
determine  accurately  the  capacity  of  the  divisions  of  the  tube  PQ  by  the 
usual  method  of  filling  it  with  mercury,  and  weighing  the  portions  as 
they  run  out,  corrosponding  to  given  lengths  of  the  tube.  To  facilitate 
this  operation,  F  may  be  unscrewed,  and  the  stopcock  L  substituted;  and 
the  instrument  being  inverted,  mercury  may  be  poured  in  through  a  tube- 
funnel  at  the  opening  K, 

The  results  of  this  instrument  aro  much  affected  bv  changes  of  tem- 
perature, and  will  be  uncertain  and  inexact,  except  in  the  hands  of  a 
skilful  and  careful  operator.  Actual  reading  of  a  good  barometer  at  the 
time  are  also  necessary.     (See  Babometer,  i.  509.)  W.  S.  J. 

and  VOlbZXTB.    Syn.  with  Voltzxm  and  Voltsitb. 


I 
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Syn.  with  liAxuLm  (iii.  477). 

A  massive  dark-brown  variety  of  serpentine  from  Monaoni 
in  the  Flemser  valley,  Tyrol:  specific  gravity  «  2*45.  (Oellacher,  J^irb.  geoL 
Reichsanstalt,  1867.  p.  258.) 

▼08CHCTB.  This  name  was  given  1^  Delesse  to  a  green  felspar  from  the  porphyry 
of  the  Yosgee,  and  from  the  gabbro  of  Mont  G-enivre.  Bammelsbeig  has,  however, 
shown  that  it  is  merely  a  decomposed  labradorite.  . 
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LTIOV.  The  process  of  combiniiig  caoatehone  with  sulphur,  at 
high  temDerstare,  whezeby  it  soqmzes  increased  elastieity  (i.  739).  Oils  heated  with 
suphnr  likewise  form  more  or  less  tenacious  and  elastic  masses;  and  Perra  has 
shown  (Gompt.  rend,  zlyii.  878),  that  linseed-oil  heated  with  chloride  of  solphur 
yields  a  pvodnct  of  this  nature,  which  he  calls  Tulcanised  oil.  100  pts.  linseed- 
oil  heated  with  25  pts.  diloride  of  solphnr  (satorated  with  snlphor),  yield  a  product  of 
considerable  hardness,  though  not  so  hard  as  ebonite.  It  is  opaqne,  brittle  when  eold, 
permanent  in  the  aur ;  withstands  the  action  of  dilnte  mineral  acids  and  alkalis,  bnt  is 
decomposed  by  them  in  the  concentrated  state;  tarns  brown  at  120^,  and  decomposes 
at  a  somewhat  higher  temperature ;  becomes  strongly  electric  by  friction. 


▼U&OAVXTBy  or  BBOVITB.    Hardened  caontcfaoDO. 

VUl.ym  AOMB.  0>*!H*H)*.~- An  acid  ooeorriBg  in  OgfraHa  vulpma  {lAokm 
fmipmuM^  I«*)r  *  Hehen  which  grows  in  Narway,  and  is  there  collected  for  mixing  with 
mix  TOBUca,  as  poison  for  wolres.  It  was  iint  separated  by  Bebert  (Ann.  Ch. 
Pharm.  ii.  842), — ^who  called  it  Tnlpolin, — ^bnt  in  an  impore  state,  so  that  it  was 
regarded  by  Benelhis  as  identical  with  the  oolonrinff-matter  of  FarmiUa  parieHnaj 
and  was  afterwaids  mistaken  for  chrrsophanio  add,  till  its  tme  composition  was 
demonstrated  by  Streeker  and  Moller  {ibid,  cxiii.  66),  who  designated  it  ynlpic 
acid.  It  is  very  mnch  like  nsnie  acid  (p.  570),  from  which  it  cufiers  only  by  the 
elements  of  2  at  water. 

To  prepare  vnlpic  add,  the  lichen  is  maeerated  with  80  pts.  of  hikeirann  water,  and 
a  little  milk  of  lime  for  six  honrs,  and  then  strained;  the  residue  is  again  exhausted 
with  10  pts.  of  warm  water ;  the  united  extracts  are  slightly  supersaturated  with  hy- 
drochlone  acid ;  and  the  yellow  flocculent  predpitate,  consisting  of  vulpic  acid  con- 
taminated with  resin  and  chlorophyll,  is  purified  by  recrystaUisation  from  strong 
boiling  spirit  or  from  ether.     100  pts.  of  the  lichen  yield  about  12  pts.  of  the  acid. 

Vulpic  add  separates  from  its  ethereal  solution  on  cooling,  in  transparent  yellow 
needles;  by  slow  CTaporation  it  is  obtained  in  well-deAned,  bulkjr,  transparent,  mono- 
dinic  crystals,  haTing  nearly  the  colour  of  rhombic  sulphur.  It  is  nearly  insolable  in 
wUer  even  at  the  bouing  heat,  dissolyes  with  difficulty  also  in  boiling  absolute  alcohol, 
and  separates  for  the  most  part  on  ooolins ;  more  easily  in  ttker,  but  most  abundantly 
in  okMtoform,  which  might  therefore  be  advantageously  used  for  extracting  it  from  the 
lichen.  It  melts  at  a  temperature  aboye  100^,  and  solidifies  in  the  crystalline  form 
on  cooling.  At  a  stronger  heat  it  decomposes,  leaving  a  small  quantity  of  charcoal, 
and  giying  off  a  yellow  smoke^  which  condenses  partly  in  brown  drops,  partly  as  a 
yellow  powder. 

Yulpie  add  boiled  with  excess  of  pota$hrUy,  of  spedfic  grayity  1*05  to  1*15,  is  re- 
solved into  oxatolylic  add  (iv.  287)>  carbonic  anhydride,  and  methylic  alcohol: 

C»H»H)»  +  3H»0     =     C»«H««0«  +  2C0«  +  OHK). 
Yalpk  add.  Outolylle  If  ethyHe 

add.  alcohol. 

But  when  boiled  with  baxyta*water,  it  undergoes  a  different  decompontioo,  yiddii^ 
alphatolnic  add  (p.  863),  oxeJic  add,  and  methylic  slcohol : 

C»»H»K)»  +  4H«0     -     2C«HK)«  +  C»H*0*  +  CH^O. 
Vulpic  Alphatoluk  Oxalic  Meth/Ue 

add.  add.  add.  alcohol. 

Vul pates. — ^Vulpic  add  is  monobasic.  The  vulpates  of  the  alkali-metals  and 
alkaline  earth-metals  are  solj^ble  in  water,  and  are  easily  obtained  by  treating  the 
add  with  water  and  alkaline  hydrates  or  carbonates.  Ilie  other  vulpates  are  in- 
soluble, and  are  obtained  byprecipitation. 

Vulpate  of  ammonium,  C"H"(NH^)0\H*0,  forms  yellow  crystals,  which  dissolve  in 
water  and  in  iJcohol,  give  off  ammonia  and  water  when  heated,  and  are  then  no  longer 
|)erfectly  soluble  in  water. — The  barium-salt,  G*'H*'Ba''0**.2H*0,  is  obtained  by  boiling 
Tulpic  add  with  water  and  barium-carbonate,  and  separates  fh>m  the  ^trate  on  coolinff, 
in  light-yellow  needle-shaped  crystals ;  but  by  recrystaUisation  from  alcohol,  it  is 
obtained  in  orange-yellow  needles  containing  a  different  amount  of  water. — The  potaS' 
sium-Mtlt,  G"H"KO*.H'0,  crystallises  in  ught-yeUow  needles,  somewhat  sparingly 
soluble  both  in  water  and  in  alcohol. — The  nher'mdt,  C*'H*'AgO,  is  a  yellow  easily 
decomposible  predpitate,  which  dissolves  in  ammonia,  and  likewise  in  boiling  water, 
though  in  the  latter  case  with  partial  decompodtion.  It  blackens  at  100^,  but  without 
much  loss  of  weight. 

Anhydrite  from  Yulpino,  near  Beigamo. 


[  Syn.  with  V ulpio  Acid. 
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Syn.  inth  Gbattwacki  (ii.  842). 

A  teim  apj^ed  to  ores  of  manganese  of  variable  oompo6itioD,_ooiisistiim^ 

mostly  of  mixtures  of  the  sesquiozide  and  dioxide  of  manganese.    (See 
iii.  813.) 

^■TACnXB.  A  mineral  from  Nisdmi-Jagnrt  in  the  Ural*  containing  26*0  per  < 
silica,  66*9  cine-ozide,  4*7  water,  and  l'd6  lime»  together  with  traces  ef  oopper  aad  n 
closely  allied  therefore  to  hemimorphitei  bnt  containing  somewhat  less  watar.  It  fona* 
crystslline  coatings  of  blue  to  green  colour ;  hardness  «•  6*0,  and  specific  gzsrity  «- 
2*707.    (Badosskowski,  Compt  rend,  liii  107.) 

^ITAOnxXTB.  Phosphatoflnoride  of  magnestnm,  found  in  the  valley  of  HoUen- 
graben  in  Salzbnig.    (See  rao6nu.TBS,  iv.  669.) 

WAIFA.    The  Chinese  name  of  a  yellow  dyestnfi^  consisting  of  the  nndtfriioped 
flower-buds  of  Sophorajaponica, 

Betinite  from  the 


of  Walehow  in  Moravia  (pu  98). 

A  green  mineral  resembling  actinolite,  from  the  serpentine 
of  Waldlieim  in  Saxony,  containing,  according  to  Knop  (Ann.  Ch.  Phann.  ex.  960\ 
66*58  per  cent,  silica,  10*65  magnesia,  10*84  ume,  12*64  soda,  5*66  ferrous  oxida,  0-S6 
manganous  oxide,  and  1*72  alumina.    Hardness  ■■  6*0.    Specific  gravity  «  2*967. 

"WAUb  auCHJUr.    Parmdia  forietUuL,    (See  Lichxks,  iii.  687.) 

^VASnr.  Juglan$  regia, — ^The  green  shells  of  the  fruit  of  this  tree  contain, 
according  to  Braconnot,  a  peculiar  bitter  principle,  togethw  with  citric  acid,  malie 
acid,  tannin,  &c.  According  to  Bnchner,  the  alterable  constituent  of  the  shells  and 
leaves  of  widnuts  is  not  tannin,  but  a  peculiar  acid,  jnglandie  acid,  which,  in  contact 
with  the  air,  is  converted  into  a  nentnl  brown  insolnble  substance  called  juglandin 
(tii.  444). 

The  ripe  kernels  contain  40  to  60  per  cent  of  a  frt-oil,  having  a  yellow  or  greenish- 
yellow  colour,  a  mild  taste  and  odour,  and  a  spcNsific  gravity  of  0*96.  It  solidiilM  at 
— 27^,  dissolves  roaringly  in  alcohol,  and  dries  easily  in  contact  with  the  air.  According 
to  Sanssure  and  Hermann,  it  contains  from  79  to  80  per  cent,  carbon,  and  10*5  to  11*0 
hydrogen. 

According  to  Vogel  and  Beischaner  (Bnchn.  Bepert.  v.  106;  vi.  1),  fbeah 
walnut-sheus  contain  a  peculiar  principle,  which  they  call  mncin  (iv.  143). 

The  ash  of  the  wood,  bark,  and  leaves  of  the  walnut-tree  in  spring  and  autumn  has 
been  analysed  by  Staff  el  (Ann.  Ch.  Pharm.  Izxvi.  879) ;  that  of  thb  nuts  tlieniselv«a 
by  Glasson  (iM.  bd.  843) : 

Jth^the  Walnut-tree. 


'         Bftric. 

Leavw. 

Nate. 

Spring. 

Autumn. 

Spring. 

Autinnn. 

flprlnc. 

Antnmn. 

Ash  per  cent  of  tneb 
substance 

'   1  0-90 

1-47 

1*38 

8*68 

1.09 

2*57 

0-67 

Ash  per  cent,  of  dry 
substance       • 

'     1008 

2*98 

8-76 

6*40 

7-72 

7*0 

Potash 

»     40-8 

14*9 

44*6 

110 

42*0 

26*6 

27-1 

Lime .        •        •        « 

.     22*6 

66*9 

18*4 

70-1 

26*9 

63*6 

21-6 

Magnesia  .        • 

8*9 

8*1 

7'2 

10-6 

4*8 

9-8 

7-7 

Alumina    , 

»            •        • 

*    • 

•    • 

0*8 

0-2 

006 

Ferric  oxide 

2-7 

2-2 

0*8 

0*4 

0-4 

0*6 

0*7 

Sulphuric  anhydride  , 

4-9 

8-1 

4-4 

0-1 

2-6 

2*6 

2*3 

Silicic            „ 

2*4 

2-8 

2-7 

0-7 

1*2 

2*0 

11 

Phosphoric   „ 

,     14*9 

12*2 

19*9 

6*8 

21*1 

4*0 

86*6 

Chloride  of  potassium 

I       8*1 

0*6 

1*9 

0*9 

10 

1-7 

0*8 

Several  preparations  from  the  leaves  and  youne  shells  of  the  walnut  are  used  in 
medicine ;  the  oil  of  the  nuts  is  used  chiefly  as  a  condiment    (Handw.  d.  Chem.  ix.  656.) 


WARWICKITE— WATER  1009 

A  mineral  occurring  at  Warwick  in  New  York,  in  dark-brown 
or  iron-black,  indistinct,  monoclinic crystals,  of  specific  gravity  3'0  to  3*3.  According 
to  Shepard  (SilL  Am.  J.  zzxiv.  313  ;-xxzTi.  85),  it  contains  27*83  per  cent,  fluorine, 
6171  titaninm,  7*14  ivon,  0*80  yttrinm,  and  traces  of  aluminium.  Aoooiding  to 
L.  Smith  (ibid.  zri.  293)  it  contains  20  per  cent,  boric  acid. 

SOirXTS.    Titaniferous  iron,  firom  Litchfield,  Connecticut  (p.  847)> 

This  name  was  given  by  Bah r  (Fogg.  An.  cxiz.  572;  Jahresb.  1863, 
p.  199^  to  a  mineral  resembling  orthite,  from  Bensholm,  an  island  near  Stockholm, 
which  be  supposed  to  contiun  the  oxide  of  a  new  metal,  wasinm ;  subsequent  experi- 
ments, however,  have  led  him  to  regard  this  supposed  new  oxide  as  most  probably  iden- 
tical with  thorina  (Ann.  Ch.  Pharm.  cxxxii.  227 ;  Jahresb.  1866,  p.  207).  The  so- 
called  wasite  contains  alnmina,  ferric  oxide,  yttria,  thorina,  the  oxides  of  cerium, 
lanthanum,  didymium,  and  manganese,  lime^  axMl  alkali. 

See  the  last  article. 


Synonyms,  Waster.  Eau.  Aqna.  99otp.  Symbol,  H^O.  Molecular 
weight)  18. — ^This  substance,  which  plays  so  important  a  part  in  most  terrestrial 
phenomena,  was  long  regarded  as  an  element  or  simple  substance.  Towards  the  end  of 
the  last  century,  however,  the  observations  of  Cavendish  on  inflammable  air  furnished 
the  material  by  which  Lavoisier  was  enabled  to  show  that  water  is  a  compound  of 
two  distinct  elementary  substances,  and  thus  to  supply  an  important  feature  of  the 
chemical  system  he  had  introduced.    (S<^  Gas^  i.  780  et  aeq.) 

Water  occurs  universally  on  the  earth  in  one  or  other  of  the  physical  states  which 
it  is  capable  of  assuming.  As  a  liquid  it  constitut«8  the  ^at  mass  of  the  oceans, 
st'Sfl,  rivers,  lakes,  &c.,  which  cover  upwards  of  three-four^s  of  the  earth's  surface. 
Water  also  issues  from  the  interior  of  the  earth  at  many  places  as  springe  (pp.  1014, 
1015).  In  the  solid  state,  as  ice  and  snow,  it  occurs  permanently  in  the  polax  regions, 
and  in  lofty  mountain  districts,  and  periodically  in  the  temperate  zones.  In  Uie  state  of 
vapour  it  occurs  invariably  as  a  constituent  of  the  aerial  envelope  of  the  earth,  and  to 
an  extent  determined  by  the  temperature  and  other  local  conditions.  (Atmosphbbk, 
1.437,  and  Clouds,  L  1027  et  seq.)  Water-vapour  also  occurs  abundantly  in  the  exha- 
lations of  volcanoes,  during  eruptions,  and  is  continuously  evolved  from  Uie  interior  of 
the  earth  at  many  places,  as  in  Iceland  and  at  the  solfatara  and  fumaroles  in  the 
neighbourhood  of  volcanoes. 

Water  also  occurs  mechanically  disseminated  throughout  the  mass  of  the  strata 
underlying  the  earth's  surface,  sometimes  in  considerable  proportion,  and  even  the 
most  compact  rocks  contain  a  sensible  amount  of  water.  In  manv  solid  minerals  and 
organic  substances  it  also  exists  in  a  state  of  combination,  sometimes  to  the  extent  of 
40  or  50  per  cent,  and  upwards.  Thus  allophane  contains  about  40  per  cent,  of  water, 
diabasite  contains  20  per  cent.,  and  brown  iron  ore  15  per  cent  of  water.  Living  plants 
and  animals  contain  from  80  to  90  per  cent,  of  water. 

Properties, — ^Pure  water  is  perfectly  free  from  taste  and  emell,  and  within  a  range  of 
temperature  between  0^  and  100°  C,  under  the  ordinary  atmospheric  pressure,  it  is  a 
tmnsptrent)  almost  colourless  liquid.  The  slight  blue  colour  of  water  may  be  observed, 
as  jwmted  out  by  Bun  sen  (Ann.  Ch.  Pharm.  Ixxii.  44),  by  lookiAg  at  a  shining  white 
object  through  a  column  of  pure  water  2  metres  long,  contained  in  a  tube  bliudLened 
inside. 

The  density  of  water  in  the  liquid  state  is  about  770  times  as  much  as  that  of  at- 
mospheric air,  and  is  greatest  at  a  temperature  of  about  4"^  C.  (  «  89*2^  F.)  (HsiLT, 
iit  58  et  seq.)  Taking  the  density  at  this  temperattire  as  unity,  it  is  0*999877  at  0° 
C,  and  0*999107  at  16*5°  C.  The  density  of  water  is  alwavs  taken  as  the  standard  of 
comparison  in  reference  to  which  the  densities  of  other  solid  and  liquid  substances  are 
expressed  (see  Sfbcxfio  Gkavitt,  p.  857  et  seq,).  In  the  United  Kingdom  the 
density  of  water  at  the  temperature  of  60°  F.  (  =  15*5°  C.)  is  taken  as  unity ;  but  on 
the  continent  the  density  of  water  at  the  temperature  of  4°  C.  is  more  eenerally 
adopted  as  unity.  A  cubic  centimetre  of  pure  water  at  this  temperature,  snd  under  a 
pressure  equal  to  a  barometric  column  of  760  millimetres  of  mercurv — 29*922  inches 
— ^weighs  15*432349  grains  or  1  gramme,  which  is  the  nnit  of  weight  in  the  metric 
system. 

The  following  table  (p.  1010)  gives  the  weights  of  certain  volumes  of  water  in  terms 
both  of  the  metric  system  and  of  the  system  of  weights  and  measures  used  in  the 
United  Kingdom. 

Water  is  slishtly  elastic.  By  an  increased  pressure  of  one  atmosphere  its  volume 
is  reduced  to  the  extent  of  '000045  (Oersted),  or  '000047  (Begnault),  and  under  a 
pressure  of  200 atmospheres  its  volume  is  said  to  be  reduced^  (Perkins,  Gilb.  Ann. 
Loii.  173;.  Pogg.  Ann.  ix.  554).    The  compressibility  increases  as  the  temperature 
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WATER. 


Grains. 

Cublc  oeiitlnntttres 
at40C. 
grammoft. 

CuUc  Inches 

Poond. 

Gmlloo  at 

1 

CvWcfieC 
at  cap  F. 

X 

15-432349 
252-456 
7000- 
70000- 
436,495- 

X 

16-3861759 
454-3457969 
4548-457969 
28316- 

-061027 
X 

27-727 
277-276 
1728- 

X 
10- 
62-355 

-0002201 

•1 

X 
6-2355 

1 
-16046 

1 

rises.  Thiu  at  0<>  G.  it  amounts  to -0000503 ;  at  lO-S^^  to -000048 ;  at  85^  to -0000454; 
and  at  53^  to  -000041.  (Orassi,  Ann.  Ch.  Phys.  [3],  zxzi.  437.  See  ^LAtmarr, 
u.  370.) 

Taking  the  yolome  of  water  at  0^  G.  as  unity,  it  expands  to  1*042986  when  heated  to  100* 
O.  (Kopp),  and  to  11016  when  heated  to  166'8<>.  ^Mendelejeff.— SoeHK^T.iii.  5S.> 

Water  has  a  high  capacity  for  heat,  and  its  specific  heat  is  taken  as  the  standaid  of 
unity  in  reference  to  which  the  capacities  of  other  substances  for  heat  are  cgxpicBBCid, 
(Hbat,  iii.  34.) 

Water  is  a  very  bad  conductor  of  heat ;  but  when  heat  is  applied  to  water  from  below 
the  portion  which  is  heated  expands,  and  thus  becoming  specifically  ligfatnr,  nes 
to  the  suiface,  while  the  colder  and  denser  portion  sinks,  ana  is  in  its  torn  heated, 
until  the  whole  mass  acquires  a  uniform  temperature.  (Gonductioh  ov  Hbat, 
p.  73.) 

At  the  temperature  of  OP  G.  water  becomes  solid  or  fireezes,  and  at  the  same  time  ex- 
pands considerably.  In  that  state  it  presents  as  ice  ciystalline  structure,  and  as  mow 
ciystalline  forms  belonging  to  the  hexagonal  system,  which  are  deriratiTes  of  the  zikuiB- 
bohedron  and  six-sided  pnsm. 

Ice  is  colourless  or  sbghtly  blneish,  and  transparent  when  it  has  been  formed  fron 
water  perfectly  at  rest.  Its  density  is  less  than  that  of  water  at  0^  G.,  or  about  O  9iO 
(Dufour,  Gompt  rend.  Iri.  1079. — ^Duvernoy,  Pogg.  Ann.  exvii  454).  Conseqnectly 
ice  always  floats  on  the  surface  of  water,  and  since  water  attains  its  maximum  density 
at  the  temperature  of  4"  aboye  the  freezing-point,  it  follows  that  when  the  'water  A 
lakes,  livers,  &&,  is  eooled  below  that  point,  the  colder  portion  remains  at  the  suAee^ 
and  when  it  reaches  the  freezing  point,  is  there  oonvertea  into  ice,  while  the  water  below 
remains  at  4^  G. 

The  expansion  which  takes  place  in  the  freezing  of  water,  to  the  extent  of  neariy  ^ 
the  -volume  of  the  water,  frequently  causes  the  bursting  of  p^pes  and  other  ▼eesfla, 
and  it  is  a  powerftd  agent  in  the  disintegration  of  rocks.    (See  Heat,  iii.  78  et  seq.) 

Water  contained  in  closed  vessels  and  in  a  state  of  perfect  rest  may  be  cooled  to  — 10^ 
or  — 13^  G.  without  becoming  solid,  and  then  on  the  slightest  agitation  it  suddenly  soli* 
difies.    (HsAT,'iii.  75.) 

The  conversion  of  water  at  0^  G.  into  ice  is  accompanied  by  liberation  of  heat,  and 
in  the  melting  of  ice  heat  is  absorbed  or  rendered  latent  to  the  same  extent,  witJhout 
raising  the  temperature  of  the  water  above  0°,  so'that  by  applying  heat  to  a  mixture  of 
ice  and  water,  the  temperature  is  not  raised  above  0°  until  after  all  the  ice  has  been 
melted.  The  quantity  of  heat  absorbed  or  liberated  in  the  melting  of  ice  or  freezing  of 
water  is  sufficient  to  raise  the  temperature  of  an  equal  weight  of  water  to  the  extent  of 
79-2^  G.,  BO  that  when  1  pound  of  ice  is  mixed  with  1  pound  of  water  at  79*2^,  the  ice  is 
melted  and  the  whole  of  the  water  has  a  temperature  of  0^  G.    (Heat,  iii.  77.) 

The  melting  point  of  ice  is  reduced  slightly  below  0^  G.  b^  increase  of  pressuiti  to 
the  extent  of  0*00747°  G.  for  each  additional  atmosphere.  (Mousson,  Ann.  Gh.  Phys. 
[8],lvi.  252.    See  Heat,  iii.  76.) 

Water  evaporates  at  all  temperatures  when  in  contact  with  atmospheric  air  or  other 
gases,  and  the  vapour  thus  formed  has  a  density  and  tension  determined  by  the  tem- 
perature (see  Heat,  iii.  81,  99).  This  evaporation  takes  place  only  from  the  suiiar«, 
and  to  an  extent  proportionate  to  the  volume,  temperature,  and  dryness  of  the  air  with 
which  the  water  is  in  contact.  In  a  confined  space  this  evaporation  ceases  when  the 
air  becomes  saturated  with  water-vapour.  In  the  open  air  it  proceeds  more  rapidly 
in  proportion  to  the  extent  of  surface  exposed,  and  when  the  air,  which  has  become 
saturated  with  vapour,  is  constantly  replaced  by  fresh  air.  Gonsequently  a  rapid  ?tir- 
j^nt  of  air  favors  evaporation. 

Under  the  ordinary  atmospheric  pressure — 760  mm.  or  29-922  inches — ^water  boila 
at  the  temperature  of  100°  G.,  and  is  converted  into  upwards  of  1600  times  its  volume 
of  vi^Kmr.  When  the  pressure  is  reduced  to  near  a  vacuum,  the  boiling  point  is  lowered 
to  nearly  0°G. ;  and  it  rises  when  the  pressure  is  increased,  as  shown  in  the  following 
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tabid  of  the  results  obtained  by  Arago  and  Dulong  (Ann.  Ch.  Phys.  [2],  xliii. 
74):— 


Pressure 
Instmo- 
spheres. 

Tempera- 
ture. 

Pressure 
in  atmo- 
spheres. 

Tempera- 
cure. 

Pressure 
In  atmo- 
spheres. 

Tempera- 
ture. 

Pressure 
In  atmo- 
spheres. 

Tempera- 
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1 

100<^ 

5 

1631 

12 

1900 

26 

226-3 

1-6 

112-2 

6 

160-2 

14 

197-2 

80 

286-2 

2 

121-4 

7 

166-6 

16 

203-6 

36 

244-8 

3 

1361 

8 

172-1 

18 

209-4 

40 

252-6 

4 

145-4 

10 

181-6 

20 

214-7 

46 

266-9 

The  boiling  point  of  water  nnder  the  ordinaiy  pressure  is  slightly  influenced  by  the 
xiatare  of  the  vessel  in  which  it  is  heated,  and  by  the  state  of  its  snzface.  Thus  in 
vessels  of  glass  or  porcelain,  with  very  smooth  surfaces,  water  boils  1  or  2  degrees 
hi^er  than  in'metaliic  vessels  with  a. rough  sur&oe.    (See  Hxat,  iii.  87.)    < 

The  conversion  of  water  into  vapour  is  always  attended  with  absorption  of  heat.  The 
quantity  of  heat 'absorbed  or  rendered  latent  by  water  at  100°  C,  in  bfooming  vapour 
at  the  same  temperature,  would  raise  the  temperature  of  water  6-37  times  as  mueh 
ftom  0^  to  100°  0.,  so  that  when  one  pound  of  water  vapour  at  100°  C.  is  mixed  with 
6*37  pounds  of  water  at  0"  C,  the  vapour  is  condensed  and  the  6*37  pounds  of  water 
have  a  temperature  of  100®  C.    (See  Hbat,  iii.  96  et  seq.) 

Watei^vapour  is  colourless  and  transparent^  and  becomes  visible  only  when  pap- 
tiaUy  condensed,  as  in  the  case  of  steam  escaping  into  the  atmosphere.  The  specific 
gravity  of  water-vapour  at  100^  G.  is  0*622,  as  compared  with  air  at  the  same  tem- 
perature, and  as  compared  with  air  at  0®  G.  it  is  0*466. 

Water  is  a  very  emeient  solvent,  so  much  so  that  there  are  very  iew  substances, 
solid,  li^d,  or  gaseous,  which  are  not  to  some  extent  capable  of  being  dissolved  by 
water.  Jiany  substances,  however,  can  be  dissolved  by  water  only  in  such  minute 
proportions  that  lor  most  purposes  they  may  be  regarded  as  practically  insolubleL  Thus 
calcie  carbonate  is  generally  classed  among  insoluble  substance ;  but  siaee  itr  dissolves 
in  firom  10,601  ?  (FreseuLUs)  to  30,000  parts  of  water,  it  must  be  considered  as  a 
soluble  substance,  so  far  as  relates  to  the  character  and  contents  of  natural  waters, 
sinoe  the  above  pcopoition  amounts  to  at  least  2-6  grains  per  gallon,  and  especially 
since  calcic  carbonate  in  some  form  or  other  is  so  frequently  a  constituent  of  the  strata 
with  which  water  comes  in  contact. 

The  solubili^  of  different  substances  in  water*  is  verv  unequal.  Some  are  readily 
soluble,  and  require  only  small  pro^rtions  oi  water,  otners  are  but  sparingly  soluble. 
Generally  the  solubility  of  any  particular  solid  or  liquid  substance  is  increased  in  pro- 

e)rtion  as  the  temperature  is  raised.  (See  Hkat,  iii.  79 ;  and  Solutiok,  v.  p.  349.) 
ut  there  are  man^  exceptions  to  this  rule :  thus  cold  water  dissolves  calcic  sulphate 
in  larger  proportion  than  water  at  100°  G.,  and  water  at  120°  G.  does  not  dissolve 
any.    Water  at  0°  G.  dissolves  nearly  twice  as  much  lime  as  water  at  100°  G. 

In  the  esse  of  gases,  the  amount  capable  of  being  dissolved  by  water  is  very  much 
dependent  on  the  pressure.  Under  the  ordinary  pressure  it  is  generally  larger  in 
proportion  as  the  temperature  is  lower.  Thus  water  at  0°  G.  dissolves  68-61  times  its 
volume  of  sulphurous  acid  gas,  while  water  at  24°  G.  dissolves  only  81-8  times  its 
volume.  There  are,  however,  exceptions  to  this  rule ;  between  the  temperatures  of  0° 
and  26°  G.,  water  dissolves  a  constant  amount  of  hydrogen,  or  0'0193  of  its  volume. 
(Gasbs,  Absobphon  of,  i.  791  ^  seq.)  ^  ^^ 

Wheii  the  solution  of  a  solid  substance  in  ^^at^r  is  not  accommdied  by  chemical 
combination,  there  is  very  often  a  reduction  of  tempeMarQOToduoiKi,  sometimes  to  a 
considerable  extent  (See  Hk^t,  iii.  79,  80,  and  112.)  ThesOhition  of  gases,  on  the 
contrary,  is  generally  attended  with  increase  of  temperature,  partly  in  consequence  of 
the  change  of  state  in  the  gas. 

Aqueous  solutions  of  solid  substances  have  a  higher  density  than  water ;  and,  for 
any  given  substance,  the  density  is  proportionately  higher  according  (o  the  amount  of 
substance  in  solutioi^  The  water-solutions  of  certain  liquids  and  gases  are  also  denser 
than  water ;  but  in  many  instances  the  density  of  such  solutions  is  less  than  that  of 
water.  For  some  purposes  the  degree  of  density  of  water-solutions  of  any  particular 
sabstancjp  affords  a  sufficiently  accurate  indication  of  the  amount  of  such  substance  in 
the  solution,  as  in  the  case  of  sugar,  soda,  sulphuric  acid,  hydrochloric  acid,  ammonia, 
alcohol,  &c. 

The  freezing-point  of  water-solutions  is  lower  than  that  of  water:  thus. sea- water 
freeses  less  readily  than  fresh  water.  When  dilute  solutions  freeze,  pure  ice  is  formed, 
and  thus  the  solution  is  concentrated.    In  cold  countries  salt  is  often  obtained  in  this 
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fpaj«    A  wfaHida  mrtaai^  10  iMT  C0tf.  «r 
lU  p«  cmL  MwninB-dikride  CieeBn  at  -  ••$»  a : 
aloe  clilMMb  ftvcMi  at -10^  C^  ai^  a 
^"WC.    (Badori;  PoggeBd.  AnaaL  cxir.  6S.) 

The  boffiag'fKiuit  of  water  b  laiaed  vfaaa  it 
and  to  aa  aiteiit  pfonstionate  to  die  anoaBt  of 
ill.  89.)    Lionid  and  flMeoassobstaiiees  diaaohred  in 
iftr*^"—  a  dtpwieion  of  toe  boiliqg-fMMnt. 

CfftaiB  liqaida  when  aiiz^d  with  water  tank  two 
fioosd  acting  mb  a  mArmt  to  the  other;  thoa  water  dSawiltca  10  per 
ether,  while  ether  diaaolYes  about  ^  of  iu  bolk  of  water,  and 
with  flKnw  ether  than  it  can  diamVc^  theM  aatrated  aohitioe 
•eparate  lajreia. 

The  aatBfated  eolotioiM  of  aolid  enbatafea  wluA  w»  capaUa  ef 
depoait  theae  aahataneee  in  a  OTatalline  ftoi  when  the  wat 
the  crjatala  diva  pfodoeed  are  generallj  laiger  and  flBorerqgalar 
goea  on  aloiiy,  and  withoot  diatnrbaoee  of  tlie  liqnid.    (GamAUAarKw;  a.  114 

Water,  ia  ita  ehemieal  cfaanetera,  ia  a  nauAMj  uftuUal  aabatanpe,  tbe  idadevij 
haa jlooa  and  efaloroaa  diaiacteia  of  ita  eonetitnenti  being  ao  neadj 
it  ia  eapable  dTaaetiming  either  relatioD  aoooiding  to  the  natare  of  the 


whidi  it  reacta  or  eombuiea.  Ita  basjrl  eonatitaent  mmj  be  replaeed,  either  hw  a 
baajrlona  or  efalorone  anbatanoe  (Mbtals  and  MxTAixants,  liL  937)«  ao  as  to  ptodlaija 
a  0|Mt  Tarietj  of  compoanda  whoae  eonatitndon  ia  zcterible  to  the  ^pe  ai 

water,  thoog^  itaelx  aa  eminend j  nantral  aabatance,  often  eieidaen  aa 
inftnenee  in  detenaining  the  chemical  aetiiity  of  other  anbataneea,  not  onfy  m 
bj  rendering  one  or  niofe  of  the  anbatanoea  eonoenied  in  a  paztitadar  maitiuai,  l>9n*^ 
ud  in  fo  fitf  Bion  aaacepdble  of  chf^mical  action,  bat  alao  bv  taking  put  ia  the 
tion  iteelf ;  thoa,  for  inatanoe^  eoneentrated  aolpfanrie  acid  and  iron  pn 
eren  when  heated  to  the  boiiing-pointv  and  thiaia  alao  the  eaae  with  coi 
add,  and  die  metala  tin,  lea^  and  iron.  When  water  ia  added,  hoi 
ehemieal  aedon  ia  at  once  let  vp,  and  in  nnmnooa  other  inataneea  the  uteuimn  of 
water,  in  aome  condition,  ia  eeaeotial  to  chemical  action.  The  diemieu  pmiiaafa 
Uddng  place  ia  the  organisma  of  plants  and  animala  reqniTe  the  presence  of  water,  and 
in  the  alteiation  of  minerals  it  is  equally  necessary,  both  aa  the  aolrent  of  pradnets 
of  deoompoaidon,  and  as  the  mediam  for  rendering  efllcient  the  earbonie  add,  oaygen, 
^.,  by  which  alteration  is  produced. 

CompoiUion* — ^The  composition  and  oonsdtndon  of  water  have  already  beeo  treated 
of.    (HTDBOOaK,  OziDBS  ov,  iil.  195.) 

Drwmpoiitum, — ^Water  may  be  decomposed  in  Tsrions  ways ;  via. 

I.  Witn  liberation  of  both  constituents. 

By  Heat. — Groye  first  observed  that  water  is  decomposed  by  heat.  BeTille  eon- 
aiders  that  this  decomposition  {ditassoeiaiion)  takes  place  between  1000^  and  2000^  C^ 
and  that  at  a  lower  temperature  the  greater  portion  of  the  gaaee  again  eomlnne  to- 
gether. 

By  Electridty« — ^When  two  platinum-plates  are  immersed  in  a  Teasel  of  water, 
slightly  acidulated  with  sulphuric  add  to  increase  its  conducting  power,  and  these 
plates  are  connected  with  the  poles  of  a  voltue  battery,  hydrogen  and  oxygen  gasi« 
are  evolyed  at  the  surfiiees  of  the  plates.  K  these  gases  are  collected  in  two  glaae 
tubes  filled  with  water  and  inverted  over  the  platinum-plates,  the  volume  c^  the  hy- 
drogen gas  evolved  at  the  one  plate  will  be  found  to  be  ezacUy  double  that  of  the 
ozy^n  gaa  evolved  at  the  other  plate,  except  in  so  far  as  the  greater  solubility  of  oxygen 
gas  m  water  affects  this  relation.    (EugcraoLTSxs,  ii.  432  it  seq.) 

3.  With  liberation  of  one  constituent  only : — 

The  mttaU  <(f  tk$  alkali$  and  alkaline  earths  decompose  water  at  the  ordinaxy  tem- 
perature, disengeging  hydrogen  and  forming  oxides.  Hany  other  metala  deeompoee 
water  or  water-vapour  in  the  same  way  at  temperatures  varying  firom  100^  C.  to  a 
white  heat.  Others  do  not  decompose  water  under  the  influence  of  heat  aione. — Iran 
and  many  other  metals  decompose  water  at  the  ordinary  temperature,  only  in  the 
presence  of  an  acid. — Zino  and  some  other  metals  decompose  water  under  the  inflaeooe 
of  heat»  and  in  the  presence  of  an  alkali. 

Csr^im  also  decomposes  water-vapour  at  a  red  heat,  yielding  hydrogen,  s^me  car- 
bonic oxide,  and  a  litUe  carburetted  nydrogen. 

Some  of  the  lower  oxides  decompose  water,  or  water- vapour,  with  evolution  of  hy- 
drogen, either  at  the  oidinaiy  temperature  or  with  the  aid  of  heat — Berated  aiUeioua 
oMM  de9ompofea  water  in  presence  of  acids  or  ammonia,  fonning  silicic  add. — 
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CSarbomio  oxide  deeompoew  water-vapotir  at  a  red  heat,  yielding  hydzogen  and  earbonac 
acid. 

Chlorine  deeompoeea  water  under  the  inflaence  of  iight,  and  water-vaponr  at  a  led 
heat,  frith  formation  of  hydrochloric  acid  and  liberation  of  oxygen.  Water-Tapoor 
lieated  to  redness  with  bromine  tfapour  in  eocceaB,  is  decomposed  in  a  simUar  manner. 
Tliis  decomposition  is  not  effected  py  iodine. 

8.  Both  constitnents  enter  into  other  combinations : — 

Pkoepkorue  heated  with  water  in  presence  of  an  alkali  decomposes  it,  with  Ibr- 
mation  of  phosphoretted  hydrogen  and  hypophosphorous  ado.  According  to 
Schonbein,  water  is  decomposed  when  boiled  in  contact  with  nitrogen-gas»  nitrons 
acid  and  ammonia  being  formed : 

2H«0  +  2N    -     QSWySO*. 

Many  ddorides  and  bromides  decompose  water,  fonning  oaddes  and  hydrodilorie  or 
hTdzolnomic  acid.  Thns  pkoepkorue  ckloridee  yield,  with  water,  phospborons  or  phos- 
phoric add  and  hydrochknic  add : 

PCI*  +  8H*0     -     8HC1  +  PHW;  and  PC1»  +  4flV    =    PH«0*  +  6HCL 

Some  metallic  chlorides  are  decomposed  b^  contact  with  water,  fonning  ossy- 
chlorides  and  hydrochloric  add.  (AuriMOinr,  l  818,  327,  and  Bismjdth,  i.  601.) — 
Aluminie  and  magneeio  ekloridee  decompose  water  when  their  solutions  are  boiied, 
yielding  alumina  or  ma^eeia,  while  hyw)cfaloric  add  escapes. 

Many  metallic  chlorides,  bromides,  and  iodides  decompose  water-vapour  with  the 
aid  of  heat^  yielding  the  corresponding  oxides  and  hydrochloric  add.  Certain  metallic 
sulphides  decompose  water-Tapour  in  a  similar  manner. 

Areenioue  add  and  euipkuroue  add  decompose  water  in  presence  of  chlorine,  with 
formation  of  arsenic  add  or  sulphuric  add  and  hydrochloric  add. 

Certain  ocn(2e«  decompose  water,  with  formation  of  a  product  containing  the  elements 
of  both  substances.  Thus  euipknrie  anhydride  and  water  yield  hydric  sulphate ;  calda 
oxide  and  water  yield  caldc  Igrdrate : 

S0«  +  H«0     -     SH«0*,  and    CaOJa»0     «    CaH»0«. 

Production, — Water  is  formed  whenever  hydrogen-gas,  or  a  combustible  substance 
containing  hydrogen,  is  burnt  in  oxygen  or  atmospheric  air.  (Htdbooxit,  iii.  192; 
FuBL,  ii.  722 ;  and  Ebemacausis,  ii.  497.)  Water  is  also  produced  when  hydrt^en,  or 
QEganic  and  other  substances  containing  nvdrogen,  are  exposed  to  a  bright  red  heat  in 
contact  with  easily  reducible  metallic  oxides  or  other  substances  capable  of  yielding 
oxygen  under  those  conditions.    (Oxygen,  iv.  808.) 

CombinaHone. — Water  enters  into  combination  with  other  substances  in  Tarious 
ways.  In  some  of  the  compounds  which  it  forms,  water  exists  as  ^uch,  while  others 
more  probably  contain  only  its  elements  in  the  same  relative  proportion  as  in  water. 
(Htdbatxs,  iii.  179 ;  Atomic  Wdohts,  i.  468  et  seq,) 

With  many  saline  and  other  substances,  water  combines  in  definite  equivalent  pro- 
portions, produdng  compounds  which  are  sometimes  capable  of  assuming  regular  cirs- 
talline  forms.  In  such  cases  it  exists  as  water  of  erystaUisation,  and  the  crystalhne 
form  of  such  substances  is  essentially  connected  with  the  apiount  of  water  they  contain. 
The  amount  of  water  which  may  be  contained  in  crystallised  bubstances  varies  from  1  to 
24  atoms,  and  the  same  substance  may  combine  with  water  in  several  different  propor- 
tions. Thus  borax,  crystallised  from  solution  at  the  ordinary  temperature,  is  combined 
with  4j^  at.  of  water,  and  when  crystallised  between  60°  and  80^  C.,  it  is  combined  with 
2  at. :  io  the  one  case  it  forms  obbque  rhombic  prisms  (2NaKB'0^  +  9aq.) ;  in  the  other 
case,  octahedrons  (N'aB!B'0^24aq.).  Sodic  caroonate  crystallised  from  solution  at  the 
oidinary  temperature  forms  rhomboidal  prisms  (Na'CO*  +  lOaq.),  at  a  higher  tempera- 
ture it  ciystailises  as  Na'CO*  -i-  8aq.,  or  as  Na'CO'  +  6aq.,  and  frt>m  a  boiling  solution 
it  crystallises  as  Na'CO*  -i-  laq.  in  rectangular  tables. 

The  presence  of  water  of  crystallisation  combined  with  a  salt,  often  influences  its 
colour ;  thus  anhydrous  cupric  sulphate  is  white,  while  the  crystalline  salt  Cu^SO*  +  6aq. 
is  blue.    Anhydrous  nickel  sulphate  is  yellow  atid  the  crystalline  salts  are  green. 

In  some  cases,  water  of  crystallisation  is  so  feebly  combined  that  it  is  gradually 
separated  when  the  substance  containing  it  is  exposed  to  dry  air.  (EFRLonsscsiiGB, . 
ii.  362.)  Water  of  crystallisation  is  always  expelled  by  heat,  and  generally  at  a  tem- 
perature of  from  100^  to  120^  C.  Some  crystallised  substances  require  a  higher  tem* 
perature ;  but  in  any  case  the  crystals  become  opaque  and  friable  m  proportion  as  the 
water  of  crystallisation  is  expelled,  and  at  last  disintegrate  and  fall  to  powder.  Cer- 
tain substances  retain  a  portion  of  their  water  of  crystallisation  more  tenadously  than 
the  rest  Thus  cupric  sulphato  retains  one  molecule  of  water  when  dried  at  100^, 
and  does  not  give  it  up  until  heated  to  200^  C.    (Hybbatks,  iii.  180.)  Potash-alum 
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Beyenl  eoostitaents.  They  generally  consiBt  chiefly  of  caleie,  nrngneiie^  i 

ferrous  and  manganoiis  carbonates,  salphatf«,  chlorides,  silieates,  and  sv  * 

with  organic  substance,  carbonic  anhydride,  atmospheric  gasss,  and 

derived  from  other  sources.    But  there  is  a  very  much  greater  diflerenee  m  the  tosml 

amounts  of  dissolved  contents,  saline  and  gaseons,  in  the  water  from  dilBweut 

Some  kinds  of  spring- water  are  so  highly  charged,  either  with  saline  or 

stances^  that  they  have  a  peculiar  taste^  and  are  unfit  for  the  ordinary 

technical  or  economic,  to  which  water  is  applied.    Such  water  is  commonlT 

nUntral  uxUer,  and  is  in  many  cases  considerod  to  have,  in  virtue  of.  its  diamwd 

tents,  various  medicinal  properties.  The  total  amount  of  saline  contents  in  spring-i 

does  not  bear  any  relation  to  the  depth  from  which  it  rises. 

Spring-water,  of  the  kind  suitable  for  ordinary  use,  does  not  contain  sodh  aa 
of  saline  or  gaseous  contents  as  to  be  sensibly  affscted  in  regard  to  taateu     Water 
tills  character,  whether  derived  fr^m  natural  or  arttflcial  springs,  or  other 
such  as  rivers,  lakes,  &c.,  is  called  j&^A  water,  in  contradistiuction  to 
and  such  water  as  contains  a  large  amount  of  saline  contents,  like 
water  of  certain  Jakes. 

The  total  amount  of  dissolved  contents  in  fresh  spring-water  varies  from  "Od  to  2  or 
even  8  grm.  per  litre.  The  gaseous  contents  consist  of  carboinc  ankjfdridt^  nUrogtm  and 
Qxygmi,    The  amount  varies  from  a  few  cubic  centimetres  up  to  as  mueh  as  100  enbie 
centimetres  per  litre  in  some  instances.    The  amount  of  carbonic  anhydride  is  wamm 
times  small,  as  in  the  water  of  some  snifiice  springs  situated  in  the  miost  of  prisaiti^^ 
rocks,  or  in  districts  where  there  is  littie  vegetation ;  but  generally  it  is  mneli  Inigsr 
in  spring-water  than  in  rain-water,  and  in  water  coming  from  a  considerable  deptli  it 
sometimes  amounts  to  as  much  as  90  cubic  centimetres  per  litre.    (See  Tabolb  or 
Analtsbs.)    The  carbonic  anhydride  in  spring-water  may  sometimes  be  derived  to  a 
geat  extent  from  decaying  organic  substance  in  the  strata  through  whidi  it 
This  may  be  the  case  with  the  water  of  surface  springs  containing  only  a  small  i 
of  the  gas,  especially  if  it  also  contains  nitrogen  whidi  may  be  therendueof  thei 
spheric  gases  m  the  rain-water  feeding  those  springs.    But  as  regards  those  kinds  of 
spring-water  which  contain  a  large  amount  of  this  gas  unaccompanied  by  nitrogPB,  aad 
which  rise  from  considerable  depths,  it  is  more  probably  derived  from  other  8nblcn»- 
nean  sources.    The  frequent  occurrence  of  carbonic  anhydride  in  the  form  of  local 
exhalations,  and  in  mmes,  caverns,  and  wells,  would  appear  to  show  that  this  gaa, 
originating  from  subterranean  sources,  is  very  largely  diffused  throughout  undeiyuimd 
strata,  in  such  a  manner  that  the  water  permeating  them  can  become  more  cr  leas 
charged  with  it,  often  under  considerable  pressure,  before  it  reappears  at  the  s«ir£M9e  as 
a  spring.    (See  Gabbonio  AiIhtdbidb,  i.  770.) 

The  amount  of  organic  substance  in  fresh  spring-water  is  usually  small,  excefpt  in  the 
case  of  shallow  wells  situated  near  cesspools,  sewers,  grave-yards,  or  other  places  where 
organic  substances  are  undergoing  decomposition.  The  water  of  surfince  qoings  is  sosne- 
times  liable  to  contamination  from  similar  sources.  Under  such  circumstances  nriiijg- 
water  may  contain  a  considerable  amount  of  organic  substance,  and  ammomaeai  mitM, 
nitrites,  or  nitrates  resulting  from  its  decomposition.  The  water  of  such  a  well  ut 
Verulam  Buildings,  Gray's  Ion,  contained,  during  the  summer  of  186d,  about  *349 
grm.  per  litre  of  organic  (ubstsnce,  and  *245  grm,  per  litre  of  alkaline  nitrates.  The 
water  of  similar  wells  in  Paris  contained  *034  grm.  per  litre  of  ammonia,  and  from 
'063  to  '428  grm.  calcic  nitrate.  The  water  from  35  such  wells  in  the  city  of  LondoB 
was  found  to  contain  from  *38  to  1 '851  grm.  per  litre  of  dissolved  contents,  with  from 
*030  to  '1 30  grm.  per  litre  of  organic  substance,  and  from  *039  to  '548  grm.  per  litre  of  al- 
kaline nitrates.  (Lethebv,  aevort  on  the  Quality  of  the  Water  J^vm  tie  Pumps  amd 
Surface-weUs  of  the  City  oj  London,  1866.) 

Fresh  spring-water  is  idmost  always  very  dear  and  bright,  in  consequence  of  the 
great  degree  of  filtration  which  it  naturally  undei^^oes  in  percolating  through  the  strata 
which  it  may  have  traversed  between  the  "gathering  ground,"  or  surfaee  from  which  it 
has  penetrated,  and  the  point  at  which  it  issues  again  from  the  earth.  For  the  same 
reason  it  is  generally  cool,  unless  coming  from  a  depth  much  above  200  feet;  and,  by 
reason  of  the  gas  it  contains,  it  is  sparkling  and  brisk  to  the  taste. 

The  accompanying  table  contains  the  analyses  of  several  kinds  of  fresh  spring-water 
from  natural  and  artificial  springs,  or  artesian  wells,  and  also  from  ordinary  wells. 

In  mineral  spring-water  the  total  amount  of  dissolved  contents  varies  from 
*1  grm.  to  300  grms.  per  litre.  Besides  the  substances  already  mentioned  as  being  gene- 
lally  present  in  all  kinds  of  spring-water,  it  has  been  found  that  mineral  water  some* 
times  contains  a  number  of  other  substances,  some  of  which  are  present  only  in  very 
minute  proportion.  These  are  phosphoric,  sulphurcus,  hydrochloric,  boracie,  and  er- 
seniotis  acids,  barium,  stronHum,  lithium,  rubidium,  casium,  bromine^  iodine,  j^uorime, 
sine,  copper,  tin,  leadj  silver,  antimony,  nickel,  cobalt,  manganese,  &c. 
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The  giigeoiiB  contents  of  mineral  water  alio  raiy  oonttderably  in  arnonnf.    In  lome 

, caaes  it  is  Feiy  small,  in  othen  so  laige  that  the  giis  is  evolved  finom  the  water  as  it 

f     ^  asceuds,  and  the  water  issues  together  with  a  oopioos  discharge  of  undissolved  gas. 

— ;. J  Tile  constituents  of  the  gaseous  contents  of  mineral  water  are  chiefly  carbonic  anhy' 

43^  i         dride,  nUrogen,  and  oxifgtn,  sometimes  also  wlphuretted  h^droffen  and  carbureited  ^ 

Since  the  diflference  between  the  various  kinds  of  mineral  water  consists  chiefly  in  the 

*    !    .      nature  and  rehitive  amount  of  their  dissolved  contents  and  in  the  proportions  which 

the  constituents  of  those  contents  bear  to  each  other,  they  may  be  convenientljr  classi- 

^     ,      fled  aecorduDg  to  the  predominance  of  some  one  or  other  constituent^  and  on  this  prin* 

ciple  they  may  be  arranged  under  the  following  heads,  viz : 

JL  Cairbonaied  water,  in  which  the  saline  contents  consist  chiefly  of  carbonates.  Ac- 
cording to  the  nature  of  the  basic  constituent  present  in  largest  proportion,  such  water 
may  be  either: 

1.  Alkaline^  like  the  water  of  Vichy,  Bilin,  Ems,  Fachingen,  TopKtz,  &c. 

2.  Magnesian,  like  that  of  Schwalbach,  Goppingen,  Spa,  &c. 
8.  Calcareous,  like  that  of  Griessbuch,  Karlsbrunnen,  etc. 
Mineral  water  belonging  to  any  one  of  these  subdivisions  may  also  contain  fbrrona 

carbonate,  and  is  then  termed  ekal^aU,  as  for  instance,  the  water  of  Spa. 

If  the  water  contains  a  large  amount  of  carbonic  anhydride  in  solution  it  is  termed 
aeidtdoua,  like  the  water  at  Vichy,  St  Nectaire,  Fachingen,  Sdc,  and  when  it  contains 
snlphuxetted  hydrqgen,  it  is  called  sulphuretted,  like  the  water  at  Schinsnach. 

11.  Sulphatio  water,  in  which  the  saline  contents  consist  chiefly  of  sulphates,  and, 
according  to  the  preponderating  basic  constituent,  this  may  be  either : 

1.  Alkaline,  like  the  waters  of  Carlsbad,  Bristol,  Piillna,  Sebastiansweiler. 

2.  Magnesian,  like  the  water  of  Saidschiitz. 

3.  Calcareous,  like  the  water  of  Pyrmont,  Epsom,  Bath,  Schwnrz^ee. 
Sulphatic  water  sometimes  contains  ferrous  sulphate,  and  is  then  termed  ekalyheaU, 
Sometimes  it  contains  a  large  amount  of  carbonic  anhydride  in  solution,  and  is  then 

termed  acidulous,  as  in  the  water  of  Carlsbad,  Pyrmont,  and  it  is  frequently  sulpbureiied, 
like  the  water  of  Schwarzsee,  Sebastiansweiler. 

TIT.  Chlorinated  water,  in  which  the  saline  contents  consist  chiefly  of  chlorides,  and 
is,  according  to  the  preponderating  basic  constituent,  either : 

1.  Alkaline,  like  the  water  of  Wiesbaden,  Leamington,  Harrowgate,  Cheltenham, 
Selters,  Hombmg,  Kussingen,  Kreutznach,  Alezisbad,  Aix-la-Chapelle,  Weilbach. 

2.  Magnesian,  like  the  water  of  the  Dead  Sea,  Elton  lake,  and  some  other  lakes  of 
eastern  &rope  and  Asia. 

Chlorinated  water  is  sometimes  chalybeate,  and  may  contain  both  ferrous  sulphate 
and  chloride,  or  ferrous  carbonate,  like  the  water  of  Alexisbad,  Homburg,  Hermanns- 
bad.  It  is  sometimes  also  acidulous,  like  the  water  of  Homburg,  Kissingen,  and 
Wiesbaden,  and  sometimes  8ulpkurettfd,]iko  the  water  of  Harrowgate,  Aix-la-Chapelle, 
Weilbach. 

3g  IV.  Silioious  water,  in  which  the  saline  contents  consist  chiefly  of  silicates,  like  the 

hot  spring-water  of  Iceland. 

The  accompanying  table  contains  the  analyses  of  some  of  the  most  celebrated  kinds 
of  mineral  water,  which  have  been  selected  as  types  of  the  several  classes  above  de- 

2i  scribed. 

^•^  BlwMMwatery  though  generally  originating  to  a  great  extent  from  natural  springs, 

31  almost  always  contains  a  smaller  amount  of  dissolved  contents  than  the  generality  of 

2j  fresh  spring-water.     This  is  pMrtly  the  result  of  dilution  by  the  direct  influx  of  rain  or 

some  other  form  of  meteoric  water,  glacier  streams,  &c.,  and  is  sometimes  also  in  part 

due  to  the  disengagement  of  carbonic  anhydride  when  the  water  of  the  springs  feeding 

a  river  comes  in  contact  with  atmospheric  air  as  a  flowing  stream,  and  there  is  a 

2S  consequent  separation  of  substances  which,  like  calcic  carbonate,  &c.,  were  chiefly  held 

in  solution  by  that  gas  in  the  spring-water. 

The  total  amount  of  dissolveid  contents  in  river-water  varies  less  than  in  spring- 
water.    It  rarely  exceeds  from  *8  to  '4  grm.  per  litre,  and  is  sometimes  very  much  lees 
'^  in  the  case  of  rivers  flowing  through  districts  where  crystalline  or  schistose  rocks  prevail, 

when  the  water  is  sometimes  almostas  pure  as  rain-water.  The  gaseous  contents  are  the 
same  as  in  firesh  spring-water,  but  the  amount  of  carbonic  anhydride  is  generally  less 
than  in  most  spring-water,  and  from  the  free  exposure  of  the  water  to  the  atmosphere, 
the  proportion  of  oxygen  to  nitrogen,  under  normal  conditions,  is  the  same  as  in  rain- 
water, or  as  1  to  2  by  volume,  being  greater  than  in  atmospheric  air  in  consequence  of 
the  greater  solubility  of  oxygen  in  water.  (See  Atmosphbbx,  i.  437i  and  Gases,  Ab- 
sorption OF,  ii.  790.) 

The  amount  of  dissolved  organic  suhstance  in  river^water  is  generally  much  greater 
than  in  spring-water.    This  is  due  to  the  surface  drainage  of  river-basins  being  dis- 
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chaigod  into  the  rirera,  which  are  the  nataial  drains  of  the  eoantry  ihey  Haw  tliroiigiii. 
The  organic  substance  thus  constantly  carried  into  riTers,  and  difilosed  throqglioat  tb9 
running  water  containing  dissolved  oxygen,  is  exposed  to  its  influence  and  giadnally 
decomposed,  being  ultimately  converted  into  the  final  products  of  such  change,  tis^ 
carbonic  anhydride,  water,  ammonia,  nitrites,  and  nitrates  (Ebocacauso,  h.  497% 
Thus  the  oxygen  dissolved  in  river-water,  and  constantly  renewed  by  the  contact  of  tlia 
flowing  water  with  the  atmospheire,  plays  an  important  part  in  the  natural  porillealiaa 
of  riven,  and  in  preventing  the  putrefaction  or  accumulation  of  organie  sobstaaee 
in  their  water.    In  the  case  of  rivers  flowing  through  populous  districts,  and  re- 
ceiving the  drainage  of  the  towns  situated  within  their  basins,  in  addition  to  the 
natural  surface  drainage,  the  quantity  of  putrescible  organic  substance  thus  eonstsndy^ 
carried  into  the  riven  as  sewage  may  be  so  larg^  that  this  natural  process  of  pixrific»- 
tion  is  inadequate  to  prevent  putie^BU^ve  change,  especially  during  hot  weather, 
when  the  temperatura  of  the  water  rises  considerably  (FEunovTATiON  and  Putkb- 
PAcnoir,  ii.  623,  H  seq.).    The  condition  of  the  Thames  within  London,  during  thfl 
autumn  of  1869,  whan  the  sewage  of  the  whole  population  was  disehaiged  directlj  imo 
it,  affords  an  illustration  of  the  consequences  of  such  contamination  of  a  rirer.     Same 
observations  made  by  Professor  Miller  at  that  time  on  the  gaseous  contents  of  thfl 
water  taken  at  diffennt  points  of  the  Thames  at  low  water,  alro  serve  well  to  elncidate 
both  the  natural  process  of  puriflcatiou  taking  place  in  river-water,  and  the  inflnenoa 
of  sewage  contamination  on  the  condition  of  the  water,  as  will  be  seen  from  the  Ibllov- 
ing  tabular  statement : 


Thames  water  taken  at 

Kingston. 

Hammer- 
•mtth. 

Somorset 
Ht^ose. 

Greenwtcb. 

Woolwfeli. 

Britb. 

Total  amount  of  gas ) 
per  litre                | 

cub.  eent. 
62-7 

cub.  oeot. 

•     • 

eub.  cent. 
62-9 

"cub.  cent. 
71-26 

cub*  cent. 
6306 

cub«  omCa 
74-» 

Carbonic  anhvdride  . 
Oxygen       .        •      . 
Nitrogen     •        .     . 

30-3 

7-4 

160 

•     • 

41 

161 

46-2 

1-6 

16-2 

66-6 

•26 
16-4 

48-3 
•26 
14-6 

67- 

1-8 
16-5 

Ratio  of  oxygen  to) 
nitrogen                > 

1:2 

1:8-7 

1 :  10-6 

1:60 

1:62 

1:81 

From  these  results  it  will  be  seen  that  while  the  water  at  Kingston  was  in  a  nonnal 
state  of  aeration,  the  influence  of  sewage  contamination  in  abstracting  oxygen  began  to 
become  evident  at  Hammersmith.  At  Someraet  House  it  was  still  more  marked,  and 
at  Greenwich  and  Woolwich  the  oxygen  had  been  almost  entirely  consumed ;  but  by 
the  time  the  water  reached  Erith  its  state  of  aeration  bad  greatly  improved  as  regards 
oxygen.    (See  also  R.  A.  Smith,  Mem.  Philos.  Soc  Glasgow,  vi.  164,  et  sea,) 

In  addition  to  the  dissolved  contents  of  river-water,  siJine,  organic,  ana  gaseous,  it 
almost  always  contains  mechanicaUy  suspended  substance,  the  amount  of  which  varies 
according  to  the  quantity  of  rain  passing  into  the  riven  at  different  seasons,  and  aluo 
according  to  the  nature  and  extent  of  the  surfaces  drained  by  them.  The  amoiut  of 
suspendra  substance  in  the  Thames  is  sometimes  as  much  as  *6  gnu.  per  litre  at  low  water, 
and  *2  grm.  per  Utre  at  high  water.  In  the  Seine  at  Paris,  the  amount  of  suspended 
substance  varies  from  -007  to  118  grm.  per  litre;  in  the  Rhine  at  Bonn  it  is  from  '017 
to  '206  grm.  per  litre ;  and  in  the  Meuse  fh>m  *014  to  -474  grm.  per  litre.  In  the  water 
of  the  Mississippi  the  average  amount  of  suspended  substance  is  about  *8  grm.  per  litre ; 
in  that  of  the  Ganges  it  is  stated  to  vary  from  -2  to  2*  grm.  per  litre,  and  in  that  of  the 
Yellow  River  to  be  still  laiger. 

The  water  of  lakes  which  are  situated  among  crystalline  or  schistose  rocks,  and 
have  an  outlet,  is  sometimes  almost  as  pure  as  rain-water.  Lakes  through  which 
riven  flow,  as  the  Rhone  flows  through  the  lake  of  Geneva,  may  be  considered  as  mere 
local  expansions  of  the  rivers,  and  their  water  will  have  nearly  the  same  dissolved 
contents  as  the  river-water.  On  the  contrary  in  lakes  which  have  no  outlet,  like 
the  Dead  Sea,  and  many  of  the  salt-water  or  soda  lakes  of  Eastern  Europe,  Asia, 
Africa,  and  America,  the  water  though  sometimes  fresh,  is  often  so  highly  charged  with 
saline  substances,  which  have  accumulated  by  the  evaporation  of  the  water  flowing  into 
the  lakes,  that  in  the  dry  season  certain  of  the  saline  contents  are  deposited,  as  in  the 
case  of  the  salt  lakes  of  Russia,  Central  Asia,  Africa,  and  America  (p.  184);  the  sods 
lakes  of  Etgypt,  Asia,  Mexico,  and  Hungary ;  the  borax  lakes  of  Thibet,  &;c. 
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is  essentially  a  chloriiiated  alkaline  mineral  water,  the  Baline  contents 
of  which  conpistfl  chiefly  of  Bodic,  magnesic^  potassic,  and  calcic  chlorides  and  snl- 
pnates,  together  with  a  nomher  of  other  substances  in  much  smaller  proportion  and 
•some  in  very  minnte  amounts. 

The  total  amount  of  dissolved  contents  in  the  water  of  the  ocean  at  long  distances 
£rom  land  varies  from  about  28  to  39  grms.  per  litre.  It  is  largest  near  the  equator 
and  smallest  near  the  poles.  The  greater  evaporation  of  water  in  tropical  regions 
than  in  temperate  or  polar  regions,  and  the  unequal  influx  of  fresh  water  from  riven  or 
as  rain,  tend  to  produce  local  difierences,  which  are  to  a  great  extent  compensated  bj 
currents.  Forchhammer  fixes  the  mean  amount  of  dissolved  contents  in  the  water  of 
the  ocean  at  34*404  grms.  per  litee  (Phil.  Trans,  civ.  203  et  seq^).  In  the  water  of  seas 
wMch  are  pfutly  shut  in  by  land,  the  amount  of  diuolved  contents  is  influenced  by  the 
amount  of  evaporation  relatively  to  the  quantity  of  fresh  water  carried  into  them  by 
rivers.  Thus  in  the  water  of  the  Baltic,  the  amoont  of  dissolved  contents  varies  f^om 
about  6  to  18  grms.  per  litxe  at  dilferent  parts,  whilein  the  Meditenranean  it  varies  from 
about  36  to  40  grms.  per  litre. 

In  the  water  of  the  ocean  there  appears,  aoeording  to  Forchhammer,  to  be  genemlly 
but  little  variation  in  the  relative  proportiatts  of  the  chief  eonstitnents  of  its  contents, 
as  will  be  seen  from  the  following  table,  deduced  from  the  mean  results  of  his  numerous 
analyses: 


80«. 

Mg. 

Co. 

Tocsl 

Mlina 

contents. 

Chlorine. 

Maximum 

Moan 

Minimum 

14-61 
14-26 
13-98 

6-768 
6-642 
6-670 

2-267 
2-114 
2-060 

181-40 
18110 
180-60 

100 
100 
100 

Some  of  the  analyses  of  sea-water  indicate  much  greater  local  variations  in  the 
relative  proportions  of  certain  snbstances,  and  it  is  vezy  probable  that  a  variety  of 
circumstances,  such  as  submarine  springs  or  volcanic  eruptions,  &c.,  may  tend  to  affect 
thti  composition  of  its  dissolved  contents  either  pennanently  or  for  a  time  at  certain 
points. 

In  addition  to  the  substances  already  mentioned,  sea> water  contains  about  *3  grm.  per 
litre  of  brominB,  and  very  minnte  amounts  of  iodine  and  fluorine;  also  m/tea,  pkoephorie 
acid  (V oelcker,  Chem.  Gaz.  viii.  346),  calcic  and  tnagneeie  oarbonaies  in  small  pro- 
portions. The  amount  of  carbonates  is  lar|;e8t  near  the  land,  and  is  very  small  in  the 
water  of  the  ocean  (J.  Davy,  Ed.  New  Phil.  Journ.  jlML  320).  Silver,  lead,  eofper, 
and  areemc  have  been  detected  either  in  sea^-water,  the  ashes  of  marine  plants  or 
nnimals,  or  in  the  deposit  formed  inside  the  boilras  of  ocean  steamsrs  (Malaguti, 
Du  roc  her,  S  arse  and,  Ann.  Chim.  Phys.  [3],  xxviii.  122. — Field,  Chem.  Gas.  1867* 
p.  98. — H  a  u  b  r  e  e,  C!ompt  rend,  xxxii.  827]C  In  fact  since  the  ocean  is  the  common  re- 
cipient of  by  fiir  the  greater  part  of  the  water  discharged  from  springs  and  constituting 
rivers,  most  of  the  material  abstracted  by  their  water  from  the  interior  and  suifioa 
of  the  earth  passes  into  it,  and  all  substances  which  exist  in  spring-water  may  be  ex- 
pected to  exist,  to  some  extent,  in  sea-water. 

The  gaseous  contents  of  sea-water  are  nitrogen,  oxygen,  and  carbonic  anhydride, 
Hmounting  altogether  to  from  10  to  30  c.c  per  litre,  according  to  different  observers. 
The  amount  appears  to  be  greater  at  a  depth  of  about  2,000  feet  than  near  the  surface, 
but  at  about  4,000  feet  the  water  contains  scarcelv  any  dissolved  gases.  The  relative 
proportions  of  the  gases  have  not  been  estimated  with  much  aocuiacy.  Carbonic,  an- 
hy&de  is  stated  to  vary  from  2  to  nearly  40  cc.  per  litre ;  oxygen  from  about  1  to 
3  c.c.  per  litre,  and  nitrogen  from  12  to  17  cc.  per  litre.  (Aim^  PogS»*  Ann.  he. 
404.— Hayes,  SilL  Am.  J.  1861,  421 ;  Compt.  rend.  vi.  616. — ^Lewy,  Ann.  Ch.  Phys. 
ii.  636,  viii.426,  xii.  6. — ^Bischo^  Chem.  Phys.  Gkd.  i.  113. — ^Thorpe,  Chem.  Soc  J. 
[2]  V.  189.) 

From  the  &ets  already  stated  as  to  the  dissolved  contents  of  the  various  kinds  of 
natural  water,  it  will  be  possible  to  form  some  general  idea  of  the  geological  importance 
attaching  to  the  constant  circulation  of  water  from  the  ocean  to  the  £nd  by  evapora- 
tion, and  then  back  again  to  the  ocean,  after  having  penetrated  through  the  rocks  con- 
stituting the  land,  to  various  depths  in  the  interior  of  the  earth. 

The  mere  mechanical  action  of  the  water  dischar|;ed  by  rivers,  in  abrading  the  rocks 
with  which  it  comes  in  contact  after  falling  as  nun,  in  sweeping  away  the  particles 
detached  by  it  and  by  other  disintegrating  influences,  and  in  transporting  the  finely 
divided  debris  to  the  ocean,  is  alone  a  very  potent  agent  of  geologiod  cl^ge.  Tbc 
quantity  of  solid  material  thus  conveyed  from  the  hind  to  the  sea,  as  mud,  by  such 
rivers  as  the  Amazon,  Yang-tse-Kiaug,  Mississippi,  Nile,  Ganges,  and  Danube,  is 
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enorniQiifl.    It  hai  been  estimated  that  the  Bttfjtoiided  material  •wtwi^; 
into  the  sea  bv  the  Misnssippi  is  eqpal  to  4,000  miUion.cabie  feet  of 
the  quantity  ihns  eonTsyed  into  the  my  of  Bennl  by  the  Ganges  and 
amount  to  ton  times  as  mnch«    (Lyell's  PrmcijSa  ^Geolom.) 

But  the  suspended  mnd  of  riTers  constitutes  only  a  part  of  the  material  tfaoj 
into  the  ocean.  A  farther  and  probably  equal  quanti^  is  discharged  into  it  in  s 
of  solution.    The  composition  of  the  dissolyed  material  carried  into  the  sea  by 
differs  widely  from  that  of  thedissolyed  contents  of  sea-water,  as  will  be 
following  comparison  of  the  relatiTe  proportions  of  the  chief  constltoento  in  both 

C0>.        Ca.  K.  SO*.       SIO*.      Ms. 

Bissolyed  contents  of  sea  water  .    .         2*114       -805      14*26   trace      6*64 
„  „         rirer-water  807*   668*         43*         228*  10-     86* 

From  this  comparison  it  will  be  seen  that  precisely  those  substances  wfaidi 
sent  in  the  dissolved  contents  of  sea-water  in  the  smallest  amount*  reUtiTelT  to  cU»» 
rine,  exist  in  the  dissolved  contents  of  rirer-wator  in  the  laigest  amount  nlatively  t» 
chlorine,  and  are  carried  into  the  sea  in  the  largest  quantities.    These  aubetaaee^ 
however,  do  not  accumulate  in  sea-water;  but  are  abstracted  from  it  by  maBse 
plante  sAd  animals,  whose  growth  is  probably  to  a  ^pnat  extent  snppoited  by  the 
dissolved  material  conveyed  into  the  sea  by  rivers,  and  ite  chief  constituentc  are  Ibned 
in  the  ashes  of  marine  plants,  and  in  the  shells  or  skeletmis  of  marine  miSwi«i»      (See 
GoBAX.,  ii.  p.  84 ;  Sbawkbd,  v.  p.  212 ;  Sponob,  v.  p.  408.)     Ckmsequently  the  adaoe 
of  water  in  transporting  material  from  the  land  to  the  sea,  appears  to  be  one  of  the 
conditions  essential  to  the  existence  of  marine  organisms,  and  to  the  fannatioD  of 
submarine  deposito,  either  through  their  agency  or  by  simple  subsidence.    (Sss 
Gbologt,  Chsmistbt  of,  ii.  835.) 

The  amount  of  sodic  and  magnesic  chlorides  carried  into  the  sea  \n  rivers  is  s 
but  as  these  salts  probably  accumulate  in  the  water,  and  as  the  supply  fix>m  the 
through  the  agency  of  water  evaporating  from  the  ocean,  is  continuous,  there  u 
ground  for  the  opinion  that  the  saline  contente  of  sea-water  are  very  gradually 
menting,  and  ind^d  that  in  their  present  amount  they  may  be  altcfpether  the  xceeltof 
the  same  process  continued  during  long  geological  periods.    In  the  water  of  the  Baltis 
and  still  more  in  that  of  the  Mediterranean,  it  has  been  ascertained  with  tolerahls 
certainty,  that  such  an  augmentation  of  the  »Eiline  contents  is  going  on.    The 
tion  from  the  Mediterranean,  under  the  influence  of  hot  dry  winds  from  Africa, 
much  greater  than  the  supply  of  fresh  water  by  rivers,  that  a  cuirent  of  salt 
constantly  flowing  in  from  the  Atiantic,  through  the  straito  of  Gibraltar.    The 
of  the  Mediterranean  consequently  contains  a  larger  average  amount  of  saline 
than  that  of  any  other  sea  communicating  with  the  ocean.  Moreover,  since  the 
is  greater  at  considerable  depths  than  it  is  near  the  surfiaoe,  it  appears  that  by  the 
evaporation  of  the  water  at  the  surface,  it  becomes  denser  and  smks  towarda  the 
bottom.    In  many  places  the  Mediterranean  is  upwards  of  6,000  feet  deep,  but  at  the 
Straite  of  Gibraltar  the  depth  is  only  1,320  feet^  so  that  although  there  is  an  outrad 
deep  current  into  the  Atlantic,  the  denser  water  below  that  depth  cannot  flow  ouL     A 
similar  process  of  concentration  is  going  on  in  the  Dead  Sea,  smd  Caspian  Sea,  in  the 
salt  lakes  of  Russia,  and  the  soda  lakes  in  Blgypt  and  Hungaiy,  which  receive  dtber  the 
water  of  rivers  or  of  springs,  and  have  no  outlet  for  their  water  but  by  evaporatioB. 

The  vast  quantity  of  material  continually  being  abstracted  from  the  solid  mass  of 
tiie  earth  by  the  water  of  springs,  obviously  indicates  considerable  progressive  altesa- 
tion  of  the  rocks  from  which  it  is  derived.  As  regards  the  contente  of  fresh  water,  its 
chief  constituento  are  probably  obteined,  for  the  most  part,  by  direct  solution.  This 
may  also  be  the  case  vrith  some  kinds  of  mineral  water ;  but  as  regards  those  kinds  of 
mineral  water  which  contain  alkaline  and  ferrous  carbonate,  &c,  together  with  large 
amounU  of  carbonic  anhydride,  it  is  moro  probable  that  their  dissolved  contents  origi- 
nate from  the  chemical  alteration  of  rocks.  This  is  especially  the  case  when  the  h^ 
temperature  of  the  water  indicates  that  it  comes  from  a  great  depth,  where  the  dmee 
of  heat  and  other  conditions  obtaining,  may  be  sufficient  to  determine  reactions  which 
do  not  teke  place  at  the  surface  of  the  earth.  Without  havine  recourse  to  any  theory 
respecting  the  former  condition  of  the  earth,  and  ite  materiid  elements,  it  is  possihls 
to  arrive  at  a  probable  inference  as  to  the  chemical  changes  involved  in  tiie  production 
of  the  various  kinds  of  mineral-water,  simply  by  a  consideration  of  the  state  in  which 
the  substances  they  contain  exist  in  rocks,  or  in  those  minerals  which  are  the  most 
abundant  oonstituente  of  known  rocks,  and  of  the  eflfecte  whidi  would  result  under  (he 
influence  of  such  conditions  as  the  chsracters  of  mineral  water  testify  to  the  existeaes 
of  at  the  seat  of  their  production. 

One  <tf  the  most  striking  phenomena  presented  by  mineral  water  is  the  fret^uent  and 
abundant  occurrence  of  carbonic  anhydride,  either  dissolved  in  the  water  or  duMhaiged 
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together  witih  it,  and  sometimes  in  enormous  quantity,  a  single  spring  often  yielding 
tumuftlly  Qpwaidfl  of  a  hundred  tons,  and  some  artafieial  springs,  like  tlie  artesian  wells 
of  Neusakwork  and  Nanheim,  yielding  respeetirely  ftom  1,8<K>  to  2,000  tons  of  this  gas 
in  the  course  of  the  year.  Among  the  gases  associated  with  mineral  water,  carbonic 
anhydride  not  only  occurs  in  the  largest  amount ;  but  also  exercises  considerable  influ- 
ence on  the  character  of  the  water,  in  many  oases,  by  determining  the  solution  of'Calcic, 
magnesic,  and  ferrous  carbonates,  &c.  From  the  frequent  occurrence  of  this  gas  in 
connection  with  volcanic  phenomena,  and  the  yeiy  general  distribution  of  calcic  and 
msffnesic  carbonates  in  rocks,  it  is  probable  that  tne  action  of  subterranean  heat  upon 
su^  rocks  gives  rise  to  the  production  of  carbonic  anhydride,  either  by  direct  decom- 
position, or  more  probably  by  determining  the  reaction  of  these  carbonates  with  the 
silica  of  silicious  rocks,  in  such  a  manner  as  to  form  products  which,  like  lava  and 
basalt,  contain  both  lime  and  magnesia  combined  with  silica.  Carbonic  anhydride 
may  also  originate  from  the  decomposition  of  oiganic  remains  in  rocks,  and  from  their 
oxidation  by  reducible  substances  such  as  ferric  oxide,  and  it  may  be  to  some  extent 
produced  by  a  subterranean  process  of  combustion,  either  of  carbon,  or  carbonaceous 
Bubfitances  by  atmospheric  oxygen  convened  into  the  interior  of  the  earth  by  water. 
The  occurrence  of  nitrogen  together  with  the  carbonic  anhydride  evolved  from 
springs,  and  in  volcanic  districts,  gives  some  probability  to  the  opinion  that  the  car- 
bonic anhydride  may  originate  partly  in  this  wav. 

But  whiatevw  be  the  precise  mode  in  which  the  carbonic  anhydride  associated  with 
mineral  water  may  originate,  its  abundant  existence  in  solution  at  great  depths,  and 
consequently  under  great  pressure,  is  beyond  doubt.  For  that  reason,  a  considera- 
tion of  the  actioQ  of  such  a  solution  upon  rocks  of  the  kind  which  may  be  supposed 
to  exist  at  those  depths,  is  of  great  interest  as  regards  the  production  of  mineral 
water.  Stmve  found  that  a  number  of  silicious  rocks  were  decomposed  when  exposed 
to  the  action  of  water  saturated  with  carbonic  anhydride  under  considerable  pressure, 
tad  that  the  substances  dissolved  by  the  water  almost  exactly  corresponded  with  the 
dissolved  contents  of  various  kinds  of  mineral  water.  Thus,  for  instance,  in  operating 
upon  phonolite  in  this  way,  the  substance  dissolved  contained  sodie,  calcic,  and  magnesic 
carbonates  and  silica,  almost  in  the  same  relative  proportion  as  the  carbonated  alkaline 
water  of  Bilin.  Basalt  and  felspathic  poirhyry  yielded  substances  corresponding  to 
the  dissolved  contents  of  the  Eger,  Manenbad,  and  Toplits  water.  It  may,  thereS>re, 
be  infened  with  considerable  probability  that  the  decomposition  of  such  silicates  as 
constitute  those  rocks,  by  water  containing  a  large  amount  of  carbonic  anhydride,  is 
the  source  of  the  alkaline  carbonates  in  mineral  water,  and  to  a  great  extent  also  of 
the  calcic,  magnesic,  and  ferrous  carbonates  it  contains.  Some  idea  may  be  ibrmed  as 
to  the  magnitude  of  this  process  of  subterranean  alteration,  from  the  fact  that  the 
mineral  water  of  Vichy  alone  brings  up  annually  from  the  interior  of  the  earth  about 
1,000  tons  of  sodio  carbonate,  while  the  water  of  the  Carlsbad  springs  brinp;s  up  at  least 
ten  times  as  much.  The  occurrence  of  kaolin,  steatite,  serpentine,  and  a  variety  of  similar 
mineral  substances,  may  be  regarded  as  a  phenomenon  correlative  to  such  a  decompo- 
sition as  that  by  which  the  lukalis  or  other  bases  of  felspar,  augite,  or  hornblende, 
are  extracted  in  the  production  of  mineral-water,  and  those  minerals  may  represent 
the  residual  parts  of  rocks  decomposed  in  this  manner  during  very  remote  periods.  It 
would  be  out  of  place  here  to  enter  more  fully  into  the  subject  of  mineral  alteration  by 
water  containing  various  substances  in  solution,  than  to  point  out  that  the  conditions 
under  which  mineral  water  comes  into  contact  with  rocks  at  great  depths  are  peculiarly 
favourable  to  the  production  of  many  of  those  changes  of  minerals  and  rocks  which 
have  hitherto  been  ascribed  to  imaginary  causes,  without  a  sufficient  knowledge  of 
their  chemical  features.  (See  Gbologt,  Chemistbt  op,  ii.  833 ;  Pseudoxobphs,  iv. 
874;  and  Bischof,  Chem.  Pbys.  Qeology.) 

The  nitrogen  which  is  so  frequently  associated  with  mineral  water,  either  in  its 
gaseous  contents,  or  in  the  gases  discharged  with  it  from  springs,  does  not  appear  in 
all  cases  to  consist  merely  of  that  atmospheric  nitrogen  which  may  be  conveyed,  in 
isolution  by  the  water,  from  the  surface  to  tne  place  where  it  acquires  its  saline  contents, 
although  that  may  sometimes  be  the  case,  especially  when  the  nitrogen  is  accompanied 
by  oxygen.  The  proportion  of  nitrogen  to  the  other  gases,  and  the  actual  quantity 
dischaiifed  is  sometimes  so  large — as,  for  instance,  at  the  Bath  springs,  where  it  amounts 
to  about  260  cubic  feet  daily — ^that  there  are  probably  other  sources  of  this  gas,  such 
as  the  slow  decomposition  of  dganie  remains.  Its  occurrence  has  also  been  referred 
to  an  assumed  process  of  subterranean  oxidation  of  metals  by  atmospheric  air,  which  is 
supposed  to  penetrate  in  some  way  to  great  depths  in  the  interior,  and  in  coi\junction 
with  the  reaction  of  water  on  these  metals  to  nve  rise  not  only  to  the  phenomena  of 
thermal  springs,  but  also  of  earthquakes  and  vdeanoes.  (See  Daubeny,  Description 
of  Volcanoes,  Earthquakes,  and  Thermal  Springs. — ^Bischof,  Chem.  Phys.  Geology. — 
Lecoq,  Le$  Eaux  Minirales, 
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The  sulphuretted  hydrogen  present  in  some  kiods  of  xniiiefBl-fnitar  oriipnsieB 
the  reduction  of  sulphates  by  carbouaceouB  sabstanee  and  the  decompositioii  oC  tbtt 

sulphides  by  carbonic  anhydride. 


Qvalttj'  of  Water  used  for  eeonmnle  and  teclmieal 

Since  natural  water  is  never  absolutely  pure,  it  is  eyident  that  as  regards  the  water 
derived  from  any  particular  source,  its  fitness  for  ordinary  use  will  depend  chiefly  upon 
the  amount  and  nature  of  the  substances  which  may  be  present  in  a  state  of  solatMOv 
and  perhaps  also  mechanically  suspended  in  the  water.  For  drinking  and  for  many 
other  purposes,  water  which  is  pei^ectly  clear  and  colourless  is  sensiUy  preferable  to 
such  as  is  turbid  and  coloured,  in  consequence  of  its  containing  suspended  impiizitiea 
whether  they  consist  merely  of  earthy  mud,  or  of  minute  living  oiganisma.  In  tiiis 
respect,  spring  or  well-water,  which  undeigoes  a  kind  of  natural  filtration,  is  gmierallj 
preferable  to  the  water  of  rivers  or  lakes,  which  being  fed  to  a  great  extent  by  sur&ea 
drainage,  are  therefore  the  receptacles  of  much  suspended  impurity,  and  geneEally  yield 
water  which  is  turbid. 

So  far  as  dissolved  substance  is  concerned,  those  kinds  of  water  which  oontaio  tiw 
smallest  amount  are  generally  preferable  for  most  purposes.      But  the  qoatity  of 
water,  as  regards  its  technical  and  economic  applications,  is,  within  certain  limits, 
much  more  influenced  by  the  chemical  nature  of  the  dissolved  contents,  than  by  the 
actual  amount.    Those  kinds  of  water  which  contain  but  a  small  amount  of  ealine 
contents,  or  in  which  the  saline  contents,  though  in  large  amount^  oonsast  chiefly  ef 
alkaline  salts,  are,  in  ordinary  language,  termed  "  soft,''  Sudb  water  dissolves  eommoa 
soap  without  causing  any,  or  at  most  but  very  little,  change.    On  the  contnuy,  water 
containing  calcareous  or  magnesian  salts  in  solution,  decomposes  soap,  forming  with 
its  fatty  adds  insoluble  compounds  which  separate  as  a  curdy  white  precipitateu    Sodi 
water  is  commonly  called  "  hard,**  and  is  u^ore  or  less  so  in  proportion  to  the  amonni 
of  earthy  salts  it  contains.    The  salts  which  render  water  hsrd  are  calcic  or  magnesie 
carbonates,  sulphates,  or  chlorides,  and  as  the  former  are  held  in  solution  chiefly  by 
carbonic  acid,  uie  hardness  due  to  them  may  be,  to  a  great  extent,  removed  by  boiling 
the  water,  and  by  driving  off  the  carbonic  acid,  rendering  the  carbonates  insolnbleu  Bnt 
the  hardness  due  to  the  sulphates  and  chlorides  is  not  affected  by  boiling.   Hard  water 
is  objectionable  for  many  purposes.    Its  use  for  washing  involves  considerable  waste 
of  soap,  since  the  curdy  precipitate  has  no  detergent  action.    For  cooking  and  far 
various  manufacturing  purposes  also,  it  is  inferior  to  soft  water.    When  it  is  used  for 
supplying  steam  boilers,  the  insoluble  carbonates  are  deposited  as  a  crust  upon  the 
inner  surface  of  the  boiler,  especially  when  the  water  also  contains  calcic  sulphate. 
This  salt  is  deposited  as  the  water  evaporates  in  a  crystalline  state,  and  servee  to  cement 
together  fhe  particles  of  carbonate  precipitated  when  the  water  is  first  heated. 

The  total  amount  of  dissolved  contents  in  water  suitable  for  economic  and  technical 
purposes  rarely  exceeds  '5  grm.,  or  at  mosti  I'O  grm.  per  litre,  and  the  better  kinds  of 
water  contain  very  much  less. 

The  presence  of  diuolved  organie  substance  in  water  has  probably  a  much  greater 
influence  in  determining  its  fitness  for  dietetic  purposes  thiu  either  the  amount  or 
nature  of  the  saline  contents  of  ordinary  fresh  water.    This  is  especially  the  case  as 
regards  the  water  of  wells  or  rivers  so  situated  that  the  drainage  or  sewage  of  towna 
passes  into  them.    When  this  takes  place  to  any  considerable  extent,  the  natnral  pro- 
cess of  purification  of  river-water,  consisting  in  the  oxidation  and  destruction  of  the 
organic  substance,  is  not  sufficient  to  render  the  water  of  such  streams  fit  for  domeatie 
use  near  the  places  where  the  sewage  of  large  populations,  or  the  drainage  of  &ctoriee,  is 
discharged  into  them  (p.  1018).  Water  containing  *1  grm.  per  litre  of  ozganio  snbstanee 
would  perhaps  generally  be  unfit  for  drinking,  and  it  may  be  assumed  that  wholesome 
water  of  good  quality  rarely  contains  more  than  from  *006  to  '01  grm.  pw  litre.  How* 
ever,  in  £strict8  where  peat  abounds,  water  which  is  sensibly  coloured  by  dissolved 
organic  substance  is  commonly  used  for  drinking  without  any  deleterious  results.   Pro- 
bably the  nature  of  the  organic  substance  in  water,  its  existence  in  certain  conditions, 
or  its  capability  of«promoting  the  development  of  organic  germs,  may  be  of  mueh  greater 
importance  as  re^juds  the  wholesomeness  of  the  water,  than  the  actual  amount  of  it. 
Substances  resulting  from  the  partial  decomposition  of  effete  vegetal  or  animal  re- 
fuse are  most  likely  to  be  directly  prejudicial,  and  also  to  favour  the  development  of 
organic  germs,  especially  if  they  are  nitrogenous,  and  in  a  state  of  putrefactive  change 
(Fkbmbmtation  and  Putabfactiok,  ii.  623  et  seq.  ;  Infusoria,  iii.  269).    This  pro- 
bability is  at  least  consistent  with  the  known  effects  of  such  substances,  and  with  the 
still  unexplained  connection  which  is  believed  by  some  authorities  to  exist  between  the 
prevalence  of  epidemic  disease  and  the  contamination  of  water,  used  for  domestic  pur- 
poses, with  sewage  or  some  similar  impurity.    (Frank land.  On  the  WaiiT  Supply 
of  the  Metropolis^  Proc.  Roy.  Inst,  of  Great  Brittu'n.— Simon,  Report  of  the  Medical 
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Offietroftke  Privy  Council  for  1866. — ^Lethoby,  Report  to  the  Sanitary  Committee  of 
the  Commissiontre  of  Setoere  of  the  City  of  London,  1867>  p.  11  ^^  seq.,  and  Riport  on 
the  Cholera  Epidemic  of  1 866.) 

The  whole  subject  of  the  influence  of  oi^nic  substance  on  the  character  of  water, 
in  a  sanitary  point  of  view,  is,  however,  involved  in  much  obscnrity ;  but  there  can  be 
no  doubt  that  water  contaminated  with  the  refuse  of  towns  is  in  every  respect  highly 
objectionable  for  domestic  purposes.  Consequently  the  practice  of  dischaiging  sewage 
into  rivers,  which  at  a  lower  part  of  their  course  ftiniisn  the  water-supply  of  towns, 
cannot  be  too  strongly  deprecated  for  this  reason,  and  it  is  scarcely  less  objectionable 
as  regHrds  the  condition  of  rivers,  and  their  influence  on  the  sanitary  state  of  the  dis- 
tricts along  their  banks.  On  agricultural  grounds,  also,  the  vast  quantity  of  material 
possessing  value  as  manure,  which  is  wasted  by  the  discharge  of  sewsge  into  rivers, 
eonstitutes  another  very  cogent  reason  for  the  discontinuance  of  this  practice,  and  for 
the  adoption  of  some  means  by  which  the  phosphates,  alkalis,  and  ammonia  contained 
in  the  refuse  of  towns  should  be  turned  to  useful  account  in  augmenting  the  production 
of  crops,  and  by  which  at  the  oame  time  the  natural  purity  of  river-water  should  be  so 
tax  as  possible  preserved.  (See  ExcRSMBirrs,  ii.  613 ;  MAiruaB,  iii.  842 ;  Ubwb,  v.  964.) 

The  relative  wholesomeness  of  water  intended  for  domestic  use  appears  to  be  so  in- 
timately connected  with  the  presence  of  organic  substance,  that  considerably  attention 
has  lately  been  devoted  to  the  methods  of  estimating  its  amount  and  nature.  Hitherto 
the  amount  of  oiganic  substance  has  been  estimated  by  evaporating  the  water  to  dry- 
ness and  igniting  the  residue  so  as  to  bum  off  the  organic  substance,  the  loss  of  Weight 
on  ignition  being  taken  as  representing  organic  substance.  This  method,  however, 
apart  from  the  objection  of  its  being  indirect^  cannot  be  depended  upon,  for  the  follow- 
ing reasons : 

1.  If  the  residue  is  dried  at  100°  C,  before  ignition,  it  may  retain  water  combined 
chiefly  with  calcic  and  magnesic  chlorides  or  sulphates,  and  a  considerable  part  of 
the  loss  on  ignition,  may  be  due  to  this  circumstance.  A  further  part  may  be  due  to 
volatilisation  of  ammoniacal  salts,  and  to  the  decomposition  of  magnesic  chloride, 
nitrites,  and  nitrates. 

2.  If  the  residue  is  dried  at  from  120^  to  130*^  C.  in  order  to  expel  water,  there  is  a 
risk  of  partially  decomposing  the  oiganic  substance,  especially  when  it  is  in  a  putres- 
cent state. 

3.  In  converting  the  causticised  earths  into  carbonates,  after  ignition,  by  means  of 
carbonic  anhydride,  there  may  be  in  some  cases  a  considerable  increase  of  weight. 

The  method  of  adding  sodic  carbonate  to  the  water  before  evaporating  to  dryness, 
80  as  to  decompose  anuuoniacal  salta,  and  convert  calcic  and  magnesic  chlorides  and 
sulphates  into  carbonates,  and  to  obtain  a  residue  free  from  water,  also  gives  indefinite 
results  partly  for  the  reasons  already  given„  and  because : 

4.  The  oiganic  substance  may  be  decomposed  and  the  products  volatilised  during 
the  evaporation  to  dryness. 

6.  On  ignition,  certain  products  of  the  organic  substance  may  remain  in  a  fixed  state 
of  combination  in  the  residue. 

The  errors  arising  from  one  or  other  of  these  causes  may  exceed  the  whole  amount 
of  orsanic  substance  in  the  water;  and  even  if  that  amount  could  be  estimated  with 
any  aegree  of  certainty,  the  result  would  not  admit  of  any  positive  inference  as  to  the 
character  of  the  water,  since  the  oiganic  substance  might  be  of  an  entirely  harmless 
nature.  Qditler,  Chem.  Soc.  J.  xviii.  117. — ^Frankland,  Proc.  Roy.  Inst.  Great 
Britain. — -Wanklyn,  Chapman  and  Smith,  Laboratoiy,  i.  98,  114;  and  Chem. 
Soc  J.  [2]  ▼.  445,  Ml.) 

To  meet  these  defects,  the  use  of  potassic  permanganate,  so  as  to  estimate  the  quan- 
tity of  oxygen  absorbed  by  the  OTj^anic  substance  in  water,  has  been  adopted  by  some 
chemists,  with  the  object  of  arriving  at  a  more  direct  determination  of  the  character 
of  water  as  regards  tiis  portion  of  its  dissolved  contents.  As  a  means  of  estimating 
the  amount  of  oiganic  bubstance,  it  is  however  totally  untrustworthy,  as  will  be  seen 
from  results  obtained  by  Professor  Frankland,  contained  in  the  table  on  p.  1024. 

These  results  show  that  from  the  great  differences  which  obtain  in  the  behaviour  of 
oiganic  substances  with  permanganate,  it  evidently  cannot  be  relied  upon  for  establish- 
ing the  absence  of  oiganic  substance.  Even  its  positive  indications  are  not  alone  con- 
clusive against  the  character  of  water,  since  the  induction  may  be  caused  by  an  organic 
substance  which  is  quite  innocuous.  Notwithstanding  these  facts,  however,  the  per- 
manganate test  may  affi>rd  serviceable  indications  as  to  the  actual  condition  of  water, 
especially  when  the  results  obtained  with  it  are  considered  in  connection  with  certain 
other  featores  of  the  water  in  question,  for  it  may  reasonably  be  assumed  that,  if 
the  presence  of  putrescent  oiganic  substance  in  water  renders  it  unwholesome,  a  sub- 
stance in  such  a  state  of  chemical  tension  would  be  more  susceptible  of  oxidation  by 
permanganate  than  most  of  the  substances  to  which  Professor  Frankland's  experiments 
relate.    This  special  applicability  of  the  permanganate  test  for  indicating  the  presence 
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of  oiganic  substance  in  the  state  most  likely  to  be  pr^odicial,  is  not  area  iiautcd  hy 
the  fact  that  the  presence  of  nitrites  in  water  would  determine  the  rednctiaii  in  tba 
same  way  as  oiganic  substance:  for  water  containing  nitrites  is  Teiy  likely  to  be  objec- 
tionable (see  underX  and  moreover  allowance  can  always  be  made  for  the  redwdioii  dm 
to  nitrites ;  to  ti^t  whenever  water  causes  a  considerable  reduction  of 
there  is  at  least  sufficient  ground  for  suspecting  it  to  be  unwholesome, 
sor  Miller  and  others  consider  that  the  permanganate  test  may  render  good 
an  accessory  teet.  in  assisting  the  judgment  as  to  the  salubrity  of  water,  thoogfa  it  is 
fallacious  as  a  substitute  for  the  method  of  incineration  for  estimating  the  amoimt  cf 
organic  substance  in  water.  (Miller,  Joum.  Chem.  Soc  xriii.  117. — ^R.  A.  Smith, 
EaUmatUm  of  the  Orgame  Matter  m  Water  with  re/eremee  eepeekUfy  to  Sanitary 
poaei,  London,  1866.) 

The  idea  that  the  deleterious  influence  of  organic  substance  on  the  character  of  i 
is  confined  to  that  portion  of  it  which  is  nitrogenous  and  therefore  liable  to  putivfoe- 
tion,  naturally  led  to  the  attempt  to  determine  the  character  of  water  by  estimating 
the  amount  of  nitrogen  iu  the  organic  substance  present,  on  the  principle  of  its  dele- 
terious influence  being  proportionate  to  the  amount  of  nitrogen.  (Hofmann  and 
Bly  th,  Beport  on  the  Chemcal  Quality  of  th^  Supply  of  Water  to  the  MetropoUs,  1856. 
p.  5.) 

A  method  of  examining  water  has  recently  been  devised  by  Ptofeosor  ¥^mik- 
land  upon  this  basis.  The  estimation,  made  in  the  manner  desenbed  under  tfaa  bead 
of  Watbb,  Axaltbis  of,  consists  of: 

1.  The  amount  of  organic  carbon  in  the  dissolved  contents. 

2.  The  total  amount  of  combined  nitnjgen. 

8.  The  amount  of  nitrogen  existing  as  ammonia,  nitrites,  and  nitrates. 

The  difference  between  the  last  two  data  gives  the  amount  of  nitrogen  existing  in 
tbe  organic  substance  of  the  water,  and  that  is  taken  to  be  the  measure  of  the  quality 
of  the  water,  so  for  as  organic  substance  is  concerned.  One  of  the  objections  to  this 
method  appears  to  be  the  absence  of  any  distinction  either  between  nitngMKNis 
organic  substances  which  are  deleterious,  or  may  become  so  by  putrefoction,  and  others 
of  a  peifectly  harmless  nature,  or  between  a  putrescent  substance  and  one  which  is 
only  capable  of  becoming  so. 

The  liability  of  putrescent  organic  substance  in  water  to  be  decomposed,  and  evolve 
its  nitrogen  as  ammonia  during  evaporation  to  dryness,  has  been  adopted  by  Professor 
Wanklyn,  in  coivjunction  with  Chapman  and  Smith,  as  a  means  of  ascertaining  the 
ehaxaeter  of  water,  and  of  estimating  the  amount  of  deleterious  organic  subetanee 
it  contains.  The  decomposition  of  the  organic  substance  is  promoted  by  adding  eauatie 
alkali  and  potassic  pennanganate  to  the  water,  and  the  quantity  of  ammonia  giTen  off 
on  distillation  is  then  taken  as  a  measure  of  Uie  deleterious  organic  substance  in  tiie 
water.    (Chem.  Soc.  J.  [2]  v.  446,  691.) 

The  water  of  rivers  and  wells  sometimes  contains  ammoniacal  salts,  nitrites,  and 
nitrates.  Whether  these  substances  are  in  themselves  injurious  or  not,  their  presenee 
in  water  may  firequently  be  regarded  as  indicative  either  of  sewage  contamination,  or  of 
some  similar  oljectionable  admixture  with  the  water,  since  they  are  the  products  of  the 
decomposition  (tf  nitrogenous  organic  materials  (see  EuEMACArsis,  ii.  497  ;  NrrB^iss, 
iv.  83,  90,  99).  If  that  decomposition  is  incomplete,  they  may  be  accompanied  by 
oiganic  substance  in  the  most  objectionable  state.  The  presenee  of  these  substances  in 
water  is,  therefore,  alwavs  calculated  to  throw  suspicion  on  its  quality.  Many  of  the 
shallow  wells  situated  in  towns^  and  very  often  near  a  cfainchyard,  yield  water 
of  this  kind  which,  singularly  enough,  presents  characters  both  attractive  and  agree- 
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able.  Being  clear,  BpftrUinc,  and  cool,  with  that  fresh  taste  which  a  amull  proportion 
of  nitre  communicates,  such  water  often  holds  a  high  place  in  popular  estimation, 
which  is  strengthened  by  the  traditional  repute  of  the  wells  for  yielding  good  water, 
acquired  probably  at  a  time  when  they  were  surrounded  by  open  fields,  and  not  fed 
with  the  drainage  of  densely-populated  streets.  (See  Simon,  Eeports  on  the  Sanitary 
Cmdition  qftke  City  pf  London,  1849-60,  p.  64;  1862-63,  p.  42.— Letheby,  Report 
on  the  Quality  of  the  Water firom  the  Pumps  and  Surface  Wells  of  the  City  qf  London,  1866. 
— R.A.Smith,/oe.<;iY.p.22. — ^Wanklyn,  Chapman, andSmith, laboratory,  i.  262.) 

Sometimes,  however,  water  which  is  quite  beyond  any  suspicion  of  sewage-contami- 
nation or  impurity,  contains  nitrates — as,  for  instHnce,  the  water  obtained  from  artesian 
wells  in  the  chalk  strata.  The  origin  of  the  nitric  acid  in  this  case  is  not  ascertained, 
but  it  has  been  referred  to  an  oxidation  of  organic  substance,  ammonia,  or  nitrogen 
eiffected  by  the  oxygen  dissolved  in  the  water,  and  taking  place  during  the  passage  of 
the  water  through  the  water-bearing  strata.    (Nptbates,  iv.  83.) 

Professor  Frankland  has  adopted  the  estimation  of  the  amount  of  nitrogen 
present  in  these  states  of  combination,  as  the  measure  of  the  previous  sewage^ 
eowtamination  of  the  water — ^that  is  to  say,  of  the  sewage  which  has  been  mixed  with 
the  water,  and  has  undergone  complete  decomposition  into  its  final  inorganic  products. 
To  the  rMBult  thus  obtained  he  applies  a  correction,  to  compensate  for  that  portion 
of  the  nitrogen  which  might  have  existed  as  ammonia  and  ammonic  nitrite  or 
nitrate  in  rain-water,  taking  for  this  purpose  the  mean  Talne,  deduced  from  the 
observations  of  Lawes,  Gilbert,  and  Way,  of  *240  pts.  nitrogen  existing  as  nitrous 
and  nitric  adds  in  1,000,000  pts.  of  rain-water,  and  *080,  the  maximum  quantity  of 
nitrogen  existing  as  ammonia  in  1,000,000  pts.  of  river- water  taken  near  the  sources 
of  streams.  This  correction  of  '240  -f  *080  »  *820,  which — upon  the  assumption 
that  average  filtered  London  sewage  contains,  in  1,000,000  pts.,  100  pts.  of  combined 
nitrogen — corresponds  to  3,200  pts.  sewage  in  1,000,000  pts.  of  water,  is  probably 
Bomewh&t  too  high,  and  in  favour  of  the  quality  of  the  water,  since  ammonia  is 
almost  entirely  M)etiaeted  from  rain-water  in  percolating  through  cultivated  soil. 
The  water  supplied  to  London  from  the  Thames,  during  January  and  February 
1868,  was  found  to  contain,  on  the  average,  *008396  grm.  per  litre  of  nitrogen  in 
the  state  of  ammonia,  nitrites,  and  nitrates,  or  3*396  pts.  in  1,000,000  pts.  of  water,  so 
that,aoeoiding  to  this  view,  the  amount  of  previous  sewage-contamination  would  be : — 

30,760  :  3*396 -'320     »     1,000»000  :  100. 

The  result  thus  obtained  by  analysis  presents  a  very  remarkable  correspondence  with 
the  calculated  result  obtained  in  a  different  manner.  Thus  the  average  flow  of  the 
Thames,  just  above  the  point  at  which  the  London  water-supply  is  taken,  being  esti- 
mated at  800,000,000  gallons  daily,  and  the  drainage  of  a  population  of  about 
600,000  being  discharged  into  the  Thames  above  that  point,  at  the  rate  of  about  30 
gallons  per  head  daily,  the  sewage-contamination  of  the  water,  according  to  these 
data,  would  amount  to  about  22,600  pts.  in  1,000,000  pts.  of  water. 

If  any  of  the  nitrogenous  organic  substance,  originating  from  this  sewage,  had  not 
undergone  complete  oxidation,  its  presence  in  the  water  would  be  indicated  by  the 
amount  of  nitrogen  in  the  organic  substance  contained  in  the  water.  If  the  nitrogenous 
organic  substance  in  water  could  be  regarded  as  originating  solely  from  sewaee,  and 
the  nitrogen  could  be  accurately  estimated,  it  would  be  possible  to  determine  the  pre^ 
sent  sewoffs-contaminaiion  of  river-water.  Thus,  the  amount  of  organic  nitrogen  given 
by  Professor  Frankland,  as  existing  in  the  water  supplied  to  London  from  the  Thames 
daring  the  months  of  January  and  February  1868,  is,  on  the  average^  *00046  grms. 
per  litre,  which  would  be  equiment  to  4,600  pts.  oif  actual  sewage  in  1,000,000  pts. 
of  water,  or  nearly  *6  per  cent.  ( Weekly  Returns  of  the  Reigistrar- General,  xxix.  36,  69). 
Bui  as  this  quantity  is  little  above  the  average  apparent  enor  of  experiment  (p.  1031), 
such  a  result  may  be  disregarded.  The  methods  by  which  these  estimations  are  made, 
are  described  under  the  head  of  Watib  Akai^tsis  (p.  1026). 

Theamount  of  chlorine  in  fresh  water,  existing  chi^y  in  thefbrm  of  sodic  chloride,  will 
often  serve,  in  some  degree,  to  indicate  whether  it  has  been  contaminated  with  sewage 
or  other  forms  of  animal  refuse,  and  also,  in  the  case  of  water  containing  organic  sub- 
stance, whether  that  is  of  vegetal  or  animal  origin.  It  must  be  rememb^^  how- 
ever, that  any  inference  from  the  presence  of  chlorine  in  water  must  (as  in  the  case  of 
nitrates)  be  limited  by  the  circumstance  that  it  is  a  normal  constituent  of  the  contents 
of  most  natural  wat'Cr,  and  that,  in  certain  localities,  it  exists  in  larger  amount  in  water 
than  in  others.  As  a  rule,  water  containing  as  much  as  *01  grm.  of  chlorine  per  litre 
may  be  suspected  of  being  contaminated  with  drainage.  (See  B.  A.  Smith,  On  the 
Examination  of  Water  for  Organic  Matter,  I^oc.  PhiTos.  Soc  Manch.) 

The  wholesomeness  of  water  appears  to  be  intimately  connected  with  its  state  of 
aeration.    In  perfectly  aerated  water,  the  ratio  of  oxygen  to  nitrogen  is  as  1  :  2  by 
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Tolmne  (pp.  1014, 1017) ;  and  at  this  ratio  U  liable  to  be  altered  by  the 
of  organic  aabetMiee  in  the  water  (p.  1018)b  the  estimation  of  the  0Meo 
water  will  often  8erre,in  eonjimelion  with  the  peimanganate  test,  to  indierte  the 
character  of  the  water,  as  regards  oig^ic  snostaoce.    Whenever  the  uajgcM  ai 
to  lesi  than  one-third  of  the  nitrogen,  and  the  water  also  canses  a  cooadeEafale 
tion  of  pennanganate,  the  presence  of  deeonposiiig  oiganic  snbstaiieo 
(Miller,  loe.  eU,  p.  124.) 

Bat  water  whidi  is  in  a  normal  state  of  aeration,  and  does  not  cause  aaj  gRflft 
doction  of  permanganate,  may  still  contain  organic  sabstanoe.  either  diawJTcri 
suspended,  which  is  sosceptible  of  putrefaction,  and  therefore  capable  of  leodorii^  t 
water  unwholesome (Hof mann  and  Blyth,  loe, eU,  p.  6).    Soch  water,  mdar  tlae \ 
flaence  of  warmth  and  light,  often  becomes  putrid,  and  erolres  ■Ht»in»|r  gj^ 
presents  a  copious  derelopment  of  confezrs  and  other  minute  organiama.     The 
bility  of  water  to  remain  for  some  days  at  a  temperature  of  about  2S9  C, 
nndeigoiiig  such  change*  is  therefore  another  important  point  to  be  obserred  in 
to  the  question  of  wholesomeness.    (Angus  Smith,  he.  eU.  p.  1.) 

Biver-water  is  frequently  so  turbid,  from  the  preeepce  of  saspendi>d  **-g«n^  sab- 
stance,  ss  to  be  unfit  lor  use  without  undergcmig  filtration.  This  is  genezally  eftsetfd 
on  the  Uuge  scale— sand,  gravel,  and  similar  materials  being  used  for  the  porpooe.  Bf 
this  means  the  amount  of  organic  substance  is  to  some  extent  reduced,  and  ei 
saline  contents  appear  to  be  partially  abstracted. 

The  most  effiaiinal  method  of  punning  water  appears  to  be  that  pcopoaed 
dark,  of  adding  lime-water  in  such  proportion  as  to  combine  with  the  free 
anhydride^  and  uius  precipitate  great  part  of  the  calcic  carbonate.  By  this  ■ 
water  is  rendered  soft*  and  a  ccmsiderable  portion  of  the  organic  substance  is 
Uufortunately,  the  remoTal  of  the  carbonic  anhydride  renders  the  water  flat  and  uufr 
latable,  and  therTast  mass  of  calcic  carbonate  produced  constitutes*  serious  diflica&y. 
The  addition  of  alum  or  aluminic  chloride  in  small  amount  to  the  water  has  also  beea 
proposed  for  separating  calcic  carbonate  and  suspended  organic  snbstanee  bj  mnamrf 
the  oasie  aluminium  salt  produced,  and  then  adding  sodic  carbonate  to  ensure  the  aepsia- 
tion  of  all  the  alumina.  The  addition  of  sodic  siheate  to  water  intended  for  the  use  of 
factories  hss  been  proposed  by  Buff  and  Versmann,  so  as  to  precipitate  the  cahdam  ani 
magnesium  as  nlicates,  and  render  the  water  soft^ 

Sea-water  is  rendered  fit  for  drinking  on  board  vessels  by  distillation,  and  afterwards 
forcing  air  into  the  condensed  water.  (See  Urt^9  JDietionary  <^  Arts,  Mamufaetuna,  tmi 
Mimm,  iii.  086.)  B.  H.  P. 

IVATSB  JkVA&T8X8.    The  examination  of  natural  water  is  most  ftcequtatly 

required  for  the  purpose  of  ascertaining  its  fitness  for  economic  and  technical  nse^  sobh- 
times  also  for  ascertaining  the  character  of  mineral  water  employed  for  mcNdioBal 
purposes,  &c.  The  mode  of  operating  is  much  the  same  in  both  cases,  so  fisr  as  reJsta 
to  tno  estimation  of  the  various  constituents  of  the  dissolved  contents ;  but,  in  xefcr- 
ence  to  water  intended  for  ordinazy  use,  several  special  methods  of  ezaminatioa  srs 
adopted  for  estimating  the  degree  of  hardness,  amount  and  nature  of  the  organic  sob- 
stance,  &C.,  which  sre  not  employed  in  the  analysis  of  mineral  water. 

The  spedflc  gravity  of  water  is  best  ascertained  by  filling  a  fladc  of  known  capacity 
(100  to  800  cc),  and  ftimished  with  a  long  tubular  stopper,  with  the  water  at  a  tcB- 
perature  of  16*6^  C,  and  weighing.  The  specific  gmvity  of  fresh  water  genenliv 
differs  so  little  from  that  of  pure  water  that  its  determination  is  not  a  matter  of  mudi 
importance. 

The  colour  of  water  should  be  observed  by  filling  a  flat-bottomed  glass  tube  with  the 
water,  and  looking  down  through  it  at  a  white  object,  beside  a  similar  tube  filled  witb 
pure  water.  The  presence  of  suspended  substance  and  minute  vesetal  or  animal  otgs- 
nisms  is  also  to  be  noted,  as  well  as  the  smell  or  taste,  both  cold  and  when  aligjhtly 
warmed. 

Water  is  often  either  alkaline  or  acid,  and  to  ascertain  this  it  should  be  tested  with 
very  delicate  litmus-paper,  observing  whether  any  change  of  colour  produced  on  it, 
disappears  or  not  when  the  paper  is  afterwards  exposed  to  the  air.  In  sudi  cases  the 
reaction  may  be  due  to  the  presence  of  carbonic  anhydride  or  of  ammonia.  Water 
intended  for  analysis  should  always  be  put  at  once  into  stoppered  glass  bottles  when 
collected,  and  these  should  be  quite  filled,  and  distinctly  laVn^lled. 

EUimatian  of  Total  dissohed  Solid  Contmts.—TbJa  is  effected  by  evaporating  a  known 
volume  of  the  water — from  half  a  litre  to  1  or  2  litres — nearly  to  dryness  in  a  pla- 
tinum-basin, which  need  not  be  large  enough  to  contain  the  whole  quantity  at  one«>,  but 
can  be  filled  up- from  time  to  time.  For  this  purpose  the  water  should  be  perfectly 
clear ;  but  sometimes  the  separation  of  suspended  substance  cannot  well  be  effbcted 
otherwise  than  by  leaving  the  water  for  a  long  time  to  settle,  and  then  it  is  best  to 
evHporats  the  water  as  it  is.    Care  must  be  taken  to  avoid  any  access  of  dust  or  fumes, 
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and  to  guard  against  any  loss  by  spirting.  Water  containing  a  large  amount  of 
gaseous  contents  must  be  very  careftilly  heated  at  first,  Ibr  this  reason.  When  the 
water  has  been  reduced  to  a  ytrj  small  quantity,  and  the  dissolTed  content r  begin  to 
•cerate,  the  eraporation  is  completed  in  a  steam-bath,  and  the  residue  thoroughly 
dried  at  100^  C,  until  the  weight  remains  constant. 

With  mineral-water  containing  magnesic  chloride,  bromide,  or  iodide,  which  are 
liable  to  be  partially  decomposed  during  the  evaporation,  it  is  adTisable  to  add  a  known 
quantity  of  pure  sodic  carbonate,  just  sufficient  to  render  the  water  alkaline,  and  to 
aeduct  the  weight  from  that  of  the  diy  residues  But  with  fresh  water  this  loss  is  of 
eomparatiyely  little  importance,  and  it  is  prefaxable  not  to  use  sodic  carbonate,  which 
might  cause  decomposition  of  the  organic  substance.    (See  p.  1028.) 

This  result  is  useful  as  a  control  of  those  obtained  in  estimating  the  sereral  con- 
stituents of  the  solid  contents.  No  very  dose  correspondence  can  be  expected, 
however,  especially  when  the  residue  is  dried  only  at  100^  C,  since  it  may  then  con- 
tain hydrated  salts ;  but  this  is  probably  the  best  temperature  to  employ  generally,  and 
at  any  rate  in  the  first  instance. 

EttmaHon  qf  fixed  Mineril  Ckmtmts, — For  this  purpose  the  residue  obtained  by  era- 
porating  the  water  to  dryness,  is  ignited  until  all  the  carbon  of  the  organic  substance  is 
burnt  cMS^  and  the  weight  noted.  As  earthy  carbonates  might  be  partially  decomposed 
by  this  treatment,  the  residue  is  then  to  be  coyered  with  a  saturated  solution  of  car- 
bonic acid,  again  dried,  and  heated  to  about  600^  C,  this  operation  being  repeated  until 
the  weight  remains  constant..  This  result^  like  the  previous  one,  is  chiefly  useful  as  a 
control  of  the  other  resulto  of  analysis. 

Ettmation  of  Suspended  Substance, — ^It  is  ofben  TUfy  difficult  to  render  turbid  water 
clear  by  filtration,  and  in  such  cases  it  is  best  to  evaporate  the  water  at  once  with  the 
suspended  substance,  and  to  fill  a  large  stoppered  bottle  of  known  capacity  with  the 
water,  leaving  it  until  the  suspended  substance  has  subsided ;  then  to  diaw  off  the 
clear  water,  collect  the  sediment  on  a  filter,  dried  and  weighed  at  100^  C.,dry  it  at  the 
same  temperature,  and  weigh,  afterwards  burning  the  filter  and  its  contents,  and 
weighing  the  residue.  The  weight  of  the  suspended  substance  dried  at  100^  is  then 
to  be  deducted  from  tiiat  of  the  residue  left  on  evaporation  of  the  water  (p.  1026), 
and  alter  its  ignition  the  weight  is  to  be  deducted  from  that  of  the  ignited  residue  of 
etvaoOTation. 

Estimation  of  Hardness. — Clark's  method  is  based  upon  the  fact  that  when  pure 
water  is  mixed  with  a  vety  small  quantity  of  alcoholic  solution  of  soap,  and  shaken  for 
a  few  minutes,  a  froth  is  produced,  which  is  persistent  for  some  minutes,  while,  on  tiie 
contrary,  when  the  water  contains  calcic  or  magnesic  salte  in  solution,  no  such  froth  is 
produced  until  a  sufficient  quantity  of  soap-solution  has  been  added  to  decompose  these 
salts.  The  quantity  of  soap-solution  requisite  to  produce  the  froth  in  water  containing 
such  salta  is,  moreover,  to  such  an  extent  proportionate  to  the  amount  of  these  salts 
in  the  water,  that  with  a  soap-solution  of  uiown  volumetric  value,  the  degree  of  hard- 
ness is  indicated  by  the  quantity  requisite  to  produce  the  fVoth  in  a  given  quantity  of 
water. 

The  hardness  of  water  is  expressed  in  degvBes,  each  of  which  represento  -01  grm. 
of  calcic  carbonate,  or  its  equivalent  of  any  other  calcic  or  magnesian  salt  in  the  litre 
of  water. 

The  soap-solution  is  made  by  dissolving  white  curd-soap  in  alcohol  (specific  gravity 
■i'92),  and  ito  strength  is  adjusted  so  tluit  100  c.c.  suffice  to  produce  the  froth  with 
100  C.C.  of  a  solution  having  20*^  of  hardness.  This  solution  is  prepared  by  dissolving 
•20  grm.  of  purs  calcic  carbonate  in  hydrochloric  acid,  evaporating  the  solution  to  dry- 
ness, so  as  to  remoTO  all  excess  of  acid,  then  dissolving  it  in  pure  water,  and  making 
up  the  volume  to  exactly  1  litre.  This  standard  calcium-solution,  of  20^  of  hardness, 
is  preserved  in  a  well-stoppered  bottle.  A  senes  of  other  calcium-standards,  var^ng 
from  one  degree  upwards,  may  be  made  by  diluting  that  solution,  in  due  proportions, 
with  pure  water. 

The  water  to  be  examined  is  measured  with  a  pipette,  guaged  to  deliver  100  cc.  into 
a  stoppsred  bottle  of  about  double  that  capacity ;  and  the  soap-solution  is  added  to  it 
fifom  a  graduated  burette  in  small  successive  portions,  the  water  beinff  well  shaken  in 
the  bottle  after  each  addition.  This  is  continued  until  a  persistent  noth  appears  on 
the  surfiice  of  the  water.  A  second  experiment  is  then  made  comparatively,  with  the 
water  and  the  standard  solution  to  which  it  approximates  most  closely  in  hardness. 

When  the  hardness  of  water  exceeds  20^,  the  indications  of  the  soap-test  do  not 
correspond  with  the  amount  of  calcic  and  magnesic  salte  in  the  water,  and  in  that  case 
it  f^uld  be  diluted  with  such  a  volume  of  pure  water,  that  ite  hardness  is  reduced  to 
within  20^,  and  100  c.c.  of  the  mixture  tested.  The  degree  of  hardness  found  for 
the  mixture  is  multiplied  by  2,  3,  or  4,  according  to  the  extent  to  which  the  water  has 
been  diluted. 
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WhcD  Uie  vatar  coBtain*  sdj  c<Kiridsimblp  unotiDt  of  waffttae  aalta,  lb*  u 
of  the  nap-teat  do  not  rapraeat  the  foil  dtgrrt  of  hudiiMa.    It  U  ihtiutoti  strajs 
D«nBi7,  after  Appljine  the  Kiap-tcet,  to  aacett&ia  whpthi 
or  tliKir  pnaance  maj  be  nKognued  bj  the  ami;  Appeal 
•xperiment.     (Campbell,  Phil.  Mag.  mril.  171.) 

After  estimating  the  Io<a1  hiirdn«s  of  wnter  ai  abore,  a  IcDOwn  qanxtitj  of  tW 
wat«r  ahDnld  be  lioiled  for  an  hom'  in  s  glaaa  flitek  with  a  tolM  thiee  or  foor  feet  ka^ 
mtingonita  neckbjB  bnlb  blona  at  the  lower  end,  to  terre  foi  condeiuiiig  iIm  Tttrr- 
vaponr.  When  the  water  ii  cold,  aome  pure  water  i(  added,  to  make  op  exactlj  foe  tk* 
Ioa>  b;  eraporation,  and  the  haidneea  is  again  estimate  bj  Uie  mmp-ttiet.  H  i*  g^^ 
rallj  ftmna  to  be  reduced,  after  thewrterlaa  been  boiled,  in  eonawjDfnca  of  U»fijiJt» 
tation  of  caleie  and  magnene  carbonaleB,  originallj  held  in  aolaticMi  bj  cariioaai: 
auhjdride. 

formed  in  the  laat  experiment  maj  oe  collected  on  a  w  ^ 
100°,  and  weighed ;  anj  portion  of  the  pradpitate  adhering  to  tbe  fluk  niaj  lie  ■  i  ii  Imd 
bj  diying  the  fiaeli,  weiKhing  it,  and  deducting  (be  weight  of  the  flaak.  The  wbi£e  «/ 
the  precipitate  ia  then  diHolved  b^  hjdroehlaric  acid,  uid  the  calcJDin  and  the  iiH||»i 


if  reqninte,  estimated.    Sometimee,  as  ia  the  analTsia  of  tnth  water,  it  ia  daeiiBU* 
to  eraporate  the  water  to  one-half  or  oae-foorth,  bAar  collecting  the  precipitata. 

Ettimalio*  of  Ilia  Qattout  Contaitt, — For  this  nupoee  a  globular  glaaa '  SaA  A. 
(j^.  822)  of  abonthalfalilreoralttncapacitj,  andnaTingastiong  pi«ceof  Takaaaid 
caoatehooe  tabe  B  ij^iilj 
Fig.  822.  Atted  to  ita  BMk,  m  qon 

filled  with  the  watn  (P 
be  BKamined,  and  tka 
closed  bj  mttana  of  a  taaas 
Bdew-^amp  C,  wlail 
ptaaaci  tha  aida  of  tka 
tube  eloaa  tt^stluT.  Tb 
other  aid  i^  tJbe  laiM- 
choqe  tube  is  thm  tight); 
oonnteted  with  the  b^ 
glass  tabe  D  E  F,  iMTt^  a 
bulb  at  F.  Tfaia  balb  is 
parth  filled  with  wMv 
which  ia  made  to  boil 
briskly,  wbila  tbe  ciawp 
C  is  still  eloaad,  and  ths 
delireiy  end  of  tha  tabe 
D  dips  into  mttcatj,  m 
as  to  diii^  die  air  oat  of 
thetobe.    Aftartbabail- 


fbrI0orI6miaBlea,  aniil 
no  more  ur  aacapea  atD, 
Uia  jar  H  i«  filled  with 


the  deliTcry   end  of   tU 

tnbsL      The  danip  C  is 

then  renioTed,  and  1m«I 

g  applied  to  the  flask    A. 

~  nntn  the  waterboila.  Tht 

boiling  must  be  ateaAlj 

kept  ap  fbr  follj  an  hoar, 

and  at  last  the  water  ia  made  to  boil  brisklj  for  a  few  minulea,  ao  as  to  fill  the 

deliTerj-tnbe  with  steam,  and  drive  all  the  gsa  diaeharged  fhnn  Iba  water  oat  cJ  the 

tube  into  tbe  jar  U.    The  gas  is  then  measured  and  .analyaed  in  tbe  ttsna)  wa;. 

(ANALtan  Of  Giaaa,  i.  3S8.) 

Ettimalion  of  (Cyanic  aubttmct.—'Por  the  reasons  already  stated  (at  p.  1033),  tbe 
Ion  of  weight,  caused  b;  igniting  the  leeidqe  left  on  eraporating  water  to  diyneas, 
affords  DO  adeqaate  indication  of  the  amooDt  of  organic  enbatance ;  Cat  it  is  often  nse- 
nil  to  ubserre  the  efiect  of  hrat  upon  this  reeidae  when  igniting  it  (p.  1027),  as  a  meiuis 
of  jodgiug  as  to  the  amount  and  nMureof  the  organic  sobslaDce  [maent,  snd  also  as  to 
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the  presence  of  nitntes.  Sereral  methods  have  been  proposed  for  the  purpose  of  ex- 
amining water  for  oiganic  substance*  but  the  one  which  has  been  most  nsed  is  based 
upon  the  characteristically-marked  oxidising  action  of  potassic  pennanganate;  Oxalic 
acid,  dissoWed  in  water,  acidulated  with  salphniic  add,  is  readily  and  completely 
OTidised  by  pennanganate,  yielding  eazbonio  anhydride  and  water,  as  follows: 

8  SH«0*   {  "J    8K»0*  \  •*■  '^^• 

t  5  0  (80)  J        6JP0 

6  0»HK)*  (460)1 "  10  C0». 

In  like  maimer,  when  a  few  drops  of  a  weak  solution  of  permanganate  are  added  to 
water  containing  orsanic  substance  and  acidnlated  with  sulphuric  or  hydrochloric  acid, 
the  permanganate  yields  oxygen  to  the  oiganic  substance,  and  the  violet  colour  disap- 
pears. By  testing  the  water  with  a  permanganate-solution  of  known  strragth,  it  u 
therefore  possible  to  ascertain  how  much  oxygen  the  organic  substance  it  contains  may 
be  capable  of  abstractinff  from  permangwiate. 

The  permanganate-sohition  for  testing  water  should  be  of  such  strength  that  1  cc. 
will  be  capable  of  yielding  exactly  '0001  grm.  of  oxygen  (-i '0008966  eiystallised  per- 
manganate). Its  strength  should  be  adjusted,  immediately  before  using  it,  by  means  of 
a  freshly-prepaxed  solution  of  Cfystallised  oxalic  add  oontaining  *7876  grm.  per  litre. 
100  c.  c.  of  this  solution,  warmed  with  some  dilute  hydrochloric  or  sulphuric  add,  should 
decolorise  exactly  100  cjc.  of  the  permanganate-solution. 

In  applying  the  test,  a  litre  of  the  water  is  mixed  witJi  add  in  a  glass  flask,  and  the 
permanganate  added  from  a  graduated  burette,  in  small  suooesdye  portions,  until  the 
water  retains  a  very  fiiint  violet  tinge,  the  rate  of  deooloration  being  noted  mean- 
while. It  is  then  left  for  some  minutes,  and  if  the  colour  disappears,  a  further  quan- 
tity is  added,  the  observation  being  continued  in  this  way  for  two  or  three  hours  or 
more.  When  the  colour  remains  unaltered  for  half  an  hour,  the  volume  of  permanga- 
nate-eolution,  read  off  in  cubic  centimetres,  with  a  small  deduction  for  the  portion 
which  has  remained  unaltered,  gives  the  quantity  of  oxygen  absorbed,  in  tenths  of  a 
milligramme  per  litre  of  water.  By  operating  in  this  way,  some  judgment  may  be 
formed  as  to  the  state  of  the  oiganic  substance,  or  some  portion  of  it,  from  the  rate  of 
decoloration.    (R.  A.  8m  i  th,  Eatimatum  of  Organic  Substance  in  Water,  p.  7.) 

The  decoloration  produced  during  the  first  five  or  ten  minutes,  may  be  taken  to 
represent  putrescent  or  readily  oxidisable  oiganic  substance,  regard  being  had  to  the 
possible  presence  of  nitrites ;  and  a  portion  of  the  organic  substance  is  generally  found 
to  require  a  much  longer  time  for  oxidation— often  as  much  as  24  hours. 

The  test  may  also  be  applied  by  adding  at  once  a  measured  excess  of  the  permanga- 
nate-solution to  the  water,  and  leaving  it  for  three  hours,  then  adding  a  small 
quantity  of  potassic  iodide-solution  with  some  starch-paste,  and  estimating  the  quantity 
of  iodine  liberated  by  the  excess  of  permanganate,  with  a  standard  solution  of  disodic 
hyposulphite  containing  1  ^*m.  of  the  salt  per  litre.  The  quantity  of  this  solution 
requirea  to  destroy  the  blue  tint  must  be  read  off  the  instant  that  colour  disappears,  as  it 
returns  after  some  time.  The  difference  in  cubic  centimetres  between  the  permanganate- 
solution  added,  and  the  hyposulphite-solution  used,  gives  the  volume  of  permanganate 
decolorised  by  the  oiganie  substance  of  the  water.  (Miller,  Chem.  Soc  J.  xviii.  117.) 

If  the  water  under  examination  should  contain  nitrites,  they  would  decolorise 
permanganate  in  the  same  way  as  oiganic  substance ;  but  their  action  is  so  very  much 
more  rapid  than  that  of  organic  substance^  that  the  decoloration  due  to  them  may  be 
estimated  approximatively  hy  this  difference,  or  still  better  as  directed  at  p.  1033.  For 
each  '001  grm.  per  litre  of  nitrous  add  (N0*)«  -000348  oxygen,  or  34*78  c.c.  of 
permanganate-solution,  is  requisite. 

The  prindpal  defect  of  the  permanganate  test  is,  that  it  affords  no  certain  means  of 
distinguishing  between  harmless  organic  substance  and  that  which  may  be  deleterious, 
except  in  so  far  as  putrescent  substances  would  probably  be  oxidised  bv  the  permanga- 
nate most  readily  and  most  rapidly.  Nor  does  it  afford  anv  means  of  distinguishing 
nitrogenous  oiganic  substance,  which  is  considered  to  be  the  most  prejudidid  to  the 
character  of  water  for  domestic  use. 

With  the  view  of  superseding  the  permanganate  test,  it  has  been  suggested,  by 
Frankland  and  Armstrong  (Chem.  Soc  J.  xxt.  77,  et  seq.),  that  the  carbon  and 
nitrogen  of  the  organic  substance  may  bo  estimated  by  operating  upon  the  water  residue, 
much  in  the  same  way  as  the  analysis  of  organic  substances  is  made  (i.  226  et  seq.). 

For  this  purpose,  1  litre  of  the  fresh  water  is  mixed  with  30  cc  of  a  fresh 
saturated  solution  of  sulphurous  add,  and  boiled  for  two  or  three  minutes.  By  this 
treatment,  the  carbonates  are  completely  decomposed,  and  the  carbonic  acid  expelled. 
Unless  the  water  contains  a  considerable  amount  of  carbonates,  2  gnus,  of  sodie 
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salphite  is  also  to  be  added,  for  eDsnring  the  nturttioa  of  the  mlplnilie  madm 
WMvds  prodnoed  during  the  eyiipomtion  of  the  vator  to  diyneee.    Tbe  nitntae 
nitnfcei  in  the  water  are  also  aeoompoeed»  and  when  there  ie  »  mimilf>  qnaati^ 
iron  ot  nhoepborio  and  present,  erery  txaoe  of  nitvoeen  existing  in  thoae  foi 
seniTated^    To  ensure  this  result^  however,  it  is  adTisable  to  add  s  fisv  drape  of 
chloride  eolation  to  the  water  before  evaporating  iL    The  residne  obtained  fi 
solntion  of  '1  grm.  potassic  nitrate  (n'014  grm.  N)  and  *1  grm.  eodie  cfaloride  in 
water,  treated  as  above  described,  gave,  on  combustion,  '00259  grm.  of  nitiogen ; 
the  residues  of  similar  solutions,  to  which  a  drop  of  ferric  chloride  had  beea 
gave  no  trace  of  nitrogen  on  combnstion,    Thrae  drops  of  ferric  chloride 
removed  all  trace  of  nitrates  finxm  half  a  litre  of  water  eontaining  24*66 
nitrogen  as  nitrates  and  nitrites,  in  1,000,000  pts. 

After  evaporating  the  water  to  diTnees,  at  100^  GL,  the  drr  veaidae  is  mizi 
few  grammes  of  plumbie  chxomate,  and  the  whole  transferred,  in  the 
(i  282X  to  a  tube  16  inches  long  and  sealed  at  one  end.    The  tube  is  then  chniged 
some  granulated  cnpric  oxide,  and  with  bright  copper  turnings  for  alxmt  S 
its  length  at  the  front  part,  and  the  open  end  drawn  out  before  the  blowpipe  mmd 
downinuds,  so  that  it  can  be  connected  with  a  Sprcngel  exhaustion-pump  hf  a 
eaontchonc  tube,  and  the  connection  immersed  in  a  smiall  vessel  of  water  (i 
fy,  828).  The  fixmt  part  of  the  oombvstion-tabe  is  then  made  hott  and  the 
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for  five  or  ten  minutes,  until  the  air  in  the  tube  is  as  perfectiv  exhausted  as  poenibla. 
The  calibre  of  the  pump-tube  should  be  1  millimetre,  and  it  is  advisable  to  allov 
the  mercury  to  flow  very  slowly,  until  the  exhaustion  is  nearly  complete,  when  a  mpid 
stream  is  neoessaiy  to  remove  the  last  portion  of  air. 

To  prevent  any  leakage  of  atmospheric  air  into  the  pump,  the  oaontchone  pindi- 
cock  at  B  should  be  enclosed  in  a  wiae  piece  of  vukanised  tube,  and  the  damp  placed 
outside  this,  while  the  annular  space  between  the  two  tubes  is  filled  with  glycerin,  so 
that  the  pinchoock  is  entirely  immersed  in  this  liouid.  With  this  arrangement,  which 
is  shown  on  a  laiger  scale  at  D,  the  vacuum  remains  perfect  for  severUdays. 

A  tube  d,  filled  with  mercury,  is  then  placed  over  the  bent  end  b,  of  the  pump  in  the 
mercury  trough  G,  to  collect  the  gaseous  products ;  and  the  combustion  is  conducted  in 
the  usiial  way  (i.  233),  care  being  taken  that  it  proceeds  yory  slowly  at  fint-,  otherwiM 
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a  small  quantity  of  carbonic  oxide  might  be  formed.  The  operation  nsnially  lasts 
nearly  an  honr,  and  at  its  condixsion  no  gas  will  hare  passed  into  the  tube  di  unless 
the  water  residue  contained  much  organic  substance.  The  pump  is  then  set  to  work 
«gain  for  flye  or  ten  minutes,  to  tran^r  the  gas  into  the  tube  d.  This  gas,  consist- 
ing of  carbonic  anhydride,  nitric  oxide,  and  nitf^n,  is  analysed  in  the  usual  way 
(Aif  ALTOS  or  Qasbs,  i  268).  By  this  method,  -0000005  grm.  carbon,  and  *000001  grm. 
nitrogen,  are  stated  to  be  distinctly  measurable  quantities. 

The  quantities  of  gases  thus  obtained  represent  the  carbon  and  nitrogen  of  the 
organic  substance  contained  in  a  litre  of  the  water,  and  any  nitrogen  present  in  the 
water  as  ammonia.  As  the  amount  of  ammonia  is  estimated  separately,  the  quantity 
of  nitrogen  corresponding  to  it  can  be  deducted  from  the  total  quantity. 

The  accuracy  m  the  results  obtained  hv  this  method  eyidently  depends,  in  a  great 
measure,  upon  the  perfect  remoyal  of  air  nom  the  tube  by  the  Sprengel  pump ;  SJid 
to  ascertain  the  extent  to  which  this  can  be  done,  two  combustions  were  made  with 
*01  grm.  sugar,  and  the  quantity  of  nitrogen  found  was  -019  c.c,  and  "OlS  cc  at  O*'  C. 
and  760  nun.  pressure,  corresponding  to  '000024  and  '000016  grm.  of  nitrogen,  or 
-024  and  '016  pazts  in  1,000,000  ports  of  water. 

The  correction  to  be  made  for  the  error  thus  arising  from  imperfect  etzhaustion,  is 
comprised  in  another  correction  for  errors  of  manipulation  and  i^paratus,  the  amount 
of  wnich  is  to  be  ascertained  by  making  seyeral  blank  experiments,  in  whidi  a  litre  of 
pure  water  mixed  with  16  c  c.  of  sulphurous  acid  solution,  and  about  1  grm.  of  recently 
Ignited  sodic  chloride,  is  eyapomted  to  dryness,  and  a  combustion  made  with  the 
residue,  as  aboye  described.  The  mean  quantities  of  carbon  and  nitrogen  found  in 
these  experiments,  are  to  be  deducted  from  those  obtained  in  the  combustion  of  water 
residues.  In  order  to  reduce  these  errors  to  a  minimum,  it  is  of  the  utmost  importanca 
to  ensure  the  purity  of  the  cuprie  oxide  and  plumbic  chromate,  &c.  used  in  the  open^ 
tion,  and  to  guard  against  any  access  of  dust  or  organic  substance  to  them,  or  to  tlie 
water,  duriDg  any  stage  of  the  operation. 

To  show  the  extent  to  which  this  method  may  be  depended  upon  for  estimating  the 
minute  quantities  of  carbon  and  nitrogen  in  the  organic  substances  likely  to  be 
present  in  a  litre  of  water,  seyeral  experiments  were  made  with  pure  water,  mixed 
with  carbonates  and  known  quantities  of  sugar  or  urea,  varying  from  *01  to  '085  grm. 
per  litre.  The  results  obtained  for  carbon  differed  from  the  calculated  quantities  to 
the  extent  of  from  1*28  to  15  per  cent.,  the  average  apparent  error  being  '00048  grm. 
on  the  carbon ;  the  largest  difference  representing  1*22,  and  the  smallest  *06  parts  of 
carbon  in  1,000,000  parts  of  water,  or  2*022  and  *3  parts  of  the  oi^ganic  substance. 
The  results  obtained  for  nitrogen  differed  from  the  calculated  quantities  to  the  extent 
of  from  '64  to  6*88  per  cent.,  and  in  one  instance  25*1  per  cent.,  the  average  apparent 
error  being  '00086  grm.  on  the  nitrogen;  the  largest  difference  representing! '21  and 
'65,  and  the  smallest  '03  parts  of  nitrogen  in  1,000,000  parts  of  water,  or  2*69,  1*17, 
and  *13  parts  of  the  organic  substance.  The  quantities  of  nitrogf*n  operated  upon  in 
these  experiments  were  much  lar^r  than  those  found  in  water  of  moderate  quality* 
With  mixtures  of  pure  water,  calcic  carbonate,  and  sewage,  in  three  different  propor- 
tions, the  following  results  were  obtained : 


Sewage 

Water 

100,000 
900,000 

10,000 
990,000 

1,000 
999,000 

In  IJOOOJKO  pttU. 

Organic  Carbon  •        .        .        • 

„        Nitrogen,  andf 
Nitrdgen  of  Ammonia) 

302 
8*80 

CO     CO 
CO     CO 

•            • 

*05 
•04 

The  method  proposed  by  Wanklyn  in  conjunction  with  Chapman  and  Smith 
(Chem.  Soc  J.  xz.  446, 691),  relates  especially  to  the  nitrogenous  organic  substance  in 
water.  It  does  not,  any  more  than  the  combustion  or  the  permanganate  method,  afibrd 
the  means  of  estimating  the  actual  amount  of  this  substance ;  but  it  has  the  advantage 
of  being  directly  applicable  to  the  water  itself,  and  of  furnishing  results  in  a  very 
short  time  without  much  trouble,  so  that,  in  regard  to  nitrogenous  organic  substance, 
it  corresponds  to  the  soap-test  as  regards  hardness.  This  method  of  testing  the 
quality  m  water  is  based  upon  the  fact  that  albumin  and  the  nitrogenous  substances 
sometimes  present  in  water,  yield  a  considerable  portion  of  their  nitrogen  in  the  form 
of  ammonia  when  heated  with  a  strongly  alkaline  solution  of  potassic  permanganate. 
For  this  purpose,  it  is  necessary  in  the  first  place  to  separate  tne  ammonia  existing  as 
such  in  the  water,  and  to  decompose  any  urea  that  may  be  present  The  operation  if 
conducted  as  follows : — 
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L  A  litre  of  the  water  is  mixed  with  about  2  grms.  sodic  carbonate  in  a  retort,  and 
rapidly  distilled,  until  the  distillate,  collected  in  separate  fractions  of  100  c  c,  no 
longer  gives  any  indication  of  ammonia  with  NessWs  tesL  With  ordinarily  good 
water,  this  generally  happens  when  about  300  c  c  has  passed  over,  and  then  the 
distillation  is  stopped.  jThe  quantity  of  ammonia  in  the  first  100  ce.  may  be  esti- 
mated as  ammonia  actually  present  in  the  water,  and  that  in  the  remainder  of  the 
distillate  as  representing  urea,  or  the  whole  may  be  estimHted  together  (see  under)* 
The  decomposition  of  urea  by  boiling  with  sodic  carbonate  appears  to  depend  very 
much  on  the  presence  of  such  impurities  as  generally  accompany  it  in  urine  or  sewage; 
pure  urea  is  very  slowly  and  imperfectly  decomposed  {loe.  o&.  p.  694). 

II.  The  portion  of  the  water  remaining  in  the  retort  is  then  mixed  with  20  cc  of 
caustic  potash  solution— equal  parts  potash  and  water — ^and  again  distilled.  When 
300  c  c.  has  passed  over,  ^e  dLftillation  is  stopped,  and  the  ammonia  in  the  distillate 
estimated  by  the  Nessler  test. 

III.  About  '3  grms.  of  crystallised  potassic  permanganate  is  then  added  to  the 
contents  of  the  retort,  and,  if  requisite,  100  or  200  c.c  of  pure  water,  the  distillation 
recommenced,  and  continued  until  800  cc  has  come  over.  The  ammonia  in  this  dis- 
tillate is  estimated  as  before,  and  taken,  together  with  that  in  the  second  distiUate,  as 
representing  about  two-thirds  of  the  nitrogen  in  the  albuminoid  substance  present  in 
the  litre  of  water. 

!E2zperiment8  made  with  solutions  containing  from  7  to  42  pts.  fresh  white  of  ese. 
or  from  1  to  6  pts.  of  dry  white  of  egg  in  1,000,000  pts.  of  pure  water,  gave,  b^  tn» 
treatment,  quantities  of  ammonia  which  corresponded  with  the  quantities  of  white  of 
egg  to  within  5  per  cent.,  the  average  absolute  error  being  *000004  grm,  on  the 
calculated  quantity  of  ammonia  obtainable. 

Eitimation  o/Amnumia. — A  litre  of  the  water  is  mixed  with  2  grms.  sodic  carbonate, 
and  distilled  until  100  or  200  cc.  has  passed  oyer,  and  the  ammonia  estimated  in  the 
distillate  by  NessWs  method. 

The  test-liquid  for  this  purpose  is  prepared  by  mixing  a  concentrated  solution  of 
mercuric  chloride  with  a  solution  of  potassic  iodide  in  4  parts  of  water,  until  the 
mercuric  iodide  formed  ceases  to  be  dissolved  on  stirring  the  mixture ;  then  adding 
potash-solution — equal  parts  potash  and  water — ^until  me  potash  amounts  to  six 
times  as  much  as  the  mercuric  chloride,  and  diluting  with  water  until  the  liquid  ccm- 
tains  about  25  grammes  per  litre  of  mercuric  chloride.  After  a  day  or  two,  the  liquid 
becomes  clear  and  oolourlpsA,  and  it  is  then  decanted  off  for  use. 

About  3  cc  of  this  test-liauid  is  added  to  one-half  of  the  distillate  from  the  water, 
in  a  tali  narrow  glass  jar,  and  if  it  contains  no  ammonia  no  alteration  of  colour  is 
produced ;  but  if  ammonia  is  present,  to  the  extent  of  more  than  *002  per  litre,  the 
water  acquires  a  yellowish  tiuge,  which  is  deeper  in  proportion  to  the  quantity  of  am- 
monia, and  when  this  is  large  a  precipitate  is  produced. 

The  quantity  of  ammonia  in  tiie  distillate  may  be  estimated,  approximately,  by  the 
depth  of  colour,  and  afterwards  more  accurately  by  comparing  the  depth  of  colour 
produced  in  the  other  half  of  the  distillate  with  that  produced  in  an  equal  volume  of  a 
solution  containing  a  known  quantity  of  ammonia,  as  nearly  as  can  be  judged  equal  to 
that  in  the  distillate,  on  adding  to  each  equal  qua^Uitiee  of  the  test-solution,  and 
repeating  this  comparative  observation  with  different  quantities  of  ammonia,  until  the 
tint  of  the  standara  solution  coincides  with  that  of  the  distillate.  For  this  purpose  a 
standard  solution  of  ammonic  chloride,  containing  *317  grm.  (*  *1  grm.  NH*)  per 
litre,  is  prepared,  and  kept  for  making  the  solutions  fur  comparison,  by  miTing  %, 
measurea  quantity  with  pure  water  to  the  volume  of  100  cc. 

By  this  means  v<'ry  small  quantities  of  ammonia  may  be  estimated  to  within  about 
6  per  cent,  of  the  actual  quantity.  When  the  amount  of  ammonia  in  the  water 
exceeds  *001  grm.  per  litre,  the  distDlate  must  be  diluted  with  water  free  from  am- 
monia before  applying  the  test ;  or  the  ammonia  may  be  estimated  with  a  standaid 
solution  of  sulphuric  acid  (i.  190,  261). 

Eetimation  of  Nitratea  and  NUrites.^The  presence  of  nitrates  or  nitrites  in  yrator 
may  be  indicated  by  the  deflagration  of  the  residue  left,  on  eva{>oration,  when  it  is 
ignited ;  or  one  of  the  tests  for  nitric  or  nitrous  acids  (described  in  iy.  83,  86) 
may  be  applied  to  a  portion  of  the  water  evaporated  to  a  tenth  of  its  volume,  and 
filtered.  The  amount  of  nitrous  acid  may  be  approximately  estimated  by  means  of 
permanganate-solution,  especially  if  there  is  no  oreanic  substance  present,  or  if  it  can 
be  separated  by  mixing  the  water,  before  evaporating  it,  with  a  few  drops  of  aluminio 
chloride,  and  then  with  sodic  carbonate,  and  filtering.  Each  cubic  centimetre  of  the 
permanganate  decolorised  by  nitrates,  representa  '0002875  grm.  NO*.  Ilie  results 
thus  obtained  will  always  be  somewhat  uncertain. 

Professor  Frankland  estimates  the  total  amount  of  nitrogen  present  in  the  form  of 
nitrates  and  nitrites  by  a  method  based  on  the  reduction  of  the  acids  by  mercory 
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(Crhm,  nSl,  Mag.  xxz.  426).  A  litre  or  half  a  litre  of  the  water  us  evaporated  to  a 
small  bulk,  mixed  with  a  very  slight  excess  of  azgentic  sulphate  to  oonreit  any  chlorides 
into  sulphates,  and  filtered.  When  the  water  contains  nitrites,  they  should  be  con- 
Torted  into  nitrates  before  the  evaporation,  by  means  of  permanganate-solution. 
The  filtered  liquid  is  then  evaporated  in  a  small  beaker,  to  about  2  or  8  cc,  and 
transferred  to  a  glass  tube  open  at  one  end,  and  furnished  with  a  stopcock  and  fiinnel- 
shaped  mouth  at  the  other  end,  as  shown  in  fy.  824.  This  tube  is  first 
filled  with  mercuiy  in  the  mercury-trough,  and  after  the  water-residue  has  '^V* 
been  poured  in,  the  beaker  is  rinsed  first  with  water,  and  then  with  rather  °^' 
more  than  3  cc  sulphuric  acid,  which  is  also  poured  into  the  tube,  care  begin 
taken  to  avoid  the  admission  of  any  air  below  the  stopcock.  This  is  then 
dosed,  and  the  lower  end  of  the  tube  is  closed,  while  immersed  in  the  mercury- 
trough,  by  the  thumb ;  so  that,  on  removing  the  tube  from  the  trough,  the 
contents  of  the  tube  may  be  shaken  well  together,  while  an  unbroken  column 
of  mensunr,  at  least  an  inch  long,  remains  between  the  acid  liquid  and  the 
thumb.  Tlie  evolution  of  nitric  oxide  soon  begins  to  exert  a  pressure  within 
the  tube,  which  should  be  resisted;  and  within  five  minutes,  when  the 
reaction  would  be  at  an  end,  the  gas  is  transferred  under  mercury  to  a  suit- 
able measuring  apparatus,  and  the  volume  determined  in  the  usual  way. 

To  ascertain  the  degree  of  accuracy  of  this  method,  two  experiments  were  made 
with  '02  and  '01  grm.  of  potassic  nitrate ;  these  gave  quantities  of  nitrogen, 
which  were  '000125  and  '000038  grm.  in  excess  of  the  calculated  quantities. 
It  was  ascertained  that  urea,  creatine,  uric  and  hippuric  acid,  ^ve  no  trace  of 
gas  when  agitated  with  meicuiy  and  concentrated  sulphuric  acid. 

EaHmaiion  of  Sulphuric  Add. — A  litre  of  the  water  is  evaporated  in  a 
beaker  to  one-fuurth  or  less,  then  acidulated  with  hydrochloric  acid  to  dis- 
solve any  precipitate,  baric  chloride  solution  added  in  excess,  and  the  pre- 
cipitate collected  as  described  at  p.  637. 

Estimation  of  Chlorine. — ^A  litre  or  more  of  the  water  is  evaporated  to  about 
200  e.c,  acidulated  with  nitric  acid,  and  the  chlorine  estimated  as  argentic 
chloride,  as  described  in  i.  903. 

With  water  containing  large  amounts  of  sulphates  or  chlorides,  it  is  not 
necessary  to  operate  on  so  much  as  a  litre,  or  to  evaporate  the  water.  This 
may  be  judged  of  by  the  qualitative  examination  of  the  water. 

Estimation  of  Carbonic  Acid. — That  portion  of  the  carbonic  acid  which  cor- 
responds to  the  neutral  carbonates  in  the  water,  may  be  estimated  by  evapo- 
rating a  quantity  of  the  water  nearly  to  diyness/  in  a  small  glass  flask,  and  treating  the 
residue  as  described  under  the  heads  AcroiifBTBT  and  At.tat.tmbtby  (i.  38  and  119). 

The  total  amount  of  carbonic  add  in  mineral-water  may  also  be  estimated  by  mixing 
a  measured  quantity  of  tbe  water  with  about  one-fifth  of  a  perfectly  clear  solution  of 
baric  chloride  and  ammonia  in  a  well-stoppered  bottle,  and  leaving  it  for  some  days 
until  the  precipitate  has  perfectly  subsided.  The  clear  liquid  is  then  decanted  off,  as 
much  as  possible  without  access  of  air,  the  bottle  filled  with  warm  water  free  firom 
carbonic  acid,  closed,  and  left  till  the  precipitate  has  subsided ;  t^e  dear  liquid  is  then 
decanted,  and  this  operation  repeated  until  the  precipitate  is  sufficiently  washed.  It 
is  then  collected  on  a  filter,  dried,  ignited,  and  weighed,  care  being  taken  that  any  por- 
tion causticised  during  the  burning  of  the  filter  is  reconverted  into  carbonate.  The 
amount  of  carbonic  acid  is  then  estimated,  either  in  the  whole  or  in  a  portion  of  this 
precipitate,  with  dilute  nitric  acid,  in  an  apparatus  similar  toj^^.  6  (i.  119);  but  having 
a  bulb  blown  on  the  tube  a  6  at  the  upper  end,  while  the  lower  end  reaches  only  half- 
way into  the  fiask,  and  is  contracted,  so  that  the  acid  contained  in  the  bulb  at  b  cannot 
flow  out  into  the  flask,  while  the  wax  or  caoutchouc  plug  is  in  its  place.  After 
weighing  the  flask,  the  plug  is  loosened  for  an  instant  to  let  out  some  acid,  and  this  is 
repeated  from  time  to  time  until  the  carbonate  is  completely  decomposed.  The  flask  A 
is  then  placed  in  hot  water,  suction  applied  very  gently  to  the  tube  d,  while  the  plug 
in  loosened  at  the  same  moment,  and  air  is  drawn  through  until  the  carbonic  aod  is 
entirely  removed,  when  the  apparatus  is  again  weighed. 

Estimation  of  Sulphuretted  Hydrogen. — A  litre  or  more  of  the  water,  acidulated  with 
acetic  acid,  is  mixed  with  some  thin  starch-paste  in  a  large  flask,  and  a  solution  of  iodine 
in  potassic  iodide  added  from  a  graduated  burette,,  until  a  persistent  blue  coloration 
is  produced.  The  iodine-solution  used  for  this  purpose  should  contain  '7938  grm.  per 
litre,  and  then  each  cubic  centimetre  represents  *0001  grm.  sulphur. 

Estimation  of  lodins  and  Bromine. — ^The  residue  obtained  by  evaporating  10  or  20 
litres  of  the  water  in  a  platinum-basin,  is  rubbed  with  alcohol  of  90  per  cent  until 
all  the  soluble  portion  is  extracted.  The  solution  is  then  filtered  and  evaporated  to 
dryness.  In  the  residue,  iodine  is  estimated  with  palladic  chloride  as  olrectBd  in 
iii.  296,  and  bromine  as  directed  in  i.  678. 
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The  portion  of  the  saline  residue  which  is  not  dissolyed  by  alcohol,  inay  be  used  fbi^ 
estimating  silica,  aluminium,  manganese,  barium,  strontium,  phosphoric  acid,  lithium, 
Huorine,  &c.,  by  the  methods  described  under  these  several  heads.  CiBsimn  and  rubidium 
are  tested  for,  and  estimated,  as  described  in  i.  1113,  and  at  p.  130  of  this  Tolnmeu 

JBoric  acid  is  tested  for  by  evaporating  a  quantity  of  the  water  to  a  small  bulk  with 
sodic  carbonate  in  excess,  filtering,  and  nearly  saturating  the  filtrate  with  hydrochlorio 
acid,  then  evaporatiiig  almost  to  dryness,  separating  sodic  chloride  by  filtration,  and 
testing  the  filtrate  as  described  in  L  639. 

EstinuUum  of  SUicct, — ^The  residue  left  after  ignition  of  the  solid  contents  (p.  1027), 
is  moistened  with  water,  mixed  with  excess  of  hydrochloric  acid,  and  the  silica  sepa- 
rated as  described  at  p.  245.  Sometimes  it  is  preferable  to  mix  a  litre  or  moxe  of  the 
water  with  a  moderate  excess  of  hydrochloric  acid,  and  evaporate  it  to  dryness  for 
the  estimation  of  silica. 

EiUmation  of  Jluminivm,  Iron^  Manganese^  and  Phoephorie  Aeid, — ^The  filtmto 
from  the  silica  is  evaporated  to  a  small  bulk  in  a  beaker;  then  mixed  with  ammcmie 
chloride,  a  slight  excess  of  ammonia  free  from  carbonate,  and  some  ammonic  sul- 
phide ;  and  kept  for  some  hours  at  a  gentle  heat  in  a  well  covered  beaker.  The  pre- 
cipitate is  collected  on  a  filter,  and  washed,  out  of  contact  with  air,  with  water  otm- 
taining  some  ammonic  sulphide.  The  filtrate  is  set  aside,  and  the  precipitate,  whidi 
may  contain  alumina,  ferrous  and  manganous  sulphides,  and  phosphoric  acid,  is  either 
dried,  ignited,  and  weighed,  if  the  quantity  is  veEy  small;  or  it  is  dissolved  in  hy- 
drochloric add,  and  the  solution  is  boiled  with  a  few  drops  of  nitric  acid  to  oxidise  the 
sulphides.  When  manganese  is  present  in  any  considerable  amount,  the  solutiom  is 
nearly  neutralised  with  sodic  carbonate,  mixed  with  baiytic  carbonate  in  excess, 
and  left  for  some  hours  in  the  cold.  The  precipitate  is  collected  on  a  filler  and  washed, 
dissolved  in  hydrochloric  acid,  the  barium  separated  with  sulphuric  acid,  and  the 
aluminium  and  iron  separated  as  directed  under  Ibon  (iii.  387).  The  filtrate  from 
the  precipitate  produced  by  barium-carbonate  will  contain  the  manganese :  the  barium  is 
separated  by  sulphuric  acid ;  mansanese  precipitated  by  ammonia  and  ammonic  sulphide ; 
and  the  washed  precipitate  is  dried,  ignited,  and  weighed.  The  filtrate  should  be  tested 
for  calcium  and  magnesium.  When  manganese  is  absent,  or  there  is  only  a  minute 
trace,  the  solution  of  ferrous  sulphide  may  be  at  once  treated  with  potash  to  sepante 
iron  and  aluminium. 

Estimation  of  Calcium  astd  Moffnesium. — ^The  filtrate  ftom  alumina  and  the  sul- 
phides is  mixed  with  a  slight  excess  of  ammonic  oxalate,  and  the  calcium  estimated  as 
directed  in  i.  717.  Magnesium  is  separated  from  the  alkaline  salts  with  meremio 
oxide  as  directed  in  iii.  753. 

Eatimation  of  Sodium  and  PotaBaium, — ^The  filtrate  firom  the  magnesia  is  evaporated 
to  dryness,  and  the  residue  weighed,  then  dissolved  in  water,  and  tested  for  scupfanric 
acid  by  adding  to  a  portion  of  the  liquid  a  few  drops  of  alcoholic  solution  of  strontae 
chloride,  and  some  alcohol.  If  ne  precipitate  appears,  sulphuric  acid  is  not  present, 
and  potassium  is  then  separated  ana  estimated  with  platinic  chloride  (iv.  699).  If  sul- 
phuric acid  is  present,  add  some  alcoholic  solution  of  strontic  chloride  and  some  alcohol 
to  the  solution,  and  let  it  stand  for  some  time ,  then  collect  the  strontic  sulphate  on  a 
filter,  wash  with  weak  alcohol,  dry,  ignite,  and  weigh.  Potassium  is  then  estimated  in 
the  filtrate  with  platinic  chloride.  By  deducting  horn,  the  total  weight  of  the  alkaline 
salts  the  weights  of  the  potassic  chlonde  and  of  the  sodic  sulphate  corresponding  to  the 
sulphuric  acid  obtained  as  strontic  sulphate,  the  quantity  of  sodic  chloride  is  aseer> 
tained,  and  the  total  quantity  of  sodium  may  be  calculated  from  these  data.  (See 
Fresenius,  (itumtitaiive  Analysis.) 

Potassium  and  sodium  may  aJso  be  estimated  by  evaporating  a  separate  portion  of 
the  water  to  a  small  bulk,  precipitating  sulphurie  add  with  ^ric  chloride,  and  mag- 
nesia with  baryta-water,  filtering,  and  then  predpitating  the  excess  of  calcium  aM 
barium  by  ammonic  carbonate,  again  filtering,  and  evaporating  the  filtrate  to  dryness. 
The  residue  is  ignited,  and  dissolved  in  water ;  and  when  the  caldum  and  magnesimtt 
are  peHSectly  separated,  the  potassium  is  estimated  by  means  of  platinic  chloride. 

Statement  qfths  Results  qf  Water  Analyses. — In  stating  the  results  obtained  in  the 
analysis  of  the  contents  of  fresh  or  mineral-water,  it  has  been  customary  to  allocate 
the  several  add  and  basic  substances  in  various  forms  of  combination,  and,  in  a  man- 
ner which  is  very  much  matter  of  individual  fancy,  to  assume  the  existence  in  the 
water  of  certain  of  the  salts  which  those  substances  are  capable  of  forming.  It  may 
sometimes  happen,  therefore,  that  the  statement  of  the  same  analytical  results  obtained 
by  two  chemists  in  the  analysis  of  any  particular  water  will,  in  this  way,  present^  at 
first  sight,  an  apparent  diversity,  which  would  be  perplexing  to  those  who  do  not 
understand  the  reason  of  the  difference.  The  possibility  of  comparing  the  ref«n]ti«  of 
water-analyses  is  one  of  the  most  important  requisites  for  all  practical  purposes  for 
which  they  are  usefuL    For  such  purposes  it  is  of  mudi  less  consequence  whether 
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eertain  portionfl  of  magnesitun,  calcium,  and  sodium  present  in  water  be  represented  as 
calcic  and  magnesie  dblorides  and  sodic  sulphate,  or  whether  they  be  represented  as 
calcic  and  magnesie  sulphates  and  sodic  chloride,  than  to  be  able  to  perceive  at  a  glance 
whether,  in  inference  to  other  analyses,  the  total  amounts  of  the  several  substances 
]vesent  are  the  same  or  different.  As  regards  the  practical  utility  of  such  analy- 
ses, it  would  therefore  seem  desirable  to  avoid  all  hypothesis  in  stating  their  results, 
and  to  render  these  statements  strictly  comparable  one  with  the  other.  This  may  easily 
be  done.  Thus,  for  instance,  in  the  ease  of  water  containing  calcic,  magnesie,  and  sodic 
salts  which  are  chlorides,  sulphates,  and  carbonates,  the  simplest  mode  of  stating  the 
analytical  results  is  to  give  tlie  respectire  amounts  of  calcium,  magnesium,  sodium, 
chlorine,  and,  in  the  case  of  oxysalts,  those  portions  of  them  which  are  equivalent  to 
chlorine— as,  for  instance,  sulphuric  acid  (SO*^  and  carbonic  acid  (CO*).  The  analyses 
quoted  in  this  article  are  therefore  stated  in  this  manner. 

The  amounts  of  the  several  constituents  of  the  solid  contents  are,  in  the  case  of  fresh 
spring-  and  river-water,  expressed  as  parts  by  weight  in  1,000,000  pts.  by  weight  of 
water.  Those  data»  which  are  in  most  instances  sufficiently  minute,  are  easily  conver- 
tible in  such  form,  as  to  correspond  either  with  the  metric  system  of  weights  and  mea- 
sures, or  with  that  used  in  this  country.  Thus,  for  instance,  in  reference  to  fresh- 
water— ^the  density  of  which  does  not  differ  from  that  of  pure  water  to  such  an  extent 
M  to  require  notice,  the  litre  being  1,000  grms. — ^these  data  represent  milligrammes  per 
litre  of  water,  or  grammes  per  cubic  metre."  The  gallon  being  10  pounds,  they  sAbo 
represent  pounds  per  100,000  gallons.  Thus  the  total  solid  contents  of  the  Witley 
Spring-water  (Table  I.)  amount  to  *076  grm.  per  litre,  the  ealdum  to  "OOS,  the  magne- 
sium to  '002  per  litre,  and  so  on,  the  ft«c1aon  in  this  case  being  disrc^^arded.  These 
proportions  are  the  same  as  76,  8,  and  2  grms.  per  cubic  metre,  or  76,  8,  and  2  pounds 
per  100,000  pilous. 

The  data  given  in  the  tables  may  also  be  expressed  as  grains  per  gallon  by  multiply- 
ing with  '07.  Thus  the  solid  contents  of  the  WitLey  Spring-water  amount  to  76  x  '07  <* 
6'82  graiss  per  gallon,  the  calcium  to  8  x  *07  ■>  '66,  and  the  magnesium  to  2  x  '07 » 
'1 4  grains  per  gallon.  The  numbers  representing  hardness  are,  in  like  manner,  conver- 
tible into  degrees  of  Clarke's  scale  by  multiplying  with  '7. 

The  data  given  in  the  table  for  the  gaseous  contents  represent  cubic  centimetres 
per  litre  in  the  case  of  fresh  spring-  and  river-water  at  the  <»dinary  temperature  of  the 
water,  and  in  the  case  of  mineral-water  at  0^  C.  and  a  pressure  of  760  mm.  These 
data  are  convertible  into  cubic  inches  per  gallon,  by  dividing  with  3'738.    B.  H.  P. 


Native  phosphate  of  alumina,  containing  3AFK)*.2P*0*.12H''0. 
(See  Phobpkatbs,  iv.  551.) 


This  term,  originally  restricted  to  beeswax,  is  now  extended  to  a  class  of 
bodies  of  similar  character,  partly  of  animal.  Partly  of  vegetable  origin.  Only  a 
£ew  of  them  have  been  accurately  investigated.  They  are  compounds  containing  but  a 
small  prc^rtion  of  oxygen,  and  consisting  of  the  higher  members  of  the  series  of  fatty 
adds,  C"H^O*,  partly  free,  ^rtly  in  combination  with  alcohol-radicles ;  but  they  differ 
from  the  fibts  in  not  containing  glyceryl.  They  are  more  or  less  bard  at  ordinary  tem- 
peraturesi  softer  when  warmed,  and  melt  below- 100^  ;  are  insoluble  in  water,  sparingly 
soluble  or  insoluble  in  alcohol,  soluble  in  ether,  volatile  and  fixed  oils,  carbonic 
disulphide,  chloroform,  &c.  They  are  not  volatile  without  decomposition,  and  bom 
with  a  bright  flame  when  heated  in  tlie  air.  They  are  not  easily  saponified  by  boiliug 
with  potaui-ley,  more  easily  by  fusion  with  solid  potash. 

1.  diimal  Wax. 

The  only  waxes  known  with  certainty  to  be  of  animal  origin  are— common  beeswax; 
Andaquies  wax  (i.  291),  the  produce  of  a  peculiar  kind  of  bee  found  near  the  Oronoco 
and  Amazon  rivers;  and  spermaceti  (p.  397).  Chinese  wax,  or  Pela,  is  supposed,  by 
scjme  authorities,  to  be  a  secretion-product  of  an  insect,  like  beeswax,  but  it  is  more 
generally  regarded  as  a  plant- wax,  exuding  from  lAgtuatrum  luoidium  and  other  trees, 
when  punctured  by  an  insect. 

-  Mm^mwBXm  Ordinary  Wax,  Cera, — This  is  the  substance  with  which  bees  build 
their  cdls:  it  was  formerly  supposed  that  the  bees  extracted  it  ready-formed  from 
plants;  but  direct  experiments  have  shown  that  bees  fed  upon  pure  sugar  continue  to 
produce  wax,  which  must  therefore  be  regarded  as  a  true  animal  secretion. 

Beeswax,  at  ordinary  temperatures,  is  tough  and  solid ;  it  has  a  yellow  colour,  a 
peculiar  odour,  and  unctuous  feel.  Wben  exposed,  in  thin  shreds,  to  the  air  and  sun- 
shine, it  becomes  bleached,  and  somewhat  less  fusible.  It  may  also  be  bleached  by 
means  of  nitric  add.    Chlorine  likewise  bleaches  it,  but,  at  the  same  time,  forms  a 
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snbstitation-produety  00  that  when  cancUes  made  of  wax  thru  bleached  arebimed,  the^ 
give  off  irritating  yaponn  of  hjdrochlorie  acid.  According  to  A.  Smith,  ipax  may  alai^ 
be  bleached  by  means  of  potaesic  bichromate  and  gnlphoric  add. 

Bleached  wax  contains,  according  to  Lewj's  analysis,  80*2  per  cent,  carixm*  13*4 
hydrogen,  and  6*4  oxygen.  It  is  a  mixture  of  three  different  substances,  which  may  bd 
separated  from  one  another  by  alcohol,  viz. — 1.  Myricin  (iii.  1069),  insoluble  in 
boiling  alcohol,  and  consisting   chiefly   of   myricie  palmitate,  C'*H*'(G**H**)0' ; — 

2.  Cerotic  acid,  C^H^'O*  (i.  886,  formerly  c^ed  cerin,  when  obtained  onhr  in  an. 
impure  state),  which  is  dissolved  by  boiling  alcohol,  but  oystallises  out  on  cooling ; — 

3.  Cerolein  (L  836),  which  remaus  dissolved  in  the  cold  alcoholic  liquid. 
Beeswax  is  decomposed  by  diy  distillation,  giving  off,  first,  a  small  quantity  of 

water  containing  acetic  acid,  and,  according  to  Polex,  propionic  add;  then  a  product 
which  forms,  on  cooling,  a  white  buttery  mass,  called  wax-butter,  or  Butvrum  eerm, 
afterwards  a  more  and  more  liquid  oil,  called  wax- oil,  still  retaining  a  small  quantity 
of  solid  matter ;  and  finally  leaves  a  carbonaceous  mass.  No  acrolein  is  given  off,  bat 
permanent  gases,  chiefly  carbonic  anhydride  and  ethylene,  are  evolved  during  the  whole 
process  of  distillation.    TE 1 1 1  i  n  g. ) 

Wax-butter,  purified  bypressure  from  adhering  oil,  is  mainly  composed  of  solid 
hydrocarbons,  cerotene,  C**H**,  and  melissene,  C'^H",  together  with  palmitic 
acid.  The  liquid  oil,  when  purified  by  rectificatiou,  consists  chiefly  of  hydroGarbons,, 
CH*" ;  it  has  a  spedflc  gravity  of  0750  at  11°,  and  boils  at  187^ 

Wax,  when  distilled  with  lime,  yields  nearly  the  same  products  as  when  distilled 
alone.  It  is  but  slowly  and  incompletely  saponified  by  potash-ley,  which  unites,  in  the 
first  instance,  with  the  cerotic  acid ;  after  prolonged  boiling,  a  kind  of  soap  is  formed, 
which  floats  on  water,  and,  when  neutralised  with  an  acid,  yields  myricin. 

diitrio  (tcid  acts  upon  wax,  even  at  a  gentle  heat,  converting  it  into  an  oily  mass^ 
which  contains  ^imelio,  adipic,  and  lipic  acids,  and  by  prolonged  boiling  with  nitric 
acid,  yields  succinic  acid. — Strong  sulphurie  add  dissolves  wax  at  60^,  the  maassoUdi- 
fying  as  it  cools ;  at  higher  temperatures,  carbonisation  takes  place. — Cklorim  decom- 
poses melted  wax,  forming  chlorinated  products. 


2.  Ve^eiabU  Wax. 

Wax  is  v^  widely  diffused  in  the  vegetable  kingdom,  oocuning  frequently  as  a 
coating  on  various  parts  of  plants — as  stcJks,  leaves,  fruits,  &c. 

Several  of  the  more  important  plant-waxes  have  been  already  described  in  their 
alphabetical  places — ^viz.,  camauba-wax  (i.  805),  cork-wax  or  cerin  (i.  837)*  pine-wax 
or  ceropic  acid  (i.  836 \  sugarcane-wax  or  cerosin  (i.  836),  myrtle-wax  or  myriea- 
tallow  (iii.  1069),  ocuba-wax  (iv.  173),  and  palm-wax  (iv.  337). 

Chinese  wax,  or  Pela,  also  called  vegetaUe  insect-wax^  or  wgetahh  spenMceH,  \s 
generally  supposed  to  be  produced  on  certain  trees  by  the  puncture  of  a  spedes  of 
Coccus.  It  envelopes  the  branches  as  a  soft  white  coating,  about  aline  in  thidmes,  and 
is  separated  by  fusion  in  boiling  water.  It  consists  almost  wholly  of  cerotylic  cerotato 
CEf*(C"H")0»,  contaminated  only  with  small  quantities  of  fetty  substances.  Its 
physical  properties  and  most  of  its  reactions  have  been  already  described  (i.  837). 
When  it  is  boiled  for  some,  time  with  4  or  5  vols,  of  nitric  add,  of  spedflc  gravity 
1*40,  a  liquid  distils  over,  containing  butyric,  cenanthylic,  and  capiylic  adds,  and  in 
the  retort  there  remains  a  liquid  containing  anchoic  or  lepaigylic  add  (i.  289),  together 
with  small  quantities  of  pimelic  and  suberic  acids. 

Cowtree-wax,  obtained  by  evaporation  from  the  milk  of  the  cow-tree  {Baiodi 
Vaca,  Brosimum  GalacUxiendron),  is  a  waxy  substance,  which  softens  at  40°,  melts  at 
60°,  is  insoluble  in  cold  alcohol,  but  dissolves  completely  in  boiling  alcohol,  and  is 
saponified  by  alkalis.  According  to  Berzelius,  it  resembles  beeswax  more  closely 
than  any  other  kind  of  wax.  Essentially  different  from  this  wax  are  the  resinoos 
bodies  and  caoutchouc-like  substance  which  Marchand  obtained  from  the  milk  oi  the 
cow-tree.     (J.  pr.  Chem.  xxi.  48.) 

Cuba-wax  is  a  yellowish-brown  wax,  of  unknown  origin,  imported  from  Cuba.  It 
is  softer  than  bees-wax,  dissolves  in  warm  ether  ana  turpentine-oil,  and  almost 
wholly  in  boiling  alcohol.  According  to  Brandes,  it  contains  76*5  per  cent,  cerin. 
10*5  myricin,  9*2  balsamic  resin,  and  3*5  water. 

Japan-wax,  also  called  tree-wax j  and  improperly  American  fcax,  is  obtained  in  the 
East  Indies  from  the  root  of  Bhue  euccedanea.  It  is  yellowish-white,  of  about  the 
consistence  of  bleached  beeswax,  but  somewhat  softer  and  more  friable ;  insoluble  in 
water,  slightly  soluble  in  absolute  alcohol  at  ordinary  temperatures,  completely  at  the 
boiling  heat,  soluble  in  ether  and  in  volatile  and  fixed  oils.    Different  samples  melt  at 
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42^  to  5S^  or  56^,  It  is  not  a  true  wax,  but  a  glycaride,  being  resolved  b^  fusion  with 
potasfliiim-hydrate  into  palmitic  acid  and  eljcerin.  By  dry  distillation,  it  yields  pal- 
mitic acid  and  acrolein,  a  product  never  ootained  from  the  true  waxes.  By  prolonged 
boiling  with  nitric  acid,  it  yields  succinic  acid. 

Stop- wax,  or  Propolis,  is  the  waxy  substance  with  which  bees  ooyer  over  the 
cracks  in  their  oomba.  Boiling  alcohol  extracts  resin  from  it,  leaving  a  substance 
called  propolin,  which  melts  at  67-68°,  emitting  an  odour  of  honey.  (Pell er in, 
J.  Pharm.  viii.  488.) 

Syn.  with  Ozogsbitb  (it.  822). 


I     See  Wax  (p.  1086). 


Native  tribasic  sulphate  of  aluminiam,  3A1K)'.S0'.9H*  0,  also 
called  alu  m  i  n  i t e.    (See  BxTLFHArsa,  p.  679.) 

urSHKUETS.  A  massive  granular  mineral,  from  Syurrasko  in  Hungarjr,  resem- 
bling lievrite,  and  containing  34*6  per  cent,  silica,  0*12  alumina,  42*88  ferric  oxide, 
16*78  ferrous  oxide,  0*28  manganous  oxide,  6*84  lime,  and  1*00  water,  agreeing  nearly 

with  the  formula  |n  q  ( SiO'.(Fe'0".SiO*).   Before  the  blowpipe  it  melts  on  the  edges 

only ;  acids  decompose  it  with  difficulty.    ( W  e  h  r  1  e,  Loonh.  K.  Jahrb.  1 834,  p.  627.) 

^nrsXSSZOITB.  This  name  was  given  by  Jeuzsch  to  small  felspathic  monoclinio 
crystals,  from  the  almond-stone  of  Weissig  in  Saxony,  apparently  identical  with  ortho- 
dase  (Jahresb.  1868,  p.  808 ;  1864,  p.  829;  1866,  p.  947). 

iraxSSZra.  A  hydrated  dichroi'te,  resembling  feihlunite,  from  Fahlun  in  Sweden 
(Trolle-Wachtmeister,  Pogg.  Ann.  xiii,  871 ;  xiv.  190),  and  Potton  in  Upper  Ca- 
nada (J.  pr.  Chem.  xiv.  86) : 

BIOS.      AIS0>.       FeO.    MnO.     M*0     CaO.     K*0.    Na«0.    H*0. 
Fahlun     69*69     21*70      1*48    0*68     8*99    0*80    4*10    0  68    8*20  -   100*72 
Canada    6606    22*60    12*60    ,      .    6*70     1*40    ....    2*26  «»     99*60 

V^MMtDi  Beaeda  Luieoia.  {Dyet'a  Weed,  Gaude,  Watt,)— A  biennial  plant  growing 
wild  in  many  places,  especially  on  chalky  soils,  and  cultivated  for  use  in  dyeing.  It 
contains  a  yellow  colouring-matter  called  luteol in  (iii.  736),  and  is  much  used  for 
dyeing  silk  a  golden-yellow,  and  in  paper-staining. 

IB.    Syn.  with  Picbic  Accd  (iv.  400). 

Syn.  with  Scafoute  (p.  208). 

lT«  See  Crbbals  (i.  823); — also  a  paper,  by  Lawes  and  Q-ilbert,  On 
some  Points  in  the  Composition  qf  Wjieat-grain^  its  Products  in  the  Miil,  and  Bread. 
(Chem.  Soc  Qu.  J.  x.  1.) 

'WWBVi^MEtLIVMm  Monodinic  crystals,  observed  by  Brooke  on  a  specimen  of 
calcspar  of  unknown  origin,  and  consisting,  according  to  Sandall  (Phil.  Mag.  xvi.  449), 
of  calcic  oxalate,  (C«CaO*.H«0  ?) 

IRTBISXT.  Spirit  obtained  by  distilling  the  fermented  wort  of  com,  sugar,  or 
molasses,  but  generally  the  former. 

WUXTS  AvmcoVT.  Native  antimonious  oxide,  SbK)*;  syn.  with  Yauqiti- 
viTB  (i.  328). 

AJtSXVZC.    Arsenious  oxide,  As'C  (i.  878). 

COWXBAa.     Native  ferric  sulphate,  Fe<(S0«)^9H<0,  also  called  Co- 
^uimbite  (p.  696). 

VTMSTM  TMOM  PTBZTBB.  The  trimetric  form  of  native  disulphide  of  iron, 
FeS*,  also  called  Maiicasitb  (iii.  402). 

Amorphous  basic  carbonate  of  lead,  used  as  a  pigment  (i«  786). 

OWB.    Native  carbonate  of  lead,  PbCO*. 


The  white  picment  most  in  use  is  white  lead :  it  sur- 
passes all  others  in  "  body  "  or  opacity,  but  has  the  defect  of  turning  black  when  ex- 
posed to  an  atmosphere  containing  sulphuretted  hydrogen.  Sulphate  of  barium  and 
oxide  of  zinc  are  iree  from  this  inconvenience ;  the  latter  is  extensively  used  as  an  ar« 
tist's  colour,  both  for  oil-  and  water-painting.  Mixtures  of  white  lead  and  barium-sul- 
phate are  often  used  in  house-painting.  Levigated  chalk,  known  in  France  by  the 
names  blanc  dPBlspagne,  hlanc  de  Meudon^  b!ane  de  Bougival^  blanc  de  Drot/es  ou  de  Cham" 
paffne,  according  to  the  locality  from  which  it  is  obtained,  is  also  employed  as  a  white 
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pigment^  but  appears  to  have  been  used  in  ancient  times  mwAk  more  extensirelj  than 
at  present. 

Sylyanite,  containing  lead  and  antimony  (p.  647). 

Sulphate  of  zinc  (p.  617). 

An  arsenide  of  copper  from  Houghton  County,  Michigan  ; 
massive,  reddish-vhito ;  of  specific  gravity  8*408.  Melts  easily  before  the  blowpipe, 
giving  off  arsenic  vapours.  Dissolves  in  nitric  ^*id.  Contains,  according  to  6ren  th 
(SilL  Am.  J.  [2],  xxvii.  400),  11'61  per  cent,  arsenic,  88*18  coppttr,  and  040  silver  and 
insoluble  matter,  agreeing  inth  the  formula  Cu"As'. 

IWOBTISira*  WlHTXBZTSp  or  "WIGHT Ifla  A  silicate  from  Wihtis  in 
Finland;  amorphous;  specific  gravity  «  3*00.  Melts  before  the  blowpipe  to  a  black 
enamel,  and  is  not  atta<^ed  by  adds.  Analyses :  a  by  Laurent  (Ann.  Gh.  Phys.  [2], 
liz.  109);  b  by  Stromborg  (Arppe,  Analyser  af.  finska  Min.  p.  17): 

SiO«.  41*0*.         Fe^O'.       FeO.  MnO.         CaO.         MgO.       N««0. 

a.      66*8  13*8  40        130  .     .        60  80  8*6     «     991 

k     64*24         14*27        .    .        15'62        2*70        6*65         3*86        3*88   »  100*22 


or  WTfiTif  H  ly SITB*    Anhydrous  ortho* 

silicate  of  sine,  Zn%iO\  or  2ZnO.SiO*,  ooeurring  in  crystals  and  massive  at  Franklin^ 
New  Jersey,  and  on  the  Buchsbach  Beig,  near  Aachen.  The  crystals  are  combina- 
tions of  a  rhombohedron  with  a  hexagonal  prism.  Length  of  prindpal  axis  »  0*685. 
A^e  B  :  B  (terminal)  -  115<>;  oB  :  B  »  141^  39*5'.  Cleavage  distinct,  lat^al, 
and  basal.  Hardness  *-  5*5.  Specific  gravity  =»  3-935 — 4*18.  Whitish  or  greenish- 
yellow,  or  greyish-white  with  rawer  weak  vitreo-resinous  lustrp.  Streak  unooloured. 
Transparent  to  opaque.  Brittle.  Fracture  conchoidaL  Contains,  when  pure,  27*54 
per  cent  silica,  and  72*46  sinc-Qzide. 

A  variety  called  troostite  from  Sterling,  New  Jersey,  has  the  one  psrtiy  replaced 
by  iron  and  manganese,  the  ferrous  and  manganous  oxide  together  araoanting  to  about 
9  per  cent. 

1VZXAXAM8ZTB.  Sjn.  with  Whxemttb.  The  name  is  also  applied  to  a  grey, 
laminar,  non-aluminous  serpentine,  from  Westchester,  Pennsylvania  (p.  237). 


Wm  The  inorganic  constitaente  of  the  leaves,  wood,  and  bark  of  Salix 
vitdlina  have  been  examined  b^Beichardt  (Arch.  Phann.  [2],  Ixxiii.  257 ;  Jahresb. 
1853,  pp.  581-586),  with  especial  reference  to  the  variations  in  their  total  amount  and 
relaUve  proportions  in  spring  and  autumn. 


A  silicate  from  Bathurst  in  Canada,  occurring  in  monoelinic 
forms,  with  rose-red  colour ;  speciflc  gravity  »  2*76 — 2*77 ;  hardness  veiy  unequal  in 
different  parts.  Becomes  colourless  and  gives  otf  water  when  heated,  and  melto  with 
intumescence,  before  the  blowpipe,  to  a  white  enamel.  Conteins,  according  to  T.  £1 
Hunt  (CM.  Bwrvey  of  Canada,  1853),  43*65  per  cent,  silica,  27*94 alumina,  0*20  ferric 
and  manganic  oxides,  6*50  lime,  3*81  magnesia,  1*45  soda,  8*37  potash,  and  8*61  water 
(=  100*43). 


A  variety  of  lime-garnet,  also  called  grotttdaria  (see  GAsmr,  ii.  772). 
The  same  name  is  sometimes  applied  to  vesuvian  (p.  998). 


TAOa,  or  AZS-nnUTACB.  The  ordinary  furnace  used  for 
crucible  operations,  in  whidi  the  draught  is  produced,  without  the  aid  of  a  Uast,  by  the 
diflerence  of  specific  gravity  of  the  heated  air  in  the  chimney  and  the  external  air. 


Synonyms :  Wein.  Vin.  Vinum.  OJyos, — ^This  name  is  applied,  in  a 
general  sense,  to  all  alcoholic  liquors  produced  by  fermentation  of  saccharine  juices  of 
plants  (Fbrhentatiok,  Alcoholic,  ii.  628),  but  it  is  more  usually  restricted  to  the  fer- 
mented juice  of  the  grapes  of  VUis  vinifera. 

The  chief  constituent  of  wine,  besides  water,  is  alcohol,  the  amount  vairing  from 
6  to  17  per  cent,  in  different  kinds  of  wine,  as  shown  in  the  following  taole.  The 
quality  and  value  of  wine  is,  however,  determined  much  less  by  the  amount  of 
alcohol  it  contains,  than  by  the  flavour  and  bouquet  which  it  possesses.  These  cha- 
racters, which  are  due  to  the  presence,  in  very  minute  proportions,  of  ethereal  and  aro- 
matic substancfs,  differ  in  kind  in  different  sorts  of  wine,  and  in  degree  in  the  sarao 
kind  of  wine.  The  chemical  nature  of  the  substances  which  constitute  the  bouquet  of 
different  wines  is  as  yet  but  little  known.  They  are  produced,  partly  during  the  fer- 
mentation of  the  grape-juice,  and  chiefly  by  the  mutual  reaction  of  various  constituents, 
when  new  wine  is  kept  (Borthelot,  Compt.  rend.  Ivji.  287,  398,  and  795. — Pas- 
teur, ibid,  p.  936) : — 
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Alcohol. 

PcroenUge 

Extract. 

Add. 

Sugar. 

Aatbority. 

bj  weight. 

Fort,  old     • 

20-29 

6-80 

•36 

8-81 

Griffin 

Port 

f  Mazimnm        .        . 

1710 
16-20 

•     • 

•     " 

•     • 

Cbristison 

Mean  of  7  samploB  . 

Minimum 

14-97 

/Mdzimum 

1617 

Mean  of  13  samples 

1537 

Shi^rry- 

„      „    9  old  sam- 
ples    .        . 

( 14-72 

^Mrnimam 

13-98 

Montilla,  1854     . 

16-62 

2-49 

•43 

•60 

Griffin 

Madeira       .        .        .        . 

16-90 

•    • 

•    • 

•     • 

Christison 

Amontillado 

12*63 

Chateau  Latonr,  1825  . 

7-78 

Claret 

8-99 

St  Julien,  1858  . 

984 

2-67 

•65 

•25 

Griffin 

Rudesheimer        .        .        . 

8-40 

•    • 

•    • 

•    . 

Christison 

w                           •             •             . 

18-32 

2-84 

•68 

•17 

Griffin 

Steinbeiger,  1846 

10  17 

10-5 

•424 

•    . 

Fresenius 

Markobnmneri  1846    . 

11-14 

6-5 

•588 

., 

It  is  stated  that  in  wines  imported  into  England,  especially  port  and  sherry,  the 
amount  of  alcohol  is  habitually  augmented  by  mixing  them  with  brandy.  Natural 
wine  made  fiK>m  grape-juice  oontainins  20  per  cent,  of  glucose  should  not  contain  much 
more  than  10  per  cent,  by  weight  of  alcohol,  unless  it  has  been  long  kept  in  casks,  and 
there  has  been  a  considerable  separation  of  water  by  evaporation  through  the  wood, 
and  a  consequent  increase  in  the  amount  of  alcohoL  But  if  the  wine  of  hot  countries 
is  produced  from  grape-juice  eontaining  30  per  cent,  of  sugar,  it  might  well  contain  1 6 
or  17  per  cent,  of  alcohol  after  being  kept  in  casks. 

The  peculiar  smell  which  is  common  to  all  wine  is  probably  due  to  the  presence  oi 
an  ether, which  Liebig  and  Pelouze  have  termed  cenanthic  etber  (iv.  174). 

Some  kinds  of  wine,  such  as  Mala^  Tokay,  Tent,  and  Frontienac,  contain  a 
considerable  amount  of  sugar ;  others,  like  Rhine  wine,  Bordeaux,  and  Burgundy,  are 
almost  destitute  of  sugar.  The  sweetness  of  wine  may,  in  some  cases,  be  due  to  the 
presence  of  glycerin,  which  appears  to  be  a  product  of  fermentation  (ii.  628), 

All  kinds  of  wine  contain  f^  add,  which  is  partly  tartaric  ^cid,  perhaps  also 
succinic,  malio,  and  citric  acids,  together  witn  tannic  and  gallic  acids,  and  acid 
potassic  tartrate. 

The  colour  of  wine  is  chiefly  derived  from  the  husks  of  the  fifnipes,  especially  in 
the  case  of  red  wine.  White  wine  frequently  derires  a  portion  of  its  colour  from  the 
oak-casks  in  which  it  is  kept.  The  chemical  nature  of  the  substances  to  which  the 
colour  of  wine  is  due  is  but  little  known  (Faur^,  Analyse  ckim,et  oomparie  des  Vina, 
^c. — ^Bati  Hi  at,  7¥aiti  sur  lea  Vina  de  la  France,) 

On  evaporating  wine  to  dryness  at  100°  C,  it  leaves  an  extract*  which  varies  from  2 
to  5  per  cent,  and  sometimes  amounts  to  10  per  cent  and  upwaids.  The  amount  ia 
less  in  dry  wines  than  in  sweet  wine,  and  it  decreases  as  the  wine  is  kept 

Wine  is  often  liable  to  undeigo  certain  changes,  which  render  it  unfit  for  use,  some- 
times becoming  turbid  or  ropy.  These  effects  are  chiefly  referable  to  the  presence  of 
ferment,  or  of  nitrogenous  substance  capable  of  conversion  into  ferment,  and  they 
result  from  imperfections  in  the  manufacture.  Pasteur  (Compt.  rend.  Ix.  899, 
1109;  Ixi.  274)  recommends  heating  the  wine  in  closed  bottles  to  about  60°  C,  for 
an  hour  or  two,  in  order  to  prevent  these  chances. 

Effervescent  wines  contain  carbonic  anhydride  dissolved  under  pressure,  and  result- 
ing from  fermentation,  produced  after  bottling  the  wine  by  adding  to  it  a  solution  of 

For  analyses  of  wine  see  Fontenelle,  J.  Chim.  M^.  iil  332.— Payen,  Chim, 
tfuftw^.— Pelouae  and  Fr^my,  7Va«^,  iii.  436.— Malland,  J.  Chim.  M^  iii.326. 
— Eaur^  J.  Pharm.  vii,  200. — ^Brande,  Phil.  Trans.  1811. — ^Bouis,  Brandes 
Archiv.  xxv.  222.— Christison,  Edinb.  Phil.  Joum.  1838.— Khol,  J.  Chim.  M<kl. 
[4],  ii.  251.—- Ludersdorf,  J.  pr.  Chem.  xxiv.  102. — Geiger,  Mag.  f.  Pharm.  xix. 
266. — Fischer  n,  Ann.  Ch.  Pharm.  Iviii.  705. — Fresenius,  Ann.  Ch.  Pharm.  bdii. 
884.— Beck,  Edinb.  Phil.  Joum.  1835.— Dies,  Ann.  Ch.  Pharm.  xcvi.  304.— Zierl, 
Baierisch.  Eunst.  Gewerbeblatt,  1838.*-Soubeiran,  TraiU  de  Pharmacie,  i,  129.-^ 
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Schubert,  Pqgg.  Ann.  lxx.397. — ^Kers ting,  Ann.  Ch.  Fhann.  bcx.  250. — Gero- 
mont,  Ann.  Gh.  Phann.  zriL  158. — Mitis,  Baierisch.  K.  Gewerbeblattt  1838.-^ 
Hitchcock,  Edinb.  PhiL  Joum.  zxxrii.  176. — Griffin,  Ckendoal  Ihdinff  of  Wines 
and  Sjnrits,  p.  10. — Mulder,  Chemistry  of  Wine, 

ManufcLctvre  of  Wine. — The  grapes  grown  in  wine-prodocing  coantrios  generally 
consist,  when  ripe,  of  from  70  to  76  per  cect  jnice,  20  to  25  per  cent,  moist  skins  ai:d 
stones,  and  from  3  to  5  per  cent,  of  stalks.  The  skins  are  covered  with  a  whitish 
pnlvemlent  bloom,  consisting  of  a  waxy  substance.  They  consist  chiefly  of  compact 
cellular  tissue  containing  nitrogenous  substances,  fat,  &c^  with  an  internal  layer  of 
vegetable  tissue  containing  nitrogenous  and  colouring-matters,  essential  oil,  tannin, 
and  salts.  The  fleshy  part  of  the  grape  consists  of  cells  and  vessels,  which  contain  the 
chief  part  of  the  juice.  The  stones  consist  chiefly  of  cellulose,  and  contain  also  &tty 
and  ethereal  oils,  nitrogenous  substance,  and  tannin.  The  stalks  contain  acids,  tannin, 
chlorophyll,  and  similar  substances,  but  scarcely  a  trace  of  glucose.  The  oonstitueDis 
of  the  juice  are  chiefly  water  and  glucose,  together  with  gum,  pectin,  dissolved  and 
suspended  nitrogenous  substances,  tartaric  add — periiaps  also  racemic  acid,  malic  acid,* 
citric  acid,t  pamcitric  add,  succinic  add,  and  acetic  add,|  partly  fnb  kdA  partly  as 
salts.  It  also  contains  fiitty  and  ethereal  oils,  wax  and  resin,  oolour-eabstanoe^  tannin, 
phosphates,  sulphates,  and  other  mineral  substances  in  small  amounts. 

Com^posiHon  of  Grapee, 


• 

BlM  whtto 

AtlAtriAfl 

Klefnbergw  grqpct. 

«rap«. 

Joh«D-  AmnoM- 
nisberg     banicr 

grapci. 

ripei       Teryripe. 

very  ripe. 

gr«pw.   gr«pcs. 

^WffAWHv* 

SckUfper, 

Fre»mhu. 

rTCWtltnUm 

Glucose    . 

18-8 

10-6 

18-5 

15-1 

19-2     178 

Tartaric  add    • 

111 

•92 

•78 

•56 

•74       -84 

Albuminoid        Sub- 

1- 

•5 

•6   J 
•2 

stance  .        .        • 
Pectin,  Gum,Fatk&e. 

41 

3-4 

8-0 

Ash .        •        •        • 

Soluble  portion    • 

•86 

•88) 

22*9 

16-5 

12-6 

18 

191 

Water      . 

79-8 

84-9 

76-8 

74-4 

Skins,    Stones,    and 
Cellulose 

{  2-6 

1-8 

•0 

Pectose    . 

•9 

•7 

Insoluble  portion . 

•11 

•08 

8-53 

2-52 

6*66 

6-52 

The  amount  of  glucose  in  grape-juice  varies  from  10  to  30  per  cent,  according  to  the 
climate  and  season  in  which  the  grapes  grow ;  and  the  amount  of  free  add,  considered 
as  tartaric  add,  varies,  under  the  same  conditions,  from  *3  to  1*5  per  cent.  The  jnioa 
of  grapes  used  for  making  wine  is  ffenerally  colourless,  or  very  slightly  yellowish,  and 
it  is  annost  without  odour,  except  that  of  die  Muscat  grape.  Wim  the  exception  also 
of  the  teinturier  grape,  which  has  coloured  pulp,  the  yellow  and  blue  colouring  sub- 
stances of  grapes  are  contained  in  their  skins.  They  are  dosely  analogous  to  tannin, 
and  are  more  soluble  in  alcohol  containing  add  than  in  water. 

In  regard  to  the  production  of  wine,  the  principal  constituents  of  grape^uioe  are 
glucose,  the  adds,  and  the  nitrogenous  substances  which  furnish  the  ferment^  so  that 
the  raw  material  for  the  production  of  wine  may  be  regarded  as  a  solution  of  gluooee 
in  water,  containing  also  those  substances. 

It  is  especially  important  that  the  ^pes  used  for  making:  wine  should  be  allowed, 
as  far  as  possible,  to  attain  tali  maturity,  and  become  perfectly  ripe,  in  order  that  there 
may  be  a  maximum  amouut  of  glucose,  and  a  minimum  amount  of  free  acid,  in  the 
juice  (FsxTiT,  ii.  710,  711).  Immediately  after  the  grapes  have  been  gathered,  they  are 
crushed,  either  in  vats  or  between  wooden  rollers.  In  some  places  thev  are  first  picked 
from  the  stalks,  in  other  places  they  are  pressed  together  with  the  stalks.  The  jnice  is 
then  either  separated  at  once  flrom  the  husks  and  stones,  &c.,  by  pressing  the  crushed 
grapes,  and  the  expressed  juice,  or  "  m  u  s  t,"  is  left  in  vats  to  ferment  without  the"mare"; 
or  the  crushed  grapes  are  first  allowed  to  ferment  for  some  time  with  the  husks,  as  in 

•  Patteur,  J.  i*harin.  [8],  xxiv. 75. — S e  h  w a r  t  s,  Ann.  Cb.  Pharm.  tauxlT.  (ta. 

t  W  t  n  e  k I er,  Jahrh.  Pliam.  1.  57. 

t  Ber  th  alot  and  Fl«ur  ie  u,  Compt.reud.  Ml.  367. 
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the  HBaiiu&etaie  of  red  wine,  and  the  mare  is  leparated  after  ttie  fermentation,  wlien 
sufficient  colour  has  been  extracted.  During  the  first  stage  of  the  fermentation,  the 
temperature  of  the  liquid  rises,  and  as  the  eonversion  of  glucose  into  alcohol  progresses, 
some  acid  potassic  tartrate  is  deposited  (p.  678),  together  with  portions  of  the  ferment 
and  other  organic  substances,  formxn|^  what  is  termed  "lees.  As  the  evolution  of 
earbonic  anhydride  subsides,  the  liqmd  gradually  becomes  clearer.  This  stage  of  the 
fennentati<m  is  sometimes  at  an  end  within  two  or  three  days,  but  it  sometimes  lasts 
much  longer.  In  order  to  prevent  the  production  of  acetic  acid  by  oxidation  of 
alcohol,  it  is  generally  customary  to  draw  off  the  formented  liquor  from  the  lees,  as 
soon  as  the  evolution  of  gas  has  become  comparatively  scanty,  and  to  transfer  it  to 
casks  in  which  the  fermentation  continues  slowly,  for  a  considerable  time  longer,  acid 
potassic  tartrate  being  deposited  meanwhile  as  a  crystalline  crust  on  the  sides  of  the 
casks  (Tabtar,  p.  671).  After  a  time,  when  the  production  of  alcohol  is  at  an  end, 
the  wine  is  again  transfiBEred  to  other  casks,  and  is  kept  for  a  long  time,  during  which 
its  constituents  undergo  those  changes  by  whidi  it  cniefly  ac(}uires  flavour,  ^uquet, 
and  ripeness.    In  this  way  what  is  termed  "natural  wine"  is  produced. 

During  the  first  stage  of  the  fermentation,  which  is  essentially  analogous  to  that  of 
beer-wort  (i.  629),  the  greater  part  of  the  glucose  is  converted  into  alcohol,  and  much 
of  the  nitrogenous  substance  which  yields  the  ferment  is  separated.  The  amount  of 
gluooee  remaining  unaltered,  depends  partly  on  the  amount  originally  contained  in  the 
*'  must»"  and  partly  on  the  temperature  at  which  the  fermentation  takes  place.  At  a 
temperature  of  10^  C,  fermentation  ceases  when  the  alcohol  produced  amounts  to  10*5 
or  11  per  cent,  by  weight,  but  at  a  higher  temperature,  it  may  continue  until  the  alcohol 
amounts  to  18  per  cent,  or  more.  During  the  seoond  stage  of  the  fermentation,  when 
the  weather  has  become  cooler,  there  is  less  fear  of  alcohol  being  oxidised,  and  the 
moderate  access  of  air  to  tho  wine  has  chiefly  the  eSect  of  causing  the  ferment  to 
separate  from  it. 

Hitherto  little  attention  has  been  paid  to  the  regulation  of  the  temperature  at  which 
the  fermentation  takes  place,  and  although  it  is  highlv  probable  that  the  qualiW  of 
wine  depends  very  much  upon  this  circumstance,  it  is  almost  entirely  a  matter  of  local 
accident,  whether  the  fermentation  takes  place  at  a  high  or  low  temperature.  Active 
fermentation  at  a  high  temperature,  is  calculated  to  furnish  wine  which  is  free  frt>m 
sugar,  and  soon  becomes  readv  for  use ;  but  the  wine  thus  produced,  like  much  of  tho 
Italian  and  Hungarian  wine,  has  generally  little  or  no  bouqaet  or  flavour,  and  is  not 
capable  of  being  kept  long.  On  the  contrary,  slow  fermentation  at  a  low  temperature, 
Airnishes  wine  which  not  only  keeps  better,  but  acquires  eventually  a  flner  bouquet, 
and  becomes  generaUy  of  better  quality  than  that  produced  by  more  rapid  fermenta- 
tion at  a  higher  temperature.  In  the  Moselle  and  Rhine  districts,  the  fermentation  is 
conducted  at  a  time  of  year  when  the  weather  is  much  colder  than  it  is  in  Italy,  and 
even  there,  the  wine  produced  in  seasons  which,  from  their  warmth,  are  especially 
favourable  to  the  growth  and  maturation  of  the  grapes,  and  continue  warm  until  late 
in  the  year,  is  not  always  so  good  as  that  of  years  when  the  autumn  is  colder. 

The  character  of  wine  also  depends  very  largely  on  the  composition  of  the  **  must  '* 
from  which  it  has  been  produced,  especially  on  the  amounts  of  glucose  and  of  acicU 
which  the  must  contained,  and  on  the  relative  proportions  of  these  substances.  Gene- 
rally speaking,  in  southern  countries,  where  the  amount  of  sugar  in  the  grape-juice  is 
largest,  as  in  Greece,  Portugal  and  Spain,  the  wine  produced  contains  a  large  amount  of 
alcohol,  some  unfermented  sugar,  and  but  little  bouquet  as  compared  with  the  wine  of 
northern  countries,  such  as  that  of  the  Moselle  and  Rhine  districts,  which  contains 
less  alcohol,  no  sugar,  and  a  larger  amount  of  acid,  but  is  chiefly  characterised  by  its 
flue  aroma.  The  grape-juice  of  these  countries  generally  contains  a  smaller  amount  of 
sugar,  and  a  much  larger  proportion  of  acid,  than  that  of  southern  countries.  But 
besides  the  differences  due  to  climate,  variations  of  season  also  exercise  a  further 
influence  of  a  similar  nature,  especially  in  the  northern  wine-producing  districts, 
where  in  cold  seasons  the  amount  of  sugar  is  small,  while  the  proportion  of  acid  to 
sugar  in  the  grape-juice  is  frequently  twice  as  great  as  it  is  in  more  favourable  years, 
iind  consequently  the  wine  producea  there  is  only  occasionally  good,  and  very  often 
can  scarcely  be  drunk. 

To  produce  good  wine,  it  is  essential  that  the  grape-juice  should  contain  at  least 
20  per  cent,  of  glucose,  and  that  with  this  amount  it  should  not  contain  more  than  *6 
per  cent,  of  acid.  These  conditions  do  not  always  obtain.  In  the  Moselle  district, 
for  instance,  the  proportion  of  acid  to  glucose  is  often  as  1  to  12,  while  the  amount  of 
glucose  is  also  very  small.  In  such  cases  the  wine  made  from  natural  grape-juice  is 
necessarily  inferior;  but  it  is  possible  to  remedy  these  natural  defects  of  the  grape, 
and  by  doing  bo,  to  render  it  capable  of  producing  better  wine,  especially  in  unfavour- 
able years.  With  this  ol^ect»  several  methods  have  been  proposed,  of  which  the 
following  are  among  the  principal : — 

Vot.  V.  8  X  ^ 
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1.  GoneeDtntiiig  the  gnpe-juioe  by  partiallj  diring  the  gn^  belbve  Umj 
crushed,  or  by  eTsporatiiig  the  "muet.** — This  method  w  practieed  in  some  parts  of 
HnngHiy,  Spoun,  Italy,  and  Fnuce,  but  it  has  only  a  limited  applicability,  and  ismoro 
adapted  to  the  production  of  liqnear  wines  than  for  impronng  the  qniJity  of  via* 
when  the  grape  contains  little  sugar  and  much  acid. 

2.  Adding  glocose  to  the  mnst  when  it  amonnts  to  lees  than  20  per  oenL — Tbht 
method  only  partially  zcetiiles  the  natural  defects  of  the  grape-jnioe,  and  although 
it  would  fnniish  a  wine  containing  more  spirit  than  that  ptodnced  from  the  iin«>i»*<i 
must,  the  ezcessiTe  amonnt  of  acid  is  not  affected  except  in  so  far  as  it  may  be 
masked  by  an  excess  of  so^ar. 

8.  Diluting  the  mnst  with  water  sofficient  to  reduce  the  amonnt  of  acid  to  '6ww 
cent,  and  then  addinff  fflncose  until  this  amounts  to  20  per  cent,  in  the  must — ihi& 
adoption  of  this  method  was  at  first  strongly  opposed  on  the  ground  that  wine  thus 
prepared,  might  be  expected  to  be  deficient  in  flavour  and  bouquet ;  but  this  has  beso 
found  not  to  be  the  case,  and  the  rssult  is  quite  consistent  with  the  £Mstthai  the 
flavour  and  bouquet  of  wine  are  produced  during  the  fiarmentation.  So  £tr  as  thepvo- 
duct  of  fermentation  is  concerned,  it  is  theref(Me  a  matter  of  little  consequence  whether 
the  glucose  has  been  derived  from  the  grape,  or  from  some  other  source,  profvided  the 
grape-juice  contains  a  sufficient  amount  of  ferment,  add,  and  other  substaaosB* 
requisite  for  the  production  of  good  wine,  and  these  are  generaUy  present  in  eaoass* 
The  principal  condition  to  be  ensured  is  the  purity  of  the  glucose  employed. 

4.  Mixing  the  prened  grape  marc  with  water  containing  20  per  cent,  of  g^noose^ 
and  fermenting. — ^This  method  is  based  on  the  important  observation,  that  the  maie 
from  which  the  grape^uice  has  been  expressed,  still  contains  a  large  amount  «f  those 
substances,  whidb  by  fermentation  with  a  solution  of  glucose,  communicate  to  it  the 
characters  of  wine,  and  are  capable,  under  the  influence  of  this  process,  of  yieldiiif;  the 
products  which  constitute  the  bouquet,  etc  (Pi  t  i  o  t.  Bulletin  soc.  d'Eneour.,  1 867,  pw  6fi9). 
The  wine  prepared  by  this  method,  is  stated  to  be  even  better  than  that  obtamed  frwa 
thegrape-juice  itself. 

T^ese  last  two  methods  bear  the  character  of  rational  improvements  in  the  manu&etaie 
of  wine,  and  are  in  this  respect  to  be  regarded  aa  totally  different  from  Aat  systeai  of 
compounding,  justly  termed  adulteration,  which  has  been  practised  with  the  ol^jeel  of 
giving  inferior  wine  the  semblance  of  character  it  can  acquire  only  by  the  pioeeas  of 
fermentation,  and  in  the  highest  dwree,  only  in  certain  fitvourabje  yean.  Piakew*s 
method  of  maturing  wine  by  the  application  of  heat  instead  of  keepii^  itfor  a  number 
of  years,  is  likewise  an  improvement  which  is  sound  in  principle,  ana  likely  to  be  of 
considerable  advantage.  The  chemistzy  of  wine  is,  however,  stall  so  imperfectly  under- 
stood, both  as  regards  its  composition  and  its  production,  that  the  methods  above 
referred  to  must  be  regarded  merely  as  first  steps  towards  real  improvement  in  the 
practice  of  an  ait  which  has  hitherto  been  conducted  in  a  most  crude  and  empirieal 
manner,  subject  to  the  accidental  influence  of  conditions  whose  operation  and  effbeto 
were  wholly  unknown,  and  regulated  by  the  most  fantastic  notions. 

Aneljele  of  IVlne. — ^The  chief  data,  &c.  determined  for  practical  purpoees,  are : — 
*  1.  The  amount  of  alookol ;  2.  The  amount  of fr§e  acid;  and  8.  The  amount  of  non- 
volatile dissolved  contents,  or  "  extract,**  as  it  is  termed.  Neither  the  flavour  nor  the 
bouquet  of  wine  are  susceptible  of  estimation  by  chemical  means.  The  colouring 
substances  of  wine  are  also  too  little  known  to  be  distinguished  with  certainty  from 
other  colouring  substances  employed  for  its  adulteration.  (Blume,  Pinglar^s  Joozn. 
clxx.  240.) 

Estimation  of  Alcohol. — ^The  most  trustworthy  method  consists  in  distilling  out  the 
alcohol  as  already  described  under  the  head  of  Bebb  (i.  530),  and  weiglung  or  obeerving 
the  density  of  the  distillate  ( Alcoholoiibtbt,  i.  81).  The  free  acid  m  the  wine  should 
be  first  neutralised  by  sodic  carbonate  or  baryta-water,  and  a  veiy  small  quantity  of 
tannic  acid  added  to  prevent  the  wine  from  frothing  when  distilled.  The  pereentage 
of  absolute  alcohol  should  be  expressed  by  weight,  that  of  proof-spirit  by  volume. 

Eatimation  of  Free  Acid, — Tbs  maybe  effected  with  a  standard  solution  of  aOoJi,  ■• 
described  under  AcmiiaTBT  (i.  262). 

The  amount  of  acid  potassic  tartrate  maybe  estimated  by  mixing  the  wine  with  five 
times  its  volume  of  mixed  alcohol  and  ether  (equal  parts)  and  leaving  it  fi>r  twenty- 
four  hours,  when  the  salt  will  have  deposited  almost  entirely.  (Berthelot  uid 
Fleurien,  Compt.  rend.  Ivii.  394.) 

If  it  be  desirable  to  ascertain  the  relative  proportions  of  fixed  and  volatile  adds  in 
wine,  this  may  be  done  approximately  by  distilling  the  wine  and  estimating  the  quan- 
tity of  acid  in  the  distillate ;  but  the  result  obtained  will  not  represent  the  f^  amonnt 
of  free  volatile  acid,  and  cannot  be  much  relied  upon. 

EtHmation  of  **  Extracts' — ^This  is  made  in  the  same  manner  as  with  Bikb  (t«  5S0), 
Xf  the  amount  is  considerable,  it  may  be  desirable  to  ascertain  what  it  conssta  oC 
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EUimatwn  of  Sugar. — ^Thifl  may  1^  Biade  by  one  of  the  metlbods  deseribed  mider 
Saoch^himbtbt  (p.  371).  It  is  necefisaiy,  in  using  the  ooppj^-meibod,  first  to  sepante 
tbe  colouring  subatanoe  of  the  wine.  Whan  tbe  fenBcntaition  method  ia  adoptad,  tha 
alcohol  in  the  wine  should  be  first  distilled  ofi^,  and  the  result  obt^ed  by  weighing  the 
carbonic  acid  as  barium-carbonate  may  be  checked  by  estimating  the  alcohol  produced. 

The  inorganic  constituents  of  wine  may  be  estimated  by  igniting  the  residue  left  on 
evaporation.  The  amount  cf  poteeh  thua  fyand  may  lie  taken  as  reproasnting  the 
acid  potasaie  tartrate  in  the  wine. 

For  more  detailed  descriDtions  of  the  methods  and  appaxatua  to  be  used  in  the  analy- 
sis of  wine,  see  Bo  Hey  andPaul,  Manual  (fflhehnictdJnd^MM^  p.  331,  and  Griffin, 
Chemical  Testing  ^f  Wines  and  Spirit;  also  a  paper  by  Dr.  A«  Pupr^  0»  tie  EsHmatum 
ef  Compound  Ethers  in  Wine,    (Chem.  Soc  J.  Z3l  493.)  B.  H.  P. 

Olft  OV.    8ee  EcmBDi  (ii.  607). 

A  hydrated  carbonate  of  manganese,  from  Gonaen,  near  Saigams, 
in  the  Grisons ;  regarded  as  a  variety  of  diallogita 

mrXTBJLWTa.  A  bright-red  variety  of  epidote ;  the  czyatala  ezhibii  a  atanr- 
yellow  in  one  dixectioa  across  the  prism,  • 

Native  carbonate  of  barium  (i.  780). 

COBBHm  or   W  Al"nOBXT&    Sulphide  of  copper  and  bismuth, 
Chi'Bi*^,  ftom  Wittichen  in  Baden  (ii.  76). 

W  ATTnroITB*  A  ferrioo-manf^ic  silicate,  from  the  Wittinge  iron-mine  at 
Storkyro in  Finland,  containing,  according  to  a  preliminary  analysis  by  ^Istrom,  33*28 
per  cent,  silica,  5*93  feizic  oxide,  61*79  manganic  oxide,  and  9*0  water. 

WOMSK  luUis  tinctoria,  {Guide,  Pastel.  Fau.)--Thi8  phmt  has  been  used 
from  ancient  times  for  dyeing  blue,  and  before  the  mtrodnction  of  indigo  was  of 
great  importance  for  that  purpose.  Schunck  (Phil.  Mag.  [4],  x.  73)  haa  shown 
thafc^  the  leayea  of  woad  do  not  contain  either  indigo-blue  or  indigo-whitf",  but 
indiean  (iii.  246),  a  eompound  which  may  be  extracted  from  them  by  akohol,  and  is 
resolved,  by  heating  with  dilute  acids,  into  indigo-blne  and  indiglucin: 

C*H"NO»'  +  2HK)     -    Cra'NO  +  SCH**©*. 
ladlcad.  Imligo-bltte.       ladiglodn. 

Woad  is  cultivated  in  France,  in  several  parts  of  Germany  (Thuringia,  Silesia^  &c.), 
and  other  countries.  It  is  sown  in  March,  and  the  leaves  are  cut  for  the  first  time  in 
June;  later  in  the  season,  the  plants  yield  fresh  crops  of  leaves,  but  these  do  not 
contain  so  much  colouring-matter  as  the  first.  The  leares  are  sometimes  merely 
dried,  and  sent  to  market  in  that  state ;  or  they  are  ground  to  a  paste  in  a  mill,  and  the 
paste  is  made  up  into  heaps,  left  for  some  time,  and  tiien  formeid  into  balls  or  loaves, 
which  are  dried  and  sent  into  commerce. 

At  the  pres<^nt  day,  woad  is  but  rarely  employed  in  dyeing,  as  the  use  of  indigo  is 
found  to  be  much  more  economical ;  but  as  it  easily  fbrments  when  moist,  it  is  used 
for  the  reduction  of  indigo  in  the  so-ealled  woad-txtts.    (See  Iin»ao,  ii.  262.) 

y/fOMlMMirrMm  A  silico-rirconio-niobate  of  calcium  and  sodium,  occurring  at 
the  Langesundfjord,  near  Brevig,  in  Norway,  in  tabular  crystals  and  prisms  belonging 
to  the  trimetric  system.  Axes  a:  b:e  «  1 :  1*01583 :  0*7261.  Angle  ooP  :  ooP  a. 
90°  64'  •  oP :  Poo  »  144<'  1'.  aeavase  distinct  in  one  direction.  The  mineral  also 
occurs  granular.  Hardness  ^  6*6.  I^)ecific  gravity  i-  3'41.  Lustre  vitreous,  in- 
clining to  resinous.  Colour  light-yellow,  brownish,  or  greyish;  stareak  yellowish- 
white.  Transparent  to  subtranslucent.  Fractnie  more  or  less  conchoidal  to  splintery. 
When  strongly  heated  before  the  blowpipe,  it  melts  quietly  to  a  yellowish  glass ;  wiUi 
fluxes,  it  gives  the  reactions  of  iron,  manganese,  and  silica.  Hydrochloric  acid  decom- 
poses it,  with  separation  of  silicic  and  niobic  acids.  Contains,  according  toScheerer 
(Pogg.  Ann.  xcii.  242),  14*47  per  cent.  Nb*0*,  16*17  ZrO*,  30*62  SiO*,  1*91  FeO,  1*66 
MnO;  2619  CaO,  0*40  1^,  8*39  Na*0,  and  0*2  water  (-  98*94). 

^iromnsn.  An  altered  or  hydrous  kyaaite  (iii.  449),  from  near  St  Peters- 
burg. Hardness  »  7*26,  white  and  truislucent.  Contains,  according  to  Hess, 
(Pogg.  Ann.  xxi.  78),  40*68  per  cent  silioa,  63*60  A1*0*,  1*00  MgO,  aod  4*63  HH) 
(-99*71). 

V^OM^CBTtWL    Antimonial  copper-g^oe  (ii.  76). 

ynrOlbCMOMBMJoSrtmm  A  chromiferooa  day  from  Oehanak  in  Siberia,  contain- 
ing, according  to  Xersten  (Pogg.  Ann.  xlvii.  486) : 

WO*.       Also*.       Cr«OS.       F^H)>.        CaO.         MgO.       HnO.        HSO. 
37-01       6*47       17*93       10*43       1*01        1*91       1-66       21*84    -    9826 
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IV^OUraULM*  KatLTe  tangstate  of  manganeee  and  iron  (p.  907).  The  Btaa& 
name  is  also  applied  to  metallic  tungsten. 

IVOftVRAmrav  or  iyOMP»AW«00— ■    Katire  tongstic  Oizide  (p.  903). 

IVOZiFSSaMMTB.  Katire  capnms  snlphantimonitfli,  or  antimomal  oopper, 
Cn,Sb'*S«,  or  Cu«S.Sb«8»  (ii.  76). 

rxXB.    Katire  metasilieate  of  calcium,  Ca'ISiO'  (p.  252). 

%  or  vmriMXT*  The  Chinese  name  for  the  pods  of  Gardenia 
arandifiora,  which  jield  a  laige  qnantilr  of  a  yellow  colonring-matter,  1  pt  of  wongshy 
Deing  imfficient  to  impart  a  strong  Yellow  oolonr  to  60  pts.  of  water.  The  pods  con- 
tain also  pectin,  mncns,  tannic  add,  and  &t.  The  aqneous  extract  has  a  fiery-red 
colour  when  concentrated,  yellow  when  dilute.    The  alcoholic  extract  is  fieiy-red. 

The  colouring-matter  of  wongshy  has  been  shown  by  Rochleder  to  be  identical  with 
crocin  from  saflEron  (ii.  108). — ^Bespeeting  the  products  obtained  from  it  by  Orth, 
see  J.  pr.  Chem.  Ixv.  16. — Chinese  yulow-pods  contain  6  per  cent,  ash,  consisting  in 
100  pts.  of  29-2  pts.  K«0,  11-8  KaH),  120  CaO,  36  MgO,  6-5  FeK)»,  0*9  S0«,  103 
FK>*,  4*0  SiC,  and  0*5  CL    (Stein,  J.  pr.  Chem.  zlviii.  829.) 

The  aqueous  extract  of  wongshy  colours  wool  and  nlk  a  fine  yellow,  without  mor- 
dants ;  cotton  to  be  dyed  with  it  must  first  be  mordanted,  best  with  tin-mlution.  The 
colour  withstands  the  action  of  soap ;  alkalis  turn  it  more  yellow,  acids  mors  reddish. 
The  colour  does  not  withstand  the  action  of  light,  but  is  most  permanent  on  silk.  The 
colour  of  wongshy  has  a  great  resemblance  to  that  of  annotto. 

"VTOOB.  Respecting  the  chemical  composition  of  wood,  two  difierent  views  are 
entertained.  According  to  Payen  (Oompt.  rond.  yiii.  61),  y.  Baumhauer  ^J.  pr. 
Chem.  xxxii.  204),  and  F.  Schulze  (Chem.  Centr.  1857,  p.  821),  it  consists  of 
cellulose  or  woody  fibre  (i.  818),  which  forms  the  cell-walls,  and  of  incmstiii^  sub- 
stances deposited  thereon  {Sderogent  lAanin,  formed  of  products  of  decomposition  of 
the  decaying  cells  [Schleiden,  Grunag.  d.  wtM.  Bataniiif  Leipiig,  1849,  i.  172]). 
Fr^my,  on  the  other  hand  (Compt.  rend.xl7iiL  862),  denies  the  existence  of  incfusting 
substances,  and  supposes  that  the  true  woody  tissue  eonsista  of  oascictoM,  the  eonsti- 
tuent  of  the  vessels  (p.  996^  which  is  insoluble  in  oil  of  vitriol,  soluble  in  boiling 
concentrated  potash-ley ;  paraceUulose,  the  substance  of  the  medullary  rays  (iv.  84^ 
soluble  in  oil  of  vitriol  ana  in  boiling  potash-ley;  and>E6roM,  the  substance  of  the  true 
woodv  fibres,  soluble  in  oil  of  vitriol  but  insoluble  in  boiling  concentrated  potash-ley. 
The  former  view  is,  however,  generally  regarded  as  the  more  exact  Wood  likewise 
contains  the  following  substances,  in  quantities  varying  with  the  season  and  locality, 
and  with  the  species  and  age  of  the  pliuit :  the  oonstituento  of  the  sap,  such  as  albn- 
minoidal  substances  (0'81 — 0*12  per  cent,  nitrogen,  according  to  Chevandier), 
sugar,  gum,  tannic  acid,  &c.,  colouring-matters,  starch  (only  in  autumn  and  winter), 
pectose,  according  to  Fr^y  (Payen  found  none),  resins  and  volatile  oil%  and  the 
ordinary  mineral  constituenta  of  ^ants. 

The  external  properties  of  wood  depend,  partly  on  the  mode  of  union  of  the 
fibres,  partly  on  tne  proportions  between  the  essential  or  adventitious  proximate  con- 
stituents.   Hence  the  several  species  of  wood  dif^  greatly  in  hardness,  colonr,  and 
apparent  specific  gravity.    The  latter,  that  is  to  say,  the  specific  ffravily  of  the  wood 
air-dried,  but  still  containing  air,  varies,  according  toKarmarsch  {Gnmdz.d.  meek. 
lechnoloffiey  p.  635),  from  0*383  ^poplar-wood)  to  1*342  (logwood).    The  actual  specific 
gravity  of  different  kinds  of  wood  is  tolerably  uniform  :  1*5,  according  to  Violf^tte; 
from  1*46  (maple)  to  1*53  (oak),  according  to  Bumford.    Wood  anrays  oontiuns  a 
larger  quantity  of  carbon  than  cellnlose ;  ita  composition  varies  between  very  wide 
limita  (according  to  the  nature  of  the  incrusting  substances:  Payen),  as  much  apra- 
reutlv  in  the  same  as  in  different  woods.    The  lowest  and  highest  amonnto  actruily 
found  are:  46*10  per  cent,  carbon  (beech-wood:  Baer),  and  54*44  per  cent,  (oak-wood: 
Payen);  (beech-wood  ^  54*35); — 5*55  per  cent,  hydrogen  (box-wood:  Front), and 
6-40  per  cent,  hydrogen  (aspen-wood:  Payen); — 39*82  per  cent,  oxygen  (oak-wood: 
Payeu),  and  46*87  per  cent.  (beeeh*wood:  Baer). 

J>eeay  of  Woody  Fibrt.-^Moist  wood  exposed  to  the  air,  gradually  vndeigoea  deeom- 
position,  a  species^  of  fermentation  being  set  up  by  the  nitrogenous  constitaonts,  in 
consequenoe  of  which,  oxygen  is  absorbs,  carbonic  acid  and  water  are  evolved,  and 
the  wood  crumbles  down  into  a  blackish-brown  vegetable  mould,  called  humus, 
ulmin,  or  gein  (p.  936).  This  decay  occurs  most  rapidly  in  young  spongy  wood, 
which  admits  the  air  more  freelv,  and  at  the  same  time  contains  a  larger  proportion  of 
the  albuminous  substance  than  harder  and  older  wood. 

The  process  of  decay  in  L'gneous  tissue  varies  considerably,  according  as  it  takea 
place  with  firee  access  of  air,  or  under  water  with  but  a  scanty  supply  of  oxygen  from 
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<8iLBHsare).  AcconliD^  lo  Hetmaan,  a  nnall poition  of  nitngon  ti  absorbed  during 
the  piQceai,  and  ammoiua  is  pnituxd.  The  water  ia  formed  at  the  axpeoaa  of  th« 
o^gen  mod  hydrogen  of  tho  wood;  tiHoe,  so  that  the  monlderad  products  contain  > 
lancr  propMtion  of  tacbon  than  tha  vood  in  ita  original  atate.  It'  the  moiat  wood  i* 
exdnded  from  the  lit,  a  email  quntit;  of  carbonK  aohydride  ia  evolred  during  ita 
daeaj,  accompanied,  aa  in  the  fbfmer  caae,  b;  aepttndon  at  water;  and  wider  oerCain 
ciicDmetaneea,  marah-gaa  ia  libeiated  in  considenble  quutit;. 

Such  ia  a  genraal  view  of  the  changes  which  take  ^aee  in  the  eoavenion  of  mxid; 
tisane  into  hnmus,  peat,  lignite,  bitnminoua  coal,  and  aothneite,  the  proportion  ot 
cHrbon  in  theas  ancceeslve  products  of  tranafarmBtion  eoDtjonallj  incKasing,  until  in 
the  last  the  carbon  <■  fboad  anoeiated  with  onlj  gnuill  qnantitJea  of  hyilni((an  and 
oijgan.  (See  Table  of  the  CompoeitiDn  of  Wood  and  Coal,  given  nnder  Coal,  i.  lOM, 
1031.) 

The  oampoaidon  of  wood  (oak)  given  in  tha  t&ble'  maj  be  approiimaCel;  represented 
by  the  empiriol  formala  0"E<^)'* ;  that  of  c«>tein  Idnda  of  pnt  by  CH^O* ;  that 
of  Borey  fignite  by  CTS"0';  that  of  Wigan  cannel-coal  by  C^^O*;  and  that  of 
Welsh  anthracite  by   CH^O.     If  now  the  woody  tisane  be  acted  npon  by  a  jnnall 

Juantity  of  oxygen,  inch  us  might  be  sapplied  by  solution  in  water,  eacli  of  these  pnt- 
nets  of  transfontuition  may  be  snpposed  to  be  formed  by  the  aepaiotion  of  marah-gaa, 
carbonic  anhydride^  and  water,  in  the  piopaitiona  lepreeented  by  the  Ibllowing 
cqnationa:* 

OrH"0"  +  O*    -      C"H^'  +     8CH*  +  8C0»  +  HK> 

2CH'  +   BCD'  +   8H»0 

2CH'  +  6C0«  +  lOHH) 

12CH*  +  16C0'  +  laH'O. 

Deainetite  DieHUaiioa  of  Wood. — The  products  formed  by  the  distillation  of  wood 
in  doae  vessels,  vary  with  the  nature  of  the  wood  operated  on,  and  the  temperatore  at 
which  the  distillation  is  effected.  The  decompoeitiDD  begins  at  aboiit  140°.  Tha 
volatile  portion  of  the  prodncts  includes  permanent  gases — chiefly  carbonic  oxide,  car- 
bonic snbydridc,  and  hydrogen — tt^tbar  with  other  bodies,  which  are  liquid  or  solid  at 
oommon  temperatures,  whilst  a  eonsiderable  portion  of  charcoal  remains  in  the  relArt, 
Of  the  liquid  prodncls.  one  portion  ia  soluble  in  water,  and  consists  of  acelac  acid, 
methylic  alcohol,  methylie  acetate,  and  acetone,  accompanied  by  water  and  other 
bodioB  but  imperfecU;  knowo  ;  while  the  remaining  portion  is  insoluble  in  water,  and 
constitutes  wood-tar,  which  is  a  mixture  of  varioua  liquids  holding  solid  matters  in 
Bolnlion  or  suspension.    (See  Tab,  p.  670.) 

The  ptodncla  of  the  dutillatlon  of  wood,  obtuned  at  tha  lowest  temperature,  bm 
those  intothecompositJonofvhichoijgcn  enters  moat  abundantly — sndt  as  water,  aoetje 
acid,  and  carbonic  acid.  As  the  tarapemtnre  rises,  componnda  containing  Isss  ongen 
ore  gradually  formed — such  as  wood-spirit,  acetone,  and  creosote ;  at  a  still  hitter 
temperatore,  various  hydrocarbons,  such  aa  toluene,  xylene,  eupione,  and  thediflerent 
forma  of  paraffin,  are  prodnced ;  and  as  the  tempecatnre  approaches  rednssa,  pnte 
bydiDgen  predominates. 

When  air-diied  hard  woods,  such  aa  oak  and  beech,  ore  distilled  in  iron  cylinder^ 
the  "i""-™!  amonnts  lo  about  2S  per  cent,  of  the  weight  of  the  wood,  or  ationt  three- 
Sfthaof  the  qnantity  of  carbon  actnally  coutained  in  it.  The  liquid  portion,  amounting 
to  about  63  per  cent.,  contains  about  one-filth  of  the  entire  carbon  in  the  wood  ;  and 
the  remaining  portion  ot  the  distillate,  consistiuB  of  uncondensed  gas,  carries  off  Ilia 
remainder  of  the  carbon.  Among  the  liquid  iirodnets,  acetic  add  amounts  to  bstween 
3  and  4  per  cent,  of  the  harder  woods,  naphtha  to  about  1  pes  cent,  and  ttie  tax  to 
7-5  per  ceuL  (Hiller'a  £3nMHii  qf  CStemutry,  3rd  ed.,  ill  703;  for  Airther  detail* 
ae«  Gmelin'a  Omflieok,  xv.  MS-ISO.) 

WOP-OTLp  C^ei'btAtaDi,  Gi^^vn-baUam,  .  Gwigtu^^baltam.  (Hanbur^, 
Fharm.  J.  Trans.  January,  laes,  p.  331.— Martins,  Enchn.  N.  Sepert.  v.  100. — 
Qnibourt,  ibid.  vi.  97.— Warner,  Zeitaehr.  f.  Chem.  1863,  p.  fiSS.— A  balsamio 
substance,  much  resembling  balsam  of  copaiba  (i.  492),  imported  of  late  years  iron 
Calcutta  into  this  connBy  ita  mediunal  nsn.    It  ia  obtained  iiram  seven!  spedee  of 
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jDhUroamrmUt  giovii^  m  Fega,  Aana,  aad  Mine  of  the  niaadsof  the  Id^bd  Aiefai- 
pekgo.  It  BBum  and  taefcee  like  eopail»4MlBam,  ie  eomevhat  move  ynaad  than  olm- 
oil,  and  has  •  apediie  gmrity  of  0*964.  In  its  original  state  it  is  tuUd,  owing  to  the 
preospoe  of  a  greenish  xeain ;  when  filtered  from  ttn%  it  is  becnrn  and  transparant  bj 
Inmsmitted  ligM*  but  op^,  with  greenish  flaoKesoenoey  by  reOeeled  lia^  Thin 
eolonr  and  ilnareeoence  distingnish  it  from  oopaib»-balaamy  and  tether  diifctencee  are 
ebserred  in  its  behaTioor  when  heated,  and  with  reagents.  When  heated  to  130^,  it 
becomes  tnrbid  and  gdatiDons;  whereas  eopaiba-balsam  beoomee  more  flnid  when  it* 
temperatare  is  raised.  Wood-oil  is  leas  sdlnble  in  aJooAaf  than  co^ba;  it  forms  a 
yisoid  liquid  with  ainsnenca,  whereas  oopubs^balsam  .forms  a  dear  liquid ;  and,  more- 
orer,  wood-oil  does  not  solidify  when  mixed  with  ^  of  ito  weight  of  ealeined  mq^^metitu 

Wood-oil  is  not  a  definite  oompoond,  but  a  mixtore  of  resin  and  volaitile  oil ;  ae- 
eosding  to  Lowe,  it  contains  M  per  oent.  resin,  66  volatile  oil,  and  1  pL  water  and 
noetic  add.    The  resin  is  haxd,  whereas  that  of  copaiba-balsam  is  soft 

Werner,  bydistilling  the  balsam  with  water,  obtained  about  20  per  cent  of  a 
volatile  oil,  U^H",  polymeric  with  oil  of  toipentine.  This  oil  has  a  specific  gmiity 
of  9044  at  16<>,  a  IsBVorotatoiy  power  of  10^,  boils  at  266^;  its  vapoor-deui^  is 
9*40  (2  vols.). 

Tho  resin  left  after  distilling  off  the  oil,  contains  a  lesinoos  add,  gnrjnnic  acid, 
C^H'K)*,  soluble  in  a^eons  ammonia.  To  sepexate  this  add,  the  erode  resin  is 
boiled  with  potash-ley,  which  dissolres  it ;  the  solution  is  mined  with  exeess  of  sal- 
ammoniac,  and  filtered;  and  tbeammooiacal  filtrate  is  mixed  wi^  hydroehkrie  acid, 
which  throws  down  the  gojjnnio  add  in  thick  yellowish  flocks.  Tlus  add  diasohpes 
in  alcohol  and  ether,  melts  at  220°,  solidifies  at  180^  boils  at  260^  and  distils  ap- 
parenUy  without  decomposition.  It  is  dlbasi^and  forms  soluble  salte  with  the alkaos 
and  idkalino  earths. — The  jxjitaeaium-Balt,  G^'H^KH)*,  crystallisee  fitm  alcohol  in 
microBoopic  laminse.— The  ealcmm-aaU,  C**B.'K}tL'0\  and  the  barium-Mlt,  C"H'*Ba''0«, 
are  white  and  amorphous.^The  lUvar^^aU,  C^H^AgH)*,  is  obtained  by  predpitation, 
in  white  flocks,  which  blacken  on  exposure  to  lioht.    (Werner.) 

Wood-oil  is  used  bv  the  Kalays  as  a  varnish  for  household  utensils,  boats,  dEC;  it 
has  been  recommended  as  a  substitute  for  copaiba-balsam  in  medicine. 

Bee  Hnran.,  JLtdrltb  of  (liL  988). 

See  Tab  (p.  670). 

(Schlossberger,  Allgem.  n.  ▼n;^.  Thiercshemie,  p.  265. — Oorup- 
Besanez,  PnysioL  Ghemie,  p.  692. — ^Bolley,  Handb.  d.  chein.-teehn.  UntersBch., 
4te  Aufl.,  p.  428. — Chevreul,  J.  pr.  Ohem. xxvii.  67:  xxxii.  227. — ^Mulder, Physiol. 
Ohemie,  ii.  670. — Scherer,  Ann.  Ch.  Pharm.  xl.  64. — ▼.  Bibra,  ibid.  xcvi.  296. — 
Oorup-Besanes,  ibid,  Ixri.  821 ;  cxviii  230. — Qrothe,  J.  pr.  Ohem.  Ixxxix.  420. — 
Lassaigne,  J.  Chim.  MM.  xix.  662.)— -Wool  belongs  to  the  homy  tissnee  (iii.  ITOy 
After  euanstion  with  water,  alo^l,  and  ether,  to  remove  fhtty  matter,  sslls,  Sk^  it 
contains,  according  to  Scherer,  60*65  per  cent,  carbon,  7'03  hyuogen.  17*71  nitngeo, 
and  24*61  oxygen  and  sulphur.  Che^xeul  found  in  wool  thus  purified,  1-78  per  cent, 
sulphur;  MuJder  rather  more;  v.  Bibra  0*8-0*9  per  cent.;  and  ChoUie  found,  as  a 
mean  of  numerous  detenninations  with  different  kinds  of  wool,  2*81  per  cent.,  the 
minimum  bdng  1*3,  and  the  maximum  8*4  per  cent. 

The  amount  of  water  in  wool,  is,  according  to  Maumen6  and  Chothe,  18  to  16 
per  cent.,  of  which  6  or  7  per  cent,  go  off  when  the  wool  is  dried  in  the  air ;  in  damp 
air  dzy  wool  quickly  takes  up  a  considerable  quantity  of  watei^  abo«t  0*02  per  cent, 
per  hour  according  to  Grothe's  experiments. 

In  100  pts.  wool  dried  at  llO'',  Gorup-Besanes  found  8*28  per  cent,  ash,  eontainiiig 
0*29  pt.  s&ca,  or  8*8  pts.  silica  in  100  pts.  of  ash.  Bespectiag  the  extraction  of  potse- 
num-salts  firam  the  sweat  of  sheep's-wool,  see  PoTASsioM-fiAns  (iv.  7201. 

The  reactions  of  wool  with  adds,  alkalis,  &c.,  are  the  same  as  those  of  horny  tissaas 
in  generaL    Dilute  alkaline  solutions,  especially  soda-ley,  remove  part  of  the  salphar. 
but  the  remainder  appears  to  be  more  intimately  combined,  and  can  only  be  removed 
by  boiling  with  strong  alkalis,  which  deetxoy  the  texture  ai  the  wooL     0.  Or. 
Williams  (Ann.  Gh.  Pharm.  dx.  127),  by  distilling  flannel  with  strong  boiUng 
potash-ley,  obtained  a  distillate  containing  a  large  quantity  of  ammoniav  togetber  wim 
butylamine  and  amylamine.    Flannel  distilled  1^  itself  yidded  an  insu&biably  gtialrti^ 
oU,  accompanied  by  lai;^  ouantities  of  OTr^l,  streams  of  suhphydio  add  ga%  and  a 
small  quantity  of  carbonic  disulphide,  with  mere  traces  of  oily  bases. 

Wool  and  silk  may  be  distinguished  ftam  vegetable  tissues,  fodi  as  cotton  and 
linen,  by  drawing  out  a  thread  and  setting  it  on  fire.  The  animal  flbres  then  leave 
a  shining,  tumefied,  difficultly  combostible  cinder,  which  leaves  a  large  quantity  of  aoh 
when  completely  burnt ;  the  smoke  smells  like  burnt  horn,  and  turns  turmeric  blown. 
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Vegetable  ffinres,  on  the  other  hand,  leave  a  d&der  having  the  form  of  the  thread,  and 
only  a  small  qnantitT  of  ash ;  thej  bom  with  a  euH^e  which  has  an  empjrrenmatie 
odour,  and  reddens  litnras.  Wool  and  silk  are  also  distinguished  firom  cotton  and 
linen  by  the  yellow  colour  which  they  assttme  when  steeped  in  nUrie  or  in  pierie  acid^ 
the  vegetable  fibres  not  being  coloured  by  this  treatment.  Wool  or  exlk  is  disBolred 
by  boiling  with  potash*  or  9o£irlBy,  of  spMifie  gravity  1*04  to  1*06,  whereas  ratable 
fibres  remain  unatucfced4  Cotton  and  linen  disBoIve  in  a  solution  of  euprate  ef 
ammofiwfft,  whereas  wool  is  insoluble  therein. 

Wool  and  silk  may  be  distinguished  from  one  another  by  a  solution  of  toiio  plumbtUe 
(prepared  by  addins  caustic  Mda  to  acetate  of  lead  till  the  resulting  precipitate  re- 
diasolves),  wool  and  hair  being  turned  brown  by  this  liquid,  in  consequence  of  the 
sulphur  which  they  contain,  whereas  silk,  which  is  free  from  sulphur,  remains  unaltered. 
The  three  fc^owing  distinctions  are  given  by  G-rothe  (Zeitsdir.  anal.  Chem.  iii.  158) : 
— 1.  Wool,  cautiously  heated  to  130^,  gives  off  the  odour  of  carbonic  disulpbide  and 
ammonia,  assumes  a  golden-yellow  colour,  and  curls  up ;  silk  becomes  coloured  only 
at  140^-146^,  and  does  not  curl  up. — 2.  When  the  fibres,  moistened  with  potash-ley, 
are  dipped  in  a  solution  of  eupno  mUphtUe^  and  then  exposed  to  the  air,  the  wool 
quickly  turns  brown,  in  consequence  of  the  formation  of  cupric  sulphide,  whereas  the 
silk  remains  unchanj^. — 8.  On  mixing  the  solution  of  wool  in  caustic  potash  with 
tartarie  aoid,  and  then  with  eupric  sulphate^  a  Luge  quanti^  of  cupric  sulphide  is 
formed,  and  the  filtered  liquid  exhibits  a  dark  brown-red  colour.  Silk  treated  in  the 
same  manner,  yields  a  somewhat  viscid  solution  having  a  fine  violet  colour. 

Syn.  with  Cubaea  (ii.  185). 

East  Indian,  or  Persian  Damask  8ted, — ^A  very  hard  steel,  made  in 
India,  and  containing  small  quantities  of  silicon,  manganese,  nickel,  and  tuxigsten.  It 
has  a  specific  gravity  of  7*727  at  I7°i  and  exhibits  veiy  beautiful  patterns  when  etched 
with  acids. 


Senun  Cinm.  Senwn  Contra,  Semen  Santonin, — ^Thefiower-buds 
of  Artemisia  VahHana,  A.  Sieberi,  and  A,  inctdta,  plants  belonging  to  the  composite 
order.  The  first  is  indieenons  in  Persia  and  Asia  Minor,  and  yields  Levant  wormseed ; 
the  second  grows  in  Barbaiy,  Persia,  and  Arabia,  and  yields  the  Barbarv  or  African 
wormseed ;  the  third  is  said  to  yield  the  East  Indian  wormseed,  which  however, 
according  to  some  authorities,  is  merely  the  African  variety  mixed  with  turmeric  or 
fustic. 

Wormseed  contains  santonin  (p.  189),  a  volatile  oil,  a  brown  bitter  resin,  a  green 
soft  resin,  and  a  waxy  substance,  together  with  the  ordinary  plant-constituents.  It  is 
used,  especially  the  Levant  variety,  as  a  remedy  for  ascarides,  being  given  either  as 
an  ^ectuary  or  an  inftision.  It  is  not  known  which  of  the  constituents  of  wormseed 
is  the  active  principle. 

lyOBM— T»*OBh>  Oieum  oieuB.  Eumes  ds  Semm-^onira,  (Tromms- 
dorff,  Tr.  N.  J.  iu.  812.— Volckel,  Ann.  Ch.  Pharm.  xxxviii.  110;  Ixxxvii.  812; 
Jahiesb.  1853,  p.  612;  1854,  p.  590.— Hirzel,  Jahresb.  1864,  p.  691 ;  1855,  p.  655.— 
Kraut  and  Wahlforss  (Ann.  Ch.  Pharm.  exxviii 298  ;  Jahresb.  1863,  p.  551.— Gm., 
xiv.  816.) — ^This  oil  is  obtained  by  distilling  wormseed  with  water.  It  has'  a  pale- 
y^ow  to  brownish-yellow  colour,  a  pungent  disagreeable  odour,  and  camphorous, 
aromatic,  burning  taste;  specifliegiavit7a-0-925  toO'985  (Wackenroder;  teller; 
Volckel) ;  0*94  (Hirzel).  It  boils  at  170O— 180o  (Hirzel).  When  distilled  with 
milk  of  lime,  it  yields  a  lighter  oil,  of  specific  gravi^  0*945**  at  8^,  and  boiling  be- 
tween 174^  and  at  177^. 

Woimseed-oil  is  a  mixture  of  seveasal  oils,  the  proportions  of  which  seem  to  vary  oon- 
siderably  in  difibrent  samples :  hence  the  investigations  of  different  chemists  respecting 
it  have  yielded  veiy  discordant  results.  Acoorung  to  Kraut  and  Wahlforss,  the  oiL 
when  purified  by  reetificstion  with  alcoholic  potash,  consists  mainly  of  an  oxygenated 
oil,  CH^K),  having  a  Isvorotatozy  power  of  2*1^,  mixed  with  a  camphene,  G'^H*' 
(Vdlekel's  cynene). 

Wormseed-oil  dissolves  in  about  1000  pts.  of  water,  easily  in  ether,  in  all  proportions 
of  absolute  alcohol,  and  in  an  equal  quantity  of  alcohol  of  specific  gravity  1*85 
(Zeller).  In  contact  with  the  air,  it  thickens  and  becomes  odknued;  it  is  easily  in- 
flammable.— ^With  dilute  niirie  acid,  it  yields  otxaJic  add  (Volckel),  or  toluic  acid 
(H  irzel) ;  when  heated  with  strong  nitric  add,  it  is  converted  into  a  yellow  resin. 

Iodine  dissolves  in  wormseed-oil  without  evolution  of  heat  By  dissolving  1  pt.  of 
iodine  in  4  to  6  pts.  of  the  oil,  with  aid  of  heat,  a  dark  brown-red,  opaque,  viscid  mass 
is  obtained,  from  which,  on  cooling,  black  crjstalline  lamina  separate  (consisting  of 
iodine  and  dn«bene  ?).  From  the  solatioo  of  iodine  in  wormseed-oil,  water  extracts 
acetic,  propionic,  andhydriodic  acids,  and  perhaps  also  iodide  of  propyl.   On  distilling 
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the  flolntion  of  iodine  in  wormfleed-oi],  pnojnoDie  bM  and  iodofDtin  pan  onr,  tcgcther 

with  a  dark-brown  mobile  oil,  eontaining  cmabene,  hydriodato  of  cinsbene,  cinsbeDe- 
camfthor,  cymene,  and  amall  qnantitiee  of  cinaerol,  angelic  .acid,  &c,  while  the  solid 
blue-black  residue  consists  chiefly  of  cinR^ene,  cineephaiie,  and  cimephone  (Hirzal). 
Wormseed-oil,  mixed  with  a  saturated  solution  of  iodine  in  potassium-iodide^,  yields 
greenish  metallic-shining  czystals  of  the  compound  2(C'*H'*0.HK)).l^  which,  when 
treated  with  alcoholic  potash,  reproduces  wormseed-oil.    (Kraut  and  Wahlforss.) 

Sulphuric  acid  colours  wormseed-oil  red-brown,  and  on  applying  heat,  sul^unras 
anhydride  is  evolved. — Phomkorio  anhffdridt  blackens  it^  an^  according  to  Volckelv 
forms  cynene ;  according  to  Hirzel,  cinsebene,  cinsnhene,  and  cinacroL — HydirocUorio 
acid  gag  is  absorbed  by  wormseed-oil,  forming  a  rea-brown  liquid,  which  <m  standing, 
deposits  wormseed-camphor,  in  colourless  slender  needles  having  an  aromatic 
camphor-like  odour  and  mild  warm  taste;  they  deliquesce  in  the  air,  melt  wbea 
heated,  and  yield,  by  distillation,  an  oil  containing  hydrochloric  add.  (Hirsel  and 
VolckeL) 

Wormseed-oil  distilled  with  'poiaaamm'hydfrQJU  yields  a  colourless,  ^tianspaxvnfc, 
mobile  oil,  having  a  peppery  odour  and  warm  taste,  a  specific  gravity  of  0*932,  and 
boiling  at  about  175°.  With  hydrochloric  acid  gas,  this  oil  forms  whining  deliqnea- 
cent  needles ;  with  nitric  acid,  liquid  and  resinous  products ;  sulphuric  acid  ^ours  it 
dark-brown,  and  renders  it  viscia.  This  oil  has  a  composition  represented  by  the  em- 
pirical formula  C**H'*0',  and  consists,  according  to  fiirael,  of  cinsdbene,  dn&bene- 
camphor,  propione,  and  a  body  eontaining  C'*H''0. 

BwivaiwM  of  Wormseed-aU. 

Cinnbene,  C**H'*  (with  which  Yolckers  cynene  is  probably  identical),  exists 
ready-formed  in  wormseed-oil,  and  is  separated  by  distilling  the  oil  with  phosphoric 
anhydride  (Hirzel).  It  is  a  colourless,  mobile,  pungent,  strongly-i^B&Bcting  oil, 
having  a  densi^  of  0878  at  16",  and  boiling  at  172°.  When  distilled  with  an  equal 
volume  of  nitric  acid  of  specific  gravity  1*16,  it  yields  acetic  acid,  propionic  add,  and 
volatile  oil,  and  leaves  a  resin,  which,  by  prolonged  boiling  with  excess  of  nitric  add, 
is  converted  into  toluic  and  nitrotoluic  acids,  together  with  an  oil,  probably  anisylous 
acid ;  no  oxalic  add  is  formed  in  this  reaction. — With  hydriodie  aad,  dnebene  forms 
in  oUy  hydriodate,  2C"H".HI. 

Cinsbene-camphor,  C'*II*'0,  is  contained,  according  to  Hirzel,  in  wormseed- 
oil,  but  cannot  be  separated  from  it  in  the  pure  state.  With  phosphoric  anhydride 
it  is  resolved  into  water  and  dntebene.  According  to  Kraut  and  Wahlforss,  wonn- 
sced-oil,  purified  by  alcoholic  potash,  consists  of  an  oil,  C'*H'H),  mixed  with  tl&e  cam- 
phene,  C'*H'*,  which  cannot  be  separated  by  fractional  distillation. 

Cinnphene,  CH",  is  one  of  the  compounds  formed  by  the  action  of  phosphoric 
anhydride  or  iodine  on  wormseed-oil.  It  is  an  oil,  viscid  at  ordinary  temperatuns, 
mobile  when  warm,  boiling  at  816" — 326°,  colourless  by  transmitted  lig^t,  and  edii- 
biting  a  deep  indigo-blue  iridescence  by  reflected  light.  When  heated  with  nitric  add, 
it  is  converted  into  a  resin  having  a  musk-like  odour.    (Hirzel.) 

Cinephane,  CH",  is  a  resinous  hydrooarbon  found  in  the  residue  left  on  distil- 
ling wormseed-oil  with  iodine.  To  separate  it,  this  residue  is  boUed  with  alcohol, 
which  dissolves  cinnphene;  the  remaining  portion  is  dissolved  in  chloroform;  the 
solution  is  mixed  with  20  pts.  of  alcohol  of  spedflc  gravity  0*84 ;  and  the  resnltii^ 
predpitate  of  dnasphane  and  dnephone  is  treated  with  ether,  whiefa  dissolves  the 
uMer,  and  leaves  the  dnaephane,  to  be  farther  purified  bv  solution  in  diloroform,  pfre- 
dpitation  with  alcohol,  ana  washing  with  ether.  CinsBphane  is  a  nearly  veLvet-bmck, 
loose,  rednous  powder,  tasteless  and  inodorous ;  when  heated  it  bums  away  without 
meltktg. 

Cinnphons^  C'*H",  separated  ficom  cinsephene  bv  ether  in  the  manner  just 
deseribeo,  is  a  loosely  coherent  kermes-brown  powder,  destitute  of  taste  and  odour, 
insoluble  in  water  and  in  alcohol,  but  soluble  in  ether,  chlorofonn,  and  wonnseedHxl; 
when  heated,  it  bums  and  decomposes.    (Hirzel.) 

Cinaerol,  C**H»0*,  is  obtained  b^ rectifying  the  oU  produced  by  distUln^  1  pt  ol 


iodine  with  4  to  6  pts.  of  woimseed-oil;  agitating  the  nearly  Uaek  liquid  whidi  passes 
over  with  strong  potash-ley ;  heating  the  resulting  daik-brown  solution  till  it  is  neariy 
inodorous ;  and  then  distilOng  it  with  dilute  sulphuric  add.  The  oil  thus  obtained  is, 
after  drying  and  rectification,  colourless  and  visdd,  with  a  fiunt  smoky  odour,  and 
sharp  caustic  taste ;  a  spedfie  gravity  of  1*06  to  1*16 ;  boils  at  about  260^ ;  diasolvefl 
slightly  in  water,  easily  in  alcohol,  ether,  and  acetic  add ;  still  more  easily  in  alkalis, 
forming  a  solution  which  gives  a  white  predpitate  with  basic  acetate  of  lead,  a  blue- 
green  liquid  with  feme  chloride^  and  induces  nitrate  of  silver  fHien  heated  with  it,^ 
(Hirzol.) 
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f  WUUJUPn  AlVABJkTmb    An  ftpparatos  eooststin^  of  a  fl«vi«t  of  th»e- 

necked  bottles  conneoted  by  niitable  tabes,  and  used  for  washing  gases  or  satuiating 
liquids  therewith. 

^WZCIHTllI  Mm  A  basic  substance  obtained  from  the  bark  and  seeds  of 
i  Wrightia  onHdyseftteriea  (Nerium  anHdyaetUerieum,  L.),  an  apocynaceons  plant  indi- 

I  genons  in  India  and  Ceylon.    To  prepare  it,  the  pulyensed  seeds  are  treated  with  car- 

bonic disulphide  in  a  displaoement-appaiatns,  to  remove  a  &t-oil,  then  dried  and 
exhausted  with  hot  alcohol ;  the  extract,  freed  from  alcohol  by  distillation,  is  digested 
with  a  small  quantity  of  dilate  hydrochloric  acid ;  and  the  eraporated  filtrate  is  mixed 
with  ammonia  or  sodic  carbonate,  which  throws  down  a  copions  flooculent  precipitate 
consisting  of  the  impure  base. 

Wrighane,  after  washing  with  cold  water,  forms  an  amorphous  powder,  insolubte 
in  ether  and  in  carbonic  disulphide,  soluble  in  water  and  alcohol,  and  especially  in 
dilute  acids,  with  which  it  forms  uncrystallisable  salts,  having,  like  the  base  itself,  a 
persistent  bitter  taste.  The  acetic  acid  solution  is  precipitated  by  tannic  acid ;  the 
nydrocUoric  acid  solution  eiyes  flooculent  precipitates  with  platinic,  auric,  and  mercuric 
chlorides.    (Stenhouse,  Fhajrm.  J.  Trans.  [2 J,  y.  493. ) 

R.  Haines  (ibid,  vi.  432)  states  that  he  obtained  the  same  base  from  the  bark  of 
WrighHa  dyaenterioa  (conessi-bark)  in  1858,  and  gave  a  short  description  of  it  in  the 
Transactions  of  the  Medical  and  Physical  Society  of  Bombay  (new  series,  iv.  38).  He 
proposes  to  call  itconessine,  and  calcalates,  from  the  analysis  of  the  free  base  and 
t)f  the  platinum-salt,  the  formula  C««H«N*0  and  G»fl"N*0. 

Native  molybdate  of  lead.    (See  MoLTBDBinnc,  iii.  1039.) 

This  name  is  given  by  Fried  el  (Compt.  rend.  Iii.  988)  to  a  hexa- 
gonal Einc-sulphide  from  the  silver-mine  of  Oruro  in  Bolivia,  containing  55*6  per  cent, 
sine,  32*6  sulphur,  8*0  iron,  and  2*7  lead,  with  a  little  antinviny  and  a  trace  of  copper. 
It  is  isomorpnous  with  greenockite,  has  a  brownish-black  colour,  vitreous  lustre,  brown 
streak ;  hardness  ■■  8'5,  and  specific  gravity  *-  8*98. 


Syn.  with  ethylie  osysolphocarbamate.  (See  Sulphocabbamio 
Kthbbs,  p.  491.) 

I.    Amylic  oxysulphocarbamate  (p.  493). 

CO  ACZB.    Syn.  with  amyl-disulphocarbonic  acid.    (See  Sul- 
PHOCABBOHIC  BnoBBS,  p.  496.) 

[C  ATJUIR.    Amylic  disulphocarbonate  (p.  496). 

Berzelius's  name  fox  the  group  Gy'S*,  regarded  as  the  radicle  of 
persulphocyanic  or  xanthydric  acid. 

XAVTBAauaTy  or  aULWTKISh  An  oily  fetid  compound,  C*H'*0',  supposed  by 
Couerbe  (Ann.  Ch.  Fhys.  [2],  bd.  225)  to  be  produced  by  the  dry  distillation  of  xan- 
thic  ether. 


(Jahresb.  1864, 
preparing  pure 

soluble  in  water,  easily  in  alcohol,  ether,  and  caustic  alkalis.    By  heating  with  reduc- 
ing agents,  it  is  converted  into  a  crimson  substance. 


r.  The  name  applied  by  Frtoy  and  Cloes  to  that  portion  of  the 
yellow  colouring-matter  of  flowers  which  is  soluble  in  water.  (See  F3X>wsbs^  O>Ii0UB8 
OF,  ii.  668.) 

XAWTHXLSVa*  Zeiss  gave  this  name  to  an  oil  (identical,  according  to  Debus, 
with  ethyl-disulphocarbonie  sulphide,  i.  499),  produced,  together  with  cuprous  xan- 
thate,  by  ^precipitating  potassic  ethylsulphocarbouate  with  a  cupric  salt.  (Handw.  d. 
Chem.  2««  Aufl.  i.  250.) 

ILAMTBMKMm  Volckel,  by  heating  persulphocyanic  add  to  about  150^,  obtained 
a  peculiar  body,  CH^N^S',  which  he  regarded  as  a  sulphide  of  xanthene,  C*H^N* ;  it 
was  probably  only  a  mixture. 

XAWTKZO  ACm.  Syn.  with  ethyl-disulphocarbonic  acid.  (See  Sitlfhocabbomio 
Etbbbs,  p.  498.) 


lOGO  XAITTHIC  ETHER&~XAHTHINK 

Etl^lie  xaatliBla  or  din^hoeartwMta  (p.  600). 
Bjn.  with  Xurrmm. 
MM,    S7IU  with  Fkbsuuhcktuu^  (ir.  S79). 
871L  wilh  XuTTBAan. 
XAWnX-    Thifl  nuae  hu  been  spphsd  to  more  thui  one  nilwtuiee : — 1.  By 
Frimy  md  Closi,  to  that  partion  of  the  jellow  eolanTins-Duttter  of  Sawers,  which  is 
insoluble  in  watwfiL  668);— 2.  Bj  Schnnck  uid  Higgin,  to  the  rellow  eolonring- 
nuttar  obtained  1^  Enhlm&nn  ftom  nuddar  (iii.  7*9); — i.  Bj  Consrbe,  to  a 
gaseoni  prodoet  of  the  decomposition  of  xaotbaCes,  to  which  bs  assigned  the  fbrmola 
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Xonszwm  CH<N'0*.  Xantiie  Oxide.  (Marcet,  Eti^  o»  tig  Ounakal 
and  Chemiad  TVtaimait  of  Calouloiu  DiionUrt,  London,  ISIS. — Liebig  and 
ir,  Ana.  Cb.  Phann.zrrL  340.— Qobel,  Jahreab.  laSl,  p.  601 ;  18S3,  p.  712. 
— Scherer,  Ann.  Ch.  Pharm.  ctu.  3U  ;  otii.  267,  276,  27fl  ;  jAreab.  18S8,  p.  S16  ; 
1S69,  p.  60S.— S tree ker,  Ann.  Ch.  Pharm.  eriii,  141  ;  csriii.  161 ;  Jahresb.  IBA8, 
p.  649;  1861,  p.  G26.— Stadeler,  Aud.  Cli.Fhann.cii.28;  cxr.  103;  Jahnab.  1  tias, 
p.  603;  I860,p.679.— Bence-Jones,  Chem.3ocQa.  J.ZT.  78.— AlmAn,  Jahnnb. 
1863,  p.  634.— Stiecker  andBheineck.  Ann.  Ch.  Phann.  czxii.  121.>— Thia  bod* 
was  discorered  bf  I£aic«t  in  a  nrinaij  calcnloB  weighing  onl;  8  graina.  Liebig  taa 
WShler  afterwuda  found  it  in  a  lat^iar  ealenltu  weighing  between  18  andSOgnunmec; 
these  are  the  onlj  known  examples  of  zanthine  calculi.  Bencs-Jonee  ibnnd  in  it  a  ds- 
poaitfrtHnUMoiuMof  a  bo7.  Aeondinz  ti>8d>tt«r,  uuKliiD*  iaaninnal  coostitneitt 
ct  (Iw  human  bod; ;  he  has  lonkl  it  in  uw  onus  of  man,  in  the  yn\i\  urn*.  Kletm,  and 
Utbt  of  oxen,  in  the  thTmousgland  of  the  calf,  the  mnsenlar  flsah  of  the  <iz,lMtM,aBd 
^fishes;  ai»»iuthe  ^e^  in  a  caaeof  tnmoniof  thatiagan;  and  in  the  haman  Uier, 
in  acntc  jellow  atn^f.  U  the  nmacniar  fleah  of  the  hone  it  exiMs  to  the  amooot  <A 
0-0026  pec  cent,  together  with  t^ypoian  thine  or  namne  ;  in  the  pMlCrras  (otheaBonnt 
of  0'0166  per  erat.,  together  widi  guanine ;  in  the  spleen,  linr,  and  bnin,  togethar 
with  aria  acid.  Almen  found  0*02  per  cent,  jauithine  in  ox'lim.  AococdiBg  to 
£.  Darr  (Jahresb.  1866,  p.  616),  the  presenco  of  xanthine  in  hmnan  nrins  ii  pro- 
mot«d  b;  the  use  of  sulphor-haths.  Aocoiding  U>  linger  and  Phipson  (Chen. 
News  [1863],  tI  16),  xanthine  is  fbnnd  in  certain  kinds  of  gnano  from  the  i^md  of 

Artificial  FormiMim. — Xanthina  is  prodnced: — I.  Tlwn  nrio  add,  ban  which  it 
difiersbj  1  at.  O,  by  the  action  of  Bodinm-amalgam  (Bheineck). — 3.  FrocagMnb^ 
&om  wtuch  it  differs  bj  NH,  by  the  action  of  nitrons  add  (Strecker) : 
SCH'IPO  +   0»     -     3CH'N'0'   +   HK)   +   N>. 


2.  From  Utaaimr  .fSfal  ukl  otllCfjMswI  BiiMmma. — The  inbstanee,  eonminited 
1:7  tritomtioQ  with  ponnded  glass,  is  digested  with  warm  alobbol  and  jyn«ed ;  Ihr  re- 
sidue ii  digested  for  some  honrs  with  water  at  60°;  the  axpnaaed  Ivjuid  is  mixed  with 
the  alcoholic  solution,  evaporated,  and  filtered  to  separate  albnmin ;  and  tbe  Umle  is 


■nlphjdiic  add ;  and  the  flltared  liquid  is  evaporated,  iriiereby  a  miitaie  of  xanthine 
and  sardne  is  obtained,  which  maj  be  lepaiated  by  solntion  in  hjdiochlonc  add — hj- 
drochlorate  of  xaothioe  then  separating  out,  while  the  greater  part  of  (he  sardne  remains 
insalution.     (Stideler.) 

3.  From  GtwntiH. — The  solution  of  ^nanine  in  atrong  nitric  add  is  mixed,  at  the 
boiling  beat,  with  nitrite  of  potosnnm,  till  a  copious  eroLntioD  of  red  ftimes  take*  iJaca. 
A  large  quantity  of  water  is  then  added;  the  jellow  bodf  thereby  predpitatfd  (a  mix- 
ture of  lanlhine  and  nitioxai: 

curboDste  of  ammonia;  and  Ih 
nitroxanthine  to  xanthine),  till 
dnced  is  replaced  by  black  ferrc 
a  laxgc  qnonlity  of  free  ammoi 
watar-bath ;  the  residue  is  treat 
redissolTed  in  boiling  carbonat 
upon  xanthine  remains. 

4.  From  D™*.— The  urim 
evaporated;  Ihe  highly  concei 
with  cupric  acetalei  Ihe  precipi 
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nitric  acid,  and  preci|ntated  with  nitnto  of  nlrer ;  tb«  washed  precipitate  is  oTatiil- 
lised  from  hot  dilute  nitrie  add;  the  reBolting  czjstals  are  treated  with  ammoniacal 
■ilver-aolntion,  to  free  them  from  nitric  acid ;  and  ike  washed  precipitate  is  suspended 
in  water,  and  decomposed  by  sulpt^dric  acid.  The  filtrate,  when  eraporated,  yields 
stanthine. 

ProfcrUts, — ^Xanthine  separates  on  ooolinff,  from  a  hot  saturated  solution,  in  white 
flocks;  by  spontaneous  eraporation  in  small  scales.  It  is  nearly  insoluble  in  cold 
water  (requiring  14,000  pts.),  and  but  sparingly  soluble  in  boiling  water.  It  is 
insoluble  in  alcohol  and  in  ether.    The  aqueous  solution  quickly  putrefies. 

Xanthine  does  not  lose  weight  at  150^  ;  at  a  stronger  heat,  a  small  portion  of  it 
sublimes  undecomposed,  while  the  greater  part  decomposes,  yielding  carbonate  and 
cyanide  of  ammonium,  and  a  yellow  oil,  but  no  urea.  When  heated  in  contact  with 
the  air,  it  bums  with  the  smell  of  burnt  hair. — "By  the  action  of  sodium-amalsam 
containing  a  very  small  proportion  of  sodium,  ymithine  is  reduced  to  sarcine^ 
G^H^N^O,  this  base  being  in  £ftct  produced,  together  with  xanthine,  hy  the  action  of 
sodium-amalgam  on  uric  acid  (p.  1050). 

CombmationB. — Xanthine  unites  both  with  adds  and  with  bases,  forming  fi>r  the 
most  part  cxystalliBable  compounds,  which  are  more  soluble  than  xanthine  itself. — Tlie 
kifdroeJdoraUt  C*H*N*0-.HCi,  forms  nodular  groups  of  small  sill^  oystals.  Its  aqueous 
solution  mixed  with  fiaUnie  chloride  deposits  yeUow  needles  of  a  double  salt.-— The 
mUraU  separates  from  a  solution  of  xanthine  in  warm  moderately  strong  nitrie  acid, 
in  yellow  warty  masses.  The  solution  of  xanthine  in  nitric  acid  forms,  with  photpho- 
mofybdio  aeid^  a  yellow  precipitate,  which  dissolves  in  hot  moderately  strong  nitric 
acid,  and  sepirates,  on  cooling,  in  yellow  microscopic  cubes  (Scherer). — The  ntlphate, 
0*H^H)'.SraO^  +  H'O,  forms  thin,  transparent,  crystalline  scales,  which  are  decom- 
posed by  water. 

A  solution  of  xanthine  in  oifMnofMO,  saturated  at  the  boiling  heat,  deposits,  on  cooling, 
crystals  of  xanthine-ammonia.  On  boiling  xanthine  with  baryta*water,  a  sparingly 
sohible  compound,  C^B.*If*0*,BtrB?0\  is  produced.    (Strepker.) 

A  cold  saturated  aqueous  solution  of  xanthine  gives  white  precipitates  with  mer- 
curic chloride  and  silver  nitrate,  yellowish-green  fiocks  with  cupnc  acetate.  The 
ammoniacal  solution  of  xanthine  gives  white  precipitates  with  the  chlorides  of 
mercury,  sine,  and  cadmium ;  with  nitrate  of  silver,  it  forms  yellowish-wbite  flocks  of  the 
compound  OH*NK)*.Ag'0,  which  turn  black  on  boiling. — from  a  solution  of  xanthine 
in  mtric  add,  silver-nitrate  throws  down  flocks,  probably  condsting  of  a  compound  of 
xanthine  with  diver-nitrate,  which,  if  left  in  the  hot  liquid,  gradually  become  crystal- 
line; water  abstracts  nitric  acid  from  them. 

The  silver-compound  of  xanthine,  heated  with  methylic  iodide,  yields  dimethyl- 
xan thine,  C^H.\CH*yS*0*t  isomeric  but  not  identical  with  theobromine.  Strecker 
represents  the  relation  between  these  three  bases  and  caffeine  by  the  following  rational 
Ibnuuhe: 

(CSy  (CN)»  (CN)«  (CN)« 

(CO)"  )  (CO)"  )  (CO)"  )  (CO)"  ) 

(CHHyyV^*;        (C«H«0)"In«;      (C«H«0)"In«;      (C»HW'In«. 

H»      )  (CH>)«  J  H.CH^  J  (CH»)«  ) 

Xanthine.  Dimethjl-  Tbcobromln^.  Caffaine. 

zanthme. 


C*H*N"0*.  (C.  Finck,  Ann.  Ch.  Pharm.  cxxxii.  298; 
Jahresb.  1864,  p.  642.) — ^A  base  produced,  together  with  sulphate  of  ammonium,  by 
heating  thionurate  of  ammonium  to  800^: 

C*H»(NH«)«W»SO«     -     (NH«)«S0<   +  C*HW»0«. 

On  boiling  the  resulting  mass  with  water,  the  xanthinine  remains  as  a  yellow  pow- 
der, which  may  be  purified  by  solution  in  alkalis,  pr^pitation  with  adds,  and  treat- 
ment with  strong  nitric  acid.  It  dissolves  in  about  4,000  pts.  of  boiling  and  40,000 
pts.  of  cold  water,  to  a  light-blue  fluorescent  solution,  which  is  predpitated  white  by 
mercuric  chloride,  yellow  by  silver-nitrate.  It  dissolves  in  strong  nitric  and  hydro- 
chloric adds,  somewhat  more  freely  than  in  water,  and  separates  therefrom  in 
crystalline  laminae.  The  solution  in  concentrated  sulphuric  acid,  decolorised  with  a 
little  nitric  add,  depodts  sulphate  of  xanthinine  in  laminar  crystals,  which  are  decom- 
posed by  water,  with  separation  of  white  pulverulent  xanthinine.  On  dropping  an 
ammoniacal  solution  of  xanthinine  into  an  excess  of  silver-nitrate,  a  bull^  yellow 
silver-compound,  C*H'NK)*.Ag*0,  is  formed,  insoluble  in  water  and  in  ammonia. 


A  yellow  colouring-matter,  contained,  according  to 
Cusent  (Jahresb.  1859,  p.  564),  in  the  juioe  which  exudes  from  inddons  in  the  tark 
or  fruit  of  Inocarpus  edufis. 


lost  XANTHIN.«PAR-XANTHOPHYLL. 

S^  with  Wumnn  (p.  1049). 

Amineial  firom  Green  Birer,  in  Henderson  Count j,  Nortlt 
Carolina,  piobablj  a  peeodomoiph  after  titanite.  It  is  eartfajt  yellowidi-whtte,  villi 
faint  Inatze;  brittle;  haidnen  «  8*5 ;  Bpedfic  grari^  »  2*7  to  8*0.  Giree  off  vater 
when  heated  in  a  tube,  and  exhibits  with  flaxes  the  reactions  of  titaniinn.  (Shepard, 
J.  pr.  Chem.  Bd.  box.) 

SLAimEITB.  Avarietjof  yesayian  oocorinff  at  Amity,  in  the  State  of  New  Totk, 
in  indistinct)  fonr-sided,  priamatie  crystals  ana  crjstaUine  grannks,  imbedded  in 
limestone.    (Dana,  ii.  199.) 

ZAWBOnnc  IICT1»i  An  add  contained,  according  to  !«.  Meier,  in  the 
root  of  Beia  vulfforu.  It  is  obtained  by  precipitating  the  cold  aqaeoas  extract  with 
neutral  acetate  of  lead,  boiling  the  piecipitate  repeatedly  with  water,  then  drenching 
it  with  alcohol  of  80  per  cent,  and  erapofating  the  extract  to  diynees  after  addition  of 
dilute  salphnrie  acid.  On  exhansting  the  blown  residue  with  cold  alcohol,  and 
eraporating,  xanthobetic  acid  remains  as  a  reddish-yeUow  mass,  having  a  sour  taste^ 
TPiy  hygroscopic,  slightly  soluble  in  ether,  eaaly  in  alcohol  and  in  water.  Alkalin 
and  alkaline  earths  colour  it  red,  and  form  soluble  ci3rBta]line  salta,  from  iriiifh  tb» 
xanthobetic  acid  is  separated  by  slwuger  acids  in  its  original  state.  The  xantho- 
bHates  of  the  heavy  metals  are  insolubl^  and  are  obtained  by  pvedpitatioD.  (Handw. 
d.  Chem.  ix.  828.) 

XAVTBOCBTiraB.  The  juice  of  XoMiioehymua  pietorius  (formeiiy  supposed 
to  contain  gamboge)  is  greyish-green,  and  contains  65*5  per  cent,  resin,  17*6  gum,  and 
6*9  woody  fibre;  no  volatile  oiL    (Christison,  Ann.  CL  Fharm.  Ixxri.  347.) 

XJUrrmacOMAJ/na  AASTS.  See  CoBAi.T-nAnB,  Axmohiacai.  (L  1054); 
for  the  yiew  of  their  compositioii  proposed  by  G.  D.  Braun,  see  Jahreab.  1863, 
p.  210;  1864,  p.  270. 

XAVTSOCOn.     Ag*AsS«.2Ag*AsS*.— A    silyer-ore  from    the    Himmelfwst 

mine,  near  Freibei^  in  Saxony,  crystallising,  according  to  A.  Brei  thaupt  (Pogg.  Ann. 
Ixiv.  272),  in  rhombohedral  plates,  having  a  brown  to  orange-yellow  colour  and  ada- 
mantine lustre ;  transparent  to  translucent,  somewhat  brittle;  hardness  =  2*8;  speeifle 
grayity  «  5*0  to  5*2. 

[OOTSTnr.    See  TTBOSon  (p.  981). 


OQMMm  A  name  applied  by  Hope  (JT.  pr.  Chem.  x.  269)  to  a  substance 
{csdled  "resin  of  flowers'*  by  Clamor-Marquart),  which  he  supposed  to  be  yeiy  widely 
difihsed  in  the  vegetable  kingdom,  and  to  be  turned  yellow  by  alkalis.  (See  Furwnts, 
CoLOUBS  OF,  ii  668.) 


EOaBV-OI&.    Zeise's  name  fcfr  an  oily  product  formed  by  the  dry  diiH 

tillation  of  potassic  xanthate  (p.  498). 


tOO&OBinuar.  This  name  was  giyen  by  Scherer  (Ann.  Ch.  Pharrn. 
cxii.  257)  to  a  substance  which  he  obtained  in  yellow  globules,  together  with  sarane^ 
from  the  liver,  spleen,  and  other  organs  of  the  animal  body ;  subsequently,  however,  ha 
found  that  it  was  a  mixture  of  xanthine  and  sardne. 


EO&cnr.    A  yellow  colouring-matter  from  the  seed-capsules  of  Suyitim 
aaoekaratum. 


EO&BXM.    A  yellow  colouring-matter  obtained  from  Uie  bazk  of  Sofgkum 
saccharatum,    (Secard,  Itier,  and  Joulie,  Compt.  rend.  ^v.  19, 141.) 


See  SuzfHOCABBoiac  Sihbbs  (p.  501), 

tOFBWlO  JL€fXUm    A  product  of  the  decomposition  of  opaammone  by 
aqueous  alkalis  (iv.  207). 

XJkMTM09MMMX0  ACIB.  A  yellow  colouzing-matter,  of  unknown  composi- 
tion, produced,  aocording  to  Fol  (lUp.  Chim.  App.  1862,  p.  179;  Jahi^esb.  1862, 
p.  697),  bv  heating  phenol  or  cresol  with  arsenic  acid.  It  dissolves  in  water  with  golden- 
yellow  colour,  in  aqueous  alkalis  with  red  colour,  and  forms  reddish  salts,  ^e  free 
acid  dyes  silk  and  wool  yellow,  without  the  aid  of  mordants,  and  the  dyed  stuflb  may  be 
treated  with  soap.  The  xanthophenates  dye  silk  and  wool  zed,  of  yanons  shades,  from 
the  darkest  red  to  the  lightest  rose-colour. 


COPBTIA.  The  yellow  colouring-matter  of  withered  loaves.  Nothing;; 
certain  is  known  respecting  its  composition,  or  of  the  manner  in  which  it  is  formed 
from  chlorophyll    (See  Handw.  d.  Chem.  2*«  Aufl.  ii.  [2],  10,  art  BuLiTGiaxK.) 
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See  GuNTONiTB  (L  1026). 

^FXCSira.  These  names  were  giTen,  by 
Chevallier  and  Pelletan  (Ann.  Ch.  Phys.  [2],  zxziy.  200),  to  a  yellow  oolonrin^ 
matter  from  the  bark  of  Xamtkoxyian  oarUkgumy  since  shown  bj  Perri  ns  (Pharm.  J. 
Trans.  [2],  iv.  465),  to  be  identi(^  with  berbenne  (i  670)« 

MJUKVMOWMOTWXO  JLOXB.  An  add  Ibimed  by  the  action  of  nitric  add  on 
albumin,  fibrin,  casein,  and  homy  matters.  It  is  purified  by  boiling  water  and 
alcohol  (Mulder,  J.  pr.  Chem.  xvi.  397 ;  zz.  362).  It  is  an  orange-yellow,  amor- 
phous, inodorous,  and  tasteless  substance,  which  reddens  Tegetable  colours.  It  is 
charred  by  heat  without  melUng,  difihsing  an  odour  of  burnt  horn  ;  forms  deep  red 
aolntions  with  alkalis,  and  is  precipitated  therefrom  by  acids.  Dissolves  in  concen- 
trated acids,  and  is  precipitated  by  water  from  the  add  solutions  in  combination  with 
the  add  employed.    These  predpitates  are  decomposed  by  washing : — 

HQldar.  Van  der  Pant. 

(ATtrate  of  11  analyMt.) 

Oarbon       .  .  .  60*78  60*0 

Hydrogen  .  •  6*60  6*3 

Nitrogen    .  .  .  14*00  147 

Sulphur     •  •  .       If  1*8 

Oxygen      •  .  •       „  „ 

Miilder  considers  zanthoprotoic  add  to  be  dibame,  and  ascribes  to  it  the  formulii 
C^H*^H)*^  Xanthoprotde  add  is  decomposed  by  boiling  concentrated  optoM,  yield 
iug  ammonia.  When  chlorine  is  passed  through  an  ammomacal  solution  of  the  add,  the 
liquid  is  decolorised,  and  a  yellow  precipitate,  containing  chlorine,  is  formed. 

The  poiassium-  and  wdiumsaltt  do  not  crystallise ;  they  hare  a  fine  red  colour. — 
The  amm4niium-9aU  is  red,  and  parts  with  all  its  ammonia  at  140^. — The  harium-  and 
calciuitisalis  are  red,  very  soluble  in  water,  and  insoluble  in  alcohol  and  in  ether. — 
The  barium-salt  contains  12*9  per  cent.  BaO  (Van  der  Pant). — ^Tbe  iron'  and  copper- 
salts  are  orange,  and  become  rod  on  drying. — ^The  lead-salt  forms  a  yellow  predpitato 
becoming  red  by  desiccation,  and  contains  14  per  centPbO. — ^Thesu«i0r*Mi/jf  resembles 
the  preceding. 

Neither  the  acid  nor  its  salts  explode  by  heat. 

Syn.  with  Ibon  Ptbitbs  (iii.  403). 

A  yellow  colouring-matter  obtained  from  Persian  or 
Turkey  berries,  the  seeds  of  Bhamnus  atnygdalinusj  B,  oleokles,  B.  saxaiUiSt  and  from 
Avignon  grains,  the  seeds  of  B.  in/ectorius  (p.  100).  According  to  Kane  (Phil.  Mag. 
[3],  xxiii.  3),  it  has  the  composition  C*H'*0'\  and  occurs  only  in  the  ripe  seeds,  being 
formed  by  decomposition  of  the  chrysorhamnin  contained  in  the  unripe  seeds  (i.  960). 
It  is  also  produced  by  boiling  chrysorhamnin  with  water,  in  contact  with  the  air ;  and 
when  unnpe  Persian  berries  are  boiled  with  water  for  some  time,  and  dried,  they  are 
afterwards  found  to  contain,  not  chrysorhamnin,  but  xanthorhamnin.  Xanthorhamnin 
dried  in  a  yacuum  over  oil  of  vitriol,  is  deliquescent,  melts  below  100^,  and  continues 
to  give  off  water  till  heated  to  200^,  and  then  solidifies  to  a  brittle  mass.  It  decom- 
poses above  200^,  dissolves  easily  in  water  and  in  alcohol,  but  is  quite  insoluble  in 
ether.  The  aqueous  solution  is  precipitated  by  neutral  and  basic  acetate  of  lead. 
(Kane.) 

According  to  Gellatly  (N.  Edinb.  Phil.  J.  vii.  262),  xanthorhamnin  has  the  com- 
position C*%**0",  and  cxiste  ready-formed  in  the  unripe  berries.  To  obtain  it,  the 
coarsely-ground  berries  are  boiled  with  alcohol ;  the  tincture,  not  too  concentrated,  is 
freed  by  standing  and  repeated  deeantation  from  a  dark-brown  resin,  and  then  left  for 
some  days  to  crystallise;  and  the  product  is  purified  by  erystollisation  from  alcohoL 
Xanthorhamnin  thus  obtained  forms  compact  tufts  of  pale-yellow  shining  crystals 
containing  6  at.  water,  which  they  give  off  without  melting  at  100^.  In  aqueous  solution 
it  is  resinised  by  bromine  and  chlorine.  Nitric  add  oxidises  it,  forming  a  red  solu- 
tion which  contains  oxab'c  acid.  It  dissolves  in  strong  sulphuric  add,  and  is  thrown 
down  as  a  yellow  precipitate  by  water.  By  boiling  with  dilute  adds,  it  is  resolved  into 
rhamnetin  and  glucose : 

C«H"0"  +  3fl*0     -     C'»H»«0»  +   2C^"0«. 
Xantborbamnln.  Rliamnetia*  Glucose. 

Xanthorhamnin  dissolves  easilv  in  water,  either  hot  or  cold,  but  cannot  be  separated 
from  the  solution  in  the  ciystalltne  form.  It  dissolves  in  cold  alcohol,  easily  in  boiling 
alcohol,  but  is  insoluble  in  ether.  With  aqneons  alkalis  it  forms  brown  solutions, 
which  become  paler  when  mixed  with  adds.  It  forms  predpitates  with  salts  of  the 
alkaline  earth-metals,  aluminium-salts,  and  stannic  salto.   Neutral  lead-acetate,  mixed 
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with  an  exe&ea  of  alcoholic  xanthorhamnin,  gives  a  yellow  precipitate,  eonsiatiiig,  in  the 
air-dried  state,  of  C*"H=^*^PbO.  Xanthorluunnin  forms  a  black  precipitate  witk 
iron-salts.  It  dyes  fitbrics  mordanted  with  ainmina,  a  fine  yeUow;  tliose  mordanted 
with  iron,  black.    (Gellatly.) 

Hlaaiwetz  (Ann.  Ch.  Pharm.  czi.  108)  regards  zanthorhamnin  as  identical  with 
qaeircitrin  (p.  6)  and  rhaninetin  resulting  frm  its  decomposition  as  identical  with 
qoereetin  (p.  4).  This  is  doubted  by  Bolley  {Urid.  exw,  65),  wiKH  howwer»  obtained 
qnercetin  from  Persian  berries  (Chem.  8oc  Qn.  J.  ziii.  828);  also  by  Gellatly 
(Caiem.  News,  iii.  196 ;  Jahreab.  1860,  p.  497). 

Syn.  with  AjcamoSo  Baiir  (i.  2). 

A  yeUow  mineral  from  the  KnUberVf  near  Stockholm, 

allied  to  oithite  or  allaaite^  and  containing^  aeeoiding  to  Bahr  (Ber&  JTainreab.  zxvi, 
369),  32*93  per  cent.  SiO*,  16'64  A1*0*,  4*21  FeO,  20-01  CeO  (with  LaO  and  DiOX 
676  GaO,  0*59  TO,  2-16  lilgO,  0*39  ICnO,  17'65  water,  and  a  small  quantity  of 
bonic  acid. 


[OflZDnirm  A  hydrated  ferric  oxide,  Fe^.2HK),  occurring  in 
acicular  or  fibrous  crystalline  groups,  near  Qmenan  in  the  Tfauringian  Forest  (E. 
S  ch  m  i d,  Ppgg.  Ann.  Izzziy.  495. ) 


IQVAMWnO  AOm.  Hie  name  g^yen  l>y  Ferrein  (Jahresb.  1858,  p. 
463)  to  the  yellow  colouring-matter  of  elm-leaves,  wMch  he  regards  as  a  tannic  add. 
The  alcoholic  extract  of  TeUow  ehn-leaTes  gave,  when  treated  with  water,  a  yellow- 
brown  liquid,  from  whidk  acetate  of  lead  threiw  down  zanthotannata  of  lead, 
8Pb0.2C"H»H)». 


tOXTXava.  0>*H*«.  mtenhonse,  Pharm.  J.  Trans,  xvii.  19.)— Olie 
volatile  oil  of  Xanthaxylan  piperiium,  Dec.  {Faffora  piperita,  L.),  the  so-ealled  Janan- 
pepper.  It  is  colourless,  strongly  refractive^  has  an  aromatic  odour  not  altersa  by 
treatment  with  sodium;  boils  at  162**;  forms  a  liquid  compound  with  hydrochlone 
acid. 


(St6nhouse»  Pharm.  J.  Trans,  xiii.  423 ;  xvii.  19.>— A 
ciystalline  non-nitrogenous  camphor  or  stearoptene,  which  separates,  on  ooolia^  from 
the  oil  obtained  by  distilling  the  bruised  seeds  of  2C<mthoxyUm  piperitum  with  water. 
It  may  also  be  prepared  by  evaporating  the  alcoholic  extract  of  tne  frmt;  the  crystals 
thus  obtained  are  contaminated  with  resin,  but  may  be  purified  by  wasUng  with  cold 
aqueous  ammonia,  and  recrystallising  from  alcohol  or  etber-alcohoL 

Xanthoxylin  forms  monoielinie  crystals,  having  a  silky  lustre,  a  fiiint  odour,  and  a 
slight  aromatic  teste.  It  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and 
ether,  melts  at  80^,  solidifies  at  78^,  and  may  be  distilled  without  deoompoeitian. 
Nitric  acid  oxidises  it  to  oxalic  add.  The  alooholie  solution  is  not  predpitated  by 
nitrate  of  silver,  or  acetate  of  lead,  even  on  addition  of  ammonia. 


r.  The  bark  of  X  coribaum,  Lum.,  or  X  CZaaa  BennUig,  lb, 
used  in  the  Antilles  as  a  febrifuge,  contains,  according  to  Staples  (Pharm.  J.  Tnma. 
[2],  iv.  399),  a  volatile  oil,  a  green  fixed  oil,  gum,  and  a  oystallisable  bitter  prindple, 
designatedbv  him  as  xanthoxylin,  and  regarded  by  B en t ley  (ifricf.),  as  probably 
identical  with  the  xanthopicrite  of  Chevallier  and  Pelletan  (p.  1053) ;  accordui^Co 
Perrins,  however,  the  two  bodies  are  distinct^  xanthopicrite  being  in  £»et  identieal 
with  berberine. 

The  fruit  of  X  piperitwn  contains  a  volatile  oil,  xanthoxylene,  and  a  erystalline 
camphor,  xanthoxylin  (trid,  m^.) 

XAJI TMU JUV.  The  name  given  bv  Couerbe  to  a  liquid  compound,  C^H^SC, 
which  he  supposed  to  be  producod  by  the  dry  distillation  of  potasdo  or  pluahie 
xanthate. 

fBmxzo  AOXB.    Syn.  with  PnnsnLraocTAino  Acm  (iv.  378). 

rOliXTB.  An  aluminic  silicate^  occurring  at  Peterhof  in  Finland,  in  fifarous 
lasers  having  a  vitreous  lustre,  hardness  ^  7*0,  andspedfic  gravity  s  3'5.  Con- 
tains 47*44  per  cent  silica,  and  62*54  alumina.    (Komonen,  Pogg.  Aan.  Ivi.  643.) 

acxvOTZBOk    Native  phosphate  of  yttrium.    (See  PBosmaTBs,  iv.  586.) 
znmbAMnra.    C"H"N  -^''^1[n.  Martylamine.  (Hofmann,  Pto&Boy. 

8oc  xii.  889.) — ^A  monamine  isomerie  with  diphenvlamine,  occurring  in  the  bade  oil, 
boiling  above  130^,  which  is  obtained  as  a  bye-product  in  Uie  ma&i&ctttre  of  aniline. 
This  mixture  of  oily  bases,  neutralised  with  solphurie  add,  depomti  impure  salnhate 
of  xenylamine,  which  may  be  purified  by  treating  it  with  boiling  alcohol,  oystamaing 
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the  rematiiiog  salt  from  a  lam  quantity  of  boiling  wnter,  and  again  tnating  it  with 
boiling  aloohol.  On  Bnspending  the  pore  sulphate  thna  obtained  in  weak  alcohol, 
decompoeing  it  with  canstio  soda,  ana  adding  water,  xenylamine  separatee  in  the 
dystaUine  form,  and  may  be  pniified  by  solution  in  aloohol,  and  precipitatioii  with 
water. 

Pore  zenylamine  fonns  white  shining  scales  or  needles^  haying  a  slight  grey  tint 
when  dry.  It  is  but  slishtly  soluble  in  boiling  water,  easily  in  alisohol  and  in  ether ; 
melts  at  46^,  boils  at  820^,  and  distils  without  decomposition.  It  onites  with  acids, 
forming  erystaUisable  salts.— The  kydroehiorate,  C"JB["N.aCl,  forms  white  needles, 
somewhat  moie  soluble  than  the  sulphate.— The  cUorojplatmaU,  2(C*'H"NJaCl)\Pta^ 
H*0,  is  a  pale-yellow  precipitate,  composed  of  micaroecopie  needles;  does  not  give  off 
its  water  of  crystallisation  at  KM)*'.— The  uUrate,  C>'H"N.HNO*,  forms  large  white 
needles,  moderately  soluble  in  water.— The  st(^Mf,(G*'H"K)*.H'80«,is  distinguished 
by  its  sparing  solubility  in  cold  and  eren  in  boi^ng  water ;  it  is  but  little  more 
soluble  in  bdLng  aleohoL  From  the  boiling  aqneooa  solntaon  it  separatee  in  sdaU 
needles. 

IkrwttUveB  of  Xai^mmt.  * 

Xenylsmine  shows  less  tendency  than  most  other  monanunes  to  the  formation  of 
substitution-derivatiTes. — ^With  broiMm,  cUorine,  and  most  ozidising  agents,  it  yields 
black  oompounds,  which  crystallise  with  difficulty,  or  not  at  all.— When  nitrous  acid 
ga$  is  passed  into  an  alooholie  solution  of  zenylamine,  the  liquid  soon  solidifies  to  a 

red  crystalline  mass,  consisting  of  an  azodizenylamine,  G**H**N*  s>  0'^^*N)N*,or  a 
double  molecule  of  zenylamine,  in  which  3  at^  H  are  replaced  by  1  at.  N: 

4C'«H"N  +  N«0»     -     2C»*H»N«  +   aBPO. 

This  body  is  insoluble  in  water,  slightly  soluble  in  alcohol,  freely  in  ether.  When 
treated  with  acids,  it  yidds  zenylttmine,  and  an  aromatie  substance  not  yet  ezamined. 

JHethyl-xmylaimifu,  C^*R^*^  —    (Qrg[t)s{^>  ^  obtained  in  aqueous  solution  by 

treating  zenylamine  with  ethylio  iodide  and  silyer-ozide  alternately.  On  evaporating 
the  solution,  it  crystallises  in  long  white  needles,  insoluble  in  water,  moderately  solu- 
ble in  alcohol,  easily  in  ether;  it  has  no  alkaline  reaction,  melts  below  100^,  and 
volatilises  without  decomposition  at  a  higher  temperature.  It  fonns  erystaUisable 
salts  with  hydrochloric,  hydrobromic,  and  hydriodic  acids. 

Diethyl-zenylamine  is  not  further  acted  upon  by  iodide  of  ethyL— With  iodide 
of  metkwl,  howeyer,  it  yields  an  ammonium-base,  which  has  an  alkaline  reaction 
in  the  free  state,  and  forms  a  crystalline  chloroplatinate^  2C*^H'^Cl.PtCl*  ■> 
2(C'«H»XC«H»;«(CH«)NClJtCl«. 

TlfTTf**^-^?  A  ■■  ■ — ■_     xhis  name  is  giyen  by  Hofinann  to  benadine 

K*   \  ^  ^^*  ^^  *  ^^'  ^^^)'  '^^^  ^  ^  ^^  related  to  zenylamine  in  the  same  man* 
ner  as  ethylene-diamine  (ii  686)  is  related  to  ethylamine. 

xmamaana  a&€m«o&.  c»h>«o«  -  ^^*^'^  |o*.  D^henj/i-Oeoid.  Di- 

pken^ie  Acid.  (Griess,  Chem.  Soc.  J.  zz.  96.) — ^A  diatomic  alcohol,  produced  by  the 
action  of  water  on  nitrate  of  diaaobenzidine  (iy.  412) :  , 

C»«H«N*.2HN0«  +   2H«0     -     C»«H»«0«  +  9HN0*  +  2N«. 

It  crystallises  in  small  white  or  slightly  coloured  plates  or  needles,  slightly  soluble  in 
water,  freely  in  alcohol  or  ether.  It  melts  when  heated,  and  may  ho  sublimed  by 
cautiouflJy  heating  small  quantities  of  it  in  a  test-tube.  It  dinsolyes  easily  in  potash, 
and  is  precipitated  therefrom  by  adds.  Strong  aqueous  ammonia  also  dissolyes  it,  and 
the  solution  giyes  a  white  buQ^  precipitate  with  acetate  of  lead.  Strong  nitric  acid 
converts  it  into  a  nitro-acid,  which  ciystallises  in  yellow  roundish  crystals,  and  forms 
an  ammonium-salt  crystallising  in  long  needles. 

A  decomposing  laya-maas  containing  hornblende^  from  Vesnyius. 

•  Syn«  with  Xxlith. 

Syn.  with  Xtlofox.. 

The  sulphide  of  this  radide,  C'H'H'S*,  was  supposed  by  Volckel 
to  be  produced,  together  with  seyeral  other  doubtM  compounds,  by  the  decomposition 
of  persulphocyanic  acid  (iy.  379). 

or  JLT&0&,  G*H**  »  Dimei^lbeiuiene,  C*H«(GH*)< ;  isomeric  with 
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Ethflhaiitiu,  C*H*(C^'). — Thia  hfdiocubaa,  bomologoaa  with  bnweiie  uid  taXaear^ 
wu flrat  oUained  in  the  purs  state  &am  eoKl-diphilu  by  Eugo  Mailer  (Zeitacbr. 
Ch.  Pbarm.  18A4,  p.  ISI),  its  Irinitro-compiHiiid  iuTing  been  prarioiuly  prFpamd 
fromBonneM  Daphthsbr  Warren  Da  U  Roe,  udHago  Muller  in  ISM  (Fiwr. 
R07.  Sue  Tiii.  isS).  It  w»»  ttlerwndt  prngand  in  larger  qniuitit/  from  ooai- 
napbtha,  and  further  examined  bjBeilstein,  WahlfoTBS,  aiid  Koialer  (Ann, 
Ch.  Phann.  exxxiiL  S2  ;  Jahresb.  18«4,  p.  S29).— Fittig,  in  IStttJAnn.  Ch.  Fhuip. 
mxiii.  i7),  ihowed  that  it  maj  be  formed  BjnthMicall;,  as  diai^ylbeomne  (methjl- 
beni^l). 

Xylene  bad  been  obtained,  mixed  with  tolnana  and  other  hrdroearfaocB,  aereral 
yean  before  it  wu  completely  isolated.  The  hydrocarbon  (boOiiig  at  I28°-~130°). 
■     *     '■     "   '  9<Compt.n    ■  *•- "■    ~ 


obtabedby  Cahonr8<Com[«.reod.  xxx.Sia),aDd  by  Volckel  (Ann.  Ch.  Fbann. 
lently  a  miztnre  of  nlensand  toluene;  BO  likewiae  vai  the  eo- 
tatl26'S°),  prepared  byCbaTehrawm.8oc  J.  xiv.  fS)  thtta 
J  pure  xylene  bad  prerionily  been  obtaiiMd  tuna  eoal-aaphtlu  ty 


Iixiri.  336),  was  eridently  a  mixture  of  nlens  and  toloene ;  eo  likewiae  vaa  tl 
called  lylBoe  (boiling  at  IM'B"),  prepared  by  ""         ■  •'-         «..._. 

coftl-najSitha.    KeaiFy  pure  xylene  had  prerio     ,  . ^ _. 

Mansfield.  Bilthaaaen,  and  Hilkenkam^i  but  they  regarded  itaacnmene.  The 
hydrocarbon,  boiling  at  146° — 148°,  and  likewiae  described  aa  cnmene,  separated  by 
Cahoars  (Ann.  Ch.  Fbanb.  hxri.  S88)  from  erode  TOod'«p(Rt,  and  the  so-called 
ratiny],  boiling  at  160°,  obtained  by  Felletier  and  Walter  (iMil  xiiiL  W); 
siriii.  291),  &om  the  distillation-prodocte  of  the  reein  of  Piniu  maitima,  alaa  000- 
aiated  mainly  of  :^Iene.  I«>tly,  tlie  hydrocarbon  called  petrol  (it.  383),  (bond  by 
BDaaeDiua'andSisenitnck  in  tiie  petrolenm  of  Sehndenear  Hanorar,  ia  sridentlj 
idenliral  with  xylene. 

Pnparatiim. — 1.  From  Coal -naphtha. — Ught  coal-tt^ths,  or  (bettfr)  the  least 
volutQe  portion  of  that  which  has  been  distilled  off  in  beniene  mannfaetoriee  (boiling 
at  130° — 100°),  ia  gnlgeded  to  repeated  fractional  distillation,  to  aepatate  the  portion 
vhirh  boils  at  about  141°  ;  this  portion  is  shaken  up  with  oil  of  vitriol  eontauing  a 
little  fuming  BtUphuiic  acid,  which  diaaolvea  the  xylene  as  xylene-aal{diDnc  acid, 
iFATing  andisbolred  a  small  qoantity  of  a  hydrocarbon  of  the  marnh-gaa  aeries  (proba- 
bly CH",  boiling  at  161°),  and  of  another  having  the  compoeltion  of  turpentine; 
the  xylene-flulphnric  acid  ia  decompoBed  by  dry  difltiltatlon  ;  and  the  Tylene  wbif^ 
passes  over  ia  pnriSed  by  wasliing,  drying,  and  diilJUation.     (Beilstein.) 

2.  By  lyn  thesis. — By  the  action  of  methylic  iodide  and  sodium  on  monobrcmo- 
tolueiie(Fittig): 

C^'Br.CH*  +   CH"I  +   Ha*     -     HaBr  +  Nal   +   CHVCH")". 
BrunotolnnK.  Xjine. 

froptrliet  and  Seaetioiu. — Xylene  is  a  colonrlrM  lignid,  haTing  a  very  &int  odoor, 
different  from  that  of  beniene.  Sperific  gravity  —  0-86  at  19°.  Boils  eonatantly  at 
130°.  AcaindiDtttoWBrren(JahTesb.  1866,  p.SU),  its^ieciflcgravttyiaO-STSOM  0°, 
0866  at  16°;  boiling-point  (corrected)  136 'B°.  ^oxidation  with  poOune  bichro- 
mate and  Bulphuric  acid,  it  yields  terophthalic  acid.  CH*0'  i  dilute  nititc  abd  con- 
verts it  into  tile  intermediate  product,  toloie  acid,  (7'H'O*: 

CH"   +   0"     -     OB-O*  +     HK). 
CTH"   +   0*     =     PH'O'   +   2HW. 
Probably,  in  the  former  case,  tolnie  acid  is  Sist  formed,  and  then  further  mddatcd  to 
tcraphlhalic  acid  ;  in  liut,  toluie  acid  is  actually  trsoaformed  into  tembtbalie  acid  by 
oxidation  with  chromio  acid.    (Beilstein  and  De  Scheffer,  Zeitaefar.  C  Cbrm. 
IBoa,  p.  213.) 

Xylene,  passed  in  the  9(at«  of  vaponr  throngh  a  red-hot Inbe.  is  resolved  into  a  mii- 
toro  of  soToral  bydcocarbona — vis.,  benieBe  ;  Wlnene  ;  a'  '  '  »«"■  l-li- 
Btyrolpne;  naphthalene;  liquid  hydrocarbons  boiling betve 
C"H",  and  probably  its  higher  homologues ;  and,  lastly,  orange-coloured  h^ 
of  resinous  and  bituniinous  consialence,  analogous  to  chrysene,  benm^threoe,  &c. 
The  formation  of  these  products  may  be  represented  by  the  following  equationa : 


The  anthracene,  C"H",  ia  produced  by  the  dehydration  of  tolnnie.     (Bertbelut, 
Bull.  Soc.  Chim.  1887,  i.  227.) 

■UirlbMiaai>e>  C^E'.C'H*.— This  hydrocarbon,  isomeric  with  xylene,  Ja  pro- 
duced by  the  action  of  lodiiim  on  a  mixture  of  monobromobf  niene  and  ethylie  bromide. 
It  ia  a  coloorlcsa  mobile  liquid,  very  much  like  toluene,  and  bmllng  eonstantlyat  133°. 
By  oxidation  with  potasaic  bichromate  and  mlpbiiric  acid,  it  yields  benioic  acid. 
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I  The  chlorine-  and  biomine-deriTBtiyes  of  xylene  have  not  been  mnch  inTestigared. 

Theoretically,  they  should  exhibit  isomeric  modifications,  similar  to  those  of  the  to- 
Inene-derivatiyes  (p.  852),  bnt  in  greater  number,  inasmuch  as  xylene  contains  two 
atoms  of  methyl,  whereas  toluene  contains  only  one.  Thus  there  slK>nld  be  two  xylylie 
efalorides  corresponding  to  benzylchloride,  the  (me  being  isomeric  witii  monochloro' 
xylene,  the  other  with  dichloroxylene ;  thos— 


MonochlOTQxylene,  G'H*G1 
Dichloroxylene,  C*HKJ1* 


^  isomeric  wiA  O^^Iq^v  Ant  chloride. 
CH^        »'  »'    CWff*  1^1^,  second  chloride. 


From  experiments  by  Eomer,  it  appears  that  both  these  chlorides  arB  produced  when 
xylene  is  treated  with  chlorine  at  the  boiling  heat. 

Bromo-OEsrlenes.  (Riche and  Birard,  Ann. Gh.  Pharm.  cxxxiiL  63. — ^Beilstein 
and  Wahlforss,  HM,  4«.— Fittig  and  Ernst,  Zeitschr.  Ch.  Pbann.  1865,  p.  672.) 
— When  bromine  is  made  to  flow  slowly  into  xylene^  a  large  quantitT  of  hydro- 
bromic  acid  escapes,  and  the  colour  of  the  bromine  disappears  almost  immediately. 
On  shaldDff  up  the  product  with  potash-ley,  distilling  over  esustie  potash  (best  with 
addition  of  a  little  alcohol,  to  prevent  percuagive  ebullition),  and  purifying  by  fractional 
distillation,  monobromoxylene^  C*fl*Br,  is  obtained  as  a  colourless  liquid,  of 
spedfie  gravity  1*335  at  20°,  boiling  at  212°  (Wahlforss),  at  203<'~204<^  (Fittig 
and  Ern  stX  at  208°  (Kekul^).    Its  vapour  does  not  excite  tears. 

The  more  highly  brominated  derivatives  of  xylene  are  produced  in  small  quantity  bv 
the  process  just  described  (Kekul^).  Riche  and  Bmrd,  by  treating  xylene  with 
bromme  for  several  days,  obtained  an  oibr  product,  which  was  converted  by  nitric  acid 
into  a  crystalHsable  nitxo-compound,  Cfi'Br^KO*);  the  bromine-compound  was  there- 
fore tribromoxylene,  C'H'Br'. 

Ethylbenzene  is  slowly  attacked  by  bromine,  forming  monobromo-ethylbeiiBenei 
which  is  a  liquid  boiline  at  about  200°.  When  heated  wiSi  bromine  to  100®,  it  yields 
more  highly  brominated  compounds,  which  are  also  liquid.  (Fi  ttig,  Ann.  Ch.  Pharm. 
cxxxiii.  226.) 

0lil0f«-flLjleae«.  (Hollemann,  Zeitschr.  f.  CSiem.  1865,  p.  564 ;  Jahresb.  1866» 
p.  554.— YoUrath,  Zeitschr.  f.  Chem.  1866,  p.  488;  Jahresb.  1866,  p.  605.— Lauth 
and  Grimaux,  Bull.  Soc  Ghim.  1867,  i.  233 ;  Ann.  Ch.  Pharm.  cxlv.  115.) 

Mono chl or 0' xylene^  CHH/^CH')',  has  not  yet  been  obtained ;  but  the  isomeric 

( CH' 
compound,  toluylic  chloride,  or  chloride  of  toluyl,  ^'B^jnHsnif  i8  produced 

by  the  action  of  chlorine  on  xylene  at  the  boiling  heat  (Vollrath,  p.  870),  or  by 

passing  chlorine-gas  into  vapour  of  xylene,  and  subjecting  the  product  to  repeated  frac- 

tional  distillation  (Lauth  and  Grimaux).    It  is  a  clear  colourless  liquid,  which 

excites  a  copious  flow  of  tears ;  boils  between  190°  and  195**  (Lauth  and  Grimaux) ; 

at  193°  (Toll  rath).    It  precipitates  a  solution  of  vSLver-winUe  even  in  the  cold,  and 

when  boiled  with  acetate  of  silver,  yields  chloride  of  silver  and  acetate  of  toluvl 

(p.  869).    Heated  for  an  hour  with  \  mol.  nUraU  of  lead  and  6  or  7  times  its  weight 

of  water,  it  is  converted  into  toluic  aldehyde,  CH'O  (Lauth  and  Grimaux).    It  is 

decomposed  by  sodium^  yielding  toluyl,  (C*H*)*,  and  when  treated  with  eyanide  of 

potiuaium,  in  presence  of  alcohol,  it  yields  alphaiylylic  acid,  CH*^*.    (Vollrath.) 

(CH* 
J)iekloro<tylen$t  G*H"C1*  -«  G*H*Cl'JQg|,  is  produced  by  passing   chlorine, 

nearly  in  the  quantity  required  by  theory,  into  xylene  containing  a  small  quantitv  of 
iodine,  and  purifying  the  product  by  fractional  distillation.  It  ciystaUises  in  white 
laminae,  melts  at  the  heat  of  the  hana,  and  boils  at  222° ;  dissolves  easily  in  alcohol  and 
in  benzene.  It  does  not  exhibit  double  decomposition  with  acetate  or  cyanide  of  po- 
tassium, even  at  120°. — Sodium  attacks  it  readily,  producing  a  solid  hydrocarbon,  not 
yet  examined.    (Hollemann.) 

Hie  same  or  an  isomeric  compound  is  produced,  together  with  the  monodilorinated 
compound,  in  the  process  just  described,  and  is  deposited  in  the  solid  form  when  the 
portions  of  the  crude  product  which  distil  over  between  230°  and  240°,  and  between 
240°  and  250°,  are  cooled  by  a  fireesing  mixture.  It  may  be  purified  by  pressure,  and 
crystaUiBes  by  slow  evaporation  from  a  large  quantity  of  ether,  or  a  mixture  of  ether 
and  alcohol,  in  rather  large,  transparent,  shining  crystals.  It  melts  at  100°,  and  solidi- 
fies to  a  radiate  mass  on  cooling;  distils  between  240°  and  245°,  being  for  the  most 
part  decomposed  at  the  same  time.    (Lauth  and  Grimaux.) 

TrichlorO'Sylene,  CH'Cl',  is  easily  produced  by  passing  chlorine  into  xylene 
Vol.  V.  o  x 
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nlkj  D«^dl««^  nsilj  aolnble  ia  vuB  iksfacd  ud  bMsae,  ^nisi^y  IB  tba  naa  Ik 
wkcDoxded.    (Bol  Urn  anil.) 

rthjltolnwwii  p.  U7)  \ij  Um  action  of  aodinni  m  a  BUitan  of  mniobn 

ithjlk  bujDii^    It  ia  a  liqnid  li&Tii^  a  apedfic  ^Titj  of  0-BTS3  at  30°,  and  b 

at  I8y — IS4°.    When  wmuA  with  DttnWBlpfannc  add,  it  i>  eoarated  into  •  triia- 

tzo-eompoaiid,  ttj*tiiiaiag  from  alcohol  in  nmUf.  and  melting  at  IISP.     Bj  ozid^ 

tim  with  diromie  acid,  it  jiiUa  an  add  leaemUiog  tovphduilie  acid,  bat  mor*  wirilj 

■tdobla  IB  alcobcO.    (Fi  ttig  and  Ernat,  Ann.  Ch.  Phann.  ffxxrix  lU.) 

MMftrl->jlM^  CHB  ~  C7H*(CH')  "  CH\CH>)',  pnptied  in  Uke  bubbs, 
hoila  at  1S5° — ISO",  and  imitM  with  a  null  qnantitj  of  bimnine  (with  nt^ntion  <d 
hjdiotnomie  add),  bnoing  a  aolid  bromide,  wliieh  njitfilljinn  boat  aleotul  in  la  mi—, 
melts  at  If,  and  ii  idtotieal  with  biamidc  at  caawne.  Thtt  barinm^ialt  of  tfaa  ant 
lAD-add  ot  msthjl-^lene  nacta  also  exnctlj  like  cmneoe-snlphatc  of  banom.  (Fi  t  ttf 
Bikd  EmiL) 

WItrn  ¥j1lnrw  (Hnller,  ZdtadiT.  Ch.  Phaim.  1864,p.  161.— Bailitein,  A^ 
Ch.  Phann.  cnziiL  45.— Fitti^  ^Ad.  cxnlii.  48.— Glinier  and  Fittig,  Hid. 
cnxri.  30T.—DBameIandt,  ZeiUchr.  1  Chern.  1B66,  p.  21.>_'Whsn  xjlene  (dtlw 
fiom  coal-napbthn,  or  pivparsd  sjntheticall?)  is  diaaolTcd  in  cold  faming  nitric  add, 
and  watOF  is  added  to  the  aalntion,  a  iuxry  oil  aepiraUa  ont,  consisting  chieflj  •/ 
mooonitraxjlene,  but  oft«n  depoiiting  erystols  of  dinitroxjlene  after  long  stAiKlin^ — 
SiononitToxylttii,  C^H^NO*),  ii  a  liqnid,  and  when  pare  distila  witboat  dccompn- 
ailion  ;  on  distill jpg  iha  crude  prodoct,  howerer,  exploare  decomposition  takes  plan 
toward*  the  end,  ariiiDg  ittsm  tAmneA  dinitioijleac.  Honooitroxjlene  Ixula  at  sio". 
(DeumeUndt.) 

J}i«itra-xyJ<n«,C*E^NOV<>«"°I>i^>™leryatBUi*n from dilnte alcohol  in higUf 
Initnnu  OTstals,  which  melt  at  93°.  From  ETDlheticallj-prepand  rf lene,  fittig  aad 
Olinzer  obtained,  together  with  the  dinitrnxylene  jnat  deaeribed,  an  isomeric  mo^Bfica- 
tion,  melting  at  123'S°. 

Trinitro-xj/ltne,  C*K'(NO')',  i>  nuil?  ]BodiKFd  bj  the  action  of  a  mixton  <rf 
nitric  and  solphoric  acida  npon  nlene,  bj  prolonged  contact  at  oidinarrtefBperBtnni^ 
more  qnicklj  when  healed.  It  u  aolid,  and  atightlj  aolnble  in  cold  alcohol ;  fnm 
bailing  alcohol  it  crTBtalliaea  in  neodlea  which  melt  at  177°  (Beilstein).  Bj  tin 
action  of  redndng  agaota  it  ia  conTsited  into  ^nitioij'lidine  or  nitroiyleDc-diamiiie 
(p.  10S9). 

The  compound  C*H'(nOY,  described  (it.  8S2)  aa  trirtttropetTci,  mehs  at  163°. 

Bj  the  action  of  nitioaiilphmic  add  on  Bjnthetically-pnpaFBd  ijlene,  and  on  the  two 
modiScations  of  dinitioxjleDe,  Glinzer  and  eltlig  obtained  errMalliaable  ainitnajlttw 
melting  at  137°. 

EthylbsnEene,  C^'(I7H*),  diseolTsa  eaiilj  and  with  violent  acCioa  hi  cooM 
faming  nitfic  add,  and  water  added  to  the  aolntion  throw*  down  mononilro-etbfl- 
benzene,  dPCNO*),  which  dietile  without  decompodtion  at  !33«.  At  orifnsiy  t«a- 
peralnrea  the  nitration  does  not  proceed  anj  ftnther ;  bnt  on  wanning  tbe  liquid,  or 
on  dropping  ethylbcnztaie  into  a  warmed  mixture  of  2  Tola,  stilphiiric  and  1  ml.  nit'ii: 
add,  and  adding  water,  dinitro-ethTlbenieDti,  CH^NO*)',  EepantefUi  noa -dm 
tillable  oiL  't\i\i  compoand,  boiled  ha  an  honr  with  nitioanlpharie  idd,  is  conTvti'd 
intotrinitro-ethjlbenaene,  C7H'( NO*)*,  which  ia &I»o a nm-diflillable oil. 

Aao-x^an*,  CH'N,  or  C"H"N'.— Produced  b;  the  acticm  ot  K>diiuii-*iui)^  O" 
nitroijlene^  Ci^stalliBea  in  brick-red  needles,  which  melt  at  12D^,  and  Tolatili» 
withont  decomposition.  If  the  treatment  with  sodinm-amaigam  be  fwther  tODtinnrf. 
colourless  cryslaU  are  obtained,  which  dissolra  very  (usilj  in  alcohol  and  ether,  aM 
snhlimc  seen  when  the  ethereal  solution  is  evaporated :  they  vrobablT  consist  ii  i>J' 
dro-azoxylene,  CH-N*.  C 


de  Scbeffer,  Zeittchr.  f.  Che 
low  non-diatillabls  oil,  bj  tritu 
phoaphonii,  warming  the  mill' 
of  sine  and  snlpharic  acid,  it  i* 
aalution  with  aodinm-a:     ' 
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Fittig  and  Glinier,  ibid,  ezzzri.  S05.)— Tins  oompoond  (partly  dMcrifaed  as  zylyl- 
tfidphuroaa  add,  p.  6<>6)  is  prodaoed  by  the  action  of  strong  snlphurie  acid  on  xylene ; 
if  tne  mixtnre  be  warmed  in  the  water-bath,  and  fireqnently  shuLen  with  faming  sal- 
pfanrie  acid,  the  action  is  quicker. 

Xylene-snlphoric  add  is  eiystallisable,  and  extremely  soluble  in  water :  by  dry  dis- 
tiUation  it  yields  xylene. — ^Its  potauiwm-^alt  is  easily  soluble  in  water  and  in  alcohol, 
and  crystallises  from  alcohol  io  silky  lamins.— The  laritm-wlt,  C«H'.Ba''(SO*)*.HK), 
forma  spherical  groups  of  shining  scales,  very  soluble  in  water,  and  giving  off  their 
water  of  eiystalLsation  over  oil  of  vitrioL — ^The  caleium't  lead-,  and  eopper-salts  are 
rery  soluble  in  water  and  in  alcohol. 

Amidoxylene-'mlf^  Acid,  C«H«(NH»).SO*H  -  C«H«(NH^(CH«)».SO»H.— A^W- 
insstdpkuric  Acid. — Obtained  by  heating  sulphate  of  xylidine  with  sulphuric  acid. 
Crystiulises  from  dilute  aqueous  solution  in  needles,  and  is  so  sparingly  soluble  in 
water  that  it  may  be  predpitated  from  its  salts. — The  hartum-ialt  fonan  nodules 
easily  soluble  in  water.    (Deumelandt»  Zeitschr.  f.  Ohem.  1806,  p.  22.) 

arrunra-s0&nvmQ vs  AOD.   c*H>«SO*  «-  c^*.so«H  »  0«H«(CH')*. 

SCH. — ^A  visdd  unciystallisable  oil,  produced  by  the  action  of  sodium-auialgam  on  an 
ethereal  solution  of  xylene-sulphochloride.    (Otto,  Zeitschr.  f.  Chem.  1860,  p.  683.) 

ZTXJnra-SmJPKnSATB.  CH'*S  »  C«H*J3H  -  CH'(CH>)*JSH.  Xy- 
loUtdphydraU.  XylyUulph^rate,  XylyUc  Mercaptan,  (Yssel  de  Scheffer, 
Zeitschr.  t.  Chem.  1865,  p.  360.) — ^Promioed  by  the  action  of  zinc  and  sulphuric  acid 
on  xylene-sulphochloride.  It  is  a  colourless,  strongly  refracting  oil,  insoluble  in  water, 
soluble  in  alcohol  and  in  ether.  Boils  at  213^. — Its  fiurcury-eompound  crystallises 
from  alcohol  in  white  scales  having  a  silkv  lustre. — ^The  leadsaU  is  precipitated  from 
alcoholic  solutions  as  a  powder  of  a  fine  yellow  colour. — ^The  coppet'  and  suver-siUts  are 
pale-yellow  unstable  precipitates. 

Xylene-sulphydrate  is  strongly  attacked  by  bromine  and  by  pentachloride  of  phos- 
phorus, probably  forming  disulphide  of  xylene. 

Syn.  with  Xtltx  (p.  1061). 


I     Sjn.  with  XTixDum. 


C«H"N  -  C«H»(NH«).  AnUdoxyUme,  Amidaxylol.(  Chut  eh,  Phil. 
Mag.  [4],lx.  256.— Deumelandt,  Zeitschr.  1  Chem.  1866,  p.  21.)— This  base,  homo- 
logous wuh  aniline,  toluidine,  and  cumidine,  and  isomeric  with  ethylaniline,  dimethyl- 
aniline,  and  oollidine,  is  produced  by  the  action  of  sulphide  of  ammonium,  ferrous 
acetate^  or  stannous  chloride  on  nitroxylene.  When  this  nitro-compound  is  treated 
with  tin  and  hydrochloric  acid,  the  whole  solidifies  on  cooling  to  a  dystalline  mass, 
consisting  of  a  compound  of  hydrochlozate  of  xylidine  with  stannous  chloride,  which, 
by  recrystallisation  from  strong  hydrochloric  add,  may  be  obtained  in  laige  scaly 
crystals.  By  decomposing  this  compound  with  sulphurotted  hydrogen,  and  evapo- 
rating the  filtrate,  ciystallised  hydiochlorate  of  xylidine  is  obtained,  which  forms  an 
easily  decomposible  double  salt  with  platinic  chloride. 

Free  xylidine  may  be  obtained  bv  distilling  the  hydiochlorate  with  dry  soda — or 
(better)  by  reducing  nitroxylene  with  iron  and  acetic  add,  and  distilling  the  product 
with  excess  of  soda-ley.  The  base  thus  obtained  may  be  combined  with  hydrochloric 
add,  and  precipitated  by  potash  from  this  salt,  after  it  has  been  purified  by  recrystal- 
lisation. 

Xylidine  is  a  colourless  liquid,  heavier  than  water,  and  boiling  at  214^  to  216*^. — 
ifiirate  of  xylidine  crystallises  in  white  silky  laminsB ;  the  mdphate  and  oxalate  aro  also 
crystaUisable. 

Dinitroxylidine,  CH^NO^'.NH',  is  produced,  together  with  nitroxylyleno-dia- 
mine  (p.  1061),  by  the  action  of  ammonium-sidphide  on  trinitroxylene  (Beilstein,  Ann. 
Ch.  Phazm.  cxxxiii.  45).  It  is  identical  with  the  yellow  base  obtained  by  Bussenius  and 
Eisenstuck  as  a  bye-product  in  the  reduction  of  trinitroxylene  (trinitropetrol)  from 
the  petroleum  of  Sehnde  (iv.  882,  footnote).  On  dissolving  out  the  nitroxylylene- 
diamine  with  dilute  hydrocbloric  acid,  the  dinitroxylidine  remains  behind,  and  must  be 
freed  from  sulphur  bjr  reczystallisation  from  aloohoL  It  is  yellow,  insoluble  in  water, 
alkalisy  and  dilute  adds,  soluble  in  hot  concentrated  adds ;  but  is  separated,  in  the 
pulverulent  form,  from  these  solutions  on  addition  of  water.  From  alcoholic  .solution  it 
separates,  by  very  slow  cooling,  in  needle-shaped  crystals,  which  melt  at  101^ — 192^. 

mmniMMO   JMJIP.  Syn.  with  AMTDOXTunra-suLPinrBic  Aero. 
This  name  is  given  by  Hermann  (BulL  Soc.  d.  Sc.  nat.  de  Moscou, 
i.  247)  to  a  mineral  containing  44  per  cent  SiO*,  38*22  Fe*0*,  6-1  CuO,  4*8  MgO, 
0*68  duO,  and  4  44  water,  forming  finely  fibrous  masses  resembling  mountain-wood,  of 
spedfifi  gravity  2*935. 

8t2 
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of  Weidmann  and  Schweiser.    Syn.  with  LiOKOifB  (iii«  694). 
iXftABKUM*    The  comtneicial  name  of  the  odoriferoiu  wood  of  AmyriB 
ffiUadensis,  which  yields  Mecca  balsam  (i.  495). 

XTliOCJB&OB&ZO  ACm.    A  term  applied  bvPordos  (Compt  lend.  ItIi. 
50)  to  the  green  colouring-matter  of  decayed  wood,  which  may  he  extracted  bj  chkiro- 
orm* 

m%OCMlMMMm  A  mineral  fonnd  in  a  foisil  tree-stem  from  the  Tolanie  tufa 
near  Hnsayik  in  Iceland,  forming  olire-green  quadratic  pyramids,  and  containing 
5207  SiO«,  1-64  A1*0»,  2057  CaO,  0-33  MgO,  84  FeO,  0-55  Na»0,  377  K«0,  and 
17*1^  water  (SartoriuB  y.  Waltershausen,  Vnlcan.  Ckst.  Islands,  p.  297). 
Kenngott  (J.  pr.  Chem.  Izzziz.  466)  has  shown  that  it  is  an  altered  form  of  apo- 
phyllite. 

xmbOOK  I FTITM.  A  mineral  apparentlj  related  to  Scheererite,  oocmring  in 
yellow  wax  J  ciystalline  pertides  on  lig^te.    (£  e  c  q  n  e  rel.) 

Lowig*s  name  for  the  tadide  xylyl*  CH*« 

a£IIll.    See  the  next  artide. 

ZTIK>X»nr.    C^«NO'    -    G^NO*)0*.    Pyroxam.    NitramuUn.    Exphmre 
Starch.    (Braconnot^  Ann.  Ch.  Phya.  [2],  lii.  290.>-Liebig,  Ann.  Ch.  Fharm.  rii. 
249. — ^Payen,  N.  Ann.  Sc  nat  Bot  x.  161. — ^Pelonze,  Compt  rend.  vii.  718;  xxiii. 
890. — Gladstone,  Mem.  Chem.  Soc  iii.  412. — Bonijs-Ballot,  Ann.  Ch.  Fhann. 
xly.  47.— B6 champ,  Ann.  Ch.  Phys.  [3],  xlTi.  388;  Ixiv.  311.— Gm.  xv.  106.)— 
This  compound,  discoTered  by  Braconnot  in  1833,  is  produced  by  the  action  of  strong 
nitric  acid  upon  starch.    To  prepare  it,  starch  is  triturated  in  a  thick  porcelain  nunfar 
(to  prevent  nse  of  temperature)  with  5  to  8  pts.  of  fuming  nitxie  add,  till  it  b  reduced 
to  a  transparent  semifluid  mass,  without  evolution  of  gas ;  and  20  to  80  pts.  of  water 
are  then  added,  whereupon  the  xyloMin  is  precipitated  as  a  white  granular  mast, 
while  a  small  quantity  of  starch  remains  in  solution.    If  the  action  of  the  add  be  too 
much  prolonged,  the  liquid  becomes  coloured,  nitric  oxide  is  given  o^  and  no  precipi- 
tate is  obtained  on  subsequent  addition  of  water :  but  the  liquid  then  ocmtains  a  d«i- 
quescentuncrystallisable  add  (called  xylMieacid,  but  probably  idantacal  withsaodiaric 
acid).    (Pelouze,  B^champ.) 

To  purify  the  xyloidin,  it  is  dissolyed,  after  washing  and  diying,  in  a  mixture  of 
10  pts.  glacial  acetic  acid,  (C«H*0*),  and  1  pt.  of  the  dihydrated  aad,  (C*H*O*.2H«0), 
and  the  solution  is  filtered  and  evaporated.  100  pts.  stardi  thus  treated  yidd  firom 
1!28  to  130  pts.  of  xyloidin.    (B^champ.) 

Xyloidin  is  a  white,  inodorous,  and  tastdess  powder,  which  does  not  redden  Iitanis. 
It  is  insoluble  in  water,  alcohol,  ether,  chloroform,  eth^lic  acetate,  acetone,  and  ben- 
zene ;  dissolves  in  glacial  acetic  acid  to  a  thick  mucilage,  more  easily,  according  Iff 
B6champ,  on  addition  of  ^  of  the  dihydrated  add ;  the  solution  coagulates  on  addi- 
tion of  water.    In  boiling  water,  xylofdm  cakes  together  without  dissolving. 

Xyloidin  when  struck  decomposes  with  detonation,  but  not  so  violently  as  gn^ 
cotton.  It  melts  when  heated,  and  takes  fire  at  180^,  burning  brightly,  and  leavis^ 
a  carbonaceous  residue.  Gladstone  found  that  a  sample  which  had  been  Ikept  for  six 
years,  decomposed  suddenly,  with  evolution  of  gas  containing  a  laige  proportioo  of  hy- 
drocyanic acid,  and  after  some  weeks  a  somewhat  tenacious  residue  remamed  hebiod. 

Bromine  does  not  act  upon  xyloYdin. — Iodine  colours  it  yellow.— fitroi^  Jtfly*?  arid 

dissolves  it,  with  decomposition,  after  some  time. — Strong  xu^Atcn^oftti/diseoIfes  it  with 

blackening,  and  on  adding  water  the  xyloidin  sepurates  out ;  dikte  sdphurie  add  does 

not  dissolye  it. — In  strong  hydrochlorio  acid  it  dissolves  without  decompoeitioii,  and 

is  piedpitated  by  water  in  its  original  state. — It  is  partially  dissdved  by  potos^— 

Ferrous  eaJU  decompose  it,  with  evolution  of  nitric  oxide  and  production  d  sdoU^ 

starch  i 

2C«H»(N0«)0»  +   6Fea«  -h  HK)     -    FeK)*  •¥  2Fera«  -h  2N0  +  2(W^- 
Xjrioldin.  Slafck. 

The  starch  may  be  precipitated  firom  the  resulting  solution  by  aloohd,  and  Una 
obtained  in  a  state  of  purity. 

SottMe  Xyloidin,  Isoxylotdin,  or  leomiramidin.'-ThiB  modification  of  xyld^A  is 
obtained  by  treating  starch  with  excess  of  strong  nitric  add  (10  to  12  pts.),  precipi- 
taiing  the  ydlow  gummy  solution  with  water,  dissolving  the  dried  predpitate  in  tihtr- 
alcohol,  and  evaporating  the  filtrate.  The  product  thus  obtained  resembles  jykSdm 
in  composition,  and  in  maqjy  of  its  properties,  but  is  distinguished  thercAvm  by  brine 
perfectly  soluble  in  pure  aloohol,  wooa-spirit^  acetone,  ether,  a  mixtnro  of  ether  and 
alcohol,  and  in  ethyuo  acetate  ;  in  ahiohol  of  95  per  cent  it  is  insoluble.  (Bichampk 
Ann.  Oh.  Phys.  [3],  Ixiv.  320.) 

mtroxyhAdin^oi  Dinitramiditi,  G^\:tlO^H)^,  is  produced,  also  in  a  more 
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•oinble  and  1«m  Bolvble  modificatioii,  by  the  action  of  strong  sulphuric  add  on  zyloidiit 
or  isozyloidin.  To  prepare  it,  1  pt.  of  dry  starch  is  dissolved  in  12  pts«  fuming  nitric 
acid,  and  the  solution  (filtered,^  if  neoessaiy,  through  pounded  glass)  is  placed  in  a  freez- 
ing mixture,  and  quickly  mixed  with  8  pts.  oil  of  vitriol ;  the  soft  white  mass  thereby 
separated  is  quickly  mixed  with  a  large  quantity  of  cold  water;  and  the  product,  whim 
is  a  white  powder  resembling  xylo'idin,  is  well  washed,  and  dried  in  a  hot-air  chamber. 
This  product  is  chiefly  a  mixture  of  nitrozyloidin  and  isonitroxyloidin,  which  may  be 
separated  from  6ne  another  by  digestion  with  alcohol  of  96  per  cent.,  first  in  the  cold, 
then  at  40^,  whereby  the  isonitroxyloidin  is  dissolved,  and  the  nitrozyloidin  remainB 
behind. 

Kitrozyloidin  is  a  white  easily  pulverised  mass,  which  decomposes  much  more  readily 
than  zylmdin,  and  is  reduced  by  ferrous  salts  in  thewBame  manner  as  the  latter,  yield- 
ing  soluble  starch.  It  is  insoluble  in  water  and  in  alcohol,  but  soluble  in  pure  ether, 
and  in  alcohelised  ether;  soluble  in  glacial  acetic  acid,  but  insoluble  in  a  mixture  of 
the  glacial  and  dihydrated  add,  exhibiting,  in  this  zespect^  exactly  the  opposite  relataon 
to  xyloMin. 

honUroxyUndm  is  insoluble  in  water,  soluble  in  alcohol  of  96  per  cent,  dissolves 
with  difficmty  in  ether,  but  easily  in  a  mixture  of  ether  and  alcohoL  It  is  eren  more 
prone  to  spontaneous^  decomposition  than  the  leas  soluble  modiflcatioD. 

.Syn.  with  Xtlsmb. 

Syn.  with  mountain-wood,  or  ligniform  asbestos  (i.  415). 

JkOTDm    Syn.  with  Xtzxhx^sulfsctbic  Aged  (p.  1058). 

Syn.  with  XTLms-stiLFHTDB^TB  (p.  1059). 

BB.    This  term  was  aopliedby  Gorup-Besanes 

(Ann.  Gh.  Pharm.  Ixxxvi.  237),  to  various  chlorinated  proaucts,  formed  by  treating  the 
creosote  of  beechwood  tar  with  potassic  chlorate  and  hydrochloric  acid :  they  are  not, 
however,  related  in  any  way  to  xylene. 

XTXiOXnxv.  C^*H*'0. — A  crystalline  resin,  isomeric  or  polymeric  with  cam- 
phor, occurring  in  fossil  pine-trunks.  It  is  insoluble  in  water,  easily  soluble  in  alco- 
hol and  ether,  and  crystallises  from  the  ethereal  scdution  in  white  masses ;  melts  at 
165^;  cannot  be  volatilised  without  decomposition.  It  unites  with  bases,  without 
separation  of  water.  Heated  with  fotaanum,  it  gives  off  hydrogen,  and  forms  a 
potassium-compound,  which  dissolves  in  alcohol  and  crystallises  therefrom. 

See  the  next  article. 


The  hemes  of  the  fly  honeysuckle  (Lomcera  X^losteumC^  were 
formerly  used  medidnally  as  Bacca  xylogtei:  they  are  said  to  be  narcotic.  They  con- 
tain 86*4  per  cent,  water,  2*3  substances  soluble  in  ether,  6*2  soluble  in  alcohol,  and 
2*9  soluble  in  water.  The  fresh  berries  yield  1  per  cent  ash,  containing  (in 
100  pts.)  22-8  K«0,  9-5  Na«0,  235  CaO,  8*2  MgO,  08  A1*0»  and  FeH)*,  48  S0«, 
16*2  F>0*,  2-9  SiO*,  1*3  CI,  and  10*0  CO'  (Ens,  Chem.  CentralbL  1856,  p.  393).— 
According  to  Htibschmann  (Arch.  Fharm.  Ixxxv.  250),  the  berries  contain 
a  peculiw,  non-volatile,  bitter  principle,  xylo stein,  soluble  in  alcohol  and  ether, 
insoluble  in  water.  According  to  Eoz,  this  body  is  a  glucoeide,  yielding  sugar  when 
decomposed  by  acids. 

Syn.  with  Mouktajn-wood  (i.  415). 

OH*.— A  monatomie  ladide,  homologous  with  phenyl  and  tolyl,  which 
may  be  supposed  to  exist  in  xylene  (CSPJE)  and  its  derivatives. 

XTXT&AVnni.    This  name  belongs  to  a  base,  C^*JP.K  »  ^^^^jomKHO 

(not  yet  obtained),  related  to  benaylamine,  C'H^.H* J7  (p.  807),  in  the  same  manner 

as  j^Hdine,  O^NH«)  »  C««(NH«)|^L  to  toluidine,  OHXNH«).CH»  (p.  852). 

See  Xtltlio  Acn>  (p.  1062). 

CH*. — ^A  diatomic  radicle  related  to  zylyl^  CH*,  in  the  same 
manncjT  as  ethylene  to  ethyl. 

JCVabTSOBrs-BXAMnnit  0^>*N*  -(^^V,orJ>MM«^(^^a9l0n«,O*HX 

is  formed  hj  redudng  dinitroxylene  with  tin  and  hydrochloric  acid ;  its  hydrochlorate, 
treated  with  bromine,  yields  Uie  hydrochlorate  of  bromosylylene-diamine,  OH^Bt* 
(NH«)«. 

Nitroxsflvlene'diamine,   or  Nitro-diamidoxylene,    C"H'(NO*)(NH*)*,    is 
thecompoona  already  described  as  nitropetrol-diamine^  which  Bussenius  and 
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JBiflensfcaok  obtained  by  ndueing  the  so-ealled  trinitiopetral  with  iulphide  of 
Biiim(iT.  882). 

aCT&T&lO  AOn^    C>H»0*  -  CfEP(CH*)«.CO>H.   (KeknH  BolL  8o& 
1866,  ii.  47.— -Hirsel  and  Be il stein,  ibid.  1867,  i.  846.)— Tfais  add,  homologova 
with  benzoic  and  toluic  acida,  is  produced :-— 1.  By  the  actioo  of  sodinm  and  caxiMue 
anhydride  on  bromosylene  (Keknl^): 

C«H»Br  +  Na«  +  CO*    -    NaBr  +  C»H».CO*Na. 

Bromo-  Xf  lyUte  of 

xylene.  tMioia. 

The  process  is  conducted  as  for  the  preparation  of  tolnio  acid  from  toluene  (p.  862), 
the  bromozylene  being  difiused  through  a  hydrocarbon  boiling  at  about  120^. — 2.  Br 
oxidising  cumene  (C*H")  with  potassic  bichromate  and  sulphuric  acid,  or  (better)  with 
dilute  nitric  acid.  (Beilstein  and  Kogler,  Ann.  Ch.  Pliann.  cxxxrii.  817 ;  Janreab. 
1865,  p.  659.) 

Gmnene  oxidised  with  dilute  nitric  acid  yields  first  xylylic  acid,  and  alterwaida 
insoHnic  acid,  [C»H»0*  -  C«H«(CH»XCO*H)«].  To  piepaie  xjlj^  acid,  cumene  ia 
treated  with  nitric  acid  diluted  with  twice  its  Tolume  of  water;  and  the  add  product 
is  tieated  with  tin  and  hydrochloric  add,  to  decompose  the  nitxo-adds  fanned  at  the 
same  time.  On  distilling  the  product  with  water,  xylylic  add  passes  over,  wbile 
insolinic  acid  remains  behmd.  If  the  cumene  employc!d  is  not  pure,  an  oily  pirodact 
distils  over  at  the  same  time ;  in  that  case  the  receiyer  must  be  changed  aa  soon  as 
erystalline  xylylic  acid  begins  to  pass  oyer.    (Hirzel  and  Beilstein.) 

Xylylic  acid  is  insoluble  in  cold  water  (&ekul^) ;  yery  slightly  eoluMa  (Hiriel 
and  Beilstein).  It  dissolyes  sparinjgly  in  boiling  water,  and  separates  on  cooling  in 
white  needles ;  dissolyes  yeiy  easily  in  alcohol  and  ether  (Kekuli).  According  to 
Hirzel  and  Beilstein,  it  melts  in  boiling  water ;  in  the  dry  state  it  melts  at  103^,  and 
boils  at  278^.  It  sublimes  easily  in  needles  (Eekule).  ^|yUc  add  ia  quiddy 
oxidised  by  chromic  acid,  and  conyerted  into  insolinic  acid,  &n*0\  (Hirseland 
Beilstein.) 

Xylylate  of  Barittm,  (C^HHy'YBe.**A'HH),  crystallises  in  shining  colourless  laminai 
--The  0a;0et(m-M/^,(O*H*O*)K)a''.8H*O,  forms  stellate  groups  of  shining  needles.-^ 
The  ethyiie  ether,  0*H*(C*H*)0*,  is  an  aromatic  oil,  boilmg  at  233<>.  (Hirtel  and 
Beilstein.) 

Alpbazyljllo  Aoid»   C^H^'O*  -»   CS^'j^.oOtH'   (^o^^'*^^^*   Zdtsdir.  t 

Chem.  1866,  p.  488;  Jahresb.  1866,  p.  606.) — ^^Hiis  add,  homologous  with  alphattdde 
add  (p.  863),  is  formed  by  boiling  toluylic  diloride,  C«H*C1  (p.  870),  in  alooholie 
solution  with  cyanide  of  potassium,  and  then  with  potash : 

Toluylic  chloride.  AlphaxvlyUc 

add. 

It  may  be  predpitated  from  the  resulting  solution  by  an  add,  and,  when  purified  by 
boiling  wim  xxaXk  of  lime«  crystallises  in  broad  needles,  haying  a  satiny  lustre,  melting 
at  42^,  and  dissolying  yery  readily  in  water. 

ZT&TXiXO  ACaTJLTBy  OXEMMmM^  Ae.  Syn.  with  Tqlttiuc  Acehao, 
Chlouidx,  &c  (pp.  870,  871). 

ZT&T&IO  A&COXOXA.  C^BP^.—This  fbnnula  may  indndo  serarsl  isomerie 
compoundflk  but  only  three  haye  hitherto  been  inyestigated  with  any  approadi  to  aeeu- 

luwjr  »"^"  ^^  -11- 

1.  The  compound  described  (p.  869)  as  toluylic  alcohol,  (7H*.0H(ff  G^CffT- 
OH,  which  would  be  better  <»lled  xylylic  alcohol,  inaHmuch  as  it  is  obtainea 
directly  from  the  chloride,  C*H*.C1  (cUoride  of  acylyl),  prodneed  by  tha  aolioD  of 
chlorine  on  xylene  at  high  temperatures.  This  alcohol  is  the  homok^;Qa  of  bas^J^ 
or  tblylic  alcohol,  C'H^HO  (i.  678). 

2.  The  compound  called  phlorol,phloretol,  or  phlorylie  alcohol,  irbaoi 
Hhisiwets  obtained  by  distilling  barium-phloretate  with  lime  (iy.  493).  This  ooia- 
pound  is  a  true  homologne  of  phenol,  probably  ethyl-phenol,  G'H^CH*).OH. 

•8.  The  "xylylic  phenol,"  mentioned  by  H.  Hiiller  (Zeitschr.  f.  Chem.  1865,  p. 
271)  as  occurrinff  in  coal-tar.  This  is  probabljr  dimethyl-phenol,  C*HXC8')*.0H, 
inasmuch  as  products  obtained  by  diy  distillation  haye  hitherto  been  found  to  contain 
only  methyl-deriyatiyes  of  benzene.  The  portion  of  aloisol  (tiie  product  obtsioed  by 
distilling  aloes  with  lime,  i.  148),  whidi  is  soluble  in  potash,  has  also,  aecordiiig  to 

*  This  lithe  formula  of  iniollnlc  acid  oricimdlr  giTen  bv  Hofmann  (p.  TSft).  Aeeordlsc  }o 
Hirtel  and  Beilitein,  insoUnic  acid  it  very  much  like  terephthalie  add,  but  diuolret  vcrj  easily  la 
taoiUng  water.   It  does  not  yield  any  higher  oaidatioo-prodactt  when  Heated  wilb  chranlc  add. 
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Bembold  (Ann.  Ch.  Phann.  cxzxviii.  186X  the  oomporition  of  a  zylylie  alcohol,  aii4 
is,  perhaps,  identical  with  the  last  mentioned. 

XTXiTZdCC  MCmCA9TAV.    Syn.  with  XTLawB-flULFHtDnATB  (p.  1059). 

XTXiTUHrbySAHRC  ACXB,  C«H*iKSO*,  is  piodnced  by  heating  sulphate  of 
xyUdine  with  sulphuric  add,  and  crystallises  in  needles  yery  slightly  soluble  in  cold 
water. — Its  barium-aalt,  (C*H**NSO')'Ba'',  is  very  soluble,  and  crystaUisee  in  nodulav 
groups.    (Deumelandt,  Bull.  Soc  Chim.  1866,  ii.  211.) 

ACZB.    Syn.  with  Xyudix-sulficcbic  Acn>  (p.  1068)« 

Syn.  with  XruaoHivuniYmuTu  (p.  1059). 


TABZCO  J  A.    An  ore  oocnrring,  with  ataeamite  and  qnaxtii  in  the  distriet  of  Tfr- 
zapaca  in  Pern.    (Leonh.  Jahrb.  p.  243.) 

TAM.    See  Diosoobba  (ii.  335). 

TAjro&iTB,  or  TAMTUOiarm,    Syn.  with  Azdhtb  (i.  477)- 

TBA8T.    See  Fbrhbntatiok  (iL  629). 

TUAO'Vr  CO»anft-OBB.    Syn.withCoFFBBPTBm8(iL77). 

TBXi&O'Vr  COVPBKAS.    Syn.  with  BoTBTOomr  (i.  651). 

See  Dtbxko  (ii.  856). 

Native  molybdate  of  lead,  or  wulfenite.   (See  Moltb- 
DBHTju,  iiL  1039.) 

TSUbOUT  MSTAA.    An  alloy  of  60  pts.  copper  and  40  pts.  zinc ;  also  called 
Huntz's  metaL    (See  Ck>PFBB,  Allots  of,  ii.  49.) 

See  the  next  article. 

The  yellow  pigments  mostly  employed  as  artists*  colours 
are  sulphide  of  cadmium  (i.  706),  gamboffs  (ii.  770),  Iiidian  ydlow,  which  consists 
mainly  of  euzanthate  of  magnesium  (ii.  609),  and  yeUofO  oehre,  which  consists  of  day 
or  marl  coloured  with  ferric  oxide. — CkromS'ydloWf  or  neutral  chromate  of  lead,  is  used 
chiefly  for  carriage-painting ;  also  for  colouring  wall-papers,  and  as  an  ingredient  in 
yellow  yamiflhee  ;  it  is  never  used  alone,  but  always  mixed  with  chromate  of  calcium 
or  barium,  or  sulphate  of  lead.  A  mixture  of  chromate  of  lead  with  the  sulphates  of 
lead  and  calcium  constitutes  Cologne  ydlow.  Other  yellow  lead-salts  are  also  used  as 
pigments,  chiefly  for  house-decoration  and  paper-staining — ^yix.,  certain  oxychlorides  of 
lead  (ill.  556),  known  as  Tkamei's  yeUow,  Vassd  yellow,  &c  ;  a  basic  sulphate,  PbSO*. 
PbO,  known  in  France  as  Jaune  paUle  mineral,  and  prepared  by  fasing  a  mixture  of 
neutral  sulphate  and  oxide  of  lead  ;  Naples  yellow,  a  basic  antimoniate  of  lead  (i.  326), 
used  as  an  artists'  colour,  in  oil-painting;  and  less  frequently,  iodide  of  lead,  which  has 
a  fine  colour,  but  is  somewhat  fugitive ;  and  arsenate  of  lead,  which  is  olyectionable  on 
account  of  its  poisonous  character.  All  these  lead-ydlows  cover  well,  out  have  the 
inconvenience  of  tuniing  brown  or  black  on  exposure  to  sulphuretted  hydrogen. — 
Chromate  of  zinc,  prepared  by  predpitation,  has  a  fine  colour,  much  like  that  of  chro- 
mate of  lead,  and  is  not  affected  by  sulphuretted  hydrogen. — The  chromates  of  barium 
and  calcium  are  used  for  colouring  paper-hangings,  also  for  mixing  with  chromate  of 
lead.    (Lefort,  Chimiedes  Coulturs,  1855.) 

V09S.  The  pods  of  Gardenia  grandijlora,  which  yield  eiodn  (ii.  108). 

TBK&VSIVM.    Syn.  with  STLyAHm  (p.  647). 

Syn.  with  Libvbitb  (iii.  589). 

Syn.  with  Paulouat  Tba  (iy.  d49X 

Syn.  with  Coca  (i.  1059). 

TBBITB.    Syn.  with  GADOinnrB  (ii  757). 

Oxide  of  yttrium  (p.  1064). 

Syn.  with  GADouirrrB. 

.  Symbol,  Y;  Atomic  weight,  61'7  (Bahr  and  Bunsen);  71*4  (De- 
lafontaine). — An  element  belonging  to  the  class  of  earth-metals,  but  existing  only 
in  a  few  very  rare  minersJs.    Gadolin,  in  1794,  obtained  from  the  ytterbite  or  gado- 
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linite  of  Ytlerby  in  Bwaden,  a  peenliar  <ndde  i^sembtiiig  line  and  alnniiia.  Ekebng; 
in  1797f  confirmed  tlieee  resiilts,  and  named  the  earth  jttria.  In  a  subeeqoent  ez»* 
mination  of  thie  earth,  which  in  the  meantime  had  been  inTeatigated  also  by  Klap- 
loth  and  Vanqnelin,  I3:ebeig  foand  that  hie  yttria  contained  glneina.  Bendioa,  in 
1819,  fimnd  that  it  also  contained  oxide  of  oerinm  (aseociated,  acooidingto  eabaeqnient 
inreetigationflt  with  the  oiidee  of  lanthanom  and  didynunm).  Scheeier,  in  1842,  pointed 
ont  that  yttria,  eren  when  fireed  from  the  oxides  of  the  cerinm-metals,  probably  still 
contained  another  oxide ;  and  Moeander,  in  1843,  bj  a  carefnl  examination  of  cmde 
Yttria,  condnded  that  it  was  a  mixtore  of  thiee  earths — ^whieh  he  named  yttria,  ter- 
bia,  and  erbia — separable  by  their  different  degxees  of  basidty.  Sabseqaent  cape- 
riments  by  different  chemists  have,  howerer,  thrown  considprable  donbt  on  the  sepa- 
rate existence  of  the  second  of  these  earths ;  and  the  recent  Tery  careful  experiments 
of  Bahr  and  Bnnsen,  already  referred  to  under  Txrbium  (p.  721),  seem  to  hare  shown 
condnsiTely  that  erode  yttria,  when  completely  freed  from  the  oxides  of  ceiinni,  lan- 
thanum, and  didymium,  may  be  separated  into  two  earths,  yttria  and  erbia,  without 
any  trace  of  a  third,  the  so-<»Ued  terbia.  The  method  of  dFecting  this  separation,  and 
obtaining  pure  salts  of  erbium  and  yttrium,  has  been  already  described  (p  721). 

HetalBc  yttrium  is  obtained  by  igniting  chloride  of  yttrium  with  potassimn.  It  is 
described  by  Berzelins  as  a  blackish-grey  powder,  consisting  of  small  metallically  lus- 
trous sodes,  becoming  brittle,  and  acqnirine  the  colour  and  Instie  of  iron  under  the  bur- 
nisher. The  metal  thus  characterised  was,  however,  a  mixture  of  yttrium  and  erbium; 
pure  yttrium  has  not  yet  been  prepared. 

Yttrium  is  a  diatomic  metal,  and  forms  but  one  series  of  compounds,  YCl',  YO,  &c 
It  unites  directly  at  high  temperatures  with  chlorine,  oxygen,  and  sulphur,  and  probably 
with  other  metalloids. 

Bromide  of  Yttrium  is  obtained,  by  evaporating  a  solution  of  yttria  in  hydrobKo- 
mic  add,  as  a  very  deliquescent  saline  mass. 

Ch  loride  of  Yttrium  is  a  non-volatile  compound,  obtained  by  heating  yttrium  in 
chlorine-gas. 

The  hydrated  eiioride^  obtained  by  leaving  a  solution  of  yttrium  in  hydrochloric  add 
to  evaporate,  is  a  saline  mass  whidi  slowly  deliquesces. 

Fluoride  of  Yttrium  occurs,  together  with  the  fluorides  of  cerimn  and  caldnm, 
in  varying  proportions,  as  yttrooerite,  a  mineral  found  at  Einnbo  and  Broddbo  in 
Sweden ;  at  Amitv,  New  York,  and  in  Massachusetts,  forming  violet-blue,  oystaUo- 
granular,  and  earthy  masses,  imbedded  in  quarts ;  in  smaller  quantity  also  as  fluocerite 
(ii.  609).  By  mixing  a  solution  of  yttrium-diloride  with  potasdnm-fluoride,  hydxated 
yttrium-fluoride  is  obtained  as  a  white  amorphous  predpitate,  having  an  astringent 
taste ;  it  reddens  litmus,  is  insoluble  in  water  and  in  aqueous  hydrofluoric  add;  when 
heated  in  a  dose  vessel,  it  leaves  the  anhydrous  fluoride. 

Borofiuoride  of  Yttrium^  obtained  by  double  decomposition,  is  insolnble  in  water, 
but  soluble  in  adds,  even  in  excess  of  fluoboric  add,  and  Gzystallises  on  evaporating 
the  solution. — ^The  ntieofluoride  exhibits  similar  properties. 

Iodide  of  Yttrium  is  prepared  like  the  bromide,  and  is  likewise  very  deli- 
quescent. 

Oxide  of  Yttrium, — Yttria, — obtained  by  igniting  the  oxalate,  is  a  soft 
nearly  white  powder,  which,  when  ignited,  glows  with  a  pure  white  l^t,  and  yields  a 
spectrum  not  containing  any  bright  bands,  like  that  of  erbia  (p.  7^^)-  ^  ^^  "^ 
unite  directly  with  water,  but  is  predpitated  as  a  hydrate  by  alkaUi  frcni  solslaons  of 
yttrium-aalts.  It  dissolves  slowly  but  completely  in  h^drocUoric,  nitrie,  and  sd- 
phuric  adds,  forming  colourless  solutions  which  do  not  exhibit  an  aheorpdon-epertzva. 

Oxygen -ealts.— Banc  Nitrate  qf  Yttrium,  Y^(N0«)«.Y"0.8H*0,  prepared  like 
the  corresponding  erbium-salt  (p.  722),  exystallises  in  colouriess  deliquescent  needles. 
—The  oxalate,  OTr*0*.H«0,  is  a  soft  white  powder,  which  does  not  give  off  its  wat* 
till  heated  nearly  to  the  temneratnre  at  whidi  it  decomposes. — ^The  mdpkaU,  %TW» 
8HH),  forms  colourless  weli-deflned  crystals,  isomorphous  with  the  eonefpoDdi^ 
erbium-  and  didymium-salts,  and  exhibiting  the  same  characters  as  the  erbiiiB&'wi 
when  heated,  and  when  dissolved  in  water.    (Bahr  and  Bnnsen.) 

Selenide  of  Yttrium  is  obtained,  according  to  Wohler,  by  ftising  yttria  «1^ 
selenium,  as  a  black  substance  which  is  insdluble  in  water,  and  gives  off  sdenh^diie 
add  when  treated  with  diluto  adds  (Wohler).  Sdenide  of  ammonium  predpitaftes 
yttrinm-salts.    (Berselius.) 

Sulphide  of  Yttrium  is  produced,  with  ignition,  when  yttrium  is  heated  ia  sul- 
phur-vapour;  also  when  j^ttria  is  heated  in  vap>ur  of  carbonic  disulphide.  It  is  a 
grey  pulverulent  body,  whidi  is  not  deoomposea  by  water,  but  gives  off  solphydrie 
add  when  treated  with  dilute  adds.    (Wohler.) 
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Ikttetion  and  EtUmaUon  qf  Yttrium, 

Yttrinm-salto  are  ooloiirlefls,  and  resemble  those  of  thorinum  (p.  786),  in  their 
behayionr  before  the  blowpipe,  and  in  moet  of  their  reactions  in  solution.  Yttrium  is 
distingoished  from  thorinnm  by  the  solnbility  of  its  ignited  oxide  in  hydiochlorie 
acid,  by  the  non-volatilitpr  of  its  anhydrous  chloride,  and  by  the  solubility  of  yttrio- 
potasflie  sulphate  (precipitated  from  yttrinm-solutions  by  potassic  sulphate),  in  excess 
of  potassic  sulphate.  The  solubility  of  ignited  yttria  in  hydrochloric  add  serves  also 
to  distinguish  yttria  from  alumina  and  sirconia;  it  is  further  distinguished  from 
alumina  and  f^m  glucina  by  its  insolubility  in  potash.  The  precipitation  of  yttria  by 
alkalis  is  not  prevented  by  the  presence  of  tartaric  acid  (distinction  from  alumina, 
glucina,  thorina,  and  ziroonia),  me  Yttrium  being  slowly  but  completely  precipitated 
as  tartrate.  Acidulated  solutions  or  yttrium-salts  do  not  alter  the  colour  of  turmeric- 
tincture  (distinction  from  rirconium). 

For  qnantitati  Ye  estimation,  yttrium  is  precipitated  as  hydrate  hyammoniaor  ; 
potoMh,  or  as  oxalate  by  oxalic  acid ;  the  precipitate  in  either  case  leaves  anhydrous    ^ 
yttria  when  ignited.    If  potassium-salts  are  present  in  the  solution,  the  precipitate   ^ 
formed  by  oxalic  acid  consists  of  yttrio-potassic  oxalate,  which,  when  ignited,  leaves  a 
mixture  of  yttria  and  potassic  carbonate.    This  may  be  dissolyed  in  hydrochloric  acid, 
and  the  ytma  precipitated  by  ammonia. 

Yttrium  ma^  be  separated  from  iron,  existing  in  solution  as  ferric  salt,  by  pr»» 
dpitating  the  iron  as  ferric  oxide  with  mocmaie  qf  ammonium,  or  (better)  with  cor- 
IwuUe  ofharimm. — ^From  Uie  eerinm-metals,  yttrium  is  separated  by  imroersingnn 
the  solution  an  excess  of  solid  sulphate  qf  potassium ;  the  yttno-potassic  sulphate  uien 
dissolyes,  while  the  double  sulphates  of  potassium  and  the  cerium-metids  remain 
undissolved. — ^From  aluminium  and  glucinum,  yttrium  may  be  separated  by  pre- 
cipitation with  oxalic  acid,  or  by  adding  tartaric  actd  in  excess,  and  predpitating  the 
yttrium  with  ammonia. — To  separate  yttrium  from  magnesium,  the  solution  is  mixed 
with  excess  of  ammonium-salt,  and  the  yttria  predpitated  by  ammonia. 

In  all  these  modes  of  predpitation,  yttrium  is  thrown  down,  together  with  erbium. 
The  only  satis&ctoir  method  yet  siven  for  separating  these  metals  one  from  the  other 
is  that  of  Bahr  and  6unsen,  alrea<^  described ;  and  even  this  is  ver^  far  from  affording 
the  means  of  determining  the  relative  quantities  of  the  two  when  mixed  together. 

The  atomic  weight  of  yttrium  is  detennined  Vy  the  analysis  of  its  sulphate.  From 
the  anhydrous  salt^  y"SO\  or  YO.SO*,  Bahr  and  ibunsen  obtained,  in  two  determina- 
tions, 49*30  and  49 '24  per  cent.  YO,  60*69  and  60*76  per  cent.  SO*:  whence  Y  — 
61*7.  Delafontaine  obtained,  as  a  mean  of  three  determinations,  48*23  per  cent.  OY, 
giving  Y  —  74*6. 

TTTSOOBSITB*  A  mineral  consisting  of  fluoride  of  yttrium  mixed  with  the 
fluorides  of  cerium  and  calcium  (p.  1064). 

TTTBOOO&VMBin.    Syn.  with  YTTBOTAirrAiJTB. 

TTTBOTLHi  M  W ITB.  TJranoniobate  of  yttrium  and  iron:  syiu  with  Saxabskitb 
(iv.  64). 

TTTKOTAaTAUETB.  Tantalate  of  yttrium,  found  at  Ytterby  in  Sweden 
(p.  668). 

TTTmomAVmk  KeilhauUe.---A  silicotitanate  eontaing  lime,  yttria,  ferric 
oxide,  and  alumina,  with  small  quantities  of  other  bases.  It  occurs  at  Buo,  near 
Arendal  in  Norway,  in  monodinic  crystals,  isomorphous  with  sphene  (p.  898),  more 
or  less  translucent,  havins  a  brownish-red  to  dark-brown  colour,  with  yeUowish  streak ; 
waxy  lustre  on  the  neutru  faces,  vitreous  on  the  cleavage-&ces.  Hardness  »  6  to  7; 
specific  gravity  *  8*6  to  8*7.  Before  the  blowpipe  it  behaves,  for  the  most  part,  like 
sphene. 

Analyses'.  <v  ^  by  A.  Erdmann  (Ben.  Jahresb.  xxv.  328);--«,  bv  D.  Forbes 
(Ed.^.  Phil.  J.  [new  series],  i.  62).— <?,  s,  by  Eammelsberg(Pogg.  Ann.  dv.  296): 


«.       .       .      80*00     19*01      0*86     8*09     Oi»     0*88      18*!iS      0«7       •       .  .    .  at  100^8. 

b.       .       .89  46     9B-U     0*48      5*90     974      0-68      18*68     0*86  .    .  s    99*88. 

e,  .     81*88     98-84     r68     8ti8     4*78     8-S      19'a6      ..     0-88  GO        .    .  «  100*97. 

4.      (cryrt.)    »*48     »a     6*7»     8*45     8-16      .    .     80-89     .   •  J5SJkJ5?J  O""-    ^'^ 
e.   (mMtlre)  88  80     871M     8*90     6*24    13*08      .    .      1M5     8*59  .    . «  100*80. 

If  the  ferric  oxide  and  alumina  be  regarded  as  add  constituents,  the  mineral  may 
berepresented  by  the  formula  SM''0(Al«0';Fe»0«)  +  16M«0.2(SiO«;TiO«),  analogoua 
to  that  of  sphene.    (Rammelsberg.) 


1066  TXT— ZEBUMBET-BOOT. 


The  name  of  a  mineial  highly  prized  in  China,  and,  according  to  Abel- 
Bemnsat  (Ben.  Jahreeb.  t.  223),  identiod  with  jad^  ntfhrhiiqw  (?  nephrite).  It 
has  ft  specific  gravity  of  2*9  to  3*4,  scratches  glass,  uid  is  scratched  by  quarts. 


lCOTIWCIAi    a  speeolar  ixon-ore  firam  Fbrpes,  in  Brazil. 

KATTKa.    An  impure  oxide  of  cobalt,  produced  by  imperfectly  roastiii^  cobalt- 

ore  mixed  with  2  or  3  pts.  of  siliceous  sand. 

T.AT»A.    Syn.  with  Bobaz. 

KAMBOWrs  VIXiB.    A  name  sometimes  applied  to  the  dry  pile.    (See  Kkbo- 
TBiciTT,  ii.  423.) 

XABITITB*    A  hydrated  carbonate  of  ni^el  from  Spain,  probably  identical  with 
texasite  or  emerald-nickel  (i.  789). 

XAJrrSOVIomnr.    Syn  with  XAMTBoncBm  (p.  1053). 

XBACWWITai  A  caleio-alnminic  silicate  allied  to  abraiite  (L 1),  bat  CK3PBtaZIiinig 
in  trimetric  forms,  whereas  abrasite  is  dimetrie.  It  eocnrs  in  the  laTa  of  Capo  di  Bora, 
nearBome,  in  small  crystals,  which  are  combinations  of  the  prisms  oopoo  and  oo^oo, 
with  a  pyramid,  or  in  irregular  and  spherical  groups.  It  is  transparent  to  semitrans- 
lucent,  with  a  yitreous  lustre,  white  to  blnish-white  colour,  and  mite  streak.  Hard- 
nffts  B  5*0.  Specific  gravity  »  2*213.  Before  the  blowpipe  it  becomes  opaque,  then 
splits,  and  melts  to  a  transparent  or  whitish  tumefied  glass.  Hydrochloric  acid  dissolviM 
it,  with  separation  of  gelatinous  silica. 

Jntdvsee:  <z,  by  y.  Kobell  (J.  pr.  Ohem.  zriil.  206) ;— 6,  by  Marignae  (AmuCh. 
Phys.  [8],xiv.  41): 

SO*.  APO>.  CaO.  K'O.  H<0. 

tf.  42*72  26*77  7*60  6*28  17*66     «     100-63 

6.  43-64  24*39  6*92  10*36  16*06     -     100*36 


These 

that 


Lose  analyses  do  not  agree  very  closely,  but  the  formula  of  the  mineral  is  probably 
deduced  from  the  second,  yiz.  (OaO;k«0)SiO«  +  (Al«0».2SiO*)  +  4aq. 

XHA8ZTB.  A  dark-coloured  opal  from  Mexico,  exhibiting  a  green  and  red  play 
of  colours. 

OASXV.    See  the  next  artiole. 

Radix  eedoaria. — ^The  root  of  Cwreuma  tedoaria^  a  scitaminaoeoas 
plant,  growing  in  Bengal,  Java,  and  Madagascar.  It  has  a  camphoric  odour,  and  an 
aromatic  somewhat  bitter  taste.  Contains,  according  to  Buchols(Ilepert  Ibarm. 
XX.  376),  volatile  oil,  a  bitter  soft  resin,  a  bitter  extractive  matter,  gum,  starch,  && 
The  oil  is  turbid,  whitish-yellow,  and  viscid,  has  a  camphoric  taste  and  smell,  and 
consists  of  two  oils,  one  lighter,  the  other  heavier,  than  water.  Trommsdorff  obtained 
from  the  root  a  substance  which  he  called  zedoarin,  but  did  not  further  describe. 

KTTi/mrrra.    Syn.  with  Plhonast  or  Eebbuoimous  Sfimbl  (p.  400). 

zaXO]>a&ZTB«  This  name  is  applied  to  a  mixture  obtained  by  tidnag  ^  P^ 
of  finely-pounded  glass  into  20  pts.  of  sulphur.  It  is  recommended  as  a  cement  ibr 
stone  and  metal,  for  the  taking  of  casts  instead  of  gypsum  or  snlphur;  as  &  material 
for  bookbinding  letters,  stereotype  plates,  statues,  and  whetstoneB ;  and  even  ts  a  t^b- 
stitnte  for  lead  in  the  construction  of  vitriol  chambers.  It  may  be  tinted  at  pleasure, 
by  addition  of  colouring-matter.    (A.  Vogel,  Buch.  N.  Bepeit.  xii.  294.) 

SXik  M^*^  Maize  or  Indian-oom.  On  the  composition  of  the  graiB  ^  ^ 
plant,  see  CsBSiLLS  (i.  226,  227). 

SBZW.  A  nitrogenous  substance  obtained  firom  maize-flour  (GorhaiBt^^ 
Jahresb.  ii.  124.-— Stepf,  J.  pr.  Ohem.  Ixxvi.  88;  Jahresb.  1859,  p.  693).— »^*" 
flour,  when  washed  with  water,  does  not  yield  a  mass  resembling  the  gluten  of  whfls^ 

saoXfras.  A  generic  name  of  hydrated  double  silicates  in  which  the  principal 
bases  are  alumina  and  lime,  the  latter  being  often  more  or  less  displaced  by  fenona 
oxide,  magnesia,  and  alkalis.  They  boil  up  when  heated  on  charcoal  before  the  blowpipe, 
and  are  dissolved  by  adds,  leaving  gelatinous  silica.  Many  of  them  form  y^^  ^^ 
crystals.  Natrolite  is  sometimes  called /so^A^  seoUte;  stilbite, /o^totef  zedtU;  scole- 
cite,  needle  zeoliie ;  apophyllite,  pyramidal  geoliU ;  laumontite,  efflomdnff  teoUU, 

'.    Syn.  with  Nitkitb  of  Sodium  (iv.  106). 

This  name  appears  to  be  applied  to  two  different  roots— 


ZINC.  ^  lOOT 

ttamaly,  tliat  of  Zingib&r  (k$»9mmua^,  a  acitaiiiuiMaaiui  plant  indigraooB  in  CSaroman 
del  and  in  Java ;  and  that  o£  Zuufiber  Zermmbet,  imported  from  Calcutta  and  Java. 
Both  have  an  aromatic  odour  ana  a  bittar  taste.  Aoeoiding  to  Laca  (Berl.  Jahrb. 
1798,  iy.  214),  zerombet-root  (the  paiticnlar  kind  ia  not  stated)  contains  an  essential 
oil  having  a  camphoric  odour,  a  bitter  and  soapy  estzactive  matter,  bitter  resin, 
gum,  &C. 

%XMOm  Synonyms:  /Mter,  Spiauter.  Zmcwn.  Atomic  weight,  6^ ;  Symbol, 
Zn. — ^The  ore  of  zinc,  callea  calamine  or  cadmia, — ^bnt  not  the  pore  metal ->  was  known 
to  the  ancient  Greeks,  and  used  in  the  mannfactore  of  brass.  Metallic  zinc  was  first 
mentioned  by  Paracelsus ;  it  was  for  a  long  time  imported  from  the  East,  but  since  the 
middle  of  the  eighteenth  century,  it  has  been  prepared  in  Europe. 

Zinc  occurs  in  considerable  abundance  as  carbonate,  forming  the  ore  called  cala- 
mine ;  as  silicate,  or  siliceous  calamine ;  as  sulphide  or  blende,  and  as  oxide  or  red  zinc- 
ore;  in  smaller  quantities  also  as  sluminate,  arsenate,  phosphate,  and  sulphate. 
Quite  recently,  native  metallic  zinc  has  been  found  at  Victoria,  in  Australia.  zSnc  is 
likewise  foum  in  the  ash  of  a  species  of  violet,  Vida  ealaminaria,  which  grows  on  the 
dead  heaps  at  the  calamine  mines  in  Bhenish  Prussia. 

MstdUum  qf  Zine. — ^llie  ores  firom  which  the  metallic  zinc  of  commerce  is  ex- 
tracted are  rour  in  number — viz.,  blende,  red  oxide,  calamine,  and  siliceous  calamine. 
All  these  are  subjected  to  a  preliminaiy  calcination  before  being  smelted. 

In  the  ease  of  blende,  this  calcination  is  neoeesarv  for  the  purrose  of  expelling  the 
sulphur,  and  converting  the  sulphide  into  a  more  or  less  pore  oxiae  of  zinc  The  cala- 
mine, on  ealdnation,  loses  its  caibonic  add,  together  with  some  moisture ;  and  the  red 
oxide  and  siliceous  calamine,  besides  losing  water,  become  more  porons  and  disinte- 
grated, whereby  their  subsequent  reduction  is  fiMilitated. 

Calamine  was  formerly  roasted  in  kilns,  but  is  now  generally  calcined  in  reverbera- 
ting fkmaces.  Zincblende  is  occasionally  submitteof  to  a  preliminary  roasting  in 
kilns,  so  as  to  utilise  the  sulphurous  acid  which  is  evolved ;  but  in  all  cases  it  requires 
to  be  ground,  and  the  calcination  completed  in  reverberatoiy  calciners,  similar  to  those' 
used  in  copper-smelting. 

Reduet&n. — The  roasted  ore  is  mixed  with  half  its  weight  of  powdered  charcoal, 
coke,  or  anthracite,  and  introduced  into  crucibles  or  retorts  of  peculiar  construction.  In 
Silesia,  whence  the  greater  part  of  the  zinc  used  in  the  arts  is  obtained,  the  mixture  of 
zinc-oxide  and  charcoal  or  coke  is  heated  in  muffles  8  feet  long  and  IJ  foot  high,  six 
of  which  (three  side  by  side)  are  laid  in  one  furnace.  The  evolved  mixture  of  carbonic 
oxide  gas  and  zinc-vapour  passes  from  the  upper  and  fore  part  of  the  muffles,  through 
a  knee-shaned  channel,  horizontal  in  the  nearer  and  directed  downwards  in  the  farther 
part,  and  tne  zine  condenses  therein,  and  drops  down  from  its  lower  aperture.  Part 
of  tile  zinc-vapour,  and  likewise  some  cadmium-vapour,  escapes  uncondensed,  together 
with  the  carbonic  oxide  gas,  and  bums  in  the  air,  producing  the  substance,  ciadled  Si' 
Icsian  Zine-flovers,  In  Li^,  the  reduction  is  performed  in  earthemware  tubes,  laid 
side  by  side.  The  zinc,  as  it  condenses  in  the  fore  part  of  these  tubes,  is  scrapeid  out 
from  time  to  time  in  the  liquid  state.  In  England,  a  number  of  cast-iron  pots  are 
arranged  in  a  circle  in  one  common  furnace.  Through  the  bottom  of  each  of  these 
pots  there  passes  a  tube^  open  at  both  ends.  The  veoiels  are  filled  with  the  mixture  to 
such  a  height  as  not  to  stop  up  the  upper  end  of  the  tube,  then  closed  with  a  well- 
fitting  cover,  and  heated.  The  zinc  orcms  down  from  the  part  of  the  tube  which  des- 
cends from  the  bottom  of  the  crucible.  This  process  is  caUed  JksiiUatio  per  deacensum* 
— At  Goslar,  in  the  Harz,  zinc  is  obtained  as  a  secondary  product  in  the  smelting 
of  lead-ores.  The  zinc-vapours  condense  in  the  upper  half  of  the  fomaoe,  and  run 
down  from  the  shaft  upon  a  slanting  stone  called  tiiezine'Stool,  The  zinc  thus  obtained 
is  melted  in  iron  pots,  and  poured  out  on  tables.* 

Purification. — Uommercial  zinc  contains  small  quantities  of  lead  and  iron,  together 
with  minute  quantities  of^  tin  and  cadmium,  and  occasionally  traces  of  arsenic  and 
copper.  Carbon  is  also  mentioned  amongst  its  impurities ;  but  Eliot  and  Storer  did 
not  find  it  in  either  of  the  thirteen  specimens  which  they  examined,  though  traces  of 
sulphur  wero  always  present.  The  best  mode  of  obtaining  pure  zinc  is  to  pass  sulphu- 
rotted  hydrogen  through  a  strong  and  sompwhat  add  solution  of  ^dnc-sulphiste,  filtering 
from  any  precipitate  uiat  may  be  formed,  and,  after  boiling  the  solution  to  expel  the 
sulphurottod  hydrogen,  predpitating  the  zinc  as  carbonate  by  addition  of  sodium-car- 
bonate. The  carbonate,  after  being  washed,  is  redissolved  in  pure  sulphuric  add,  and 
the  zine  is  reduced  by  electrolysis ;  or  the  dried  carbonate  may  be  converted  into  oxide 
by  ignition,  and  the  oxide  distilled  in  a  porcelain  rotort^  with  charcoal  prepared  from 
loaf-sugar. 

*  For  details  and  figures,  see  Ur«*t  DietUmtary  ^  ArU,  t«.  UL  107S,  and  Miller's  SUmtmU  t^ 
CkemiUry^  8rd  ed..  part  ii.  p.  MO. 
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iVmMr<M».— Zine  U  a  white  metal,  with  a  shade  of  blop,  eapable  of  being  poliahe<i^ 
and  then  aasnming  a  bright  metallic  lustre.  It  is  nsnally  brittle,  and  its  fnctuvv  ex- 
hibits a  crystalline  stmctnze.  Bat  zinc,  if  pure,  may  be  hammered  into  thin  leares, 
at  the  nsnal  temperature ;  and  commercial  ^ne,  which  is  impure  and  brittle  at  a  low 
temperature,  acquires  the  same  malleability  between  100^  and  160^ :  it  may  then  be 
laminated ;  and  the  metal  is  now  consumed,  in  the  form  of  sheet-zinc,  for  a  variety  <^ 
useM  purposes.  At  210^  it  again  becomes  brittle,  and  may  be  reduced  to  powder  in 
a  mortar  or  that  temperature.  The  density  of  cast  zinc  is  6*862,  but  it  may  be  increased 
by  forging  to  7*21.  It  melts  at  412°  (Daniell),  and  boils  at  1040<^  (Deyille  and 
Troost).  At  a  red  heat,  zinc  rises  in  yapour,  and  takes  Are  in  the  air,  buraing'  witli 
a  white  flame  like  that  of  phosphorus ;  the  white  oxide  produced  is  carried  up  me- 
chanically in  the  air,  although  itself  a  fixed  substance,  laminated  zinc  is  a  valuable 
substance,  from  its  slight  disposition  to  undereo  oxidation.    When  mpoeed  to  air,  or 

n"  ced  in  water,  its  Bur£Eu»  becomes  covered  with  a  grey  film  of  suboxide,  which 
s  not  increase ;  this  film  is  better  calculated  to  resist  both  the  mechanical  and  che- 
mical effects  of  other  bodies  than  the  metal  itself,  and  preeeryes  it.    Ordinary  zinc 
dissolves  with  facility  in  dilute  hydroehlorie,  sulphuric  and  other  kydrated  ocidM,  by 
substitution  for  hydrogen.    Pure  zinc  dissolves  very  slowly  in  the  same  acida,  unless 
it  is  in  contact  with  platinum,  copper,  or  anv  other  less  pootiye  metal,  with  which  it 
can  form  a  galvtoic  drdnt.  Ordinary  zinc  dissolyes  more  quickly  than  the  pure  metal, 
beoanae  the  lead  contained  in  it  is  precipitated  in  the  metallic  state,  and  acts  as  aa 
electrotte^|atiye  element  to  the  zinc  (see  £LBCTBicnT,  ii.  420).    In  consequence  of  this 
electrolytio  action,  zinc,  in  contact  with  iron  or  copper  in  a  saline  solution,  protects  the 
other  metal  from  oxidation. — Galvanised  iron  consists  of  iron  having  its  sorfiace  coated 
with  zinc,  which,  in  like  manner,  protects  it  from  oxidation  in  air  and  water.  Zinc  |«e- 
cipitates  silver,  copper,  mercury,  and  most  of  the  baaylous  metals,  less  oxidable  tfaaa 
itself^  from  their  acid  solutions. 

Zinc  ^ssolves  also  in  aqueous  alkalis,  with  evolution  of  hydntten,  fonning  azineste 
of  the  alkali-metal:  s.^.,  Zn  -h  2KH0  -  IC^Zn'O*  4-  H*.  fn  this  case,  abo»  the 
solution  of  the  rinc  is  accelerated  by  contact  with  less  oxidable  metals,  as  platinni, 
iron,  &e. 

Zinc  reduces  many  metallic  oxides  (chromic  oxide,  for  example)  when  melted  with 
them.  Nearly  all  chlorides  aad  fluorides  are  reduced  when  heated  with  zine-yapour  in 
an  atmosphere  of  hydrogen  (Foumaride,  J.  pr.  Chem.  Ixxiii.  496).  At  a  veiyliigb 
temperature,  zinc  reduces  carbonic  anhydridsj  forming  oxide  of  sine ;  at  a  somewhat 
lower  temperature,  on  the  contrary,  charcoal  leducee  oxide  of  zinc  (p^  1067). 

Zinc  is  a  diatomic  metal,  and  forms,  for  the  most  part,  but  one  class  of  compoonds: 
ZnCl*,  ZnO,  Zn(NO*)*,  ZnSO\  &c.  A  lower  and  a  higher  oxide  are  known,  but 
diey  are  not  of  very  definite  character. 

snrcit  AUbOTS  OV.  Zinc  unites  with  nearly  all  other  metals,  fbimiog  aHefs 
which  are  mostly  hard,  and  in  some  cases  brittle.  They  may  be  prepared  by  dindiy 
fusing  the  two  metals  together ;  if,  however,  the  heat  be  allowed  to  rise  too  hijg:hi  tbe 
zinc  will  be  volatilised.  Host  of  the  zinc-alloys  have  been  already  described  in  eon- 
neetion  with  other  metals. 

Zinc  does  not  form  an  alloy  with  bismuth ;  on  mixing  the  two  metals  in  the  melted 
state,  the  mass  separates  into  two  lasers— one  consisting  of  one  containing  2*4  percent, 
bismuth,  the  other  of  bismuth  oomtaming  fix>m  8'6  to  14*8  par  cent  zinc,  (ifsttiiies- 
sen  and  v.  Bose.) 

Tin  unites  readily  with  zinc  by  Ibsion,  forming  alloys  which  are  harder  tlian  tin, but 
softer  than  zinc ;  they  are  also  less  malleable  than  tin.  An  alloy  of  11  rto.  ti^  ^  ^^ 
zinc  beaten  out  into  leaf,  forms  spurious  silver-leaf.  According  to  Budberg.  the  eUoy 
ZnSn<  (1  pt.  tin  to  lOf  pts.  zinc)  solidifies  completely  at  204^;  but  all  the  othtf  fUoj^ 
separate  on  cooling  from  a  state  of  fusion  into  two  portiQus,  the  one  oonflstiog^ 
ZnSn',  not  solidifying  till  cooled  to  204^,  while  the  remainder,  consisting  of  an  aU^^T 
containing  a  larger  proportion  of  one  or  the  other  metal,  solidifies  at  a  hi|^  ^^' 
perature:  tlm»— 

SunZa.  So^Zn.  8n«Zn.  SqSZo.  Sn'Za.  SdU. 
Variable  point  .  .  210O  .  .  SSO^'  260^  280^  320^* 
Fixed  point    .        .        .    204®        204«        204®        204*        204O       204*>. 

Bespecting  the  alloys  of  zinc,  tin,  and  lead,  see  Lkjld  (iii  588). 

Alloys  of  zinc,  tin,  and  copper  constitute  many  varieties  ox  bionae,  tombac,  wC 
Alloys  containiog  smaller  proportions  of  sine  are  used,  on  aooount  of  their  bardoes^ 
to  form  the  journals  and  other  parts  of  machines.    (See  Ooffwb,  Aixots  op,  ii*  ^'y 

According  to  Calvert  and  Johnson,  the  alloys  ZnGu>*Sn  and  ZnGu*'9n  are  ^^^^^ 
chemical  compounds,  inasmuch  as  they  are  scarcely  attacked  by  nitric  arid  of  sp^™^ 
gravity  1*1,  or  by  concentrated  hydrcxrhloric  acid,  and  not  at  all  by  sulphuric  acid. 
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of  speciflegnmty  1*6.  Both  theie  aUoys,  on  aeooimt  of  their  haidiMM,  a»  well 
adapted  to  form  perta  of  machinery. 

Some  bronzea  contain  lead  aa  well  aa  copper,  tin,  and  sine:  thna^^rt^A  heU-metal 
eonnata  of  5*6  pta.  zino,  lO'l  tin,  80*0  copper,  and  4*8  lead ;  and  the  hiddery-ioan  of 
India,  of  8  pta.  of  an  aUoy  of  copper,  tin,  and  lead  (16  pta.  copper  to  4  pta.  lead  and 
2  pta.  tin),  to  16  pta.  zinc.    (Williama.) 

An  amiiffam  of  cine  and  tin  ia  need  for  ooatang  the  rabberB  of  electrical  maehinea. 

snrc,  MMOWUDM  OV«  ZnBi*. — Thia  compound  is  formed  directly  by  ignitingf 
zinc  in  biomine-Taponr.  A  aolntion  of  zinc  or  zinc-oxide  in  aqneons  hydrobromic  acid 
aolidifiea,  at  a  certain  degree  of  concentration,  to  an  indistinctly  crystalline,  Tery  deli- 
qneacent  mass  of  the  hydrated  bromide  mixed  with  a  certain  quantity  of  oxide,  which, 
when  heated,  yields  a  sublimate  of  zinc-bromide  in  white  needles  of  specific  gravity 
3*648,  ^nd  a  reaidne  of  zinc-oxide.  According  to  Kremera  (Fogg.  Ann.  aii.  57 ; 
dr.  133;  cviii.  115),  solutions  of  zinc-bromide  of  difEerent  atrengths  exhibit,  at  19*5^, 
the  specific  giATities  shown  in  the  following  table  :-— 

^'^ICW^^tor  I     •     ^^'*      ****     ^^'^     ^^'*     *"*^     ^^'*    ^^^"^   *^** 

Specific  gnmty  at  19*5^.  1*1715  1*8770  1*5276  1*6101  1*7082  1*8797  2*1027  2*3914 
A  solution  of  sine-bromide  in  ammonia  yields,  by  CTaporation,  colourless  octa- 
hedrons of  zino-ammoniom-bromide,  (N^fZn'')Br*,  which  are  decomposed  by  heat  and 
by  water.    (Bammelaberg.) 

JBy  the  simnltaneona  action  of  zinc  and  bromine  on  anhydrons  ether,  there  is  formed, 
together  with  bromide  of  carbon,  an  unstable  compound  of  ether  and  zinc-bromide, 
which  fumes  in  the  air  and  disaolvea  in  water.    (Nicklis,  Compt.  leod.  lii.  870.) 

Zinc-bromide  unites  with  the  bromides  of  alkali-metals,  forming  double  salta,  exactly 
like  the  corresponding  chloiine-compounds.  The  ammonium-salt  baa  a  specific 
grayity  of  2  628.    (Bodecker.) 

ZZarC,  C»B&omzi»a  of.  ZnCl*.  BiUUr  of  Zine.  JButyrum  Zinci.—-Yety 
thin  zinc-foil  takes  fire  at  ordinary  temperatures  in  chlorine-gas.  Zinc-chloride  is 
formed  in  the  wet  way  br  dissolying  zinc  or  zinc-oxide  in  hydrochloric  acid,  or  by  do- 
composing  certain  metallic  chlorides  in  solution  with  zinc  or  a  zinc-salt :  thus,  when  a  so- 
lution containing  equivalent  quantities  of  zinc-sulphate  and  sodium-dhloride  is  cooled, 
zinco-sodic  sulphate  czyBtalHses  out  at  +  10^ ;  but  at  0^,  pure  sodie  sulphate  sepamtes, 
while  zinc-chloride  remains  in  solution. — Anhydrous  zinc-chloride  may  be  prepared  by 
distilliuff  1  pt  of  zinc-filings  with  2  pts.  of  mercuric  chloride,  or  1  pt.  zinc-oxide  witn 
2  pts.  sal-ammoniac,  or  by  distilling  the  residue  left  on  evaporating  the  aqueoua  solu- 
tion ;  also  by  distilling  a  mixture  of  dry  zinc-sulphate  and  calcium-chloride. 

Zinc-chloride  is  a  whitish-grey  translucent  substance,  soft  like  wax,  and  of  specific 
gravity  2*758 ;  it  has  a  burning  taste  and  emetic  action ;  melts  easily,  and  distils  or 
sublimes  in  white  needles  at  a  red  heat ;  deliquesces  quickly  on  exposure  to  the  air, 
and  dissolves  easily  in  water  and  in  alcohol. 

The  aqueous  solution  evaporated  to  a  syrup^  with  addition  of  a  little  hydrochloric 
acid,  deposits  a  hydrated  salt,  ZnCPJPO,  in  small  deliquescent  octahedrons.  The 
specific  gravities  of  solutions  of  various  strengths  are,  according  to  Kremers,  as  follows : 

Quantity  of  ZnCl*  in  100  pts.  water    .    16*7  38*8  56*3  92*4 

Specific  gravity  at  19*5<'     .        .        •    1*831         1*2714        1*3677        1*5386 

A  saturated  alcoholic  solution  of  zinc-chloride  deposits  an  alcohola  te,  ZnCl^CH'O, 
in  small  crystals.    (Graham.) 

Anhydrous  zinc-cnloride  is  a  powerful  dehydrating  a^ent,  acting  upon  organic  bodies 
like  oil  of  vitriol ;  thua  it  chars  wood,  converts  alcohol  into  ether,  and  has  been  recom- 
mended by  Kraft  and  Motta^  (Compt.  rend,  xlviii.  410),  instead  of  sulphuric  acid, 
for  the  preparation  of  fatty  acids  from  glycerides.  Even  the  concentrated  aqueous 
solution  destroys  vegetable  fibre,  and  cannot  therefore  be  filtered  through  paper ; 
according  to  Persoe,  it  dissolves  silk. 

A  dilute  aqueous  solution  of  zinc-chloride  is  much  used,  under  the  name  of  Burnet  fa 
Disinfecting  Fluids  as  an  antiseptic,  and  for  preserviuff  wood  and  vegetable  fibre  against 
decay.  The  concentrated  solution  is  nsed  in  the  hiboratory  aa  a  bath  for  heating 
substances  to  a  constant  temperature.  The  dry  chloride,  obtained  by  evaporation,  is 
nsed  in  surgery  as  a  caustic. 

Zinc-chloride  combines  easily  with  ammonia^  with  chhridea  of  dUedU'metal,  and 
with  ginooxidef  forming  several  oxychlorides. 

a.  With  Ammonia. — ^When  a  hot  concentrated  solution  of  zinc-chloride  is  treated 
with  gaseous  or  aqueoua  ammonia,  till  the  resulting  precipitate  redissolves,  the  solu- 
tion, on  cooling,  deposits  the  compound  4NH'JZnCl'.M'0,  m  shining  scales  or  laminn^ 
which,  when  heated  to  150^,  give  off  water  and  ammonia,  and  leave  zinc  ammonium- 


1070        ZINC:  DETECTION  AND  ESTBIATfON  OF. 

dikride,  2NH>jSnGl*  -  (N*H«Zn')Cl*,  in  tbe  form  of  a  white  powder ;  this  last  com* 
poand  separates  also,  in  shining  rhombic  cl7staL^  fimn  a  coneentxated  ammoniAcai 
Bolndon  of  sine-chknid^— someCfanes  immediately,  sometimes  fimn  the  mother-lkioor 
of  the  diammoniacal  compound.  Both  the  preceding  compoimds,  when  snffiaeatlj 
heated,  give  off  ammonia,  and  leave  a  dear  liquid,  which,  on  oooling,  solidifies  to  an 
imperfe^y  oystalline  mass  of  the  compound  ZnCl*.NH',  which  distils  nndecompoaed 
at  a  led  heat,  and  is  resolTed  by  water  into  sine  ammoninm-«hlorid0k  N^*ZttCI*,  and 
an  ozydbloride,  Zna*.6Zn0.6H*0.    (Kane.) 

$.  With  Alkaline  Chlorides. — ^Zinc-chloride  nnites  in  several  proportions  with 
ammonium-chloride. — The  salt  2NHK?LZnGl'  is  produced  br  dissolving  ainc-hydrate, 
at  a  gentle  heat,  in  aqneous  sal-ammoniac,  or  1  pt.  zinc-oxide  and  1  pt.  sal-ammoniae 
in  strong  hydrochlorie  acid ;  it  czystallises  on  eviration  in  rectangular  prisms,  or 
in  large  lamins  containing  1  at.  water  of  crystallisation,  soluble  in  0*66  pt.  cold,  and 
9*28  pts.  boiling  water.  The  dry  salt  is  resolved  by  heat  into  sal-ammoniac  and  xino- 
chlonde.  Rammelsberg  (Fogg.  Ann.  xdv.  507)  obtained  the  same  double  salt^  in 
anhydrous  rhombic  cnrstals,  by  evaporating  a  mixed  solution  of  rinc-chloride  and 
ammonium-chloride. — Marignae  (Ann.  Hin.  [6],  xii.  1)»  by  slowly  evaporating  a 
solution  containing  about  2  at.  sal-ammoniac  to  1  at.  xinc-chloride,  obtainra  the  salt 
3NHH];i.ZnCl*,  the  mother-liquor  of  whidi  deposited  rhombic  laminae  of  the  anhydrous 
salt,  2NHH?l.ZnCl*.— The  aalt  NH«G1  J^Cl*  crystallises,  from  a  solution  of  1  pt.  sal- 
ammoniac  and  2  pts.  zinc-chloride,  in  easily  SMuble  rhombic  crystals  containing  2  at. 
water  (Hautz,  Ann.  Ch.  Pharm.  Ixvi.  287).  A  concentrated  solution  of  the  double 
chloride  of  zinc  and  ammonium  is  used  to  remove  the  film  of  oxide  from  the  snrfiiAe  of 
metals,  such  as  zinc,  iron,  or  copper,  iHiich  are  to  be  united  by  soldering. 

Zineo-potassie  eUoride,  2KQ.ZnCP,  forms  rhombic  crystals,  of  speeifio  gravity 
2*297,  iaom(«photts  with  the  similarly  constituted  ammonium-salt  (Ba  mm  els  berg); 
more  deliquescent  than  the  latter  (Marignae). — Zine(h9odie  ehloiride,  2NaCL&Cl'. 
3H*0,  crystallises  in  small  very  deliquescent  needles,  belonging  to  the  hexagonal 
syatem.    (Marignae.) 

7.  With  Z  i  nc-  ox  ide. — ^When  aqueous  zinc-chloride  is  evaporated  to  dryness, part  of 
the  chlorine  escapes  as  hydrochloric  add,  and  the  residue  contains  an  oxy  cblori  de,  or 
basic  ch  loride  of  zinc,  only  partly  soluble  in  water.— The  compound  ZnH];iK)'.4^K), 
or  ZnC1^3Zn0.4H*0,  is  obtained  l!y  boiling  a  strong  solution  of  zinc-chloride  with 
zinc-oxide,  or  by  precipitating  the  solution  with  an  insufficient  quantity  of  ammonia, 
and  digesting  the  precipitate  with  the  liquid :  it  forms  small  nacreous  octahedrons,  or 
a  soft,  white  powder,  and  gives  off  half  its  water  at  100^— Zn'Cl*OM0HH)  «  ZnO*. 
fiZnO.lOH'O,  is  formed  by  the  action  of  water  on  the  compound  2NH*.ZnCl*,  or 
NH'.ZnCl*  {yii,  ntp.),  or  by  precipitating  zinc-chloride  with  a  quantity  of  ammonia 
sufficient  to  rediasofve  part  of  the  precipitate.  It  is  a  white  powder,  insoluble  in  water, 
and  giving  off  half  ito  combined  water  at  100°.— Zn>«Cl'0*.3H<0  -  ZnCl«9Za0.3H^, 
remains  as  a  winte  insoluble  powder,  when  a  solution  of  zinc-chloride  is  evaporated 
to  a  syrup,  and  then  treated  with  water.  The  same  oxychloride  is  precipitated  in 
combination  with  14HK),  on  mixing  a  solution  of  zine-chloride  with  a  quantity  of 
potash  just  suffieiant  to  prodiioe  an  fUkaline  reaction. 

Per  SOS  (OGnD&pt.  rend.  Iv.  810)  uses  a  basic  solution  of  line-chloride  (prepared  In^ 
boiling  a  solution  of  the  neutral  chloride  of  about  1*70  per  cent,  qpedflc  gravity  with 
excess  of  zino-oodde),  for  dissolring  silk,  and  separating  it  from  wool  azKi  r^getaUe 
fibres. 

When  zinc-oxide  is  boiled  with  a  strong  solution  ot  zinc-chloride  in  certain  propor- 
tions, a  plastic  mass  is  obtained,  which,  after  a  while,  becomes  very  hard,  and  may  te 
used  for  taking  casts.    A  cement,  prepared  b^  adding  3  pts.  nnc-oxide  and  i  pt 
glass-powder  to  50  pts.  of  a  solution  of  zinc-cbloride  of  specific  gravity  1*5— I'^f  ^f^ 
1  pt.  of  borax  dissolved  in  the  smallest  possible  quantity  of  water,  u  mnofa  nsed  in 
Paris  for  stopping  teeth,  and  for  making  artificial  teeth  (FeichtingeT,Din^>|^^* 
cl.  78).    An  oxychloride  of  zinc,  prepared  by  a  similar  process,  may  also  be  vwa  u  a 
paint  for  wood,  paper,  stone,  or  metaL    It  dries  quickly,  and  is  quite  free  from  odom. 
(SoreL) 

C«  OTAVZna  or.    See  Ctanibbs  (ii.  274). 

Of  BSTBOTIOW  AVB  SSTSKATZOM  OV.  1.  Blowpipe  Reac- 
tion s. — All  zinc-compounds,  when  heated  with  todium-earhtmatB  in  the  inner  flame, 
ffive  an  incrustation  of  zinc-oxide,  which  is  yellow  idiile  hot,  bat  becomes  white  on  eool- 
inff ;  it  is  not  volatile  in  the  outer  fiame.  With  horax^  or  mkrocoamie  saUy  they  give  in 
eiuier  flame  a  bead,  which  is  yellowish  while  hot»  white  on  cooling,  and  opaque  if  much 
zinc-salt  is  present  If  the  colourless  bead  or  the  white  inerustation  be  moistoied 
with  a  dilute  solution  of  oohaH-nitrate,  and  strongly  heated  in  the  outer  fiame,  a  fine 
green  colour  is  produced. 
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9.  Beaetions  in  Solution. — ^Zine-aalts  aie  edkforlem,  and  form  ooloorless  sola- 
tions. — Sulphydric  aeid  gires,  with  neutral  solutionB  of  zinc-aalts,  a  white  piedpitate 
of  cino-solphide,  which  does  not  eontain  all  the  line ;  in  Bolntaone  eontaininff  a  snfficient 
quantity  of  free  hydrochlorie  or  snlphnric  add,  no  precipitate  ia  formed ;  but  from 
acetate  of  sine,  or  any  aino-aalt  mixed  with  acetate  of  eodinm,  tine  is  completely  pr^ 
cipitated  by  solphydnc  add,  even  if  a  large  quantity  of  free  acetic  add  is  ^oesent. 
Sulphide  of  dnc  is  insoluble  in  caustic  aUoalis. — Sulphide  cf  ammomu/n  precipitates 
zinc^salts  completely. — Ojfonideqfpotasnum  throws  down  white  cyanide  of  mnc,  soluble 
in  excess,  and  reprecipitated  by  sulphide  of  ammonium. — Ferroeyanide  ofpoktsnum 
forms  a  white  predpitate,  insoluble  m  hydrochloric  add. — Oxalic  acid  vad  phosphate  of 
sodium  predpitate  white  oxalate  and  phosphate  of  sine,  soluble  in  adds  and  alkalis ; 
the  phosphate  is  not  predpitated  in  presence  of  sal-ammoniac  and  ammonia. — Fixsd 
alkmne  corAona^  predpitate  a  white  basic  carbonate,  insoluble  in  excess,  soluble  in 
alkalis ;  chloride  of  ammonium  hinders  this  precipitation  in  the  cold. — Potash,  am- 
moniOt  and  earbonate  qf  ammonium  form  white  predpitates  soluble  in  excess,  repre- 
cipitated on  diluting  with  water  and  on  boiling ;  soluble  also  in  chloride  of  ammonium. 
Siuphydric  add  predpitates  zino-sulphide  from  these  solutions. 

Zinc  in  solution  is  distinguished  from  all  other  metals  by  the  predpitation  of  its 
white  sulphide  by  sulphide  of  ammonium,  in  a  solution  containing  excess  of  caustic 
alkali. 

3.  Estimation  and  8eparation,*^ZineismdjiitatedttomitB  solutions  by  car* 
honais  of  sodium,  i^ch,  when  added  in  excess,  and  boiled  with  the  solution,  throws  down 
carbonate  of  sine  It  is  best^  however,  to  pour  the  sinc-aolution  into  the  hot  solution 
of  the  alkaline  carbonate,  beorase,  in  that  case,  we  may  be  sure  of  not  forming  a  basic 
salt.  If  the  cine-solution  contains  ammoniaeal  salts,  it  must  be  boiled  with  a  quantity 
of  carbonate  of  sodium  sufficient  to  decompose  those  salts,  then  evaporated  to  dryness, 
the  residue  treated  with  a  large  quantity  of  water  to  dissolve  out  the  soluble  salts,  and 
the  carbonate  of  zinc  collected  on  a  filter,  and  well  washed  with  hot  water.  The  evapo- 
ration should  be  conducted  as  quickly  as  possible.  The  carbonate  of  sine,  when  dried 
and  ignited,  yields  oxide  of  zinc  containing  80*26  per  cent,  of  the  metal. 

In  separating  zinc  from  other  metals^  it  is  often  necessair  to  predpitate  by  suiphide 
qf  ammonium.  If  the  solution  is  add,  it  must  be  previously  neutralised  by  ammonia. 
The  predpitate  must  not  be  thrown  on  the  filter  immediately,  but  left  to  settle  down 
comiuetely,  after  which  the  clear  liquid  must  first  be  passed  through  the  filter,  and 
then  the  predpitate  thrown  on  it.  If  thisprecaution  oe  neglected,  the  sulphide  of 
zinc  will  stop  up  the  pores  of  the  filter.  The  predpitate  is  washed  with  water  con- 
taining a  little  sulphide  of  ammonium ;  then  dissolved  in  hydrochloiie  add ;  the  solu- 
tion boiled  to  drive  off  the  sulphydric  add;  and  the  zinc  predpitated  by  carbonate  of 
sodium  as  above. 

Zinc  is  separated  from  all  the  non-metallic  elements,  and  from  the  metals 
of  alkalis  and  alkaline-earths  (barium,  strontium,  and  calcium),  by  sulphide 
of  ammonium.  In  the  ease  of  the  alkaline  earths,  however,  great  care  must  be  taken 
to  prevent  the  ammoniaeal  liquid  from  absorbing  carbonic  add  from  the  air,  as  that 
would  occasion  a  prec'pitation  of  the  earth-metal  in  the  form  of  carbonate.  For  this 
purpose,  the  filtration  must  be  effected  as  quickly  as  possible,  and  the  liquid  well  pro- 
tected fh)m  the  air.  The  separation  of  zinc  from  barium  m^y  also  be  effectea  by 
sulfuric  acid,  and  from  calcium  by  oxalate  ofoTnmonium. 

From  magnesium,  zinc  may  be  separated  by  sulphide  of  ammonium,  a  sufficient 
quantity  of  chloride  of  ammonium  being  previously  adaed,  to  prevent  the  predpitation 
of  the  magnesia ;  or  the  sepanition  may  1m  efieeted  by  converting  the  zinc  andmagnenum 
into  acetates,  and  predpitating  the  zinc  as  sulphide  by  sulphvdrie  acid. 

The  separation  of  zinc  from  aluminium,  glucinum,  and  chromium  (in  the  form 
of  chromic  oxide)  may  also  be  effected  by  converting  the  bases  into  acetates,  and  pre- 
cipitating the  zinc  with  sulphuric  acid,  or  by  dissolving  in  potash,  and  predpitating 
the  zinc  with  sulphydric  add ;  but  the  first  method  is  to  be  preferred.  Chromium,  in  the 
form  of  chromic  add,  is  separated  from  zinc,  as  from  other  metals,  by  fndon  with  an 
alkaline  carbonate  (i.  146). 

The  conversion  into  acetates,  and  predpitation  by  sulphydric  add,  likewise  serves 
to  separate  zinc  from  zirconium,  yttrium,  thorinum,  and  manganese.  The 
separation  from  manganese  may  also  be  effected  by  converting  the  tmt  metals  into 
chlorides,  passing  chlorine-gas  through  the  solution  to  convert  the  manganese  into  di- 
oxide, and  completing  the  precipitation  of  the  latter  with  carbonate  of  Barium. 

From  iron,  zinc  may  be  separated  bf  ammonia,  or  (better)  by  succinate  ofammofUum 
(iii.  886).  The  iron  (in  the  state  of  ferric  oxide)  may  also  be  predpitated  by  car- 
bonate of  calcium  or  barium. 

Uranium,  as  uranic  oxide,  may  be  separated  from  zinc  by  this  latter  mode  of 
precipitation. 
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For  tho  methods  of  separating  zinc  firom  cobalt  and  nickel,  see  those  metals 
(i.  1047;  iv.  89). 

From  molybdenam,  tungsten,  and  ranadinm,  sine  is  easilj  separated  hj  tbe 
insolability  of  its  sulphide  in  sulphide  of  ammonium.  For  tbe  method  of  seapereting 
it ftom titanium,  seep.  839. — ^From  thallium,  sine  is  separated  by  precipitadng 
the  thallium  with  iodide  of  potasamm  (p.  749). 

From  arsenic,  antimony,  copper,  and  all  other  metals  whose  sulphides  axe  in- 
soluble in  adds,  sine  is  separated  by  piecipitating  those  metals  with  mlpkyeirie  add^ 
in  solutions  containing  excess  of  mineoal  acid. 

4.  Atomic  Weight  of  Zine. — Gay-Lussac  (Mim.  d*Aroenil,  ii.  174%  by  oxi- 
dising zinc  with  nitric  add,  and  by  measuring  the  quantity  of  hydrogen  erolTed  when 
sine  dissolyes  in  dilute  acids,  conduded  that  100  pts.  rane-oxide,  ZnO,  contain  19^ 
pts.  oxygen :  whence  Zn  *  64*66. — ^Berzel  i  us  (Gilb.  Ann.  xxxvii.  460)  obtained,  by  the 
first  method,  nearly  the  same  number. — Jaequelain  (Ann.  Ch.  Phys.  [8],  Tii.  189\ 
by  the  decomposition  of  the  nitrate  and  sulphate  of  zinc,  obtained  results  conreepond- 
ing  with  the  number  66*24;  and  FaTre's  experiments  (ibid,  [8],  xl  163)  oo  the 
composition  of  zinc-oxalate,  and  on  the  quantity  of  hydrogen  cTolved  when  sine  dis- 
soItbs  in  hydrochloric  acid,  ffiye  the  number  66*0  for  the  atomic  weight  of  sine.    Sub- 
sequently (in  1844),  A.  Erdmann  (Ann.  Ch.  Fharm.  1.  435)  prepared  a  pwe  oxide 
of  due,  mixed  it  with  pure  charcoal  obtained  from  sugar,  and  reduced  it  in  a  current 
of  hydrogen ;  he  then  oxidised  the  metal  with  nitric  addl,  and  eouTarted  it  into  oxida 
by  ignition.    The  atomic  weight  of  dne^  calculated  from  a  mean  of  four  anwrimeDts, 
thus  conducted,  is  66*04.    The  same  number  was  obtained  by  Pdouze  from  toe  analjus 
of  dnc-lactate. 


rOf  VliVOBZna  OV«  ZnF*. — ^Zine  dissolres  in  aqueous  hydroHuoric  add, 
and  the  solution,  when  evaporated,  deposits  the  hydrated  salt,  ZnF'.4H!K),  in  small, 
shining,  rhombic  octahedrons,  exhibiting  the  combination  P  .  ^  .  a>I^  (Marignae). 
Zinc-fluoride  dissolves  dowly  but  completely  in  water,  more  easily  on  addition  of  hydio- 
fluoric,  hydrochloric,  or  nitric  add,  or  of  ammorifa.  'When  heated  in  an  open  vessel, 
it  dissolves  oxide  of  zinc 

Zinc-fluoride  forms  double  salts  with  the  fluorides  of  aluminium  and  potassiusL 
— Tbe  aluminiurnrealtt  ZnF* JLl'F',  forms  long  colourless  needles ;  the  potesstssi-«aU^ 
2EF.ZnF',  colourless  crystalline  grains. 

rO«  RBXATB  OV.    See  Zorc,  Oxmi  of  (p.  1073). 

rOv  ZOBZBB  OV«  Znl'. — ^Finely-divided  dnc  unites  readily  with  iodiois 
forming  an  eadly  fusible  compound,  which  sublimes  in  needles;  spedficgravitf** 
4*696.  The  same  compound  separates  in  regular  octahedrons  or  cubo-octabedroDS,  oa 
evaporating  a  solution  obtained  by  digesting  iodine  with  excess  of  zinc  and  water,  till 
the  colour  of  the  iodine  disappears. 

Zinc-iodide  is  very  deliquescent,  and  dissolves  eanly  in  water.  The  spedfie  giarity 
of  the  solution  varies  with  its  strength,  in  the  manner  shown  in  tbe  following  taUa 
(Kremers): — 

^"*"InJ[wf  ^fflf    •    21*6      80*0      46*4        74*4     86*0     189*0    U^    «l«-« 
m  100  pts.  watery 

8pedficgravityatl9*6*»M716  1-2340    1*3486   1*6121  1*5780  1*7871  21585  ^'^^^^ 

Zinc-iodide  is  decomposed  when  heated  in  contact  with  the  air,  iodtae  beii^f  evolved, 
and  dnc-oxide  producea.  ^ 

The  aqueous  solution  dissolves  dnc  in  contact  with  the  air,  andtbebot-filteteduqaM 
depodts  an  oxyiodide  on  cooling  (Milller,  J.  pr.  Cbem.  xxn.  \\\\  The  mn® 
solution,  digested  with  iodine,  forms  a  brown  liquid  containing  4  at.  iodine  to  1  st. 
dnc 

Dry  dnc-iodide  absorbs  27  per  cent,  (nearly  6  at.)  dry  ammonia-gas,  fond]i|  t, 
loose  white  powder,  soluble  in  adds  but  decomposed  by  water. — A  s<MutioB  ot  vsixr 
iodide  in  aqueous  ammonia  deposits,  by  spontaneous  evaporation,  shining  rectanS^**' 
prisms  of  the  compound  4NH'.ZnI*,  which  is  also  decomposed  by  water. 

Zinc-iodide  unites  with  iodides  of  alkali-metals,  forming  soluble,  deliqnesceot 
double  salts,  which  may  be  crystallised  by  evaporation  over  otl  of  vitriol.  The  sdtSi 
2NH«I.ZnP,  EI.ZnP,  NaLZnP.fH'O,  and  BaI>.2ZnI',  have  hwm  obtained. 

xnrCf  VZTBZDB  07.  This  compound  is  formed,  according  to  Grove,  in  the 
electrolysis  of  water  containing  sal-ammoniac,  when  the  positive  pole  is  foxmcd  of 
dnc  and  the  negatiye  pole  of  platinum. 

xnrCv  OZXDB8  or.  Only  one  oxide  of  dnc  is  known  witb  certainty,  ds.  the 
protoxide.  Tbe  grey  film,  which  forms  on  the  surface  of  zinc  when  exposed  to  the  air, 
IS  regarded  by  Berzelius  as  a  suboxide ;  but  it  is  probably  only  a  mixture  of  the  prot- 
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oxide  with  metallic  zinc.    Thinard  aIbo  states  that  a  gelattnoos  peroxide  is  produced 
by  the  action  of  liydric  peroxide  on  hydrated  sine-oxide. 

Wiio-tiTlflHf  ZnO. — ^This  oxide  occurs  natire,  contaminated  with  manganese-oxides, 
as  zincite  or  red  zinc-ore,  and  combined  with  the  sesqnioxides  of  man^;aneee  and 
iron,  as  franklinite,  both  of  which  minerals  are  found  at  Sterling  HiLl,  Sussex 
County,  New  Jersey — the  former  in  hexa^nal,  the  latter  in  monometric  forms.  It  is 
formed  by  the  combustion  of  zinc  in  the  air,  and  by  ignition  of  zino-salts  containing 
volatile  acids ;  frequently  also  in  the  smelting  of  metallic  ores  containing  zinc,  and  ia 
occasionally  deposited  in  furnace-flues  in  six-sided  prisms.  Crystallised  zinc-oxide  is 
also  produced  by  heating  zinc-chloride  in  a  current  of  aqueous  vapour. 

The  ordinazy  amorphous  .oxide  is  obtained,  as  a  fine  flooculent  powder,  by  burning 
zinc  in  contact  with  the  air.  When  zinc  is  thrown,  by  small  quantities  at  a  time,  intc 
a  capacious  earthen  crucible  previously  heated  to  whiteness,  it  bums  with  a  bright 
bluish-white  flame,  and  deposits  laige  flakes  of  the  oxide  mixed  with  small  partides 
of  the  metal  mechanically  carried  over :  from  these  the  oxide  may  be  fireed  by  leviga- 
tion  with  water,  the  heavier  metallic  particles  then  subsiding,  and  leaving  the  pure 
oxide  in  suspension.  This  oxide  is  much  used  as  a  pigment,  ^lled  zi nc -whit e,  and 
is  manufactured  for  this  purpose  by  distilling  zinc  from  clay-retorts  into  chambers 
through  which  a  current  of  air  is  kept  up.  The  volatilised  metal  bums  at  the  high 
temperature  to  which  it  is  exposed  under  these  circumstances,  and  the  oxide  is  depo- 
sited in  a  series  of  condensing-chambers.  The  white  pigment  thus  obtained  is  per- 
manent>  not  being  blackened,  like  white  lead,  by  exposure  to  sulphuretted  hydrogen ;  it 
is  also  much  less  poisonous  than  white  lead.  An  impure  oxide,  sold  under  the  name 
of  tutty,  is  obtained  from  the  flues  of  furnaces  in  which  brass  is  melted. — For  phar- 
maceutiod  purposes,  zinc-oxide  is  prepared  by  igniting  the  precipitated  hydrate  or 
carbonate. 

Zinc-oxide,  when  crystallised,  forms  transparent,  yellowish,  six-sided  prisms  of  about 
6-0  specific  cravity.  The  ordinary  oxide  is  a  white  amorphous  powder,  of  about  6'6 
specific  gravity.  It  is  insoluble  in  water.  When  heated  it  assumes  a  lemon-yellow 
colour,  but  becomes  white  again  on  cooling.  It  is  veiy  refractory  in  the  fire,  but  is 
said  to  volatilise  at  the  strongest  white  heat  It  is  easily  reduced  by  charcoal,  less 
easily  by  hydrogen  or  carbonic  oxide.  When  heated  with  sulphur,  it  forms  zinc-sul- 
phide and  sulphurous  anhydride ;  with  chlorine,  at  a  red  heat,  it  yields  zinc-chloride, 
which  distils  over,  and  free  oxygen. 

Zinc-oxide  is  a  strong  base,  dissolving  completely  in  acids,  and  forming  the  zino- 
salts.  It  also  acts  as  a  base  towards  oxides  of  the  form  MK)' ;  thus  with  alumina 
it  forms  gahnlte,  ZnCAl^O*. — ^A  solution  of  zinc-oxide  in  potash  deposits,  on 
addition  of  chromic  hydrate,  a  green  compound  containing  ZnO.Cr'O'  (Chancel). — 
£belmen(Ann.  Ch.  rhys.  [3],  xxxiii.  34)  obtained  such  compounds  (spinels)  crys- 
tallised, by  heating  the  component  oxides  with  boric  oxide  for  a  long  time  m  a  pottery- 
furnace,  till  the  boric  oxide  was  volatilised. — ^The  compound  ZnO.Cr'O'  formed  small 
blackish-green  octahedrons,  of  specific  gravity  5*309 ;  ZnO.Fe'O*,  microscopic,  shining^ 
black  octahedrons,  of  specific  gravity  5*132  ;  ZnO.Al*0*  (g^nite),  colourless  octahe- 
drons, harder  than  quartz,  and  having  a  specific  gravity  of  4*58. 

Hydrated  Zinc-oxide,  or  ZinC'hydrate, — ^Anhydrous  zinc-oxide  does  not 
unite  directly  with  water.  Zinc-salts  treated  with  ammonia  yield  a  white  gelatinous 
zinc-hydrate,  soluble  in  excess  of  potash  or  ammonia.  A  crystallised  monohydrate, 
iZnO.H^O  »Zn'^'0',  is  obtained  bv  immersing  zinc  in  aqueous  asmionia  in  contact  with 
iron(Runge;  Schindler),  or  with  lead  or  copper  (Nick Us).  Hydrogen  is  then 
evolved,  and  after  some  time  zinc-hydrate  is  deposited  on  the  zinc  in  rhombic  prisms, 
of  specific  gravity  2-677  (see  also  Cornu,  Bull.  Soc.  Chim.  1863,  p.  64). — ^Adihydrate, 
Zn0.2fl'0  »  Zn"H*0*,  is  deposited  from  a  saturated  solution  of  zinc-oxide  in  soda- 
ley,  left  to  iteelf  for  a  long  time  in  a  closed  vessel.  It  forms  colourless  regular  octa- 
hedrons, having  a  strong  adamantine  lustro,  retaining  their  lustre  and  transparency 
after  washing  with  water  and  drying  over  chloride  of  calcium,  but  becoming  white 
when  hot  water  is  poured  upon  them.  Zinc-hydrate  dissolves  readily  in  dilute  adds, 
caustic  alkalis,  and  carbonate  of  ammonium.  It  easily  gives  off  ite  water  when 
heated. 


rc,  oaLTOH&OSIBB  or.    See  ZiNO,  Chlobidb  of  (p.  1070). 

^  XXWO,  OXTSrayBZBB  or.    See  Znro,  Sulfhidbs  of  (p.  1074). 

rc,  rMROZZBB  or.    (See  p.  1070.) 

ro»  rBOBTHIBas  or.    (Hoos,  AnB.Ch.  Fharm.  e.  101.)— The  compound 
ii  Zb^P*  was  obtained  by  strongly  igniting  2  at.  zincHoide  with  1  at.  phosphoric  anhy- 

dride and  7  at.  charcoal,  and  collected  in  the  neck  of  the  retort  as  a  brittle  sublunate, 
1^  which  had  a  daric  iteel-grey  colour,  aad  dissolved  in  hydrochloric  acid,  with  evolution  of 

>  Vol.  V,  3  Z 
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non-fpantaneonsly  inflammable  phoaphoratted  hydrogen. — ^Zinc-ozide»  ignitod  in 
phoaphonu-yaponr,  fonns  a  black  crystalline  mass,  together  with  a  red  phoaphide  ol 
ainc  The  bl^k  mass  boiled  with  hydrochloric  acid,  left  a  grey  crystaUine  powder, 
probably  oonsLbting  of  ZnP". 

SnrOf  SB&BWIBB  or.  Formed  by  paaaing  Belenium-Tapoiir  orer  ivd-hot 
eine.  It  ie  a  lemon-yellow  pnlremlent  body,  from  which  nitric  acid  dissolTea  the 
sine,  and  at  first  separates  the  selenimn,  bat  on  prolonged  action  dissolves  it  aa  sele- 
nions  acid.    (B  era  el  ins.) 

xnrCf  SB&nzOCTAWATa  OV.    See  Sklexioctavates  (p.  220). 

rO«  BI&IOOniVOBIBB  or.    See  SiLiooKLTJOBmxs  (p.  273). 

ro,  SVBOZIBB  or.    (See  p.  1072.) 

rCv  BTnUPWUnMB  or.    Of  these  compounds,  the  best  known  ia  that  which 
corresponds  to  the  oxide.    According  to  SchifT,  there  is  also  a  pentaaolphidey  ZnS^. 
The protosulphide,  ZnS,  occurs  native  as  blende,  in  monometiie  loans,  m 

odO  {fy.  178,  Cbtbtaixoobactt,  ii.  124) ;    +  -  (Jig,  189);  the  same  with  the  two 

O 

tetrahedrons  equally  developed,  forming  a  regular  octahedron  (fy,  172) ;  and  j  -  «^ 

(fy.  203);  also  twins  W^efff.  819  (ii.  160),  and  others;  cleavage  perfect  puallelto 
ooO.  llie  mineral  likewise  occurs  in  botiyoidal  and  other  imitative  shapes,  and 
massive,  compact.  Hardness  i-i  3'5  to  4.  Specific  gravity  >»  3*9  to  4*2.  Trans- 
parent to  translucent.  Lustre  resinous  to  adamantine.  Colour  brown,  yellow,  black, 
red,  green,  white,  or  yellow  when  pure.  Streak  white  to  reddish-brown.  Fnctnxe 
conchoidal.    Brittle. 

Analyses, — a.  Franklin,  New  Jersey:  colourless,  transparent  (Henry).* — 5.  Clans- 
thai:  crystallised,  black  (Knhlemann). — c.  Raibl,  Carinthia:  scaly  (Kereten).— 
d.  Frzibram,  Bohemia:  radiate  (Lowe). — e,  Eaton,  New  Hampshire  (Jackson).— 
/.  Shelbume,  New  Hampshire  (Jackson).— ^.  Christiania:  black-brown,  nuiiata 
(Scheerer). — h,  Marmato,  near  Popayan,  South  America:  marmaiiie :  black  (Boas- 
singault). — i.  Bottino,  near  Serravezn,  Tuscany :  massive  (Bechi) : 

a.            b.  e.           d, 

Sulphar              .       .    S»3S  88-04  82*10  83*75 

Zinc    ....    67*46  66*89  64*88  68*62 

Cadmium 0*79  tnios        |*78 

Iron 1-18  1*88         8-80 

CopMr 0*18        0*78      lOOW 

Antiooonj    .  .     .    »         0*68        0*80  f 

99-68      101*16       Wlh 

Blende  occurs  in  both  ciystalline  and  sedimentaiy  rocka,  and  ia  usoaUy  asaooated 
with  galena ;  also  with  heavy  spar,  copper-pyrites,  spathic  iron,  and  fieqnently  in 
silver-mines.  Derbyshire,  Cumberland,  and  Cornwall  afford  the  black  varifitieacu|«i 
hiack  jack;  also  IVansylvania,  Hungary,  and  the  Han.  Sala  in  Swedes,  Bade- 
borzita  in  Bohemia,  and  many  Saion  localities,  afford  splendid  black  and  brown 
crystals. 

Zinc-sulphide  cannot  be  formed  by  fusing  sulphur  and  zinc  together,  beeanse  the 
sulphur  volatilises  before  combination  can  t^e  phice ;  but  it  is  proouced,  vith  detona- 
tion, when  zinc-filings  are  heated  with  cinnabar  or  potassium-snlphida    It  ia  Hkewiee 
obtained  by  heating  zinc-oxide  with  sulphur  alone,  or  with  snlphor  and  dunoal ;  by 
heating  zinc-oxide  or  the  hydrated  sulphide  in  a  stream  of  sulphjdric  add  8*"^*^ 
finely,  by  reducing  zinc-sulphate  with  sulphur  or  charcoal.    "When  ^paied  by 
either  of  uiese  methods,  it  is  a  white  or  yellowish  powder,  of  specific  gwntj  i*W:  it 
melts  at  a  venr  high  temperature,  and  volatilises  only  at  a  white  hesJL 

Crrstallised  zinc-sulphide  is  easily  oxidised  by  fdsion  with  nitre;  alowlyib^  ^" 
pletely,  when  heated  in  contact  with  the  air :    acids  decompose  it  slowly,  with  evon- 
tion  of  sulphydrie  acid.    The  amorphous  sulphide  is  decomposed  by  atmosphaDfi 
oxidation,  or  by  acids,  more  quickly  than  the  crystalUsed  snlphioe. 

The  hydrated  auiphide^  ZnS.HK),  obtained  by  precipitation  (p.  1071),  and  dried  ^ 
100^,  is  a  white  powder,  which,  when  more  strongly  heated,  gives  off  its  water  and 
turns  yellowish.  It  oxidises  quickly  on  exposure  to  the  air,  and  dissolves  eanly  i& 
dilute  mineral  acids,  slightiv  in  a  large  excess  of  acetic  ackL    (Waekenroder.) 

Or^Mi(pMe2aa.^Zinc-8ulphide,  when  dried  in  the  air,  generally  contains  a  small 
quantily  of  oxide.  Oxysulphides  of  zinc  are  found  in  fyimace-flaee.  Eersten 
(Sehw.  J.  Ivii.  186)  fbund  one  in  a  furnace  at  E^betg,  having  the  eonpoaition 
ZD0.4ZnS ;  the  liiuMaide  was  not  diasolved  out  of  it  by  aeetio  add.    The  same  eon- 
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•  For  reftreacet,  tee  lUnmialiberv*!  Mi^erakkemie,  p.  4B.  t  tJtu^ 
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|M>tiiid  ocean,  as  Toltsite  or  roltzine,  in  implanted  spherical  globules  with  galena, 
blende,  &c.,  at  Bosiires  in  Puy-de-D^me,  and  in  the  Elias  mine,  near  Joaefaimsthal  in 
Bohemia. 

The  compoond  Zn*OS,  or  ZnO.ZDS,  is  formed,  aeooiding  toArfyedson  (Fogg.  Ann. 
1.  69),  when  dry  sinc-snlphate  is  heated  to  redness  in  a  stream  of  hjrdrogen. 

PentasulphitU  of  Zine,  Zn9*,  is  formed,  according  to  Sehiff  (Ann.  Gh.  Pharm. 
cxT.  74),  wnen  a  nentral  nno-nlt  is  precipitated  by  pentasniiduds  of  potassium.  The 
precipitate  is  white,  bat  acquires  a  straw*yellow  colour  when  pressed  and  dried. 
When  heated  in  a  close  yess^,  it  is  resolved  into  the  protosalphide  and  free  sulphur. 
It  dissolyes  in  acids,  with  eyolution  of  solphydrie  add  gai^  ana  separation  of  sulphur. 

XZVOp  TBSb&VBIBB  OTm  Zinc  and  tellurium  unite  when  fVised  together,  with 
great  evolution  of  heat.  The  product  is  grey,  crystalline,  diiBcult  to  fdse,  insoluble  in 
dilute  sulphuric  or  concentiated  hydrochloric  acid.    (Berzelius.) 

XZVOAOSTAima,  C^R^ZonPO*,  is  a  white  powder  foxmed  by  the  action  of 
acetamide  on  sincethyL 

■ZVCJUiBDat  N^^Zn",  is  produced  by  the  action  of  ammonia  on  lincethyl 
(p.  1076). 

or  snrCAMTKXBa.    See  Zikc-badiclbs,  OsoANia 

The  impure  grey  oxide,  or  suboxide  of  sine,  formed  when  sine  is 
heated  in  contact  with  the  air. 

xnrOAXOBnm  This  name  is  giyen  byBreithanpt  (Beig-  u.  Huttenm.-Zeit. 
yi.  101),  to  a  blue  mineral  occurring  in  the  veins  of  Baranoo  Jaroso^  in  the  Sierra 
Almagrera  in  Spain,  and  containinff,  according  to  Plattner  and  Bichter,  cupric 
oxide,  sino-oxide,  sulphuric  acid,  and  a  little  water. 

roWLHVBa.    Native  sulphide  of  sine  (p.  1074). 

rc-a&OOH;  or  VEMOOWIMWL  A  native  hydrocarbonate  of  sine  (See 
Cabbokatbs,  i.  798). 

xnrCN-JNITTa*.    Bufytwn  Zinci, — Syn.  with  Zimo-ghlobidb  (p.  1069). 

rO-BXVZTROaTRT&ATS.     (See  p.  1077.) 

or  snroaVBIBa.    See  ZxNO-BADiGLBS,  OBOAiao  (p.  1076). 

rm    (See  p.  1077.) 

1^  or  eomwr-bknde  ficom  near  Freiberg,  is  a  tennantito  (p.  720), 

having  the  iron  partly  replaced  by  sine. 

UOro-nfOWaBS.  Fhm  Zmct.— 2nc-oxide  produced  by  combustion  of  the 
metal  (p.  1078). 


Syn.  with  Silicbous  Calammb  (i.  713). 

QirBed  Zmo  Ore,  Native  oxide  of  sine  containing  manganese  (p.  1074). 
Syn.  with  Zurxxifm  (p.  1079). 

or  XZVCMnnraaaML  See  Zkmc-badiclis,  Oboamio  (p.  1078). 
OOVXSa.    Syn.  with  Zmo-Btooic 

O-yHaMTTiAMrBm    A  prodoct  of  the  action  of  linoethyl  on  aniline. 
omn^umk    Syn.  with  Honm  (iu.  106). 

Zinc  unites  with  aloohol-radides  (methyl. 


ethyl,  and  amyl),  forming  compounds  analogous  in  composition  to  sino-chloride,  or 
sine-oxide,  and  ropresentM  by  tne  general  formula  Zn*^*.  They  are  saturated  com- 
pounds, not  Ci^)able  of  uniting  direiotly  with  oxygen,  dilorine,  or  other  elements,  and 
are  therefore  not  radicles  in  the  proper  sense  of  the  word,  like  caoodyl,  stibtrimethyl, 
stAnnethvl,  &c  They  are  produced  bjr  heating  zinc  with  the  iodides  of  the  aloohol- 
radides  m  seiJed  tubes,  ana  by  the  action  of  zinc  on  the  mercury-compounds  of  the 
same  radides.  The  first  method  is  best  adapted  for  the  preparation  of  sincethyl,  the 
second  for  obtaining  the  methyl-  and  amyl-oomponnds.  (See  Oboaho-iixtallic  'dodibs, 
iy.  219). 

Xlaoaasylf  or  MmwimyMdaf  Zd(OH*>)'. — ^Ervpared  by  heating  sine  with  mer- 
curic amylide 

IB^Cmy^f  4-  Zn*    »    2b(0*H")'  ^  ZnHg. 

It  is  a  colourless,  transparent,  mobile  liquid,  of  spedflc  gravity  1-022  at  0^,  boiling  at 
220°.  Vapour-density,  obs.  •  6'95 ;  cale.  (2  yds.)  »  6*87.  It  decomposes  gradually 
at  240°,  yidding  amykne  and  amyUo  hydride.  In  contact  with  the  air  it  fSmes,  but 
does  net  take  fire.    "When  dropped  into  oxygen-gas,  it  bums  with  a  dasding  white 

882 
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flame  and  slig^  explomon.    Ita  leaetioos  with  Qacygeo,  cUor  ne,  and  iodine 
cisely  analogous  to  those  of  zincethyl  (iT»  225). 

SiaecfOiFlf  or  UaoetbUto,  Zd(CH*)*.— This  hody,  diseoTered  by  PanUawl 

1849,  is  prepared  by  heating  sine,  in  a  dosed  Tossd,  with  ethylic  io£de  w>iy^ 

ether  (ir.  219).    For  prepaniion  on  the  small  scale,  the  miztore  is  enclosed  in  sealed 
glass  tabeSp  and  heated  in  an  oil-  or  air-bath ;  for  laiger  qnantities  the  appazwtos  eoa- 

triTed  by  Frantlsnd,  and  described  in  the  aitide  Bath  (i.  621),  is  employed. Febml 

(Ann.  Ch.  Fharm.  cxriiL  22 ;  cdeL  106),  dehydzates  eqnal  Tolnmes  of  ether  ^»*d  ethylie 
iodide  with  phosphoric  anhydride,  and  heats  the  miztnie, — ^in  a  tabolated  zetost  <ii*J 
with  carbonic  anhydride  at  a  pressure  about  one-fonith  greater  than  that  <»f  tlieeKtaflaf 
air, — ^with  granulated  sine  prerionsly  strongly  etched  with  solphurie  acid,  and  thes 
tborooghly  dried. — ^Bieth  and  Beilstein  (ibid,cxjdn.  245;  czzri.   248)  heat  aa 
allo^  of  4  pta.  zinc  and  1  pt  sodium  with  ethylic  iodide  in  a  flask  filled  with  ear- 
boDic  anhydride.    Chapman  adopts  a  veiy  similar  process,  using  a  little  aanoetfayl  to 
start  the  reaction  {Laboratory,  i.  195).    Alexeyeff  and  Beilstein   (Oompt.  lend. 
Ixiii.  171)  heat  100  gnns.  ethylic  iodide,  in  a  similar  manner,  with  7  or  8  gnK 
sinc-eodinm,  and  70  to  80  gnaa.  sine-cuttings. — ^Zinoethyl  may  also  be  pvepaied  hy 
heating  granulated  zinc  with  about  half  its  Tolnme  of  mercuric  ethide  in  a  sealed 
retort  in  the  water-bath  for  36  hours  (Frankland  and  Buppa,  Chem.  Soe.  J*,  zm 
3). — Zincethyl  is  also  produced  by  the  action  of  sine  and  meicuiy  on  sodimn-ethj! 
(Wanklyn) : 

Zn  +  Hg  +  2NaC*H»   -   Zn(C«H»)F  +  HgNa*. 

Zincethyl  is  a  tnmsparent,  colourless,  strongly  refracting,  mobile  liquid,  hsring  an 
odour  rather  agreeable  than  otherwise.  Specific  grarity  »  1*189  at  18^.  It  does  net 
solidify  at  ->  22^,  boils  at  118**,  and  disdb  without  deeomposition.  Vapoor-densify, 
obs.  =  4*269 ;  calc  (2  toIs.)  »  4*262.  In  contact  with  the  air  it  fumes,  and  quk^y 
takes  flre,  buniing  with  a  bright-green-edged  flame^  and  giring  off  ihkk.  white  luniesof 
rinc-oxide.  It  is  also  rapidly  decomposed  by  water,  with  formation  of  ethylic  hjddde 
and  zinc-hydrate : 

Zn((?H»)«  +  2H«0     =    2(C»H»:H)  +  ZnHK)«, 

The  reactions  of  zincethyl  with  oxygen,  the  hal<^gena,  nitric  oxida,  salphnioaB 
oxide,  phosphorous  chloride,  oxalic  ether,  ammonia,  &c  have  been  already  described 
under  Obgano-mbtallio  Bodibs  (iy.  225,  226).  We  here  giye  some  reactions  dis- 
covered since  that  article  was  written : — 

With  cUcride  of  aettjjL  and  its  homologues,  zincethyl  f<»rms  ketones,  or  tertiary 
alcohols,  according  to  the  manner  in  which  the  reaction  takes  place.    When  2  at 
chloride  of  acetyl  is  added  by  drops  to  1  at.  zincethyl  contained  in  a  flask  cooled 
to  0°  and  filled  with  carbonic  anhycuide,  a  strong  action  takes  place ;  and  if  the  product 
be  immediately  treated  with  water,  a  ketone  boiling  at  80^  is  obtained,  hariiy  tJie 
eompoeition  of  acetyl-ethyl,  OH"0  ^  C^K).C*H*.    In  this  case  the  reM!lioa 
seems  to  take  place  between  2  at.  chloride  of  acetyl  and  1  at.  zinoetl^: 
2C*H«0C1  +  Zn(0»H*)«     -     ZnCl*  +  2(0«H*0.0»H*> 
But  if  the  liquid  be  left  to  itself  for  some  days,  it  becomes  viscid,  sod  if  it  be  then 
warmed  and  treated  with  water,  a  large  quantity  of  oombustiUe  gas  is  embed ;  asd 
the  liquid,  acidulated  with  hydrochloric  acid  and  distilled,  yields  a  todaiy  aJfloM 
homologous  with  pseudobutylic  alcohol — viz.,  methyl-diethyl-carbisH  0^^*0, 


[C(CH»)(^H»)T  I Q     ^g^  ^3  oarresponding  reaction  with  mcaieefcy^  p.  W*) 

C»<Ma    of  hutyryl,  C*H»Oa,  yields    with   zincethyl,  in  Uke  mannff.  «»'^' 
butyryl-ethyl,     C*H»O.C*H»,     or     propyl-diethyl-caTbiuoV   C?ft"^    " 

[(XCH^CH*)']  >  Q  (Freund,  Ann.  Ch.  Pharm. crviii.  1 ;  Jahxesb.  \MO,V*»^^-' 

Buttlerow.  BuU.  Soc.  Chim.  1866,  i.  17;  Jahreeb.  1865,  p.  460).— With  ***^ 
hemoul,  zincethyl  yields  benzoyl- ethyl,  C*H»O.C«H»  (Freund,l<».  ri*-**",?; 
Ann.  Ch.  Phann.  cxix.  1 66).— With  fheni/Uidphurotu  eUoride  (p.  664),  it  fonM  •»!** 
chloride  and  phenylsulphurous  hydride.    (Kalle.)  ^ 

2.  When  rancethyl  is  heated  in  sealed  tubes  with  aHylie  iodide^  a  coBipl^<*^  j^ 
tion  takes  place,  resulting  in  the  formation  of  ethylene,  propylene,  ethyl,  ^jE^ 
iodide,  allyl,  C^'*,  amylene,  C*H'*,  amylic  hydride,  C*H»«,  and  diam^ene,  (?^ 
(Wurtz,  Ann.  Ch.  Pharm.  cxxiii.  202).— ^ncethyl,  heated  with  bromidi  of  ^"T^ 
to  120^,  yields  a  liquid  which  has  an  alliaoeous  odour,  floats  on  water,  and  b(m  ^ 
80*>.    (Olevinsky,  Jahresb.  1861,  p.  664.)  . 

3.  Tetrachloride  of  carbon  acts  strongly  on  zincethyl,  forming  ethjlic  cUoridei  etny- 
lene,  and  propylene  (Bieth  and  Beilstein,  Ann.  Ch.  Pharm.  cxxiT.  242): 

2Ca*  +  3Zn(C«H»)»     -    2C«H»C1  +  2C«H«  +  2C»H«  4»  3ZnCP. 
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4.  CUbfv/bm  acts  )ms  ationgly,  prodneing  amylene,  and  {n^bably  ethyHe  hjdride, 
together  with  small  qiiantitieB  of  ethylene  aiid  propylene  (Reith  and  Bella  tein). — > 
With  bronuififrm  a  strong  action  takes  place,  resulting  in  the  formation  of  propylene 
and  etbylic  bromide  (Alexeyeff  and  Bailstein,  Oompt.  rend.  Iriii.  172): 

CHBr»  +  Zn(C«H»)*     -     C^«  +  C«H»Br  +  ZnBr*. 

Iodoform  likewise  acts  strongly  on  aincethyl,  apparently  combining  directly  with  it. 

5.  CUoriodo/orm,  added  by  drops  to  zincethyi,  forms  chloride  and  iodide  of  sinc^ 
together  with  ethylene,  ethyl  (tetrylic  hydride),  and  free  hydrogen  (Borodine,  Ann, 
Ch.  Fharm.  euvi.  239) : 

2CHa«I  +  8Zn(C«H»)«     -     7C*H«  +   2H*  +  2ZnCl«  +  Znl«. 
2CHa«I  +   8Zn(C«H»)«     -     3CH*  +   2C«H"  +   2ZnCl«  +   ZnP. 

6.  JHcUoride  qf  carbon  does  not  act  on  zinoethyl  under  the  ordinary  atmospheric 
pressore. — Trichloride  of  carbon  is  reduced  to  dichloride,  with  formation  of  ethylic 
chloride  and  zino^chloride. 

7.  Zincethyl  is  not  attacked  by  chloride  of  triethyUiibine,  Sb(C*H»)*Cl',  even  at  the 
boiling  heat ;  bat  with  the  iodide  it  appears  to  form  antimonic  pentethide,  Sb(0'fl*)*^ 
which  is  then  decomposed  acooiding  to  the  equation : 

Sb(C«H»)»     =     Sb(C«H»)*  +  C«H*   +   C»H«. 

(Bnckton,  Chem.  Soc  Qu.  J.  xiii.  125.) 

8.  Pure  sincethyl  attacks  amylic  nitriie  with  great  violence,  borsting  out  into  flame 
when  placed  in  contact  with  it.  But  if  the  sincethjrl  be  considerably  diluted  with  ether, 
and  aoded  to  an  excess  of  amylic  nitrite,  nitric  oxide  is  erolred,  and  a  honey-like  mass 
is  formed,  which,  on  treatment  with  water,  yields  amylic  alcohol,  ethylic  alcohol, 
ethylic  hydride,  and  probably  ethyl-funylic  ether,  thus : 

2N0(C»H")0  +  Zn(C«H»)«     »     ^^(^!|o  .  (^!|o  +  2N0. 

Honcy-lIke  taut, 

Zn(C«H»XC»H"0)  +  2HK)  -  Zn(HO)«  +   C«H»  +  C»H»K). 
Ziaoetbji«arlite*  21ne-hy>  Bttivl*  Anyl* 

dntt,  hydride.        alcohol. 

The  ethylic  alcohol  is  probably  formed  by  the  action  of  water  on  the  ethyl-amyl-ether, 
(0*H*X(^*H")0,  contained  in  the  honey-like  substance. — ^When  amylic  nitrite  is  dropped 
into  excess  of  sincethyl  diluted  with  five  or  six  times  its  weight  of  ether  no  gas  ia 
evolved ;  but,  nevertheless,  the  action  appears  to  be  the  same  as  that  just  described,  ex- 
cepting that  the  nitric  oxide  podixsed  is  immediately  absorbed  by  the  excess  of  sine* 
ethyl,  forming  the  compound  of  sinc-dinitroethylate  with  dnoeihyl  described  under 
DnrrniovrHTUC  Aoid  (iv.  61). — When  onlv  a  small  quantity  of  ether  is  mixed  with 
the  sincethyl,  tziethylamine  is  formed,  as  shown  by  the  equation : 

^\^uu  *  «  ^  (O'H*)    -    ^^  .  N((m').. 

(Chapman  and  Smith,  Chem.  Soc  J.  voL  xxL  1868.) 

9.  when  amylic  nitrate  is  mixed  with  undiluted  zinoethyl  in  an  atmosphere  of  car* 
bonic  anhydride,  no  change  takes  place  at  first ;  but  if  the  mixture  be  exposed  fbr  an 
instant  to  the  air,  it  explodes  with  a  vivid  flash  of  light  and  sharp  roport,  and  with 
extreme  violence  if  heated  to  about  40^.  Dilution  with  ether  renders  the  reaction 
manageable,  and  if  the  mixturo  be  then  heated  to  110^,  complete  decomposition  takea 
place.    (Chapman  and  Smith.) 

Bespecting  the  action  of  zincethyl  on  other  compound  ethers,  see  Obuano-xbtalliq 
BoDDES  (iv.  226),  and  Oxalic  Etbsbs  (iv.  272). 

10.  With  monocUorinated  ethylic  oxide,  zincethyl  yields  a  liquid  havinff  the  com* 
position  C*H>*C10,  apparenUy  C^H*Cl(Cai*)0,  or  monochlorethylic  o»de  having 
one  atom  of  the  hydrogen  replaced  by  ethyl.  (Lie ben  and  Bauer,  Ann.  Ch.  Fhazm. 
cxxiii.  130.) 

11.  Zincethyl,  gently  heated  fbr  some  hours  with  aldehyde ^  forms  a  compound  hav* 
ing  nearlv  the  composition  of  acetal. — On  txiUrdl  and  CBnanihol  it  appears  to  exert  a 
dehydratmg  action  (Bieth  and  Beilstein).— -JSt^^tfr-o/mMM^  oU  is  strongly  attacked 
by  zincethyl. — Acetone  acts  strongly  on  zincethyl,  especially  when  heated,  forming 
an  oil  having,  in  general,  the  properttea  and  nearly  the  composition  of  phorone, 
C"H>*0. 

12.  An  ethereal  solution  of  zincethyl,  added  in  excess  to  amylene  dieuJphochlcrids 
(i.  209),  8f>parate8  into  two  layers  ;  and  on  Hdding  water,  and  drying  and  distilling  the 
oil  which  floats  on  the  surface,  the  compound  C*'H*S*CP  passes  orer  between  240^ 
and  260^.    (Guthrie,  Ann.  Ch.  Pharm.  cxxi.  108.) 
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18.  CMamk  dfanjpWy imitet  with  nooethyl,  fonnii^dM  wiwuad  C"B>9.2^ 
as  a  blown  ahiiiiiig  mam,  which  givw  off  tiilphide  of  amylene^  0*H'^  irhrm  Imrid 
(0rabowfki,  Ano.  Ol  Ffaana.  czzzriii.  166;  Jahreab.  1866,  p-  6QSJ) 

aiaoHPtliyl,  or  Ztee-OMtbldav  Zii(CH')'.— This  compoimdp  also  diaoowwd  by 
Frankland  in  1849,  is  fonned  by  heating  melhylic  iodide  with  sine  in  sealed  tnbaa  to 
150^ ;  bat  U)e  method  is  not  adTantageons,  ainoe  a  laxfjd  qnantity  of  metliyl-as  it 
formed,  and  eeeapea  fordbW  on  opening  the  tube,  canring  the  line-methyl  with  iL 
The  preparation  m  greatly  ncilitated  by  mixing  the  methylic  iodide  with  twro-thirda  of 
its  bulk  of  ether,  and  heating  to  100^  in  the  copper  apparatus  used  for  the  T*nymratf!Tn 
of  sineethyl  (p.  1076).     On  rectifying  the  juodnct,  a  liquid  boiling  at  51^  le  oMined, 
consisting,  of  zinc-methyl,  mixed  or  combined  with  ether  in  the  proportion  of  2  aL 
Zn(CH')'  to  1  at.  fC*H*)*0. — ^When  methylic  ether,  condensed  by  pressure,  ia  used  in- 
stead of  ethylie  etner  to  dilate  tiie  methylic  iodide,  a  liquid,  boiling  at  43^  to  48^,  is 
obtained,  oonsistinff  neariy  of  2  at.  Zn(GH«)'  to  1  at.  (CH")H).    Neither  the  ethyiie 
nor  the  methylic  ether  can  be  separated  from  the  aine-methyl  (Frankland,  Ann.  Ch. 
Pharm.  cxi.  62).    Pure  sinc-m^yl  may,  howerer,  be  obtained  from  the  mixture  of 
aine-methyl  and  ethylie  ether  just  mentioned,  by  endosing  it  in  a  sealed  tnbe  with  zJae 
and  methylic  iodide,  heating  the  mixture  to  100°,  and  distilling  the  prodnet.    The  dis- 
tillate contains  a  larger  proportion  of  aino-methyl  than  the  original  liquid,  and  by 
repeating  the  jraocess  a  certain  number  of  times»  nearly  pure  zinc-methyl  ia  obtained 
^Wanklyn,  Chem«  Soc.  Qu.  J.  xiii.  124).    According  to  Frankland  and  I>nppa, 
howerer  (Chem.  Soc.  J.  xrii.  30),  the  best  mode  of  preparing  pure  zino-metliyl  la  to 
heat  finely-granolated  zinc  with  half  its  Tolume  of  mercuric  methide  in  a  aealed  tube 
to  120°  for  24  hours,  and  distil  off  the  product. 

Zinc-methyl  is  a  colourless  liquid,  of  specific  gravity  1*S86  at  10*5°,  and  boiling  oon- 
standyat46°(FranklandandDuppa).yapour-denBity,ob6.«*8'291;  calc.  (2to1sw)>« 
3*296.  The  yapour  bean  a  temperature  of  200°  without  deeompoaitiott;  but  at  270^ 
it  decomposes,  with  separation  of  zinc  and  gaseous  hydrocarbons.    (Wankly  n.) 

Zinc-methyl  takes  fire  immediately  in  contact  with  the  air,  and  bums  with  a  biight 
greenish-blue  flame ;  in  ozygen-gas  it  bums  with  explosion.  Small  qu.vititieB  of  its 
▼apour  mixed  with  combustible  gases  render  them  spontaneoualy  inflamnaaUe. 

In  its  chemical  reactions,  zinc-methyl  exhibits  for  the  most  part  a  close  analogy  to 
sineethyl ;  in  some  cases,  however,  difleiences  am  obsenrad,  as  with  cQlphniovs  anhy- 
dride (lii.  1008 ;  !▼.  226). — Water  decomposes  sinc-metiiyl,  with  erolution  of  mazsh- 
gas  (methylic  hydride),  and  separation  of  sino-hydzate. 

With  ekloHde  of  lead,  aino-methyl  forms  plumbic  dimethide,  Pb(CH')",  and  zinc- 
chloride,  with  separation  of  lead.    (B  uttlerow,  BalL  Soc.  Chim.  1663,  p.  696.) 

An  ethereal  solution  of  zinc-methyl  added  to  iodide  of  etammetkyl^  or  etatmie  iedr 
eMU,  Sn*«(G^*)>P,  forms  iodide  of  zinc  and  stannic  ethylomethide,  Sn'^(CH*)^CH'y. 

With  mereurio  chlorethide^  zino-methyl  appears  to  form,  in  the  first  inatanre*  meKuno 
ethylomethide,  Hg(C^*X^H*)>  ^^^h  howeyer  is  resQlyed  by  repeated  distillatioD  into 
mercuric  ethide  and  mercuric  methide. 

Jntmanic  dv^odotrtmethide,  8b(CH*)'P,  acts  strongly  on  the  etheroal  solation  of 
zinc-methyl,  forming  antimonious  methide  (stibmethyl),  Sb(CH')*,  and  antimonic  pes- 
tamethide,  8b(CH*y,  which  cannot  be  completely  separated  one  horn  the  other. 
(Buckton,  Chem.  Soc.  Qu.  J.  xiii.  115.)  .    , 

With  chloride  of  acetyl  and  its  homologues,  zinc-methyl  acts  ^'^^^'^^^^iJ^^ 
iug  acetones  or  tertiary  alcohols,  according  as  the  product  of  the  teeetkn  ie  ^'^'^ 
with  water  immediately,  or  after  some  time  only.    In  the  case '''***"'JjmnfS- 
the  product  formed  in  the  first  case  is  ordinary  acetone,  or  acetf I-m«lhyl,  ^^'^^^J 
but  when  the  liquid  formed  by  gradually  addmg  1  at.  chloride  of  ace^\to  *  vIm^ 
methyl,  is  left  to  itself  for  a  few  hours,  it  solidifies  to  large  rhombic  prisms  ot  w  «™" 
pound   C«H'»Zn«OCl  -  CH^OCa  +  2Zn(CH«)«.    The  reaction,  howerar,  tOT«»  ^^ 
take  place  in  the  manner  represented  ly  the  equation  C0.CH*.C1  +  2Zn(CB.  J^  • 

'^fCH*n?  (  ^  ^  (CH«Zn)'Cl,  inasmuch  as  the  crystals,  when  tzoated  with  water,  «• 
rerfolved  into  marsh-gas,  zinc-hydrate,  zinc-chloride,  and  tertiary  butylie  alcohol^  (tn- 
methyl-carbinol) : 

Gk^\^  +  CH-ZnCl   ♦  4HK)    .    ^^J*!©  +  2CaB:*  +  2ZnHH)*  ♦  Sa 

With  chloride  of   hutyryl,  in  like  manner,  zinc-methyl  yields  either    butyij^»«* 
thyl,  C^H'O.CH',  or  t^ary  octylic  alcohol  (propyl-diethyl-oarbinol),  C»H»"0  - 

qC»HO(C«H»)»| Q    (Bnttlerow.  Zeitschr.  Ch.  Pharm.  1864,  pp.  865,  702;  Jahresb. 

18G4.  p.  496 ;  Bull.  Soc.  Chim.  1866,  i.  17  ;  Jahresb.  1865,  p.  460.)  , 

With  chloride  of  carhonyl  (phosgene),  zinc-methyl  forms  also  a  ciyslallinc  compomw 
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"wliieh,  vben  tzeated  with  water,  yieldi  a  dutOlale,  apHumitly  ^"'Mrfataf^  of  the  oom* 
pounda  C*H»*0  and  C*H"0. 

MthyUc  cUorocwrhonate  (i.  916)  \b  starcmgly  attacked  by  luie-methyl  at  a  gentle  heat, 
yielding  Einc-chloride,  carbonic  anhydride,  ethylene,  and  manh-gas. — "Wi^meihylie 
chloroearbonaU^  the  action  is  similar,  but  less  energetie ;  the  substances  must  be  heated 
together  in  a  sealed  tube,  and  even  then  the  decomposition  is  not  complete.  (But- 
t  lerow,  Bull.  Soc.  Chim.  1863,  p.  688.) 

Syn.  with  CALAMnra  (i.  713). 

!&•    Syn.  with  Gahmitb  (ii.  767). 

Syn.  with  Zinc  (p.  1067). 

rc-VZTAZOSb.    Syn.  with  Ziirc-8m.THATB.    (See  Sulthatm^  p.  617) 

rC'VlTXlXa.    Syn.  with  Shjobous  Calaxqib  (i.  714). 

rc-TWlTB.    Zinc-oxide  used  as  a  pigment  (p.  1078). 

See  GiMOBs  (ii.  838). 

.  Pb"Sb*.S<  »  Fb'S.Sb^.  ZimkenUe.  Bkmnbohedral  DvstoTne- 
glance, — A  sulphantimonite  of  lead,  occurring  in  the  antimonv-nune  at  Wolfsbeiv  in 
the  Hans,  in  trimetric  crystals,  usually  in  twins,  as  heoKagonal  prisms  terminated  by 
low  hexagonal  pyramids ;  lateral  faces  longitudinally  stnated ;  sometimes  columnar, 
fibrous,  or  massive.  Cleavage  not  distinct.  Hardness  »  3  to  3'6.  Specific  gravity 
B  6*30  to  5*36.  Lustre  metallic  Colour  and  streak  steel-grey.  Opaque.  fHc- 
ture  slightly  uneven.  (H.  Ros e,  Fogg.  Ann.  viii.  99.— Brun  Kerl,  Ben;,  u.  hiittenm. 
Zeit.  1863,  No.  2.— Dana,  ii.  74.) 

^XPWMtCMm    A  basic  uranic  sulphate  found  at  Joachimsthal  in  Bohemia. 

Zmcov.  KZBCOVITB.  ZrSiO*  -  ZrO*.SiO*.  Jargan,  27yacia«A.— A  mineral 
occurring  in  quadratic  crystals,  the  predominant  faces  of  which  are  P,  odP,  odPoo  . 
Length  of  principal  axis  «  0*6406.  Angle  P  :  P  (terminal)  »  123^'  19';  P  :  P 
(lateral)  «>  84^  20'.  Cleavage  imperfect  parallel  to  ooP.  Occurs  also  in  irregular 
forma  and  in  grains.  Hardness  ■■  7*6.  Specific  gravity  <■  4*0 — 4*76.  Lustre  more 
or  less  adamantine.  Colour  red,  brown,  yellow,  grey,  or  white.  Streak  uncoloured. 
Transparent  to  subtranslucent.  Fracture  conchoidal  and  briiliant.  Before  the  blow- 
pipe it  loses  colour,  but  is  infusible  alone,  also  with  sodium-carbonate  and  microcosmie 
salt.  With  borax  it  melts  with  difficulty  to  a  diaphanous  glass,  which,  with  more  of 
the  flux,  is  opaque. 

Pure  zircon  contains  33*2  per  cent,  silica  and  66*8  sirconia  ;  tome  specimens  con- 
tain small  quantities  of  lime  and  ferric  oxide. 

The  name  hyacinth  includes  the  bright-coloured  varieties  of  zircon,  which  are  some- 
times large  jenou^h  to  be  valuable  as  ^ems ;  the  greyish  or  brownish  kinds  are  called 
eirconite,  A  variety  from  Ceylon,. which  is  colourless  or  has  only  a  smoky  tinge,  and 
is  therefore  sold  for  inferior  diamonds,  is  sometimes  called  ^'or^'on. 

Hj^inth  occurs  in  the  sand  and  alluvial  deposits  of  certain  rivers  in  Ceylon  ;  at 
Expailly,  near  La  Puy,  in  France ;  at  Ohlapian  in  Transylvania,  Pfitsch  in  the  Tyrol, 
Bilin  in  Bohemia,  Lebnitz  in  Saxony,  occasionally  in  volcanic  tufa  in  Anveigne;  also 
in  Ghreenland ;  in  the  zircon-syenite  of  Frederichsviim  in  Norway ;  near  Brevig,  some- 
times lealled  Erdmannite;  at  Miask,  in  the  Urals;  in  the  iron-mines  of  Arendal ;  also 
in  Scotland,  at  Scalpay  in  Harris,  and  in  the  granite  of  Criffel  in  Kirkcudbrightshire ; 
on  Vesuvius,  with  lyacolite,  in  white  and  blue  octahedrons ;  at  Santa  Rosa,  in  New 
Granada,  in  small  colourless  crystals ;  and  at  several  locaJities  in  North  Carolina, 
New  York,  New  Jersey,  Pennsylvania,  California,  and  Canada  (Dana,  ii.  196). — 
Breithaupt's  Ostranite,  supposed  to  be  from  Frederichsvam,  is  a  greyish-brown 
zircon. 

Zi9x>n  is  one  of  the  most  unalterable  of  minerals,  but  is  sometimes  found  in  a 
hydrated  state,  and  is  probably  acted  upon  by  alkaline  waters,  which  take  up  part  of 
the  silica:  odypolUe  (i.  723),  malacone  (iii.  784),  ctrstedtiU  (iv.  179),  and  iacl^Qphal- 
tite  (v.  664),  appear  to  be  zircons  thus  altered. 

See  ZiBOOMiiTH,  Oxids  of  (p.  1084). 

Oxide  of  Zirconium  (p.  1083). 

Zirconia  in  combination  with  bases  (p.  1084). 

See  ZiBOOM. 


Symbol,  Tit ;  Motnie  Weighty  89' 6.— An  element  belonging  to  the 
group  of  earth-metals,  and  apparently  forming  a  link  between  aluminium  and  silicium. 
Its  oxide,  zirconia,  was  first  obtained  from  zircon,  and  recognised  as  a  peculiar  substance 
by  Klaproth,  in  1789;  it  has  since  been  found  in  eudialyte,  polymignite,  cerstedtite, 
feigusonite,  and  catapleii'te.    Aschynite,  formerly  supposed  to  contain  zirconium,  has 
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been  diowii,  hy  neant  experimeiite  of  Hermann  (BulL  Soe.  Cfaim*  1SGS«  £r.  9S6)  iv 

be  free  from  it. 

Metallic  sireoninm  is  capable,  likeeiliciimi,  of  extsdng  in  tluve   rrtn'frw      ■■mi' 
phom,  oyetalline,  and  graphitoidal. — Jmorphow  tvroonium  iras  obtained  by  Uma^mUxm 
(in  1824),  in  the  same  manner  as  amorphona  ailiciam  and  boron — ^namely,  \)y  hratiM: 
a  mixture  of  potaaaio-sirconic  fluoride  with  potaaaium,  digesting  the  fdaed  -wi^-TiT  viift 
water  containing  a  little  hydrochloric  add,  and  waahing  the  metal  'wiucli   xvakmiw 
nndiaaolved  with  aal-ammoniac  solution,  and  then  with  aledioL    It  vu^y  alao  be  pae- 
pared  by  paaaing  chloride  of  zirconium  in  vapour  over  sodium  contained  in  »  xed-M 
poroelam  tube,  or  br  heating  aodio-siroonic  chloiide  in  a  crucible  with  Bodium  or  **ir- 
neeium  (Troost,  Compt.  rend.bd.  109 ;  Bull.  Soc  Chim.  1866,  i.  218>.      ZSrconim 
thus  obtained  is  an  amorphous  powder,  compreaaible  under  the  bumi^er   into  Una, 
faintly  lustrous,  graphitic  lanmue.    In  the  unignited  atate  it  difAues  itecilf*  tlntyvb 
water  in  extremely  fine  particles,  which  pasa  through  a  filter ;  but  it  aettles  down  alowlj 
on  standing,  more  quicxly  on  addition  of  acids  or  salts.  It  doee  not  conduct  elecstrieinv 
is  not  altend  by  ignition  in  hydrogen  ;  but  if  it  be  then  brought  in  conCa<^  -with  ibe 
air,  after  cooling,  the  metal  becomes  heated  to  redneea,  in  consequence   of  the  beat 
e?olTed  by  the  absorption  of  the  air.    When  heated  in  the  air,  it  takes  fire  at  s  beat 
considerably  below  redness,  and  bums  with  a  bright  light,  forming  sizvotiua.     It  is 
but  little  attacked  by  the  ordinanr  adds,  or  by  nitromuriatic  add ;  but   hydroflaorie 
add  dissolves  it  readily,  with  evolution  of  hydrogen,  and  a  mixture  oif  bjdrofliiaric 
and  nitric  adda  attache  it  veiy  energetically. 

CrygtMme  eitoonium  ia  prepared  by  heating  1  pt  of  potasaio-drconie  fluoride  with 
'1^  pt.  aluminium  in  a  plumbago  crudble,  to  the  melting-point  of  iron,     l^hen  the 
crudble  has  cooled,  the  sur&ee  of  the  aluminium  is  found  to  becovered  with  foliated  em- 
talline  lamine,  consisting  of  nearly  pure  droonium,  which  ma^  be  separated  b  j  dissol  vmg 
out  the  aluminium  with  hydrochloric  add.    CSzyatalline  zirconium  thus  obtained  ia     • 
very  hard,  and  reaemblea.  antimony  ii^  colour,  lustre,  and  brittleneaa.     It  ciystaUiaes 
in  broad  lamine,  a])parently  derived  from  a  monodiinic  pram.    Specific  gravity  — 
4*16.    It  ia  leaa  fbdble  than  ailicium,  and  buma  only  at  the  temperature  of  the  azy« 
hydrogen-blowpipe.     It  takes  fire  at  a  red  heat  in  chlorine-gaa,  and  decompoees 
hvdrochloric  add  gas  at  the  aame  temperature.    It  ia  but  slowly  attacked  by  ani- 
phurie,  nitric,  or  hydrochloric  add,  even  when  heated ;  hot  nitromuriatic  acid  attadca 
it  rapidlv ;  hydrofluoric  acid  alao  diaaolvea  it  readily,  even  in  the  cold.    (Troost.) 

Graphitoidal  siroonium  appeara  to  be  formed  only  under  peculiar  circumstaBces. 
Trooat,  in  attempting  to  decompose  diconate  of  sodium  with  iron,  obtained  arconiam 
in  small  very  Hgnt  scales,  of  a  steel-grey  colour. 

Zixoonium  is  a  tetratomic  element^  like  silicium,  its  oxide  being  ZrO*,  the  chloride 
ZrCl*,  &0.  It  forms  but  one  dass  of  compounds  with  chlorous  elements.  The  oxide 
18  capable  of  acting  both  as  a  base  and  as  an  add. 

SnUSOfllUMy  MWUntTDM  09.  A  adution  of  dreonium-hydmte  in  hydro^ 
bromic  add  leavea,  on  evaporation,  a  hydrated  bromide  in  cryatalline  graina,  which 
are  resolved  by  heat  into  droonia  and  hydrobromic  add.    (Berzeliui.) 

ZIBOOWZVM,  OM&OBX»a  OI>.    ZrCP.— Thia  compound  ia  ibrmed,  with  in- 
eandeacenee,  when  drconium  ia  heated  in  chlorine-gas ;  alao  by  heating  a  mixture  of 
drcon  or  airoonia  with  charcoal,  in  a  stream  of  dry  chlorine,  in  which  eaae  it  ^^^.fj^ 
the  cooler  part  of  the  apparatus  as  a  white  aublimate.  Its  vapour-densirv,  aa  determined 
by  Deville  and  Trooat  (Ann.  Ch.  Fharm.  cv.  21S),  ia  8'ld;  hfCMlcnUUoa  Iromtbe 
formula,  ZtC\\  for  a  two-volume  condenaation,  it  is  8*0.  ThediJondediaMoIveaesa/y. 
and  with  rise  of  temperature,  in  water.  ^^    . 

A  hydraied  chloride  is  obtained,  by  evaporating  a  solution  of  ^'^^^^^^'^'i!^ 
hydrochloric  add,  in  colourless  silky  needles,  having  an  astringent  taste,  eaflilj  ><^^ 
in  water  and  in  alcohol,  aparingly  aoluble  in  concentrated  hydrochlorie  add.  (B«Tft«- 
liua.)  ^ 

These  crjratala  become  opaque  at  60^,  giving  off  part  of  their  water  and  ^^,^°^ 
hydrochloric  add,  and  leaving  a  bade  duoride  or  oxychloride  containing  ZiCl**^[^* 
18H*0,  or  2^rOCl*.9H*0.  The  aame  compound  ia  obtained,  in  atellate  gnaps  <rf™^ 
ailky  priama,  on  evaporating  the  aqueoua  solution  of  zirconium-chloride.  HieaecijfrtaWi 
when  heated,  become  white  and  turbid,  and  are  converted  into  the  anhydrous  diosy* 
chloride  ZrC1^2ZrO'.    (Hermann.) 

XmCOinVBK,  DSraCTZOV  Ajn>  BSTnCATIOW  of.  The  reactions 
of  zirconium-Baits  with  alkalis,  alkaline  carbonatea,  and  ammonium-aolphide  are  very 
aimilar  to  those  of  thorinuro,  yttrium,  and  the  metals  of  the  cerium-group.  The  preev'^*^ 
formed  by  cauatie  alkalis  and  ammonia  contains  alkali,  and  is  insoluble  in  ^^^^'L^ 
the  reagent  (distinction  from  aluminium  and  gluctnum),  also  in  sal-ammoDiac  The 
precipitate  formed  by  alkaline  carhonaUe  and  bicarbanaUs  redisaolTca  in  excess  of  the 
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Teagent — ^A  diKraeteristie  reaction  is  afibided  br  a  hofe  edtwentrated  Bohitioii  of 

potium  suipkaU,  which,  when  added  to  a  hot  flomtion  of  a  shnonium-ealt,  throws 

do'wn  the  nzconinm  as  basic  potassio-siiconic  sulphate,  insoluble  in  water,  and  nearly 

insolnble  eren  in  a  larae  qnantitj-  of  hydroehlone  acid. — ^Zirooninm  is  precipitated 

from  its  solution  by  boihn^  with  hwomdphiU  of  Bodmm,  a  character  by  which  it  may 

be  distingnished  m>m  ^rttnnm  and  me  earinm-metals.    From  oerinm  and  from  didy- 

mium  it  is  ftixther  distingnished  by  not  ^ying  any  coloured  reactions  before  the 

l>lowptpe.    The  methods  <J  distingnishing  it  from  thorinnm  hare  already  been  giren 

CP-  786). 

For  the  qwmtitaikje  estimoHon  of  rireoninm  in  solutions  containing  only  Tolatile 
acids,  it  is  sufficient  to  oTaporate  to  dryness,  and  ignite  the  residue,  whereby  zirconia 
is  obtained,  containing  78*68  per  cent,  of  the  metal.  Zirconium  may  also  be  precipi- 
tated from  such  solutions  by  ammonia  as  a  basic  salt,  which  also  learee  pure  zirconia 
when  ignited. 

From  yttrium,  the  cerium-metals,  and  iron,  zirconium  may  be  separated  by 

boiling  tJae  solution  widi  hyposulpkUe  of  aodium,  which  precipitates  the  zirconium 

alone  as  hyposulphite.    This  precipitate  when  ignited  leaves  pure  zirconia.    To  effect 

complete  separation  from  the  cerium-metals  by  this  method,  the  solution  must  be  dilute. 

For  separating  sircoui  am  from  i  r  o  n  (as  ferric  salt)  b^  the  same  method,  Chancel(Ann. 

tm  Gh.  Pharm.  eviii.  237)  and  Stromeyer  {ibitL  cxiii.  127)  recommend  that  the  dilute 

;  >tf  solution,  after  being  nearly  saturated  witii  sodic  carbonate,  be  mixed  cold  with  sodic 

jtf  hyposulphite  till  it  is  completely  decolorised;  if  the  liquid  be  then  boiled  as  long 

as  sulphurous  anhydride  continues  to  be  erolyed,  the  zirconium  is  completely  pre- 

^  cipitated  as  oxide,  while  the  whole  of  the  iron  remains  dissolved  as  ferrous  salt. 

fir  The  separation  of  zirconium  from  these  metals  may  also  be  effected  by  treating  the 

boiling  solution  with  ntlphate  of  ^Uunwrn^  and  adding  a  drop  or  two  of  ammonia, 

whereby  the  zirconium  is  precipitated,  and   the  other  metaU  remain  jdissolved. 

(H.  Rose.) 

Precipitation  with  hypondphUe  of  sodwm  serves  also  to  separate  zirconium  from 
phosphoric  and  boric  acids. 

From  thorinnm,  rarconium  is  separated  by  oxalate  of  ammonium^  which,  when 
added  in  excess,  precipitates  the  thorinnm  as  oxalate,  and  holds  the  zirconium  in 
solution. 

From  titanium,  tantalum,  and  niobium,  zirconium  maybe  separated  by  preci- 
idtadon  with  sulphate  qfpotaasium. 

Atomie  Weight  of  Zirconium, — fierzelius  (Po|;g.  Ann.  iv.  124;  viii.  186) 
found  that  sulphate  of  zirconium  cont^ns  75*583  pts.  zirconia  to  100  pts.  sulphuric 
anhydride  (mean  of  eight  experiments).  Hence  the  atomic  weight  of  zircoDium  is  44*7, 
67*0,  or  89*4,  according  as  zirconia  is  regarded  as  ZrO,  Zr'O',  or  ZrO'.  Hermann 
(J.  pr.  Chem.  xxxi.  77),  by  the  analysis  of  chloride  of  zirconium,  obtained  very  nearly 
the  same  numerical  results.  Now  toe  vapour-density  of  the  chloride  calculated  from 
the  formula  ZrCl^,  with  Zr  b  89*4,  for  a  two-volume  condensation,  agrees  very 
nearly- with  the  experimental  number  obtained  by  Deville  and  Troost  (p.  1080) ;  and 
Marignac  has  shown  that  double-salts  of  zirconium-fluoride  are  isomorphous  with 
those  of  silicium-iluoride.  Hence  zirconium  is  regarded  as  a  tetratomic  element, 
having  the  atomic  weight  89'4. 


I  OV.  ZrF'. — Strongly  ignited  zirconia  dissolves 
with  difficulty  in  hydrofluoric  acid :  the  hydrate  dissolves  abundantly.  Anhydrous 
girconium-fluoride  is  formed  by  heating  zirconia  with  twice  its  weight  of  ammonium- 
hydrogen-fluoride  (ii.  670),  till  the  fluoride  of  ammonium  is  completely  driven  off.  It 
dissolves  readily  in  water  acidulated  with  hydrofluoric  acid ;  and  when  its  solution 
containing  excess  of  hydrofluoric  acid  is  evaporated,  hydrated  zirconiwrn^fluoride, 
ZrF*.3H'0,  separates  out  in  small,  shining,  triclinic  crystals,  mostly  of  the  tabular 
form.  They  give  off  hydrofluoric  acid  as  well  as  water  when  heated,  and  if  the  heat 
be  continued  for  some  time  (even  below  redness),  pure  zirconia  remains  behind. 
Fluoride  of  zirconium  dissolves  without  decomposition  in  dilute  hydrofluoric  add,  but 
when  it  is  dissolved  in  pure  water,  a  basic  fluoride  or  oxyfluoride  separates  out. 
(Marignac.) 

niiomirooiiatea* — Zirconium-fluoride  unites  with  many  other  metallic  fluorides, 
forming  double  salts  isomoiphous  with  the  corresponding  fluosilicates  (silicofluorides, 
p.  271),  fluostannates  (n.  813),  and  fluotitanates  (p.  840).  The  ratio  of  the  fluorine 
of  the  ziiconium-fluorioe  to  that  of  the  basic  metallic  fluoride  in  these  salts  is  as 
1  :  1  ;  1  :  1^ ;  1  :  2 ;  and  1:4;  the  sodium-salt  alone  exhibiting  the  ratio  5  :  8. 
The  general  formula  of  the  fluozircouates  are,  therefore,  4MF.ZrF*,  3MF.ZrF*,. 
2MF.ZrF*,  and  MF.ZrF\  the  sodium-salt  alone  having  the  formula  dNaF.2ZrF\  The 
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fliuMtirooiuitM  have  beoi  <wniinin6d  oliieAy  hj  Mftrignae.  (Ami.  Gh.  Pftym.  fS'L 
267;  Aim.  ClLPhanii,err.  869;  Jaliresb.  1860,  p.  186,c<«^.) 

Tho  flnoKiiooiiatM  are  mostly  idhible  in  vatar,  and  GrfaUUua  mSL    Tiai 
|Mred  by  miziiig  the  oompooent  flaorideap  or  bj  diMolTing  a  metaUi 
in  a  mixture  of  nrooniiim-fliioride  and  hydroflnorie  acid. 

The  fluosuoonatea  of  barium,  etrwitiiim,  and  caleinm  are  insoluble  in         ^ 

quently  the  eolutione  of  flnoarooiiatea  are  pseeipitated  by  salts  of  these  m^tmloL  ll^]bv 
a  eolation  of  sirooninm-flnoride  containing  free  hydroAoorie  add  is  mixed  'wi.th  carbo- 
nate of  barium,  carbonic  anhydride  is  expelled,  and  a  precipitate  is  formody  conaistiBC 
of  a  mixture  of  insoluble  barinm-siioonium-fluoride  with  imf^^ybl*^  baruuEfflnorida  - 
similarly  with  the  carbonates  of  strontium  and  calcium. 

Many  fluosiroonates  dissolre  without  deeomposition  in  water,  either  liofc  or  oold. 
Many  are  decomposed  when  their  aqueous  solutions  are  boiled,  pert  of  tho  b«aJc  ntrfml- 
lic  fluoride  being  deposited,  and  a  fluoorconate  containing  2MFJZrF*  rcmainiiw  in 
solution.  Most  fluomrconates,  when  heated  in  contact  with  moist  air,  gir^  off  all  tliair 
fluorine  as  hydrofluoric  acid,  leaving  a  mixture  of  siroonia  and  the  oxide  of  tho  otbar 
metal ;  when  heated  with  a  sufficient  quantity  of  sulphuric  acid,  they  yield, 
of  zirconium-sulphate  with  the  sulphate  of  the  other  metal. 

FluogireonaUB  of  Ammonium, — ^The  diammome  sstf,  2(NH*)F.a»P«, 

rhombic  czystals,  isomorphous  with  the  potassium-salt:  they  do  not  lose  'weiffiftt  aft 
100^.— The  triammome  salt,  8(NH«;)F.ZrF«,  crystallises  from  a  solution  **^«^^iniiy  m 
large  excess  of  ammonium-fluoride,  in  regular  cubo-octahedroas. 

Barium-salt,-  -K  solution  of  the  potassium-salt,  mixed  with  chloride  of  barium, 
yields  a  white  precipitate,  consisting  of  8BaT*.2ZrF*.2H*0,  or  perhaps  a  miztme  at 
this  salt  with  barium-fluoride. 

Cadmium- sal  is.— The  dicadmM  salt,  2CdF'JZrF*.6HK),  forms  QionocliiiiceiTstals 
isomorphous  with  the  mangauese-salt,  and  having  the  angle   ooP  :  odP   ss    79^  S2'; 
+  P  :  +P  =  100^  Stf;    +2P  :  +2P  =  76°  24';  oP  :  ooP  «  108*»    29*;    oP  : 
odPoo    a  119°  48';  the  same  crystals  are  obtained  by  recrystsllisatioii  f^om  water. 
A  solution  containing  excess  of  xiroonium-fluoride  deposits  the  salt  CdF'.2Zr!F*.6tH^, 
in  fan-shaped  groups  of  laminar  crystabi. 

Copper-salts. — The  tricuprio  salt,  3CuF'.2ZrF*.16H'0,  forms monodinie  crystals* 
and  crystallises  unaltered  from  solution  in  water ;  but  a  solution  oontaining  exeesa  of 
zirconium-fluoride  deposits,  besides  the  larger  crystals  of  this  sa]t>  light-bliie  eriMts  of 
zirconium-fluoride  contaminated  with  adhering  copper-salt. 

Lead-salt. — When  a  solution  of  zirconium-fluoride  in  hydroflnorie 'acid  is  ssla- 
rated  with  carbonate  of  lead,  fluozirconate  6f  lead  partly  remains  undissc^ved  and 
|>artly  dissolves,  the  solution  yielding  on  evaporation  a  ffranulo-crystalline  salt,  which 
IS  (^mcklv  decomposed  by  water,  especially  in  presence  of  hydrofluoric  acid*  with  sepsr 
ration  of  lead-fluoride. 

Mafinesium-fluozireonate,  "NlgPJZrF*,  forms  small  shining  erystsls  withcarred 
faces,  isomorphous  vrith  the  manganese-salt.  It  is  only  sparingly  solable  in  water, 
but  ciystallises  by  slow  evaporation,  often  in  twins.  By  prolonffed  heatiug  in  eontart 
with  the  air,  it  is  converted  into  magnesia  and  fluoride  of  zirooninm. 

Manganese-salts. — The  monomanffonous  salt,  MnP*2nF*.6HH),  iamt  0000- 
elinic  crystals,  isomorphous  with  the  magnesium-salt,  but  the  fiices  tie  f^  sad  vooro 
numerous:  the  crystals  cleave  imperfectly  parallel  to  oP.    '^foohnged  besting  la 
the  air  it  turns  black,  and  is  converted  into  manganic  peroxide  and  Biconixim-flaoriae. 
— A  solution  containing  excess  of  zirconium-fluoride  yields  rose-coloured.  ^""*^*?P^? 
crysUls  of  the  dimanganous  salt,  2MnF*.ZrF«.6H«0,  which  dissolves  in  y^et  w\\»» 
alteration,  and  is  not  decomposed  even  on  heating  the  solution ;  but  when  hot  ^^*^ 
is  poured  upon  the  crystals,  fluoride  of  manganese  separates,  and  the  solutioa  yic^  "7 
evaporation  crystals  of  the  preceding  salt. 

mekel'Salts.—ThQ  normal  salt,  NiF*.ZrF«.6HK),  forms  hexagonal  prisa»>  tic^ 
minated  by  faces  of  a  rhombohedron  of  127^  10',  and  cleaving  parallel  to  the  prisautic 
faces.— The  salt  2NiF*.ZrP.12H'0,  produced  in  presence  of  an  excess  of  nickel-fluo- 
ride, forms  monodinic  crystals  of  a  flne  emerald-green  colour,  but  mostly  indisUnct: 
they  dissolve  without  decomposition  in  water,  but  the  solution,  when  boOed  for  ><^* 
time,  becomes  turbid  from  separation  of  nickel-fluoride. 

Fiuozireonate  of  Nickd  and  Potassium,  NiF*.2KF.2ZrF*.8H*0,  separates  in  mf^ 
but  regular  monodinic  crystals,  on  mixing  the  solutions  of  the  eomponeat  ^^^^^"^^^^ 
nates.  It  is  slightly  soluble  in  water,  does  not  lose  water  at  100^,  but  at  a  higher 
temperature  gives  off  water,  together  with  hydrofluoric  add. 

Potassium-salts,— Th»  dipotassie  salt,  %KF2rF\  may  be  pr^iared  hy  igni^ 


tr 
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ancon  with  2  or  8  pU.  by  veight  of  aeid  potMriun-fliioride,  MUi^  the  ramltinff  miz-* 
ture  of  fluosilicate  and  fluonzoonate  of  potassium  with  water  eontaining  a  little  hydio* 


fluoric  add,  and  filtering.    The  potasanun^fliionxooiiate  then  aeparates  on  eooling,  in 

ftxihydzons  rhombic  crystals  tenmnated  by  aizHtdded  pyninids.    It  dissolves  in  128  pta. 

of  water  at  2^  in  71  pts.  at  15^  in  69  pts.  at  19^  and  in  4  pts.  at  100^    The  ays- 

tals  when  heated  to  zedness  form  a  doughy  mass,  ^ich,  on  exposure  to  moist  air, 

flpndtudly  mm  off  all  its  flvorine  as  hydrofinorie  acid.    From  dilute  solutions  the  salt 

IS  obtainea  in  larger  ciystals. — ^The  mcnopoiaane  uit,  KF2rF*.HH),  separates  from  a 

solntion  containing  a  large  excess  of  zizeonium-iluoride,  in  ill-defined  monoclinic  dye- 

tale,  which  give  off  their  water  at  100^,  and  hydroflaoric  acid  at  a  higher  temperature. 

"When  reczystallised  from  water  they  yield  the  preceding  salt. — ^The  tripotasme  ttdt, 

Z'KFJZtF*,  crjrstaUises  from  a  solution  containing  an  excess  of  potassium^fluoride,  in 

▼ezy  small  but  well-defined  regular  octahedrons,  or  eubo-octahedrons,  which  decrepitate 

when  heated,  but  do  not  contain  any  water  of  ciystallisaticMi.    They  dissolye  in  water, 

and  the  hot  saturated  solution  deposits  the  dipotassic  salt  on  cooling. 

Sodium-salt,  6NaF.2ZrF*. — ^This  salt  is  always  formed,  in  whaterer  proportion 
the  component  fluoriroonates  may  be  mixed.  It  forms  small,  mostly  indistinct,  mono- 
clinic  crystals,  soluble  in  268  pts.  water  at  18^,  and  in  about  60  pts.  of  boiling  water. 
On  account  of  this  slight  solubility,  the  salt  may  be  obtained  by  precipitating  the  more 
soluble  fluocirconates  with  chloride  of  sodium.  The  dry  oystals  do  not  decompose  at 
a  red  heat. 

Zine-salt,  ZnF'.ZrF*.6H'0. — ^This  salt,  isomoiphous  with  fiuosilicate  and  fiuo- 
stannate  of  dnc,  crystallises  in  rather  laige,  regular,  nexaeonal  prisms,  terminated  by 
rfaombohedrons,  and  dearable  parallel  to  the  £ces  of  the  hexagonal  prism  ;  they  are 
Teiy  soluble  in  water.  A  solution  containing  excess  of  Einc-fluoride,  deposits  the  salt 
2ZnF'.ZrF*.12H*0,  in  monoclinic  crystals,  isomorphous  with  the  corresponding  nickel- 
salt  ;  they  dissolve  completely  in  cold  water,  but  the  solution  when  boiled  deposits 
fluoride  of  zinc 


1  or.    Zirconium  strongly  ignited  in  a  rapid  stream 
<f'  of  ammonia^gas,  yields  a  brown  or  black  body  containing  nitrogen.  Mallet  (Sill.  Am. 

^'  J.  xxviii.  846),  bv  fusing  amorphous  zirconium  with  aluminium,  in  a  cracked  lime- 

crucible,  obtainea  a  dark-grey  porous  mass,  which,  when  treated  with  hydrochloric  acid, 
,^  yielded  microscopic  cubes,  having  a  golden  lustre^  not  altered  by  nitromuriaUc  acid  or 

''0  aqueous  alkalis,  but  giving  off  ammonia  when  fused  with  potassic  hydrate, 

#  zntCOVXUMf  OJU9B  or.    Zirconia.    ZrO*. — This  compound,  the  only  known 

oxide  of  zirconium,  is  formed  when  the  metal  is  heated  to  redness  in  contact  with  the 

,  air,  or  fused  with  the  hydrates,  carbonates,  or  hydrated  borati>8  of  the  alkali-metals. 

Zirconium  is  likewise  oxidised,  though  slowly,  by  boiling  with  nitromuriatic  or  con- 

,  centrated  sulphuric  acid. 

Zirconia  is  prepared  from  zircon.  The  mineral  is  heated  to  redness  and  quenched 
in  water,  and  the  lumps  (best  those  which  are  colourless,  because  free  from  iron)  are 
finely  pulverised  and  levigated.  The  levigated  powder  is  mixed  with  four  times  its 
weight  of  sodium-carbonate,  and  very  strongly  heated  in  a  platinum  crucible.  Hen- 
nebers  and  Wackenroder  add  a  small  quantity  of  nitre.  Borielius  ignites  the  pul- 
verised zircon  with  8  pts.  of  sodium-carbonate,  and  lays  small  pieces  of  sodium-hydrate 
on  the  ignited  mass  from  time  to  time,  in  such  a  manner  that  they  may  not  touch  the 
crucible.  The  pulverised  zircon  may  aJso  be  decomposed  by  fusion  with  8  or  4  pts.  of 
sodium-hydrate  in  a  silver  crucible. 

The  disintegrated  mass  is  supersaturated  with  hydrochloric  acid ;  the  liquid  evapo- 
rated nearly  to  dryness  to  separate  the  silica ;  the  residual  mass  digested  with  water ; 
and  the  filtered  solution  treated  with  excess  of  ammonia^  whereby  siroonium  is  precipi- 
tated, generally  mixed  with  ferric  oxide. 

The  best  method  of  separating  the  iron  and  obtaining  pure  zirconia,  is  to  redissolve 
the  precipitate  in  hydrochloric  add,  and  boil  the  solution  with  hyposulphite  of  sodium, 
whereby  hyposulphite  of  zirconium  is  precipitated,  while  the  whole  of  the  iron  remains 
in  solution  as  ferrous  salt.  The  washed  precipitate  is  then  boiled  with  hydrochloric 
acid  as  long  as  sulphurous  acid  continues  to  be  evolved,  and  the  solution  of  zirconium- 
chloride  thus  obtained  is  mixed  with  ammonia,  whereby  the  zirconium  is  precipitated 

I  as  a  hydrate,  which,  when  ignited,  leaves  anhydrous  zirconia  (Hermann).    If  the 

f  treatment  with  hyposulphite  of  sodium  be  conducted  in  the  manner  recommended  by 

Chancel  and  Stromeyer  (p.  1081),  a  precipitate  of  anhydrous  zirconia  is  at  once 

^  obtained. 

f  The  iron  may  also  be  precipitated  by  mixing  the  solution  of  rirconium-chloride 

i  containing  iron  with  tartaric  acid,  then  stipersaturating  with  ammonia,  and  adding 

sulphide  of  ammonium.    The  iron  is  thereby  precipitated  as  sulphide,  and  the  filtered 
liquid,  evaporated  and  ignited  in  contact  with  the  air,  leaves  pure  zirconia.    [For 
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otiMT  methods  of  vepantioii,  Bee  Haadv.  d.  Cbera.  iz.  1009 ;  Gmelin'e  Hmndboo^ 

iiL  MO.] 

Mari^MC  deeompoeee  siieoD  bj  igmtion  with  Indrogen-enmnoiumii'ltiiorida  in  the 
manner  ilieedj  dMcribed  (p.  1081),  heets  the  mioBUOonate  of  potaflmm  thenbj 
obteined  with  atzong  eolphnrie  aod,  end  wishes  the  stionglj  ignited  Tesiifwe  with 
boiling  water ;  pore  nroonia  then  remains  behind. 

Ziieonia,  afeeordinff  to  the  mode  in  which  it  has  been  prepared,  Ibms  airiiitfl^  tafSt^" 
le«,  inodonras  powder,  or  hazd  Ivmps  of  spedfie  gmvity  4*85  to  4-9,  whieh  senAtrh 
dU»s  and  giro  spaiks  with  steel.  Deyille  and  Caron  (Ann.  Ch.  Fharm.  eriii.  66), 
St  igniting  fluoride  of  niconinm  with  bcMcaz  in  a  closed  cmcible  lined  with  charmal, 
obtained  siroonia  in  dendritic  groups  of  small  crjrstals  resembling  sal-ammoiuac. 
When  siroonia  is  fnsed  with  borax  in  a  potteiy-fiiraaoe,  and  the  residue  exhansted 
with  hydrodiloric  add,  the  zireonia  remains  in  transparent,  colooriess,  microsoopir, 
qiudzfttic  prisms,  isomorphons  with  tinstone  and  mtile,  hariuff  a  spedfie  gravitj  of 
6'71to6'72,  and  capable  of  polarising  light.  ^Nordenskjold,  Fogg.  Ann.  czi-r.  612.) 

When  ziroonia,  prepared  at  the  lowest  possible  tempereture,  is  heated  to  oommonciiig 
redness,  it  glows  brightlj,  becomes  dense,  and  is  afterwards  insoluble  in  ozdiDaxy 
acids,  dissolyes  with  difficulty  even  in  hydrofluoric  add,  and  can  be  dissoWed  only  by 
strong  sulphuric  acid,  the  finely  pulverised  earth  being  heated  with  a  mixture  of  2  pes. 
oil  of  vitriol  and  1  pt.  water.  By  ignition  with  chairoel  in  a  stream  of  chlorine,  sii> 
ffonia  is  converted  into  chloride  of  siroonium. 

Hydrate  ofZArcoma^  or  Hydrate  ofZircamium,  is  predpitatedfrom  oreoniiun-BaUs  by 
ammonia.  When  recently  predpitated,  it  is  a  white  buUcy  jelly,  but  shiinka  in  drying 
into  a  yellowish,  translucent,  gummy  mass,  haviug  a  condioidal  fracture.  The  diy 
hydrate  has,  according  to  Berzelius,  the  composition,  Zr'^HK)'  »  ZrO'.HK) ;  accord- 
ing to  Hermann,  the  hydrate  dried  at  17^  is  Zi'^H^O*  -  ZrO*.2HK).  (That  obtained 
by  Benelins  was  probably  dried  at  a  higher  temperature.)  When  ignited,  it  leaves 
puie  ziroonia.  It  dissolves  in  5,000  pts.  of  water;  the  solution  reddens  turmeric- 
paper.    (Brush.) 

Zinxmia  acts  both  as  a  base  and  as  an  add:  hence  caQed  zirconic  acid.  The 
hydrate,  when  precipitated  in  the  cold  and  washed  with  cold  water,  dissolves  eaaiiy  in 
acids :  if  precipitated  from  hot  solution,  or  washed  with  hot  water,  it  dissolves  only 
in  concentrated  adds.  The  saturated  solutions  have  an  astringent  sour  taste,  and 
redden  litmus.    [For  their  behaviour  with  reagents,  see  p.  1080.] 

Xiroonatas* — Compounds  of  zirconia  with  the  stronger  bases  are  obtained  bj 
precipitating  a  zircon\um-8alt  with  potash  or  soda ;  also  by  igniting  rirooniawith  so 
alkaline  hydrato.  Ziroonate  of  potassium  thus  obtained,  dissolves  completely  in  water. 

Sodmm-eaUe.^a.  Dieodic  TArconate,  Na*ZrO'  s  Na*O.ZrO*,  is  easily  obtained,  by 
igniting  zirconia  with  carbonate  of  sodium,  as  a  crystalline  mass  which  is  gradoally 
decomposed  by  water,  with  separation  of  amorphous  aiconia. — fi.  When  ziroonia  is 
heated  to  whiteness  for  a  considerable  time  with  excess  of  sodium-carbonate,  8  at  car- 
bonic anhydride  axe  evolved  to  1  at.  ziroonia,  and  the  salt  Na^SM^  •»  2Ka*0iSr^ 
is  produced.    The  fused  mass  treated  with  water,  leaves  small  hexagonal  Ismins  of 
the  following  salt-^.  An  acid  salt,  Na<0.8ZrOM2H*0,  is  obtuned  as  jost  described, 
or  by  fusing  pulverised  zircon  with  excess  of  sodic  carbonate,  and  treating  the  mast 
with  water  containing  hydrochloric  add.    It  forms  hexagonal  tables,  sometime^agS^ 
gated  in  groups  like  those  of  olinochlore.    (Hiortdahl,  Ann.  Ch.  Fhana.  exxxrO' 
24,  286 ;  Jahiesb.  1865,  p.  185.)  , .        . 

CaleiMm-eaU, — Zirconate  of  caldum  is  obtained  by  heating  a  miztsiv  <>^  ^'f'.'?: 
zirconia  (in  the  proportions  to  form  zircon)  with  excess  of  addms-eUoiKl*  to  bngp 
redness  for  five  or  six  hours,  and  treating  the  product  with  hyttrochkiric  w^  }P^ 
zirconate  then  separates  as  a  shining  crvsbdline  powder,  together  with  fiooenlea^  ^^"^ 
and  amorphous  ziroonia.    (Hiortdahl.) 

Ziroonate  of  Magneeium  is  obtained  by  pladng  a  mixture  of  silica  and  nicou^^ 
together  with  excess  of  magnesium-chloride,  in  a  platinum  crucible,  the  bcttcna  ^ 
whidi  is  covered  with  sal-ammoniac,  heating  the  mixture  quickly  to  whiteness^^  an^ 
continuing  the  heat  for  an  hour.    On  treating  the  cooled  mass  with  water  containing 
hydrochloric  acid,  a  crystalline  powder  is  deponted,  consisting  of  distinct  oetahedrons 
of  peridase  and  prismatic  crystals  of  magnesium-siroonate.    (Hiortdahl.) 

OOVZUW,  OZTCB&OBZBBS  OV.  See  ZmooNiUM,  Chlobidb  or  (p*  1080). 

^COJnuaCp  UXnUfVXDM  or.    Formed  by  heating  zirconium  with  snlpb^'^ 

in  a  vacuum  or  in  hydrogen-gas,  the  combination  in  the  latter  case  being  attended  witn 
slight  incandescence.  Ih&rk  cinnamon-brown  powder,  acquiring  metallic  lostze  under 
the  burnisher ;  not  altered  by  water,  dilute  acids  (even  nitric  acid),  or  aqaeoos  alka- 
lis ;  slowly  dissolved  by  nitromuriatic  add ;  easily  decomposed  by  hydrofluoric  &cia, 
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with  erolution  of  sulphydrie  add.    When  fused  with  potash,  it  yields  sixoonia  and  sul- 
phide of  potassium. 

Fr^my,  by  ignitiog  zirconia  contained  in  a  charcoal  boat  in  a  stream  of  carbonic 
disulphide  vapour,  obtained  a  compound  (perhaps  an  oxysulphide)  in  steel-srey 
graphitoidal  scales,  which  yielded  a  yellow  powder,  were  insoluble  in  water  and  in 
dilute  acids,  but  were  easily  decomposed  by  nitric  add,  with  separation  of  sulphur. 


The  aizoonifeions  syenite  of  South  Norway. 

SOIoniVs  A  name  applied  by  Boijean  to  a  Tiolet-coloored  substance  deposfted, 
according  to  his  observations,  firom  the  water  which  drips  from  baregin  (i.  600),  taken 
out  of  s^phurous  springs. 


This  name  is  sometimes  applied  to  all  lime-epidotes  oontainins  little 

or  no  iron  (ii.  490) ;  sometimes  restricted  to  a  mineraP  dosely  allied  to  epi£)te  in 
composition  and  crystalline  form,  but  differing  somewhat  in  the  deayage.  It  occurs, 
according  to  Brooke  and  Miller,  on  the  Sau  Alp  and  at  Sterzing  in  the  Tyrol, 
at  Fusch  in  Salzbuiff,  at  Baireuth  and  Conradsreuth  near  Hof  in  Bavaria,  and  in  the 
Ural  (Dana,  ii.  211).    Kl^nroth's  analyses  of  two  spedmens  from  the  Sau  Alp  gave : 
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CaO. 
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20 
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■■ 

98-5 

(from  C»tUt,  bioth;  diminutive  CmfjJBtoy), — ^A  name  applied  by 
Berzelius  to  the  portion  of  the  aqueous  extract  of  meat  which  is  insoluble  in  alcohol, 
the  soluble  portion  (about  }  of  the  whole),  being  called  o»mazome. 

XOOCKBMZCA&  AVAXiTBZS.    See  Analysis,  Oroakio  (i.  260). 

XOOBKBUUrSSr.  A  name  applied  by  Bogdanow  (Compt.  rend.  zlvi.  780),  to 
the  black  pigment  of  birds'  feathers,  probably  identical  with  the  melanin  of  the  choroid 
coating  of  the  eye.  The  substance  is  slightly  soluble  in  water,  more  soluble  in  potash 
and  ammonia. 

XOOWXC  ACXB.  BerthoUet's  name  for  the  impure  acetic  add  obtained  by  the 
dry  distillation  of  animal  substance. 

ZOOftTlLAJtZO  JLCTDm  Landerer^s  name  for  a  fatty  add  obtained  firom  the 
bones  of  fossil  mammalia,  and  crystallising  from  alcohol  in  laminae.  (Buchn.  Bepert. 
Ixi.  90.) 

XOOTXO  AOZll.    Syn.  with  Htdbogtakic  Acns  (ii.  214). 

SOOTXJrS-SA&Ts    Nitrate  of  sodium  (iv.  106). 

XOOZAlf TKXH.  The  colouring-matter  of  the  red  feathers  of  Calurui  auriceps. 
It  may  be  completely  extracted  by  repeated  treatment  with  hot  alcohol ;  and,  on  eva- 
porating the  solution  at  60^ — 70^,  there  remains  a  dark-red  powder,  which,  when 
thoroughly  washed  with  water,  leaves  the  zooxanthin,  easily  alterable  by  light.  A 
similar  pigment  is  said  to  be  contained  in  the  light-red  fibres  of  Calinga  catmlea. 
(Bogdanow,  Compt.  rend.  xly.  688.) 

XOXOXTB.  Native  selenide  of  lead  (dausthalite),  containing  copper  or  cobalt. 
(See  Lbad,  Sbusnidbs  of,  iii.  667*) 

KOBTBKA  MAXXVA.  This  seaweed,  which  grows  abundantly  on  nearly  all 
seaooasts,  leaves  23*3  per  cent,  ash,  containing  in  100  pts. :  8*9  pts.  E.'SO*,  4*4  KCl, 
0-86 KI,  21-2 NaCl,  212  CaO,  6-6  CaCO«,  2-1  CaSO^ 98 Ca"FO",  1-6 MgO,  26*1  SiO«, 
0-7  Al'^O",  1-9  Fe*0\  with  traces  of  metallic  bromide.  (Baudrimont,  J.  Pharm.  [3] 
xlii.  388.) 

zmac,  or  XTSno  ACXB.  Names  formra>ly  applied  to  the  acid  (Braconnot's 
nanede  acid),  produced  in  the  fermentation  of  amylaceous  substances:  dnce  known  to 
consist  of  impure  lactic  acid. 

%xntJ$MMTrMf  or  xmUbXra.    Syn.  with  Melliutb  (iii.  869). 

XWXaMNblTX.  Ferroso-manganous  phosphato-fluoride,  found  in  crystalline 
masses  at  Zwiesd,  near  Bodenmais  in  Bavana.    (See  Phosphates,  iv.  671.) 

XTOABZTB.  A  dlicate  of  aluminium  and  lithium,  occurring  in  the  Katharina 
Neufang  mine,  at  Andreasbeig  in  the  Han.  It  forms  twin-crystals,  having  the  ap- 
pearance of  etilbite,  slightly  translucent,  with  reddish  to  yellowish-white  colour,  and 
vitreous  lustre,  indining  to  nacreous  on  the  cleavage-faces.  Hardness  «  6*8.  Specific 
gravity  -  2*611~>2*612.    (Breithaupt,  POgg.  Ann.  Ixiz.  441.) 

I3yn.  with  Zuinc  Acid. 
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lOXZJL    Zymiques,  or  AnaSrobieg. — ^Names  applied  f>y  ^Bkstei- 

to  the  inftuoria  which  act  as  ferments  only  when  the  air  is  exclnded, — ^tlK>se  -vrhicb 

reqnire  the  presence  of  air  to  induce  their  action  being  distinguished  as 

Aerobies. 


EOaCB  (from  (^fiiit  yeast,  or  ferment). — ^An  old  name  for  tlie  portioo  «f 
gluten  which  is  insoluble  in  alcohol. 

XTaiOSCOV&  An  instrument  oontrired  by  Zenneck  (Budm.  Bepert.  Hz.  204]^ 
for  testing  the  fermenting  power  of  yeast,  by  bringing  it  in  oontaet  with  rasmr-waftca; 
and  obserying  the  quantity  of  carbonic  anhydride  evolyed. 

StMUJUITa  A  name  applied  to  that  department  of  teehnologksal  cbenufltrf 
which  treats  of  the  scientiile  principles  of  wine-making,  brewing,  distdUing,  and  the 
preparation  of  yeast  and  mogar,— processes  in  which  fermentation  plays  the  principal 
part. 


ADDITIONS  AND  COERECTIONS. 


AOaTA»ZU3>&  PhmylacdafMe,  G*[EPNO  *  KHCOfH'XCHH)),  is  eadlj 
produced  by  eohobatin|;  aniline  with  strong  acede  add,  or  by  boiling  the  two  together, 
and  finally  digtilb'^g  till  the  product  Boli£fie6  in  the  neck  of  the  retort  (0.  Or.  Wil- 
liams, Cnem.  Soc.  J.  xrii.  106).  Aooording  to  Perkin*s  observation,  crude  aniline, 
prepared  by  B^hamp's  process  with  an  excess  of  strong  acetic  add,  sometimes  con- 
tains acetanilide.  AjDCOtding  to  Lanth  (Bull.  Soc.  Chim.  1866,  i.  164),  acetanilide 
is  produced,  together  with  i^enol,  by  filing  equal  parts  of  aniline  and  phenylic 
acetate  in  a  flaaS  with  vertical  condensing-tu^  or  by  heating  them  in  a  cIosm  vessel 
to260O: 

C«HK).C^».0  +  NH»(C^»)     -     C^».H.O  +  NH(C^»XC«H«0). 

The  phenol  and  aoetanilide  are  easily  separated  by  distillation,  or  by  treatment  with 
an  ftigfJt- 

Aoetanilide  has  a  specific  gravity  of  1*099  at  106^  melts  at  101^,  and  distils  at  295<' 
under  a  pressure  of  756  mm.  Vapour-density,  obs.  «  4*847 ;  calc.  »  4*671.  Acetani- 
lide dissolves  easily  in  alcohol,  ether,  benzene,  and  volatile  oils,  and  crystallises  from 
the  latter  in  large  needles.  The  alcoholic  solution  is  not  pred^itated  by  water.  It 
dissolves  easily  in  warm  sulphuric  and  hydrochloric  adds,  and  is  converted,  by  cold 
nitric  acid,  into  /9-nitraniline.  When  heated  with  sodium,  it  is  resolved  into  aniline, 
and  a  small  quantity  of  basic  oil  having  a  high  boiling-point    (Williams.) 

AOSf  or  AZnr.  A  fat  obtained  in  Mexico  by  boiling  a  species  of  coccus  {Coceua 
Axin)  with  water.  It  smells  like  arnica-flowers,  has  a  dark-brown  colour,  and  buttery 
consistence ;  hardens  on  exposure  to  the  air,  and  dries  up  on  the  skin  to  an  adhesive 
elastic  membrane,  like  collodion :  hence  it  is  used  by  the  Mexicans  as  an  external 
application,  and  frequently  as  a  varnish.  It  is  insoluble  in  water,  dissolyes  with 
difficulty  in  cold,  more  readily  in  hot  alcohol,  easily  in  ether,  provided  it  has  not  been 
hardened  and  oxidised  by  exposure  to  the  air.  Melts  at  81^ ;  gives  off  acrolein  by 
dry  distillation.  The  sapomfied  &t  yidds  a  crystallisable  add,  melting  at  42^,  and 
having  the  composition  of  lauricadd,  G^'H'^O' ;  together  with  a  brown  oUy  add,  called 
axinie  acid,  which  solidifies  somewhat  above  0^,  dries  up  veary  easily,  and  probably 
contains  C^'H'H)'.  This  add  is  converted,  by  oxidation,  partly  into  hypogseic  acid, 
Qit^uQi  (soluble  in  alcohol  and  eth^r,  and  meldng  at  86°);  partly  into  agin  in,  an 
amorphous,  light-yellow,  brittle  substance,  insoluble  in  water,  alconol,  and  ether,  and 
containing  68*8  to  60*3  per  cent,  carbon,  and  6*7  to  7*6  per  cent,  hydrogen ;  it  turns 
brown  at  80^,  giving  off  water  and  colourless  gases  absorbable  by  potash.  (Hoppe, 
J.  pr.  Ghem.  xxx.  102  ;  Gm.  xvii  46.) 

AOnmr.    See  the  previous  artide. 


A&COSO&. 


iSee  GoLLoiDAz.  Acms  (p.  1088). 



r«    This  substance,  the  purgative  prindple  of  aloes,  was  disoovered  by 
T.  and  H.  Smith  (Chem.  Gas.  1861,  p.  107 ;  Gm.  xvi  461). 


G*'!H*«N^  (Rieth  and  Wohler,  Ann.  Oh.  Pharm.  cxx  247; 
Jafaresb.  1861,  p.  682;  €htt.  xvii  661.)— A  base  extracted  from  tiie  bark  of  Amr^ 
rubra,  a  Bradlian  tree,  by  exhaustion  with  water  containing  sulphuric  add.  It  may  be 
freed  from  colouring-matter  and  other  impurities,  by  treatment  with  acetate  of  lesd  and 
solution  in  ether,  and  separates  from  the  ethereal  solution  partly  in  anhydrous  rhombic 
pyramids,  partly  in  hydrated  four-sided  prisms  with  oblique  end-faces;  the  latter 
contain  G»H»N\8H'0,  and  give  off  their  water  at  100<>.  Aribine  dissolves  in  7,762 
pts.  of  water  at  28°,  more  fr^y  in  hot  water,  eadly  in  alcohol,  less  easily  in  ether. 
Its  salts  are  mostly  czystallisable^  and  contain  2  or  4  atoms  of  add  to  1  atom  of  base. 
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—The  h^roeUoraiBy  CPH^N^2HC1,  Ci78talli8e6  in  slender  needles,  solnble  in  amjlie 
alcohol,  insoluble  in  ether ;  from  its  dilate  aqueous  solution,  caustic  soda,  sodium-car- 
bonate, ammonia,  and  lime-water  throw  down  crystalline  aribine. — ^The  chl^n^opiati- 
luUSy  G»H>«N^2HCLPtClS  is  precipitated  in  pale-yellow  needles.— The  nmUrat  ntl- 
phaie,  C^*W*S*J3^0\  is  obtained  by  decomposing  the  hydrochlorate  with  sulphate  of 
silyer. — The  add  ttd'phate^  C"H"N\2H'S0*,  is  formed  by  treating  aribine  with  excess 
of  sulphuric  acid. 

Aribine,  heated  with  iodide  of  ethyl,  forms  yellow  cmtals,  probably  consisting  of 
iodide  of  diethyl-aribine,  C"H'"(CH*)*K<I*,  which,  when  decomposed  with  moist 
silver-oxide,  yields  the  corresponding  hydrate  as  an  amoiphons  eolonved  varaiah. 

ATOmoiTT.    See  Classification  (i.  1008 — 1017). 
Syn.  with  Aob  (p.  1087). 
EO  ACIA.    See  Aoi  (p.  1087). 

fcOA.  C»HiK)  a  0"H".H.O.— A  monatomic  alcohol jsrodu^'d  by 
the  action  of  nascent  hydrogen  on  benxophenone  or  phenyl-benzoyl,  G"H>*0,  and  de- 
scribed in  connection  with  the  latter  (it.  478). 

BSKSamzwa.     C^*^0\— This  formula  has  been  established  by  Perrins 
(Ohem.  Soc  Qu.  J.  xv.  839),  by  the  analysis  of  the  alkaloid  and  several  of  its  salts. 
Berberine  is  very  widely  difihsed  in  the  vegetable  kingdom.    Besides  the  sources  of  it 
mentioned  in  vol.  i.  (p.  679),  it  has  been  found  by  Perrins  in  Hydrastis  canadensis 
and  Xanthorrhiza  ttpt\folia,  two  North  American  ranunculaceous  plants ;  in  a  yellow 
dye-wood  firom  Upper  Assam,  called  toMx^ttnjxsr^probably  belonging  to  tlie  menisper- 
maceous  order;  in  a  woody  root,  called  Raisds  8ao  Joao,  or  St.  John's-root,  from  Rio 
Grande ;  in  the  yellow  bark  of  the  Pachnelo  tree,  from  Bcttota ;  and  in  tiie  root  ot 
CitpHs  Tecta  esc  AfoAmtro,  a  ranunculaceous  plant  of  Hindostan  and  China,  highly 
pnzed  for  its  tonic  properties,  and  known  in  tne  basaars  of  India  as  Miskmee^isr, 
Lastly,  the  substance  called  xafUhMneriis,  discovered  in  1826  by  Ohevallier  and  Pel- 
letan  in  the  bark  of  XanthoxyUm  Clava  BtrcuUs,  has  been  shown  bj  Perrins  to  be 
identical  with  berberine. 

When  a  dilute  solution  of  iodine  in  iodide  of  potassium  is  added  to  the  solution  of 
any  berberine-salt  in  hot  spirit,  careMly  avoiding  an  excess  of  iodine,  a  crystalline 
ioaine-compound  is  deposited,  in  green  spangles  resembling  sulphate  of  iodoquinine 
(v.  25),  andC  like  that  substaaee,  possessing  the  power  of  polarising  light.   (Perrina) 

BSAUO-IVOOS.  (i.  656.)^— Pteisser's  statements  respecting  the  zedeoloiiring- 
matter  of  this  wood  are  not  to  be  depended  upon. 

CABTCMKno  AOIB.  0»«H»«0»  -  ^^'*^'^P"|o«.— A  tribasic  arid  pro- 
duced by  the  action  of  nitric  acid  upon  camphor;—- described  nndsr  PTaocAMFDOOio 
Ad©  (iv.  767). 

OBSFZTZWa.  OB:i*N.— This  name  is  given  by  Church  and  O  wen  (Phil.  lis%. 
[4],  XX.  110 ;  Jahresb.  1860,  p.  368)  to  an  organic  base,  found  in  small  quantity,  to- 
gether with  pyridine,  piooline,  coUidine,  and  lutidine,  in  the  liquid  obtained  by  dift>l- 
ling  Irish  peat  at  the  lowest  possible  temperature.  When  purified  by  fractioosl  diitil- 
lation,  treatment  with  potash,  &c.,  it  forms  a  colourless  oil,  miscible  in  all  proportioiis 
with  water,  and  agreeing  in  composition  and  boiling-point  (95°)  with  amylsniDa 

CBUCOPBTUUV.    a  yellow  crystalline  body  obtained  from  I^roU  (cr  €^ 
mophila)  umhdUUa  (iv.  760). 

CBAT8ZMZC  AfSIB.  A  yellow  colouring-matter  contained  ia  tie  bncb  of  /^p**' 
nigra  and  P.  pymmidaUs  (iv.  688). 

OOZAo£da1i  ACZBS.    (Graham,  Chem.  Soc.  J.  zviL  2lB.V-<3oafliai^  "^V 
stances  can  exist  in  two  states — the  liquid  state,  in  which  they  are  soluble  in  ^''^^ 
all  proportions ;  and  the  gelatinous  or  pectous  state,  in  whidi  they  are  but  1*'^?^_ 
soluble.    The  soluble  hydrate  of  a  colloid  substance  is  called  a  hydro  sol,  the  gNV>^ 
nous  hydrate  a  hydrogel.    The  solubility  of  a  hydrp^l  diminishes  with  the  qsso' 
tity  of  water  contained  in  it.     Gelatinous  silicic  wad  containing  1  per  c^^^^^ 
anhydrous  silica,  dissolves  in  5,000  pts.  of  water ;  a  jelly  containing  5  per  cent.  ^"1?! 
dissolves  in  10,000  pts  of  water ;  and  anhydrous  silica  itself  is  nearly  insoluble.  Toe 
passage  from  the  Uquid  to  the  gelatinous  state  is  indicated  by  a  giadoal  thickssiog.^ 
the  solution,  which  assumes  an  oily  consistence  just  before  gelatinising.  In  a  tMsfHi^ 
of  silicic  acid  obtained  by  dialysis  (p.  141),  the  tendon^  to  pass  into  the  gilabnoos 
state  increases  with  the  temperature  and  the  ooncentration  of  the  liqnid.    A  soliitioB 
containing  from  10  to  12  per  cent,  silica  gelatinises  in  a  lew  boon ;  a  '^^^!'^a^^ 
taining  only  5  per  cent,  may  be  kept  unaltered  for  several  days ;  one  eontainipg*  V^ 
cent  for  many  months ;  another  containing  1  per  cent,  silica  remains  nnslterea  iw 
years ;  and  solutions  containing  only  0*1  per  cent,  are  doubtless  quite  perniaoent. 
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The  eoagolation  of  the  hydroBol  of  silieic  Acid  is  promoted  bj  small  quantities  oi 
salts,  and,  on  the  other  hand,  the  hydrogel  is  reconrerted  into  the  hydrosol  by  yery 
small  quantities  of  alkali.  One  part  of  sodinm-hydriite  dissolved  in  10,000  pts.  of 
water,  gradually  liquefies,  at  100^,  a  quantity  of  gelatinous  silicic  add  corresponding 
to  200  pts.  of  dry  silica,  and  maybe  separated  from  the  resulting  silicious  solution  by 
prolonged  dialysis  in  a  vacuum. 

Silica  may  be  separated  both  from  the  hydrosol  and  the  hydrogel  by  a  number  ot 
substanoee,  both  colloid  and  crystalloid  (sulphuric,  hydrochloric,  nitric,  and  acetic 
acids,  alcohol,  glycerin,  sugar-syrup,  and  other  bodies  which  do  not  induce  gelatinisa- 
tion),  these  substances  then  taking  the  place  of  the  silica. 

The  liquid  compound  of  silicic  acid  with  alcohol  is  called  the  alcosol,  and  the 
gelatinous  compound  the  alcogel  of  silicic  acid.  The  former  produces  a  nearly 
colourless  solution,  which  is  not  gehitinised  by  salts  or  by  insoluble  substances,  or 
even  by  heating  to  the  boiling-point,  but  easily  gelatinises  when  concentrated  by  slow 
evaporation.  Although  the  alcohol  in  this  compound  is  less  strongly  combined  thiui 
the  water  in  the  hydrosol,  part  of  it  nevertheless  remains  behind  on  oistillation,  and  is 
ultimately  carbonised    ' 

The  alcogel  of  silicic  acid  is  easily  prepared  by  placing  mosses  of  gelatinous  silica 
(containing  8  to  10  per  cent  8iO')  in  absolute  alcohol,  and  changing  the  latter  re- 
peatedly till  the  water  of  the  hydrogel  is  completely  replaced  by  alcohol.  An  alcogel 
thus  prepared  from  a  hydrogel  containing  9*35  per  cent,  yielded  by  analysis  88*18 
per  cent  alcohol,  0*23  water,  and  11*64  SiO'.  When  immersed  in  water,  the  alcogel  is 
gradually  reconverted  into  the  hydr<^l.  B^  treating  the  alcogel  with  ether,  benzene, 
carbonic  disulphide,  and  generally  with  liqmds  which  mix  with  alcohol,  compounds  of 
silicic  acid  with  these  several  substances  may  be  obtained ;  from  the  eiher-compcund, 
in  like  manner,  compounds  with  fixed  oils  may  be  produced. 

A  glycerogel  of  silicic  acid  is  obtained  by  heating  the  hydrogel  with  glycerin.  It 
is  a  ^rfectly  colourless  jelly,  and  so  transparent  that  it  cannot  be  perceived  in  the 
liquid.  Fart  of  the  silica  is,  at  the  same  time,  converted  into  a  liquid  compound,  the 
glycerosol  of  silicic  acid.  The  glycerogel  (prepared  from  a  hydrate  containing 
9*86  per  cent  silica)  was  found  to  contain  87*44  per  cent,  glycerin,  3*78  water,  and 
806  SiO». 

When  the  hydrogel  of  silicic  acid  is  immersed,  first  in  moderately  dilute  sulphuric 
acid,  then  successively  in  stronger  acids,  and  finallv  in  the  most  concentrated  acid 
(hydric  sulphate,  H*SO^),  a  gelatinous  sulphuric  acid  compound  is  obtained,  the  sul- 
phagel  of  silicic  acid.  It  is  colourless,  transparent,  of  somewhat  smaller  bulk  than  the 
hydrogel,  from  which  it  has  been  prepared ;  is  not  altered  by  heating  to  the  boiling- 
point  of  sulphuric  add,  but  gives  up  part  of  its  sulphuric  acid  at  a  higher  tempera- 
ture. By  dialvsation  with  water,  it  is  reconverted  into  hydrogel ;  by  alcohol  into 
alcogel.    Similar  compounds  may  be  formed  with  hydric  nitrate,  acetate,  and  formate. 

Liquid  stannic  acid  is  obtained  by  dialysing  stannic  chloride  mixed  with 
caustic  alkali,  or  sodic  stannate  mixed  with  hydrochloric  acid.  In  both  cases  a  jelly 
is  first  formed,  which,  as  the  salts  are  gradually  removed,  is  reconverted  into  tibia 
soluble  modification  by  the  small  quantity  of  free  alkali  present :  the  latter  is  re- 
moved by  prolonged  diffusion,  most  readily  after  addition  of  a  few  drops  of  iodine- 
solution.  Liquid  stannic  acid  is  converted  by  heat  into  liquidmetastannic  acid. 
Both  solutions  are  easily  gelatinised  by  small  quantities  of  hydrochloric  acid  or  of 
salts ;  and,  on  the  other  hand,  gelatinous  stannic  acid  is  reconverted  into  the  liquid 
acid  by  free  alkali,  even  at  ordinary  temperatures. 

A  solution  of  gelatinous  titanic  acid  in  hvdrochloric  add,  prepared  in  the  cold,  and 
containing  only  1  per  cent.  SiO*,  yields,  in  like  manner,  liquid  titanic  acid.  B^ 
heating  liquid  stannic  and  titanic  adds  with  alcohol  and  other  liquids,  compounds 
are  formed  analogous  to  those  obtained  in  like  manner  with  silicic  add. 

Liquid  tungstic  for  rather  metatungs  tic)  acid  has  been  already  described 
(p.  911).  A  mixture  of  liquid  tun^tic  and  silicic  acids  does  not  gelatmise,  probably 
in  consequence  of  the  formation  of  silico-tungstic  acids  (p.  915). 

Liquid  molybdic  acid  is  obtained,  by  dialysing  a  solution  of  crystallised  sodic 
mol^bdate  supersaturated  with  hydrochloric  add,  for  several  days,  as  a  yellow  liquid 
having  an  astringent  taste  and  acid  reaction.  It  is  very  permanent,  and  when  left  to 
evaporate,  yields  soluble  molybdic  add  as  a  deliquescent  gummy  mass,  which,  when 
heated,  behaves  like  soluble  tungstic  add.  Soluble  tungstic  and  molybdic  adds  yield 
oystallisable  salts  by  digestion  with  soda. 

OOWAMTTWL  A  green  crystalline  minenl,  x«aemblin^  vivianite  in  struefcore, 
ibund  at  Bottis,  near  Jacketa,  in  the  Saxon  Yoigtland.  Specific  gravity  >«  2*46.  It 
appears  to  be  a  hydrated  nickel-phosphate.    (Breithaupt,  Jahresb.  1869,  p.  806.) 
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CM^mZAimtTnr.  C>*H«>0'^  (Riban,  Bull.  Soc.  Chim.  1864»  i.  87  ;  1867,1 
79  ;  Laboratory,  i.  324.) — The  active  principle  of  Corioaria  myrttfcUa,  a  pnigatiTe  and 
▼eiy  poisonous  plant  growing  in  the  South  oi  France,  in  Spain,  and  in  Italy — formsAj 
used  for  the  production  of  a  black  dye,  and  for  adulterating  senna.  Goriamyrtin  may 
be  extracted  from  the  berries  or  the  leaves,  but  the  young  shoots  gathered  m  March 
yield  the  largest  product.  They  are  crushed  in  a  mill,  and  pressed;  the  juice  it 
treated  with  basic  acetate  of  lead ;  and  the  filtered  liquid  is  freed  from  excess  of  lead 
by  sulphydric  acid,  then  evaporated  to  a  syrup,  and  repeatedly  shaken  up  with  ether, 
which  dissolves  the  ooriamyrtin,  and  leaves  it  on  evaporation  in  slightly  brown  erystals, 
which  may  be  rendered  perfectly  white  and  pure  by  one  or  two  crystallisatioDs  finm 
boiling  alcohol. 

Gonamyrtin  is  a  white,  bitter,  very  poisonous  substance,  crystallising  in  oblique 
rhombo'idal  prisms  of  98^  40',  having  the  basal  edges  truncated.  It  is  anhydnHis, 
and  melts  at  220^  to  a  colourless  liquid,  which  solidifies  to  a  crystalline  mass  on  cool* 
ing.  It  is  slightly  soluble  in  water,  easily  soluble  in  boiling  alcohol  and  ether.  The 
alcoholic  solution  turns  the  plane  of  polarisation  to  the  right :  [a]  ■>  24*5  at  20°. 

Goriamyrtin  is  decomposed  by  fuming  hydriodic  acid,  slowly  in  the  cold,  rapidly  at 
100^,  a  large  quantity  of  iodine  being  separated,  and  a  black  soft  substance  deposited; 
and  if  the  supernatant  liquid  be  decanted,  the  black  substance  washed  with  cold  water 
and  dissolvea  in  absolute  alcohol,  and  the  resulting  solution  mixed  with  a  few  dropf 
of  strong  caustic  aoda,  a  finepurple>red  colour  is  produced,  resembling  that  of  an  alco- 
holic solution  of  fdchsine.    This  reaction  is  extremely  delicate. 

Bromocotiamyrtint  G*H'*Br'0*^  is  formed  by  adding  bromine,  drop  bj  dA^  to 
coriamyrtin  suspended  in  cold  aloohoL  It  aystalliBes  from  boiling  alcohol,  in  fins 
anh^rdrous  needles,  slightly  soluble  in  cold  water,  very  soluble  in  boiling  alcohol,  and 
having  an  extremdv  bitter  taste. 

Chlorine  passed  through  a  mixture  of  coriamyrtin  and  water,  forms  a  crystaUine  sob- 
stance,  composed  of  several  amorphous  chlorinated  oompoimds,  which  cannot  be  sepa- 
rated by  successive  crystallisation. 

Action  of  Bases  on  Coriamyrtin. — Most  bases  attack  coriamyrtin  in  presence  of 
water.  With  potash  and  soda  only  brown  compounds  are  obtained ;  but  with  leaf 
active  bases,  such  as  baryta  and  lime,  coriamyrtin  assumes  the  elements  of  five  ixx>le- 
cules  of  water,  producing  a  dibasic  acid,  which  unites  with  the  base.  Thus,  when 
boiled  with  excess  of  baryta,  it  forms  the  compound,  C"  H^'Ba"©"  -  (T'H^O". 
Ba0.6H*0 ;  and  with  Hme-wator,  in  like  manner,  the  salt  C^H^Ga'G**.  These  salti 
do  not  possess  the  bitter  taste  of  coriamyrtin. 

The  acid,  separated  from  them  by  sulphuric  or  oxalic  add,  remains  on  cTaporation 
as  an  amorphous  mass.  Its  aqueous  solution  decomposes  the  carbonates  of  bariuoi 
and  calcium,  with  effervescence,  reproducing  the  salts  just  described. 

Action  of  Acids. — Goriamyrtin  is  dissolv^  and  blackened  by  strong  ndpkttrie  aeO. 
— With  fuming  nitric  add,  it  forms  an  amorphous  nitro-compound,  whicn  detonates 
when  heated.  It  is  not  attacked  by  day  hydrochloric  acid  gat,  even  at  lOO^i  bot  ds- 
eomposes  when  heated  to  200^  with  the  aqueous  acid  containing  2  or  3  per  cent  of 
that  gas. 

Acetie  anhydride  and  eoriam^in,  heated  together  to  140^  in  a  sealed  tabe  for 
about  an  hour,  unite  directly  without  elimination  of  water.    The  soft  mass  thos  pro- 
duced, if  thrown  into  water  to  free  it  from  acetic  acid,  ultimately  fsUs  to  a  povder, 
which  may  be  washed  with  cold  water,  then  dissolved  in  ^coho^  eep»nted  ^f^^^^ 
ration,  and  dried  at  100°  in  a  vacuum.    It  is  transparent,  nevlf  eolourlee^  ^    Vfc* 
very  bitter,  melts  below  100°,  is  insoluble  in  water,  but  soluWe  in  alcohol    ftftM  "•• 
composition  G*«H»*G",  which  is  that  of  hexacetic  coriamyrtin  coinbiBW  wiin 
3  at.  water.    Its  formation  is  represented  by  the  equation : 

C»HMOio   +   3(C'H»0)»G     »     G«»H"(C«H:»0)H)"  +  SH*0. 

Glacial  acetic  acid  forms  a  similar  compound  with  coriamyrtin. 

sacmb,  »imx«  OAMtTSu  G>*H*>.— The  tenth  of  the  series  of  aloohoVTJtf^ 
dee,  G*H'"^*.    It  has  not  been  isolated. 

Hydride  ofBeeyl,  G"H"  (isomeric  with  free  amyl),  is  contained  in  oonriderable 
quantity  in  the  portion  of  American  petroleum  boiling  between  168°  and  163^  (P«* 
louse  and  Gahours,  Ann.  Ch.  Phys.  [4],  i.  5 ;  Jahresb.  1863,  pp.  626,  629).— It  i» 
produced  also  by  carefully  mixing  diamylene,  G'*H**,  with  bromine,  keeping  the  mixture 
cool,  washing  the  product  with  dilute  potash,  and  drviuff  it,  then  heating  it  under 
diminished  pressure,  and  submitting  it  to  fractional  distSlation  (Wurtz,  BulL  Soc. 
Ghim.  1863,  p.  300;  Jahresb.  1868,  p.  610).    This  hydn)carbon  resembles  amyl  in 
many  of  its  properties  (Wurtz).    It  has  an  odour  of  lemons.     Specific  gravity  = 
0-767  at  16°  (Pelouze  and  Gahours);   0-763  at  0°  (Wurts).       Boiling-point 
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lb9^—l62P(Pe\oute  and  Cahours);  155®— 157**  (Wurts).    Vapour-density,  obs. 
»  5*040  (Pelouze  and  Cahours) ;  5*05(Wurtz);  cale.  «  4*91. 

Chloride  of  Decylf  C^'H'^Cl,  obtained  from  the  hydride  bv  the  action  of  chlorine, 
is  a  liquid  of  a  light  amber  colour,  boiling  at  200® — 204°  (Pelouse  and  Cahours)  ; 
190° — 200®  (Wurtz).  With  alcoholic  potash,  it  yields,  amongst  other  products,  a 
hydrocarbon,  which  boils  between  158®  and  160®,  and  forms  a  heavy  oil  with  bromine. 
(Pelouze  and  Cahours.) 

asvCABXC  ACZB.  C^H"0'. — ^An  acid  isomeric  with  erocic  acid  (iL  501),  and 
bearing  the  same  relation  to  it  that  elaidic  acid  bears  to  oleic  acid.  It  is  produced 
by  the  action  of  nitrous  acid  gas  on  erucic  acid,  and  when  recrystallised  from  alcohol, 
forms  a  white,  inodorous,  and  tasteless  mass,  melting  at  59®  to  60®,  and  solidifying  at 
58®  to  59®  to  a  shining  mass  of  fine  needles.  It  becomes  coloured  and  odorous  at 
120®.  Its  sodium-salt,  prepared  like  that  of  erucic  acid,  becomes  coloured  at  110®. 
(Web sky,  J.pr.  Chem.  Iviii.  459.) 

■SBBZra.    Syn.  with  Phtsostigicimb  (iy.  635). 
BVaBTXC  ACZB.    See  Addenda  to  vol  ii.  p.  968. 
OKTCaSOOBA.  I     g^  CoLLoiDAi.  Acids  (p.  1089). 

E.    Syn.  with  WooD-on.  (t.  1045). 
The  resin  left  on  distilling  off  the  volatile  oil  of  gurjun- 

{     See  CouLoiDAL  Acms  (p.  1088). 

r.    (iii.  232). — ^The  formula  for  calculating  the  weight  of  a  cubic 
foot  of  air,  saturated  with  aqueous  vapour,  should  be : 

(Weight  of  cubic  foot  of  dry  air)  .  ^~^  -»-  Weight  of  cubic  foot  of  vapour. 

P 
When  the  air  is  not  saturated,  if  JEd  be  the  elastic  force  of  the  vapdur  at  the  dew- 
point,  and  £d  ^®  elastic  force  of  the  vapour  at  the  temperature  of  the  air,  ^hen : 

(Weight  of  cub.  ft  of  dry  air  at  i9)  .  ^— ^  +  (Weight  of  cub.  ft.  of  vapour  at  IP)  .  ^ 

a  Weight  of  cubic  feet  of  moist  air  not  saturated. 

This  latter  formula  may  be  deduced  from  the  formida  given  on  p.  232,  voL  iii.,  for 
the  weight  of  a  cubic  foot  of  non-saturated  air,  by  substituting  therein  the  value  of 
the  weight  of  air  saturated  with  aqueous  vapour,  determined  according  to  the  corrected 
formula  above  given.* 

Z80I>UXCXn.  C<H>'0"  »  C<H>K)*.H>0.— This  saccharine  substance,  produced 
by  the  decomposition  of  quercitrin  (p.  7)  under  the  influence  of  acids,  is  isomeric  with 
mannite  and  dulcite.  It  crystallises  very  easily,  in  large,  transparent,  regularly-deve- 
loped crystals,  resembling  those  of  cane-sugar :  they  are  hard,  grate  between  the  teeth, 
taste  sweeter  than  grape-sugar,  dissolve  in  2*09  pts.  water  at  18®,  and  easily  in  abso- 
lute alcohol.  The  solution  is  dextrorotatory.  Isodulcite  is  not  fermentable.  It  melts, 
with  loss  of  water,  between  105®  and  110®,  is  coloured  yellow  to  brown  by  strong  sul- 
phuric acid,  and  by  alkalis,  and  reduces  cupric  oxide.  1,000  c.c.  of  a  oopper-solution, 
equivalent  to  5  grms.  grape-sugar,  are  reduced  by  5*288  grms.  isodulcite. 

Isodulcite,  heated  with  hydriodic  acid  (or  with  iodine  and  phosphorus),  is  converted 
into  a  black  mass,  and  yields  a  small  quantity  of  an  oily  volatile  iodine-compound. 
By  oxidation  with  nitric  acid,  it  yields  an  add  re:iembling  saccharic  acid,  with  traces  of 
oxalic  acid. 

■  JSitrO'isodulcite,  CH*(NO*)'0*,  separates  from  a  solution  of  isodulcite  in  a  mix- 
ture of  nitric  and  sulphuric  acids,  as  a  white  uncrystallisable  body,  insoluble  in  water, 
but  very  soluble  in  alcohol ;  it  explodes  slightly  by  heat,  and  by  percussion.  (Hlas  i  - 
wetz  and  Pfaundles,  Ann.  Ch.  Pharm.  cxxvii.  362.) 

XiASSBFZrnr.  C?*W^\  (Feldmann,  Ann.  Ch.  Pharm.  cxxxv.  336;  Bull. 
Soc.  Chim.  1866,  i.  457.) — ^A  bitter  principle  contained  in  the  root  of  Laserpiiium 
latifoiiumf  and  exhibiting  considerable  analogy  to  those  which  are  extracted  from 
Aihamanta,  Peucedanum,  Imperatori/ij  and  other  plants  of  the  composite  order.  It 
is  extracted  by  macerating  the  root  with  strong  alcohol,  and  when  purified  from  an 

*  For  these  corrections  I  am  Indebted  to  the  Undnett  of  Mr.  P.  W.  Latham,  orCambridge.~H.  W. 
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adhering  resin  by  means  of  acetate  of  lead,  crystallises  in  colcmrlesfr  rhombohednl 
prisms.  It  is  tasteless  and  inodorous  when  pure ;  insoluble  m  water  eren  at  tlie  boiling 
heat ;  soluble  in  benzene,  oil  of  turpentine,  and  especially  in  chlorofoim  ;  soluble  abo 
in  ether  and  in  carbonic  disulphide.  It  melts  at  114^,  and  solidifies  on  oooling  to  a 
resinous  mass,  which  gradually  becomes  crystalline.  When  heated  in  a  tnbe,  it  sub- 
limes in  oily  drops.    The  alcoholic  solution  is  precipitated  by  water. 

Laserpitin  is  insoluble  in  dilute  acids  and  aUialis.  Strong  nitric  and  solphnne 
acids  dissolve  it,  but  the  solutions  are  precipitated  by  water.  The  alcohoUe  solotioB 
is  not  precipitated  by  an  alcoholic  solution  of  mercuric  chloride,  lead-aoetate,  silrer- 
nitrate,  or  potassium-iodide.  Heated  in  sealed  tubes  to  150°  with  strong  hydzoehlorie 
acid,  or  to  200*^  witli  dilute  sulphuric  acid,  it  yields  a  black  pitchy  mass. 

By  the  action  of  concentrated  alcoholic  potash,  laserpitin  is  resolved  into  angelic 
acid  and  laserol,  C'^H^O*,  a  crystalline  resin  precipitable  by  sulphuric  add : 

C»*H«K)»  +   H«0     -     C"H«0*  +   2C»H»0«, 
LasorpitiD.  Lawrol.  Angelic 

the  decompositaon  being  analogous  to  that  of  athamantin  (i.  430}  into  oreoselin  and 
Taleric  acid : 

C^H»»0»  +  H«0     «     C"H*«0*  +  20*H"0«. 
Athamantin.  Oraotelin.  Valeric 

add. 

The  root  of  Lasgrpitium  latifoUum  yields,  by  distillation  with  water,  a  small  quantitj 

of  a  volatile  oil,  similar  in  taste  and  odour  to  oil  of  pelaigoninm.    This  oil  does  vi 

yield  angelic  acid  by  oxidation. 

IiXTBOVBUUC  ACZB.  C^H*«0«.  (Gob el,  Ann.  Ch.  Pharm.  xxriz.  237-- 
Ettling,  t6i<2.  xzxix.  242.~Wohler,  idic;.  zlL  150.— Heumann,  ibid.  xli.  303.- 
Malaguti  and  Sarzeau,  Compt.  rend.  xv.  518. — Gm.  xvii.  375.)^ A  ciystalliBe 
acid,  which  forms  the  chief  constituent  of  some  kinds  of  oriental  besoars  (L  584).  To 
extract  it,  the  besoars  are  dissolved  in  boiling  alcohol,  and  the  crystals,  which  fam 
slowly  on  cooling  the  solution  and  concentrating  the  mother-liquor,  are  purified  by  le- 
crystallisation,  with  the  help  of  animal  charcoal.  Or,  the  bezoars,  after  being  ex- 
hausted with  water,  are  treated  for  24  hours  with  cold  dilute  ammonia;  the  fil- 
trate is  decolorised  with  animal  charcoal ;  and  the  lithofeliic  acid  is  precipitated  bj 
dilute  sulphuric  acid  and  washed.  The  acid  precipitated  from  alkaline  solutions  n- 
quires  still  to  be  purified  by  crystallisation  from  boiling  alcohol. 

Lithofeliic  acid  crystallises  in  very  small,  clear,  rhombic  prisms,  with  obhqae  end* 
faces;  hard  and  easily  pulverisable.    Melts  at  204®  (Gobel),  205^  (Wohler),  and 
solidifies,  when  not  heated  above  its  melting-point,  to  an  opaque  crystalline  mass. 
When  heated  a  few  decrees  above  its  melting-point,  it  solidifies  to  a  clear  amorpliou 
glass,  which  becomes  electric  when  rubbed,  and  melts  at  105^  to  110®  to  a  viscid  msn* 
Alcohol  poured  upon  this  amorphous  acid  produces  a  large  number  of  fine  cridc^ 
and  the  acid,  when  left  in  contact  with  a  little  alcohol,  again  becomes  oystsUiBe 
(Wohler).    The  acid  slowly  excites  a  bitter  taste  in  the  mouth  (Winckler).   It 
dissolves  in  29  pts.  of  alcohol  at  20'',  and  in  6^  pts.  of  boiling  alcohol ;  the  soluttoo 
has  an  add  reaction.    The  acid  dissolves  in  444  pts.  of  eUier  at  20®,  and  in  47  p^  ^ 
boiling  ether. 

Lithofeliic  acid,  when  melted  in  contact  with  the  air,  volatilises  in  whit^  niptxo'* 
which  exhale  an  aromatic  odour.    By  dij  distillation  it  loses  1  at.  water,  »^^^ 
verted  into  an  acid  oil,  C^H^^O',  called  pyro lithofeliic  acid,   ^j^*^^^^ 
dissolves  in  strong  sulphuric  acid,  forming  a  solution  which  become  miO^^  ^^ 
tion  of  water.    Hot  nitric  acid  converts  it  into  a  yellow  acid,  «/tible  \u  M«wft  ^'^ 
crystallising  therefrom,  and  containing  C»H"(N0«)20».     (M a\agMV\ auA  ^*^?^*^' 

Lithofeliic  acid,  heated  with  sugar  and  sulphuric  acid,  produces  a  ^o\et  coMmw* 
similar  to  that  which  is  produced  in  like  manner  by  the  biliary  acids.  .     . 

The  lithof  ellates  are  but  little  known.    The  acid  dissolves  easily  in  cs»*Jft  •*" 
kalis  and  alkaline  carbonates. — The  ammonium-salt  is  known  only  in  sointaoa.^'-"^ 
potassium-  and  ammonium-salts  are  amorphous  and  gummy. — ^The  barium'*^  ^^'^^^ 
crystals  very  soluble  in  alcohol. — A  lead-salty  of  variable  composition,  is  obtained  M  * 
white  precipitate,  slightly  soluble  in  water,  somewhat  more  soluble  in  alcohol,  on  mix- 
ing an  alcoholic  solution  of  the  acid  containing  a  little  ammonia,  with  neutral  aoeitets 
of  lead.^The  silver-salt,  obtained  in  like  manner  by  precipitation,  appean  to  contMn 
C-«H«AgO«. 

Syn.  with  MoJUKTAKinc  Aao  (iii.  1049). 

See  PuBPURATBs  (iv.  748). 
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MVOOWIO  ACXD.  C^*0«.  (F.  Bode,  Add.  Ch.  Fharm.  cxzxii.  95 ;  Jahrasb. 
1864,  p.  400.) — A  dibasic  acid  produced  by  the  action  of  sodium-amalgam  on  the 
chlorinated  add,  C*H^CPO^,  obtained  by  treating  mucic  acid  with  pentachloride  of 
phosphorus  (iii.  1068).  On  treating  the  resulting  mass  with  hydrocnloric  acid,  eva- 
]>orating  to  dryness,  and  exhausting  wiUi  ether,  a  solution  is  obtained,  which  yields 
muconic  add  as  a  white  laminar  mass,  melting  at  195^,  solidifying  at  185^,  easily 
soluble  in  alcohol,  sparingly  in  ether,  soluble  in  110  pts.  of  water  at  16^,  and  crys- 
tallising from  hot  water  in  long  prisms,  often  grouped  in  stars. 

The  muconates  are  for  the  most  part  easily  soluble  and  amorphous ;  the  ammonium- 
salt  (but  not  the  free  add)  gives  a  reddish  precipitate  with  ferric  chloride,  and,  if  not 
too  dilute,  a  white  predpitate  with  silTer-nitrate. — The  neutral  zmc-aalt,  C*H^n"0\ 
separates  from  hot  water  as  a  white  amorphous  mass.  The  ethyUc  ether  is  a  colourless 
liquid  which  BinkR  in  water. 

yAyBTBTXr<JOBI»OUW»a.  Nitrate  of  Diazonaphthalene,  C'«H*N'. 
NHO",  is  formed  by  the  action  of  nitrous  acid  on  moistened  nitrate  of  naphthyl  amine, 
and  is  obtained,  by  spontaneous  evaporation  of  the  aqueous  solution  filtered  from  a 
brown-red  amorphous  product,  in  white,  easily  soluble,  ezplodve  needles. — Perbro' 
mideof  DiaeonapKthalene,  C'H'N'.HBr',  prepared  like  the  corresponding  ben- 
zene-compound (iv.  431),  forms  orange-yellow  crystals. — The  pUtHnwn-eatt,  2(G>*H*N*. 
HCl).Ft(Jl*,  forms  short,  yellowish,  nearly  ins<^uble  prisms. — Diaeonaphtholifn- 
ide,  C'*H*N*.HN,  passes  over  as  a  yellowish  oil  when  the  substance  formed  by  the 
action  of  ammonia  on  the  perbromide  is  distilled  with  water.  It  smells  like  naphtha- 
lene, and  turns  brown  in  contact  with  the  air. 

Naphthyl'hvdrate,orNaphthyl-aloohol,&*IPO  -  C"H».H.O.— Produced, 
with  evolution  of  nitrogen,  when  the  aqueous  solution  of  nitrate  of  diazonaphthaleneis 
boiled: 

CWH«N»  +  H«0     =     C'*H«0  +  N«. 

VThen  purified  by  solution  in  potash,  precipitation  with  acetic  acid,  and  distillation,  it 
forms  uiining  white  lamina,  which  melt  at  91°  to  a  colourless  oil.  It  volatilises 
without  decomposition,  bums  with  a  smoky  flame ;  dissolves  sparingly  in  water,  easily 
in  alcohol,  ether,  and  benzene;  smells  like  creosote,  and  has  a  burning  taste.  It 
unites  with  strong  bases,  forming  easily  decomposible  compounds ;  is  converted  by  nitric 
add  into  nitro-compounds,  and  by  bromine  into  bromonaphthyl-alcohoL  (Griess, 
Chem.  Soc  J.  xiz.  90;  Jahresb.  1866,  p.  459.) 

Na phthyleulphydrate,  C"H*.H.S. — Produced  by  the  action  of  nascent  hydro- 
gen (zinc and  sulphuric  acid)  on  naphtbylsulphurous  chloride  (p.  561) : 

C"H'C1S0«  +   3ff'     -     C"H»S  +  HCl  +   2H«0. 

It  passes  over  on  distillation  as  a  colourless,  strongly  refracting  oil,  having  an  unplea- 
sant odour,  a  specific  gravity  of  1' 146  at  23°,  boiling  without  decomposition  at  285°, 
not  miscible  with  water,  sparingly  soluble  in  alkalis,  easily  soluble  in  alcohol  and 
ether.  It  acts  strongly  on  finely  pulverised  mercuric  oxide,  forming  naphthyl-mercwric 
eufphide^  (CH')'Hg'S',  which  separates  from  hot  alcohol  as  a  pale-yellow  powder. 
— The  oorresjponding  Uad-oompound^  (C'*H*)*Pb'*S»,  is  deposited  as  a  lemon-yeUow 
fusible  predpitate,  on  mixing  ue  alcoholic  solutions  of  lead-acetate  and  naphthylsul- 
phydrate. — The  copper-compound  is  a  pale-y^ow  precipitate. 

h'aphthyl'disulphide,  (C'®H')'S*,  separates,  by  spontaneous  evaporation  from 
an  alcoholic  solution  of  naphthylsulphydrate  saturated  with  ammonia  or  potash,  in 
yellow  monodinic  crystals.  It  melts  at  85°,  is  insoluble  in  water,  slightly  soluble  in 
alcohol,  easily  in  ether.  In  contact  with  zinc  and  sulphuric  acid,  it  is  reconverted  into 
naphthylsulphydrate.    (Schertel,  Ann.  Ch.  Pharm.  cxzxii.  91.) 


Syn.  with  Dinitrosalicylic  add.  (See  Salicylic  Aao, 
p.  139). 


An  alkaloid  contained,  together  with  psendocurarine,  in  the 
leaves  and  branches  of  the  oleander.    (See  PsmxpocuKAnun,  iv.  743.) 


AOZB.    See  Lithofeluc  Acid  (p.  1092). 
,    Syn.  with  Dbctl  (p.  1090). 

See  Colloidal  Agido  (p.  1089).  • 
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Silicon,  Bromide  of        ....    268 
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Distyiol  ... 
Styrone  (s.  StyryKc  Aloohol) 
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Sulphocyanic  ethers       ....    616 

Ally  lie  sulphocyanate,  or  yolatile  oil 

of  mustard  .....  — 
Amylic  sulphocyanate  .  .  .619 
EthVlic  sulphocyanate  ...  — 
Ethylenic  sulphocyanate  .  .  620 
Hexylic  sulphocyanate  ...  — 
Methylic  sulphocyanate .  .  .  ^^ 
Naphtbylic  sulphocyanate  .  .  621 
Phenylic  sulphocyanate  ...  — 
Sulphocymenic  acid  (s.  Cymylscdphur- 

ous  acid,  ii.  298). 
Sulphodraconio  add       ....      — 
Sulphoflayic  acid  (a.  Indigosnlphnrio 
acids,  iii.  262). 

Sulphoform — 

Sulphofulyic  add  (s.  Indigosulphuric 

acids,  lit  262). 
Sulphoglucic  acid  (s.  Gluoososnlphuric 

acid,  iu  872) 
Sulphoglutinic  acid        ....      — 
Sulphoglyceric  acid  (b.  Glycerosulphuiic 

acid,  il.  892^. 
Sulphoglycollic  acid  (s.  Ethylenic  acid, 

sulphate  of,  ii.  682). 
Sulphohippuric  acid      ....      — 
Suipho-hydroquinonic  acids  (s.  Hydro- 

qumone,  ui.  217). 
Sulphomargaric  and  Sulpholeic  acids    .    622 

Sulpholignic  acid — 

Snlphomannitic  add      ....      — 
Snlphomelanurcnic  acid.  •        .      ~ 


Solphomellonic  add      •         •         •        •   fiS 
Snlphomethylio  add  (a.  Methy]aii]^>bii- 

no  add,  p.  626). 
Sulphomolybdates  (a.  Molybdenmn.  iU. 

1048). 
Snlphomorphide     .        .  .  .        ,     — 

Sulphonaphthalene.       .         .         .        ,     — 
Sulphonaphthalic  add  (s.  Sulphuroas 

ethers,  p.  560). 
Sulphonaphthalidamic  acid    (s.   Naph' 

thlonic  acid,  iv.  17). 
Sulphonaphthanic  acid  (s,  Sulphonaph- 
thalic add). 
Sulphonarcotide     .        .         .         .        .    6SI 
Sulphophenic  add  (a.  Snlphoric  ethos. 

p.  627). 
Siuphophenylamide       .         .         .        ,     — 
Sulphophenylic  chloride  (a.  Stilphuioaa 

ethers,  p.  564). 
Sulphopnenylic  hydride  (p.  564). 
Sttlphophenylsucdnamic  acid       .        .      SH 
Sulphopblcnramic  acid    »...—' 
Sulphophloretic  add      .         .         .        .     — 
Sulphophosphates  and  Solphop^onpfaitoB  (a. 

Phosphorus,  sulphides  of,  iv.  603,  604). 
Snlphopianic  add  (s.  Opianic  add,  iv.  WS), 
Solphopurpuric  acid  (&  Indicroaulphario 

adds,  iii  262). 
Sulphopyromucic  add    .•••—* 
Sulpho<^uinie  add  (a.  Qulnine-wiipluirio 

add,  IV.  26). 
Sulphoretinylic  acid       ....-' 
Sulphonific   add    (s.   LidkrasnlnlmzM? 

adds,  ilL  262). 
Sulphosacdiaric  or  Solphogladc  add 
Sttlphosalicylic  add        ... 
Sulphosinapic  add  .        .       .       • 

Sulphodinapisin 

Sulphosuccinic  add        .... 
Sulphoaulphamylio   add  (a.  Amylaal- 

pburuofl  add,  p.  662). 
Smphotelluratea    and    SulphoteUorites 

(s.  TeUurinm,  p.  718). 
Sulphothymic  acid  (a.  CymybaJ^moBB 

add,  u.  298). 
Sttlphotoluolamide    or    Solpbobenu^l- 

amide 

Sulphotoluylic  add  (a.  Salphnioiis  «tlwi4 

p.  558). 
Sttlphotolylamic  add     .       . 
Sulphotriphosphamide   .      >      '...__' 
Sulphovanadatea  and  SulpbofMoaditet 

(s.  Vanadium,  SalpladescO'  ,  .    . 
Sulphovinic    add  ^   BtiiyWpto* 

acid,  p.  622).  ,.      .  v-u 

Snlphowidio  wad  (^  lndi8wn^P««* 

acids,  iii  262).  ,^.    i. 

Sulphoxalenide  and  8«ipiwwp*JJfL\ 

Cyanogen,  Sulphydtatea  of,  »•  «•)•  *     _ 
Sulphoxybenzoic  add    .       •      ■      *     ^ 
Sulphur        .        .       .       •      '      '   S38 
Sulphur,  Bromides  of     .       •     .;    Jt 
Sulphur,  Chloridea  of,  or  SnlphJ^  «     _ 
chlorine      .        .        .       •      •      *     ^ 
Disulphide  of  Chlorine   •      *      *   K35 
Protosulphide  of  Chlorine       •      •     ^ 
Tetrachloride  of  Sulphur       •     . ; 
Sulphur,  Cyanide  of   (a.  Sdphocy*"* 
anhydride,  p.  515.)      .        .     . '    ^' 
Solphor,  V      --^^  and  Estimafaon  01  x  ^ 

1.  Beactiona     .        .        .     /^^^ 

2.  Quantitative  estimation  and  aepar    ^^ 

ration  •        .       •       *       *    cog 

3.  Atomic  weight  of  sulpha'  .       •    •" 
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PAGE 

Solphnr,  Flaoridc  of       ...       .    539 
Stdphuri  Iodides  of         .        .        . 
Sulphur,  Oxides  and  Oxygen-adds 

of 

Dioxide   of    Salphnr,    Sulphurous 

oxide  or  anhydride  .  .  .  540 
Scdphnrous  acid  ....  54L 
Sulpbnzons  chloride  .  .  .  542 
Sulphites,  metallic  . 
Sulphites,    Alcoholic ;   Sulphurous 

ethers 

Amylaulphurous  acid 
Diaxnylio  sulphite    . 
Benzylsulphurous  add     . 
Gumenylsnlphurons  add  . 
Ethylsulphurous  add 
Ethylsulphurous  chloride 
Diethylic  sulphite    . 
EUiylamylic  sulphite 
Methylsulphurous  add     . 
Methylsulphurous  chloride 
Dimethylic  sulphite 
Meth^l-ethvlic  sulphite  . 
Chlormated  methylsulphurous 
add       ..... 
Chloromethylsulphurous  chlo- 
rides       

KaphthylBulphurous  acid 
Naphthylsulphnrous  chloride  . 
Ethyl-naphtnylic  sulphite 
Napnthyi-thionamic  add . 
Bromo-,  Chloro-,   and    Kitro- 
naphthylsulphurous  adds     . 
Phenylsulphurous  add     . 
Phenylsulphurous  chloride       .      — 
Thymylsulphurous     add     ^s. 
Cvmylsiuphurous    acid,    u. 

Xylylsulphurons  acid       .        .  565 
Sulphurous  ethers  containing  Disr 

tomic  Alcohol-radides : 

Bthylene-sulphurous  acid       .        .  666 

Methylene-sulphuTOus  add      .  567 

Naphthylene-sulphurous  add  .  568 

Fhenvlene-eulphurous  acid      .  — - 

Tritylene-sulphurous  add        •  569 
Trioxide  of  Sulphur^  Sulphuric 

Oxide  or  Anhydride    .        .        .  — 

Sulphuric  add         ....  571 

Sulphuric  bromide  ....  575 

Sulphuric  chlorhvdnite  ...  — 

Sulphuric  chloride  ....  576 

KitrosoBulphuhc  add      .        .       .  577 

Sulphates  of  Nitrosyl  or  Azotyl       .  — 

Sulphates,  Metallic         ...  — 

Sulphates  of  AInTwininm  .  .  579 

Aluminic  double  sulphates : 

Alunu 580 

Sulphates  of  Ammonium  — 

Antimony,  Barium       .               .  584 
Sulphates  of  Bismuth,  Cadmium, 

dnsium,  and  Galdum  .        .        .  585 

Sulphates  of  Cerium               .       .  586 

Sulphates  of  Chromium  .        .       .  588 
Sulphates  of  Cobalt        .       .       .590 

Sulphates  of  Copper       .        .        .  — 
Sulphates  of  Did^'minm,  Erbium, 

Gludnum 594 
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Sulphates  of  Iridium 
Sulphates  of  Iron  . 
Sulphate  of  Lanthanum 
Sulphate  of  Lead  . 
Sulphate  of  Lithium 
Sulphate  of  Magnesium 


595 
598 
600 


Sulphates  of  Manganese . 
Sulphates  of  Mercury 
Sulphates  of  Molybdenum 
Sulphates  of  Nickel,  Osmium,  Pall* 

dium 

Sulphates  of  Platinum 
Sulphates  of  Potassium   . 
Sulphates  of  Rhodium,  Rubidium 

Ruthenium,  Silver 
Sulphates  of  Sodium 
Sulphate  of  Strontium    . 
Sulphates  of  Tellurium,  Teri)ittm 

Thallium      .... 
Sulphates  of  Thorinum,  Tin    . 
Sulphates  of  Titanium,  Tungsten, 
Uranium      .       .       .       .       ! 
Sulphates  of  Vanadium,  Yttrium 

Zinc 

Sulphate  of  Zirconium    . 
Sulphates,     Alcoholic ;    Sulphuric 

Ethers.        .        .        . 
AllylBulphuric  add .       . 
Amylsulphurio  acid . 
But3rl-y  Capryl-,  and  Cetyl-sulphuho 

adds 

Ethylsulphuric  add 
Diethylic  sulphate  . 
Sulpbethamic  acid  . 
Methylsnlphnric  acid 
Dimethvlic  sulphate 
Octylsulphuric  add . 

Phenylsulphnric  add 

Appendix  to  Phenvhndphuric  cuAd 

ParaphenyUulpnurous  acid 

DibromophenyUulphuirous  acid 

Diazophenylsulphurous  add    . 

Diazodibiomophenylsulphurous 

add       .... 

TetiylsulpKuric  acid 

Tritylsulphuric  add 

Hyposulphurous   or   Thiosulphuric 

add 

Dithiohic  or  Hyposulphuric  acid 
Trithionic  add .       .       •       • 
Tetrathionic  aoid 
Pentathionic  add    . 
Sulphur-acids  or  Sulphanhydrides . 
Sulphur-bases 
Sulphuret  (s.  Sulphide,  p.  482). 
Sulphuric  add  and  anhydride  (p.  569). 
Sulphuric  chloride  (p.  576). 
Sulphuric  ethers  (p.  620). 
Sulphurous  add  and  anhydride   (p.  540). 
Sulphurous  chloride  (p.  542). 
Sulphurous  ethers  (p.  551). 
Sulphur^«alts  .        .  .      .        .        . 

Sulphuryl       .        .  ... 

Sumach  ...  .        .        . 

Sumbulamic  add 

Sumbul-balsam  (s.  Sumbul-root). 
Sumhulic  add ...... 

Sumbuline 

Sumbul-oH 

Sumbul-root '  . 

Sundyikite 

Snnstone 

Super , 

Superphosphate  •  .  .  .  . 
Surinamine  •••••< 
Surturbrand  ..'..., 
Snsannite  or  Snzannite  .... 

Svanbexgite 

Swaga 

Swamp-ore 
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^SwieteniA 645 

Sycooerylio  add     •       •       •       .       •  — 

Sycooerylic  aloohol        •       •       •       .  — 

Sycbcerylic  aldehyde     .       •       .       .  646 

Sycooerylic  ethen          •       .       •        .  — 

Syooretm 647 

Syenite — 

Syepoorite — 

Syhedrite — 

Sylvan   •..•...  — 

Sylvanite — 

Sylvicadd 648 

OxysyMc  acid       •       .       .       .  660 

Sylvine  or  S^rlvite — 

Sylvinolic  acid — 

Symbols,  Chemical  (s.  Formula,  ii  695 ; 

"and  Notation,  iv.  186). 

Symmorphosifl        .        .       .        •        •  — 
Sympathetic  ink     •••••— 

Symphytum — 

Symplesite 651 

Synantherin  (ii  Sinistrin,  p.  811). 
Synaptaae  (a.  Kmnlrin,  ii  486). 

Syndeanidea •  — 

Synovia  .•.••.•  — 
Synthesia,  Chemical       ••••-* 

Synlonin        •#••••  — 

Syria 652 

Syringa  .•#••••»- 

Syiingenin — 

Springopicrin  •       •       •       •       •       .  653 

Syrup — 

Ssajbelyite — 

Sa^o    •••*.••  — 

T 

Tabaaheor      ••••..  658 

Tabefgite — 

Tabular  apar — 

Tacamahae 654 

Tachyaphaltite — > 

Tachydnte — 

Tach^lyte •  — 

Tnnim — 

Tagilite ^ 

Tagua-nnt — 

Ta^ong — 

Taigu  wood •  655 

Taiguic  add ~^ 

Takourave  (a.  Nephrite,  iv.  81). 

Talc ^ 

Talc,  Indurated 656 

Talc,  White — 

Taknalam      •••...  — 

Talcapatite — 

Talc-chlorite  (a.  Glinodilare,  L  1085) 

Talo-iTon-ore — 

Talc-ironatone — 

Talc-garnet <— 

Taldta  or  Talkite — 

Talcold — 

Talcoaedate — 

TaUicoonah^dl  (a.  Ganpardl,  L  749). 

Tallingite — 

Tallow 657 

Talmigold — 

Ta-lou — 

Taltalite — 

Tamarinda — 

Tamarite — 

Tamarix.       ......  658 

Tamtama        .••...  — 

Tanacetic  add       .....  — 


Tanaoetin       .       • 

Tanacetnm     .       • 

Tanah-ampo  .       • 

Tangfainia       .        . 

Tangiwaite     .        • 

Tankite  . 

Tannaapidic  add    . 

Tanneoort^inic  add 

Taonenite 

Tannic  add.    Tannin 

Tannigenamic  add  Cs.  Crallamic  aeid.  iL 

769). 
Tanningenic  add  (a.  Gstocliiii,  i.  816). 

Tannomdanic  add fS 

Tannopicadd.  .  .  .  ,  .  - 
Tannozylic  add     .         «  .         .        .    - 

Tansy - 

Tantalite - 

Tantalom SB 

Tantalum,  Bromide  of  .  .  .  .  - 
Tantalum,  Chloride  of  .  .  .  .  - 
Tantaium,  Detection  and  Estimatioii  of: 

1.  Blowpipe  reactiona       .        «        .   ff 

2.  Reactions  in  solotion  .  .  .  — 
8.  Estimation  and  aepanitioii .  .  ^ 
4.  Atomic  weight  of  TantaloMB       .     " 

Tantalum,  Fluoride  of    .         .        .       .   6fi 
Tantalum,  Nitride  of     .         .         .       .     - 
Tantalum^  Oxides  of      •        .        .       .     — 
Dioxide  or  Tantalooa  oxide     .       .     — 
Pentoxide,  Tantalic  oxide,  or  Anhy- 
dride         - 

TsntaUcadd       .        .       .       .  (^ 

Tantalatea — 

Ferroua  Tanfalate;    Tamit^tB 

and  TcpioUte         .       .       .     — 

Tantalate  <^Tttrinm :  Fttroim-     _ 

talite 96i 

Tantalum,  Sulphide  of  .       .      .      «   ^ 

Tapanhoacanga "" 

Tfe^ioca  . 

Tapiolite. 

Tar. 

Taraxadn 

Taraxacum 

Tamowitzite 

Tartar    . 

Tartar-emetic 

Tartaric  add 

Dextiotartaric  mad ,      . 

Lievotartaric  add   • 

Tartrates 

Tartrates  of  Honatomic  mettf 
Tartrates  of  Diatomic  meialf  . 

Tartrates    confcainiivr  '^**^  fgi 
metals  and  Meti2J0f<^  ji.  ' 
Aeidt  iaomerie  wiA  Ttrnv*  fff'^\ 
Racemic  or  Pantotanc »<»^'" 
Inactive  Tartaric  «Ms»^*"'**      ^ 
add      .        .       •      *     '     '  Ij^ 
Hetatartaric  add    .       •     *     '  6td 
Glyootartaric  add  .  /.. /, 

Addt  Artwd  /hwi  rarlarie  ie«  jj 

for  the  AkohoSe  Hydrogen  _ 

DiacetotartaricaddandaDl^T^^^    _ 

Benzotartaric  add  . 

D9)romotaitario  add 

Nitrotartaric  add 
Tartaric  amidea 
Tartaric  anhydridea        .        '      '     '  691 

Ditartanc  add. 

Tartzdic  add  . 

Insoluble  tartaric  anhydride 
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TarUrie  Ethers 691 

a.  NetUralEtheneontaiMtigMamatomic 
Alcohol  Badidus 
BthyUc  Urtnt&  or  Tartaric  ether  . 
Acetotartario  etaer . 
Diaoetoiartaric  ether 
Benzotaitaric  ether. 
Acetobenzotartario  ether 
Saccinotartaric  ether 
Hethylic  tartrate    . 
/B.  Ajeid  JEthers  cuniaUung  Momatamie 
jUeohol  BadicleB: 
Amyltartaiic  acid    • 
Ethyltartaric  acid   . 
Ethylbenzotartaric  add 
Methyltartaric  add . 
Citrotanaric  acid    . 
7.  Tartarie  JSthen   eontaiMmg   Foljf' 
aionue  Alcohol  Badiekt : 
Glaooflotartaric   add;  Glyeero-tar- 
taric  add  Ac.       ...       • 

Tartarin 

Tartarus  ....•■• 
Tartralic  add  (s.  Ditartaric  add,  p.  691). 

Tartramethane 

Tartramic  add       .        .       .       •       • 

Phenyltartramic  add      •       •       •      — 
Tartramide     .        .        .        .        .        •      — 
Diphenyltartramide         ...      — 
Tartramylic  add  (b.  Amyltaitaric  add, 

p.  694). 
Tartranil  (s.  Phcnyltartramide). 
Tartnnilic  add  (b.  Phenyltartramic  add, 

p.  679). 
TartraDilide  (s.Phenyltartramideyp.697). 
Tartrates  (p.  675). 
Tartrelic  add  (p.  691). 
Tartretbylic  acid  (s.  Ethyltartaric  add, 
p.  694). 

Tartrimide 698 

Tartroglyceric  add  (s.  Glycerotartario 

add,  n.  898). 
Tartromethyhc  acid  (s.  Methyltartaric 
acid,  p.  695). 

Tartronic  add. •— 

Tartrovioio  add  (s.  Ethyltartaric  add, 
p.  694). 

Tartryl — 

Tartiylic  add  (s.  Tartaric  add). 

Tasmanite — 

Taanus-date  ••.•••      — 

Taurine 699 

Tauriscite 700 

Taurochenocholic  add    .        •       •        •      — 

Taurocholic  acid — 

Taurylic  add  ..••••    701 

Tautocline .702 

Tautolite         ...•••      — 

Taxin — 

Tavutin •       •      — 

Tcnarlan — 

Tchinguel'^akesey — 

Tea        ... 

Teak 


706 


Tears  (s.  Serous  fluids,  p.  286). 
Tectizite        .... 


■f 


y 
f 


Tectona  (s.  Teak). 

Teeth 

Tekoretin  ..•••• 
Telaesin  or  Telescin  .  •  •  • 
Telerythrin  ...••• 
Teleaie  (s.  Comndam,  ii.  86). 
Telluramyl  (s.  Amyl,  TeUuiide  of,  i.  206). 
TeUuratOB  Q).  716). 
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707 

709 

710 

711 
712 
718 


714 
716 


718 
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TeUtuethyl  (s.  Ethyl,  TeUuride  f^  ii 

650). 
Tellurhydric  add  (s.  Hydrogen,  TeUtt;- 

ride  Of,  iiu  204). 
TeUnric  add  (p.  716). 
Telluric  bismuth  (s.  Tellarides). 
Telluric  ochre        .        .        •       •        • 
Telluric  silTer  ^  TeUurides). 
Tellurides  and  Tellurhydntca       •       • 
TeUurites  (p.  714). 

Tellurium 

TeUurium,  Alloys  of  (s.  TeUuridesL  pw 

707). 
Tellnrium,  Bromides  of  •       »       •       • 
Tellurium,  Chlorides  of  •       •       . 
Tellurium,  Detection  and  estimatioa  of; 

1.  Blowi>ipe  reactions     .       •       • 

2.  Reactions  in  solutioa  .  •  • 
8.  Estimation  and  smratioa.  • 
4.  Atomic  weight  of  Tellurium      . 

Tellurium,  nuorides  of .  •  •  • 
TeUurium,  Iodides  of  ...  • 
TeUurium,  Oxides  and  Oxygen-adds  of: 

Tellurous  oxide  or  anhydride 

Telluioosadd 

Tdlttrites 

Telluric  oxide  or  anhydride    •       • 

Telluric  add    ..... 

Tellurates 

Tellurium,  Selenide  of  .        •       •       • 
Tellurium,  Sulphides  of.        .       .        .      — 
Tdluromethyl  (s.  Methyl,  Tdluride  of: 

ia  992). 
Tellurous  salts       .       .       .       •       •    719 
Temperature  (s.  Heat,  iii.  18). 

Temperiiig — 

Templin-oil    ••••••      — 

Tennantite 720 

Tenorite •      -— 

Tephrolte      .•••••     — 

Tephrosia      • — 

Tersciylic  add  (s.  F^yrotereUc  add,  ir. 
776). 

Teratolite — 

Teratonatrite — 

Terbium  and  Erbium       •        .        •      » 

Terebamic  acid 728 

Terebamide — 

Terebene — 

Terebenic  add  (s.  Terebic  add). 
Terebenthene.       .       •       •       •       .      — 
Terebentilic  add    .....— 

Terebendc  add — 

Terebic  add •— 

Terebic  ethers 726 

Terebilic  acid  (s.  Terebic  add). 
Teiecamphene        .....      — 
Terechrydc  or  Tereciylic  add       •       •      — 
Terenite.        ...,,,-. 
Terephthalamide  (p.  726). 
Terephthalic  acid — 

Nitrotercpbthalic  add  •  •  •  — 
Terephthalic  amides  •  .  •  •  726 
Terephthalic  chloride  .  •  •  .  727 
Terephthalic  ethers  .  .  .  ,  _ 
Terephthalyl-nitrile    (s.    Terephthalic 

amides,  p.  726). 
Teropiammone  (s.  Opianic  acid,  Amides 
of,  iv.  206). 

TmhT^l^*-  Turpentine-oil,  Hydrates 

TerpinolJ    *^> 

Terra  Catechu  (s.  Crtediii,  i.  816). 

Tenadi  Siena -« 


Tenm  Kiltata  Tuf  art 


Tern  Dobiiis 

Tcm  pondenia 

Term  lunbts 

TOTBvitmcihaiB 

Teuelile  (b.  Apophyllltfi,  I  SGI). 

I'naoral  pTritoa 

TBUrtinB        

Teunohediy  (a.  Crfstillogr^ihj,  U.  131, 

Tet™ 

Tetiaduite  (b.  Seqto^te,  p.  MS). 
Tetndecyl  or  Tetradecolyl    . 

Tetrartymita 

Tetrahedrite 

T«tnmercuniDiii)oliinTa     (a.   Heieaiy- 

bMea,  AmiuDniaeal,  UL  917). 
TetramethylBiniiioniuai . 
Tetramethflethjlene      .        .        .        - 
TetranltnmaptbUiatone .        .        ■        ■ 
Tetnpbospliamio  wiila  -        '        -        ' 
Tetraph«ph«le»     .      .  •      ,• 

Tetrathioaic  add  («.  auIpoT.  Osygen- 
■i-id»of,p.6«I).        .      .       ,„       , 

TrtniKKiiphenyl  (>.  DuaobeniUme,  W. 
41i). 

Tftraiwlipl 

TeliaphyM 

TetreiliybuniUDDiiUD       .... 

TslTTl 

Tetirl,  Acelai™  of .       . 

Tetryl  AlcohiJi 

Telryl,  Bromida  of 

~  '   'I,  Cnboaite  of  (h.  Catboolc  ethsTB, 


Thsllium,  llromidoa  of 
TbalUum,  Chlorides  of 
Thallium,  Cvanida  of 
ThalliuiD,  DetMtioD  sod  Kwirnaty 
I.  Reactions  in  tlie  dry  way 


I.  Atomic  weicht  of  TliaUium 
■     1,  Flno  ■  ■ 


iphntjluuide 


Tetirl,  ( 

ilor 

Tetryl,  Chloride  of 

Tetryl,  Cyuuda  of  (b.  Cj-anideB,  ii.  S72). 
Trtryl,  Formate  of  {■-  Formic  ethers,  ii. 
695). 


Tetryt  Hydrate  of. 

Tetryl,  Hydride  of. 

Tetryl,  lodidea  of 

Telryl,  Nitral*  of 

Teijyl,  Oxide  of 

TetrTl,  Sulphateof  {».  Snlpht 

p.  6291. 
Tetryl,  Sulphydrate  of   , 
TetijluniDa    . 
Tetrylene 
Teliyleae-diainine . 
Tetryleoie  acetate  . 
Tetrylenic  alcohol . 
Tetrrlenk  bromide . 
-        lenic  chloride 

l-glycol  (s.  Tetrylea 

l-nmanthyl  {«.  BuCyrone, 


I,  Iodides  of 

ThaUium.  OxvgeD-salta 

A.  Thallioua  salts 

g.  Thallic  islu 
Thallnim,  Phosphide  of 
Thallium,  Selmide  of 
ThBllium,  Sulphide  of 
ThalliuiD-benzamide 
Thallinm-eihera     . 
ThHllium-glass 
ThaJJium-triuaiiK 

IWandlu  ?s.  Bil 
•niebaine      '  . 
Thebolactic  add 
Theino    .... 
Thakithermiii  (a.  Banein.  f.  SCO) 

ThmMiilta      .  .  ■' 


Theobroma  , 
Theobigmine  . 
Thermobaiomel 


ThermophyUita      . 

ThcnnonUt     . 

Thcrythrin     , 

Thiacetio  acid 

Thiaoetic  anhydride 

Thialdina 

Ethyl-thiaUine 
Helhyl-ihialdiDi 
"-■thyl-ihialdi- 


Thiamelhaldine  (s.  UetbjhduMj^oe). 

Thianisoic  add ™ 

Thiajiieol        ...-■'_ 
Thiersdiita     .       .       -.      •       ■  — .i" 
Thiethaldine  (lEttj^**"*"^  I*  ™    _ 


IlliobeDzal     . 
Thiobutyric  acid    . 

ThiocapriDaldine    . 
Thiochrunic  acid 


Thio 

Thiodiaeetimide     .        .       •      ' 
Thiodlglycollainic  add  . 
Thiodiglj-oollamide 
Thiodiglycollic  or  Thiodiacctie  W 
ThiodiglycolUc  chloride . 
Thiodiglycollio  ethei 
Thlodigljcollimid  B 
Thiofonnic  acid 
Thiof 
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ThiomethaMine  (a.  Methjlthialdine,  p.  774). 

Thionamic  acid 778 

Tbionamide — 

Thionaphthalic  acid  (s.  Naphthylicilphu- 

roas  acid,  p.  560). 
Thionaphtiumio  or  Naphthylanlphamin 
add     .•...••      — 

Thiooeasal 779 

Thionniioadd       .       •       •       *•       •     — 

Thionyl 780 

Thionylamic  acid  (a.  Thionamio  add. 

p.  778). 
Thionylamide  (a.  Thionamide,  p.  778), 
Thiopnoephamlc  acid 
Thiophosphodiamic  add 
Thiosalicol      •       . 
Thiosinamine . 

Bromothiosinamine 

Amylthioanamine 

EthylthioBinamine 

MethylthioBinamine 

Naphthylthiowinamine 

Phenylthioeinamxne 
Thiosiiianiliiie  (b.  Phenylthioflinamine) 
Thiosinnaphthylamine    (s.     N^>hthyl 

thioBinamine). 
Tbiotoluic  acid 
Thiotolaolic  add 


787) 


785 


Tbiovaleric  add 

ThjOrsa  Lara  . 

Thjdisanite     . 

Thomaite 

Thomsonite     . 

Thoriaa  (a.  Thorinum,  Oxide  of,  p. 

Thorinum  . 

Thorinam,  Bromide  of 

Thorinum^  Chloride  of 

Thonnum,  Detection  and  Estimation  of    786 

Thorinum,  Fluoride  of    . 

Thorinum,  Iodide  of 

Thorinum,  Oxide  of;  JJiorina 

Thorinum,  Oxydiloride  of     . 

Thorinum,  Oxygen-aalta  of   • 

Thorinum,  Oxysulphide  of     . 

Thorinum,  Phosphide  of 

Thorinum,  Sulphide  of 

Thorite  . 

Thorium  (a.  Thorinum) 

Thniulite 

Thridadum     . 

Thrombolite   . 

Thsing-hoa-liao 

Thuja 

Thujene  (s.  Thujone). 

lliujetic  add  . 

Thujetin 

Thujigenin 

Thujin 


781 
782 

788 


784 


787 


788 


789 
790 
791 


Thujone . 

Thulit«  (s.  Epidote,  ii.  490). 

Thumite  (s.  Axinite,  L  477). 

Thuringite — 

Thyme,  Oil  of 791 

Thymeid  (s.  ThymoU,  p.  798). 

Thymene 792 

Thymidcadd  (a.  Tbymoticadd,  p.  795). 

Thymine — 

ThymoU — 

Th>'monamide;  Thymo'ilio  add;  Thy- 
monol  (a.  Thymou). 

Thymol 798 

Pentabromothymol ....  794 
Ohlorothymols  ....  — 
Nitrolhymole 795 


PAOB 

795 
796 


Tbymoticadd  .  .  .  • 
Thymotide  ..... 
Thymus  (s.  Thyme,  Ofl  o^  p.  791). 

Tbymua-gland       .....  — 

Thymyl 797 

Thymyl,  Hydride  of     .         .       •        •  — 

Thymylsulphuric  add    ,        .        .        .  — 
Thymylsnlphuroua  add  (a.  Cymylaiil- 

phurouB  add,  ii.  299). 

Ticonaa  Poiaon       •       .               ,       .  ... 

Tile  ore  ..•••.,  — 

Tilkerodite — 

Tillandsia ^ 

Uma 798 

Timazite — 

Tin — 

Oocuzrenoe  and  diatributioii  .       .  — 

MetaUoigy 799 

Propertiea 808 

Tin,AUoyBof 804 

Tin,  Bromides  of 805 

Tin,  Butter  of 806 

Tin,  Cbloridea  of — 

Dichloride  or  Stannona  Chloride    .  ^- 

Sesquichloride         ....  807 

Tetrachloride  or  Stannic  Chloride  .  808 
Tin,  Cyanide  of  (s.  Cyanides,  ii  278). 
Tin,  Detection  and  Estimation  of: 

1.  Blowpipe  reactions      .        .        .  810 

2.  Reactions  in  solutian  .       .        .  -. 
8.  Quantitative  estimation     .        •  811 

Volumetric  estimation    .        .  812 

4.  Separation  from  other  metals      .  — 

5.  Atomic  weight  of  Tin         .        .  818 

Tin,  Fluorides  of — 

Tin,  Iodides  of 814 

Tin,  Oxides  of: 

Protoxide  or  Stannous  oxide  .       •  815 

Sesquioxide 816 

Dioxide  or  Stannic  oxide        .       .  — 
Stannic  by^hutes  and  salts      .        .817 

Stannic  acid  and  stannatea      .        .  818 
Metastannic   add    and   Metastan- 

nates 820 

Tin,    Oxychloride,    Oxyfluoride,    and 
Oxviodjde  of  (pp.  807,  818,  814). 

Tin,  Phosphide  of 821 

Tin,  Sdenides  of    .       .        .        .        .  — 

Jin,  Sulphides  of 822 

Protosulphide    or    Stannous    sul- 
phide     — 

S^uisulphide        .        .        .        .  — 

Disulphide  or  Stannic  sulphide      .  — 

Sulphostannates       .        .        .  828 
Tin,  Sulphochloride  and  Sulphoiodide  of 
(pp.  8U9,  814). 

Tincal 824 

Tin-ore — 

Tinplate — 

Tin-pyrites — 

Tin-radicles,  Organic      ....  — 

Stannethvls 825 

Sunnmethyls 882 

Stannamyls 835 

Tirolite  (s.  Tyrolito) 

xiSilfit^id}     «•  Titanium  (p.  844). 

Titaniferoos  iron  (p.  846). 

Titanite  .... 

Titanium    . 

Titanium,  Alloys  of        ....  836 

Titanium,  Bromide  of     . 

Titanium,  Chlorides  of    . 

Titanium,  Cyaoidos  of  (s.  Cyanides,  iL  273). 
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842 

844 
846 
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849 
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TiUniiun.  Detection  and  Estimation  of 

1.  Blowpipe  reactions     .        •        •    887 

2.  Reactions  in  solution  .        .       .    888 
8.  Estimation  and  separation 

Volumetric  estimation  .    839 

4.  Atomic  weight  of  Titanium        .    840 
Titanium,  Fluorides  of  . 
Titanium,  Iodides  of     .        .        .        .841 
Titanium,  Nitrides  of     . 
Titanium,  Nitrocyanide  of     . 
Titanium,  Oxides  of: 

Protoxide   .... 

Sesquioxide  or  Titanous  oxide 

Dioxide  or  Titanic  oxide    • 
Titanic  acid    . 
Titanatee 
Titanium,  Oxychloride  of  (p.  88 
Titanium,  Oxyfluoride  of  (p.  840^ 
Tiuninm,  Sulphide  of    . 
Titanium-green      .       . 
Titaninm-aand 
Titanium-^^eel       .        . 
Titration 

Tiza —J 

Tobacco  ,        .       .       .       ;    .   •     .  ' 
Tobacco-camphor    (&   Niootianme,   iv, 

44). 

Tobacco-oil  Wl 

Tobacco-seed  oil      >        •        • 
Toddalea  (s.  Lopes-root,  iii.  788). 
TolollyWphide 

Tolene 

ToUd 

Tolin  (s.  Toluene) 
Tolu-balsam  (s.  Balsam,  L  498). 
Toluamie  acid  (a.  Oxy  toloamie  acid,  iy, 
821). 

Toluene  or  Toluol — 

Amidotoluene  (s.  Tolnidine,  p.  865). 
Aaotoluenea   (a.  Azotoluidines,   p. 

867). 
Bromotolaenes        ....    852 
Chlorotoluenea        ....    858 

Ethyltoluene 857 

Hydroxyltoluene,  Greaol,  or  Cre^ylic 

Alcohol — 

Methyltoluene        .       •       .       .     — 
Dioxvmethyltolnene    ...      — 

Nitrotoluenes — 

Oxytolic  acid 858 

Snlphur-derivatiyes  of  Toluene,  and 
compounds  isomeric  with  them : 
Benzylic  sulphydrate 
Toluenic  sulphydrate 
Benzylic  sulphide     . 
Oxybenzylic  sulphide 
Benzylic  disulpbide 
Toluenic  disutohide 
Oxybenzylic  aisnlphide 
Toluene-sulphamide 
Toluene-sulphobromide  .        • 
Toluene-sulphocbloride  . 
Toluene-sulphuric  acid   .        .        •        •    860 
Tohiene-sulphurous  acid         .        •        .    861 
Toluenyl  (s.  Tolyl). 
Tolu-eugenyl  (s.  Eugenotoluic  anhydride, 

ii.  605). 
Tolu^lycic  acid  (s.  Tdnrio  add,  p.  868) 
Toluicor  Tolnylic  add  .       •       • 

lodotoluic  add        ....    862 

Nitrotoluic  add       . 

Nitrotoluic  ethers        ...    868 

Dinitrotoluic  ethers 

Oxytoluamic  add    . 


Toloie  or  Tolnylic  add 

Alphatoluic  add 

Paiachlorotoluic 
Tolnie  aldehyde 
Toluic  anhydride    . 

Salicylotoluic  anhydride 
Tolnie  Chloride 
Toluic  ethers  . 
Toluidenc  or  Benzylidene 
Toluides. 
Tduidine 

Phenyltoluidine        « 

Benzyltoluidine        • 

Dibenzyltoluidine    •  « 

Derivatiyes  of  Toluidine 
Aldehyde-radides     . 
Azotoluidine        •  • 

Azoditoluidine 
Azophenyl-tolyldiamine 

BcMjlamine   . 
Dibenzylamine     • 
Tribenzylamine   .  • 

Phenyl-Denzylamine     . 
Toluol  (s.  Toluene). 
Toluohc  add  (s.  Toluic  acid). 
Toluonifcrile  (s.  Benzylcyanide,  i.  57S> 
Tolnoeakcyl,  or  ToluosAUcrial  (u  Sth- 

cylol,  p.  170).  "^        ^ 

iToluricadd  ...  .         .      ,    - 

Toluyl ,  g69 

Toluylamiiie - 

Toluylene - 

Toluylic  acetate - 

Toiuylic  add  (s.  Toluic  acid,  p.  861). 
ToluyUc  alcohol     .        .         .        .       -    - 

Toluylic  chloride 8^ 

Toluylic  sulphide  and  snlpbydn/tf .       •     "' 
Tolyl  or  Benzyl — 

Amidobenzyl -" 

Bromobenzyls ^ 

Nitrobenzyl — 

Tolylacetamide — 

Tolylamine  (a.  Benzylamine,  p.  867). 

Tolylaniline 

Tolylbenzamide     .       .      .      < 
Tolylcaibamide      .       .       .       • 
Tolyl-diphenyl-rosaniline  ^y.  *73). 
Tolylene  (s.  Benzylene^  1 677). 
Tolylene-diamine  .       .      •      • 


Ti3\ 


S 

^ 


858 


859 


sn 


Tolylene-triamines . 

Tolyl-ethyl-orea J 

Tolyl-phenylamiDa      '      '      '      '    Z 

TolylsaUcylsmitftf '      *      '      '      '  $74 

TolylsuccuuButfs  •    ,  •      •  ..  '  -h' 
Tolyl8ulpfcBron»broinids,diionde,iitt     ^ 

hydride      .      •      •      •      *     *     ^ 
Tolyl-thioeinaoune.      •      •     *     *    ^ 

Tombac •     •     ^ 

Tombadte  .       .      <      *     *     . 

Tonka-beans  .       .       •      •     *     *    . 

Topaz     

Topaa^rock     .       .       .      •      * 
Topazolite      •       .       «.      •      *     ' 
Torbanite       .        .       .       •      *      ' 
Torberite  (s.  Uranite). 
Tormentilla    .••••* 

Torpedo •      ' 

TorreUte  (s.  Niobite). 

Torricellian  yacnum        •       •      •      * 

Touloucouna  or  Talacana  oa(B>vtf*P* 

oil,  I  749). 
Tonlonnm  oil .       •       •       .      •     * 
Tourmaline     .        .       .       •      •      * 
Tourmaline^  Artificial    . 
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Tounnal'iie-rock  And  Tourmaline^Uite .  877 
To'wanite  (a.  Copper-pyrit€t»r  ii.  77). 

Trachydolerite       .    '  .        .        .        .  — 

Trachyte — 

Tragacanih  (s.  Gum,  iL  955). 

Trai^opogon — 

Traiiapiration .       .....  878 

Transudation — 

Trap        .        .     • — 

Trapa — 

Trass — 

Traversellite — 

Travertine — 

Trehala  or  TricaU — 

Trehalose  (s.  Mycose,  iii.  1068). 

Tremella. — 

Tremenheerite        .....  879 

Tremolite — 

Tri — 

Triallyl-Bulphiodide       ....  — 

Triamyl-fflycerin    .....  — 
Triamyliaene  (s.  Trioxamylamine). 

Trianospenna — 

Tricala  (s.  Trehala). 
Tricapionylarotoe     (s.     Trioenanthyla- 
miDe). 

Tricarballylic  acid — 

TricartNillyUc  ethers       ....  880 

Trichaldte — 

Trichopyrite — 

Triclante  (a.  Fahlunite,  ii  615). 
Tridacium  (s.  Thridacium,  p.  788). 

Tridecyl,  Hydride  of  — 

Triethylglycerin  or  Triethylin       .       .  — 

Triethylsalphine 881 

TrietbyisulphnrouB  compoands       ,        .  — 
Tricthyl-tntylphydte  (p.  896). 

Trifoliam 883 

Trigenic  acid — 

Triglochin 884 

Triglycollamic  acid  (s.  GlycoUamic  addSy 
ii.  905). 

Triheptylamine — 

Triheptylidene-diroHUiiline     .       .        .  _ 
Trihydrocarboxylic  acid  (a.  Hydrocar- 

boxylic  acids,  iiL  189). 
Trimercuranil,  Nitrate  of  (iv.  475). 

Triraethvl-glycerin  or  Trimethylin        •  886 

TrimethylBulphine — 

Trimethylsulphnroas  compounds  .        •  — 

Trimethyl-telluroua  compounds     .        •  886 
Trimorphism  (a.  Dimoipnismi  ii  881). 
Trinacnte       ......— 

Tricenanthylamine  (a.  Triheptylamincu 

p.  884). 
TruBnanthylidene-diroBaailine  (p.  884). 

Trioilite — 

Trioxamylamine     .....  — 
Trioxyalizarin  (s.  Purpurin,  iv.  751). 
Trioxyprotein  (a.  Protein,  iv.  788). 

Tripe-stone     , — 

Triphane — 

Triphylline — 

Triple  salts — 

Triplite — 

Tripoclaae  (a.  Thomsonite,  p.  784). 

Tripoli 887 

Trithionic  add  (a.  Sulphur,  Oxygen-adda 
of,  p.  689). 

Triticin — 

Triticum.        • — 

Tritomite — 

Tritoxide — 

Trityl  or  Propyl — 


FAOR 

Trityl  alcohols 889 

Trityl  ethers 890 

Trityl,  Hydride  of 891 

Tritylamme  or  Propylamine  ...  — 

Trilylene  or  Propylene  .        •       •        .  892 

Tritylenic  alcohol — 

Tritylenic  ethers — 

Tritvlphydte  or  Propylphydte      •        .  893 

TritViphycitic  add 894 

Tritylphydtic  dichlorhvdrin  ...  — 

Tritylphycitic  diohlorobromhydriii         .  — 

Tritvlphycitic  ethers      ....  895 
Trombolite  (s.  Thrombolite,  p.  788). 

Trona — 

Trooetite — 

TropcBolum — 

Tropine  .......  — 

Truffle 896 

Tcheffkinite  or  Tachewkinite         .       •  — 

Tchen ~ 

Tchermigite 897 

Tschewkinite  (a.  Tacheffkinite). 

Tachomosem -. 

Tae-hong — > 

Taing-lieu      • — 

Tttb^  cibarium  (s.  Truffle,  p.  896). 

Tuedte  ....                .       ,  ... 

^  uia       ....•».  ^"^ 

Tulip-tree — 

Tulucnna,  Tuliooona,  or  Tallicoona  oil, 
^8.  Carapa  oil,  L  749). 

Tulucunin ..— 

Tungaten — 

Tungaten,  AUoya  of       ...        .  898 

Tungsten,  Bromides  of  .        .        .        .  — 

Tungaten,  Chlorides  of  .        .        .        .  899 

Oxychlorides 900 

Tungaten,  Detection  and  Estimation  of: 

1.  Blowpipe  reactions      .        .        .  901 

2.  Reactions  in  solution  ...  — 
8.  Estimation  and  separation  .  .  — 
4.  Atomic  weight   ....  902 

Tungsten,  Fluoride  of    .        .       .       .  — 

Tungsten  mineral — 

Tungsten,  Nitride  of      •        •       •       •  — 
Tungsten,  Oxides  of: 

Dioxide  or  Tungstens  Oxide .        •  908 

Trioxide,  Tungstic  Oxide,  or  Anhy- 
dride   ...'..,_ 

Tungstates 904 

Metatungstates       ....  911 
TungHten,  Oxybromides  of  ^p.  899). 
Tungsten,  Oxychlorides  of  (p.  900). 

Tungsten,  Phorathides  of        .        .        •  918 

Tungsten,  Sulpnides  of .        .        .        .  914 

Sulphotuugstates 

Tungsten-methyl 916 

Tungsten  compounds 
Tungstosilicic  adds 

Silicotun^ic  acid 

TungstORilidc  acid 

Sili(»-dedtung8tic  acid   .        .       •  918 
Tungstoso-tungstic  compounds      • 
Tun^tous  compounds    .       .        . 

Tunicin , 

Turi>eth  (a.  Tnipeth). 

Turgite 

Turmaline  (a.  Tourmaline^  p.  875). 

Turmeric 

Tumbnll'a  Blue 919 

Tumerite        .        .        . 
Turner's  Tellow     . 
Turnip  (s.  Braaaica,  L  664). 
Tuipentme    . 
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923 

924 

925 

926 


9S0 


9S3 
934 
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l\iTpeiitin6  camphor      ....    920 

Turpentine  j^all-nuts       ....      — 

Tur|)entine,  Oil  of — 

Coropoonds  of  Turpentine>oil  with 
Hydrochloric,  Hydrobromic,  and 
Hydriodic  acids  .... 
Hydrates  of  Turpentine-oil 
Molecular  tranafoniiaiioD  of  Turpen- 
tine-oil          

Substitution-products    of    Toxpen- 
tliie-oil 

Turpentine-varnishes     .        .        •        , 

Turpc'th  or  Turbith  mineral    . 

Turpeth  or  Turbith  root         .        . 

Tur{)ethic  acid 

Turpethin 

Turpetholic  acid 

Turrite  (s.  RutUe). 

Tussila^o 

Turquois 

Type-metal 

Types,  Chemical    ..... 

Typha    

Tyrite  (s.  Niobates,  iv.  65). 

Tyrolite 

Tyrosine 

Amidotyrosine  .... 
Dibromotyrosine  .... 
Nitrotyrosine  .....  — 
Dinitrotyrosine  *  .  .  .  .  — 
Erythrosin      .        .  '     .        .        .935 

l^osine-sulphuric  add  ...      — 


U 

Vifotti 936 

Ulexite  (s.  Borocalcite,  L  643). 

Ullico — 

Ullmanita 936 

L'lmaric  acid — 

Ulmic  acid,  Ulmin         ....  — 

Ulmous  or  Humous  substances      .        .  — 

Ulmus — 

Ultenite — 

Ultramarine — 

Ulva 938 

Umbellic  acid •— 

Umbelliferone — 

Umber 939 

Un^hwarite — 

Umo — 

Unionite         ......  — 

Unitary  theory — 

Upas — 

Uraconiae 940 

Uralite ■- 

Uralite-porphyry — 

Uralorthite — 

Uramil  (a.  Dialuramide,  ii.  815). 

Uramilic  add — 

Uranates — 

Uranic  add — 

Uranite — 

Uranium — 

Uranium,  Bromides  of  .        .        .        .  942 

Uraniimi,  Chlorides  of  .        .        .        .  — 

Uranium,  Cyanides  of    .        .        .        .  — 
Uranium,  Detection  and  Estimation  of: 

1.  Blowpipe  reactions     .        .        .  943 

2.  Reactions  in  solution  •  .  .  — 
8.  Estimation  and  sefiaration  .  .  — 
4.  Atomic  weight  of  Uranium         .  944 

Uranium,  Fluorides  <^    .        .         .        .  945 

Uranium,  Iodides  of       .  — 
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unnium,  Oxides  of       •          .         .  .   Mi 

Uranous  oxide         .          .         .  .   9lf 

Uranoso-nranic  oxide       .         ,  .    — 

Uranic  oxide  •        .          .         .  .   917 

Uranates  .        •          .         •  .     — 

Uranium,  Sulphides  of  .          .         .  .   99 

Uranium-green  —  Uranyl       .         .  .   90 

tTrao .     - 

Urari  (s.  Curara,  ii  185). 

Uidite    ....         .         .  .    - 

Urea       ....          .         ,  .    961 

Compounds  of  Urea          .         T  '   90 

Substitution-deriyativGB  of  Urea  .    954 

Ureides  ....         ,         .  ,     — 

Uret « 

Urethamylane,  Urethane,  UrethyLme    .     — 

Uric  add 951 

Urates 95S 

Ptoduets  fonned  from  Uiic  acid  by 
oxidation,  &c  .  .  .  .  ^ 
Olyooluric  add.  .  .  .960 
Bromacetrlureaa  .  .  .  — 
Glycoluril  .  .  .  .  — 
Barbituric  add .         .         .        .961 

Urine  ^ 963 

Urinary  sediments  and  *»-iil<»^|li        .    9$5 

Analysis  of  urine    .         .         .        .    966 

Urine,  Fumble  salt  of     .         .         .       .    968 

Urine,  Spirit  of — 

Urochrome  —  Uroriio^        .        .       .     — 

Urosteatite — 

Uroxanic  add, 969 

Ursone — 

Urtica 970 

Usnic  add  or  Usnin  .  .  .  .  — 
Uvitic  and  Uvitonic  adds  .  ,  .  971 
Uwarowite — 


Vaccinic  add         .... 

Yaccinium 

Vacuum.         .        .        ... 

Yalene  (s.  Valerone). 

Valendanite 

Valentinite     •  .       .       •    *  • 

Yaleracetonitzile 

Valeral • 

Compounds    and    deiiradTts   of 
vaieiral.       .       .      .      •      ' 

Valeraldine    .      .       •       * .     !m  «' 
Valeramic  add  (».  AmidoTiIenc  aaO,  p. 

978). 
Valeramide    .       «       .       •      •      ' 
Yaleramine    .       .       .       .      •     * 
Yaleranilide   .       •       >       •      ■      * 
Yalerates  (p.  976). 
Yalerene  (s.  Amylene  and  BoOMne). 

Yalerian 

Yalerianic  or  Valeric  add 

Yalerates        .       .       .      • 

Amidovaleric  add  • 

Bromovaleric  add  . 

Chlorovaleric  adds .        .       • 

Kitroyaleric  add  .  .  • 
Valerian-oil  .  •  .  .  • 
Valeric  aldehyde  (s.  Valeral,  p.  978). 
Valeric  anhydride  .... 
Valeric  bromide  and  chloride . 
Valeric  ethers  .  •  .  • 
Valeric  iodide.  .  .  .  • 
Valeric  oxides        .        .        ,       • 


971 
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"ValezioB         • 

Valerisic  acids 
'Valerodichlorhydrin 
'Valero^ljceral 
STauL  . 


981 


982 


985 


986 


Vale 

'Valerolactic  add 

"Valerone 

Valeronitril«  (a.  Cyanide  of  Tetryl,  ii. 
272). 

"Valeroyl 

Valerosic  acida 

Valeroxrl  (s.  Valenrl). 

Valeroyl  (a,  Valeryf). 

Valerureid  or  Yalerylarea  (a.  CarbamideSi 
i.  768). 

Valeryl 

Valerylamidic  acid  (a.  Amidovaleric  acid, 
p.  978). 

Valeiyl-ba^l  (a.  Yiderone,  p.  981). 

Valerylene 

Valeryl-hydride  (a.  Yaleral,  p.  978). 
Voler^lnrea  (a.  Yalemreid). 

Valonia 

Valyl — 

Valylenei — 

Valylidea  (a,  Yalylene). 
Tanadat68  (a.  Yanadium,  p.  989). 

Vanadicacid 983 

Vanadiobronzite    .....      — 

Vanadinite — 

Yanadious  acid  (a.  Yanadimxii  p.  988). 

TaDadites — 

Tanadiam — 

Yanadlom,  Bromide  and  Chloridea  of   . 
Yanadium,  Detection  and  Eatimation  of: 

1.  Blowpipe  reactiona 

2.  Reactiona  in  aolution  . 
8.  Eatimation  and  Separation 
4.  Atomic  weight  of  Vanadium      . 

Yanadinm,  Flaoridea,  Iodides,  and  Ni- 
trides of      987 

Yanadimn,  Ozidea  of    .       .       .       .     — 

Dioxide — 

Trioxide 988 

Tetroxide  or  Yanadiooa  oxide       .      — 

Yanadiona  aalta  and  Yanaditea      — 

Pentoxide  or  Yanadic  oxide   .        .    989 

Yanadic  aalta  ....      — 

Yanadatea        ....      — 

Yanadiom,  Oxybromide  of    .  .    992 

Yanadium,  Oxychloridea  of  ,        .        .      — 

Yanadiom,  Snlphidea  of .       ...    993 

Yanilla 994 

Vanillin ,      — 

YaponiB,  Denaity  of  (a.  Specific  graTity, 

p.  866). 
Yapoara,  Latent  heat  of  (a.  Heat,  iil  96). 
Yapoura,  Tcnaion  of  (a.  Heat,  iii.  81). 

Varec — 

Yarenna-juioe        .....      — 

Yariolaria — 

Yariolarin — 

Variolite — 

Yarisdte — 

Yamiah — 

Varricite — 

Yascoloae       . 
Yateria  . 
Yaugnerite     • 
Vauqneline     . 
Vanqnehnite  • 
Vegetable  alkali 
Vegetable  ethiops 
Vegetable  Ivory 


PAGE  FAOB 

980    Yegetable   parchment  (a.  CeUuloee,  i. 

819). 
Y^tablea,  Nutrition  of  (s.  Nutrition  of 

Plants,  iy.  162). 

Yein-stones 996 

Yenetian  red  ......  — 

Yenetian  Talc  (a.  Talc,  p.  656). 
Yenice  Turpentine  (a.  Turpentine,  p. 

9i9). 

Yerantin .  — 

Yeratric  acid — 

Yeratrin  (a.  Yeratmm-resin). 

Yeratrine 996 

Yeratrol 997 

Yeratrum        ......_ 

Yeratrum-reain       ....,.— 

Yerbaacum — 

Yerbena-oil"    ......— 

Yerdigris        ...                .        .  «— 

Yerditer — • 

Yerroiculite — 

Yermillion  (a.  Mercuric   Sulphide^  iii. 

913). 

Yermontite 998 

Yernonia 998 

Yertidine        .       .        .        t       .        .  — 

Yeauvian        ••••••  — 

Yetch  (a.  Yicia). 

Vetiver ,       ,  — 

Yibumic  acid .        *        .        •     -  ,        •  — 

Yibumum — 

Yicia 999 

Yignite — 

Yiilarsite — 

Yine       .......  — 

Yinetin ,  1000 

Yinegar  (a.  Acetic  acid,  i.  7). 

Yiola      ......... 

Yiolan — 

Yiolantin — 

Yiolenic  acid  (a.  Ylola). 

Yiolet  (Aniline) 1001 

Yiolin  or  Yiola-emetin   .       •        .        .  — 

Yioline — 

Yiolnric  acid  ....••  — 

Yirginia  creeper 1002 

Yir^ic  acid  ....,.— 

Vinde  wris  (a.  Yerdigris). 

Yiridic  acid     ....«•  — 

Yiridin  (a.  Chlorophyll,  i.  922). 

Yiridine  .....••  1003 

Yirola  tallow -^ 

Yiacautschin — 

Yiscene •        .  — 

Yiacic  acid •— 

Yiacin — 

Yiscinol  .......  — 

Yiacoeimeter  ......  — 

Yiscum  .......  1004 

Yitellin — 

Yitex — 

Yitia  (a.  Yine  and  Yirginia  Creeper). 

Yitrinopal — 

Vitriol — 

Yitriol-odir«  ,.,.•.— 
Yitrile  (a.  Yitrinopal). 

Yitrum  Antimonii  .        •       .       «        .  1005 

Yivianite  ^^ 
Ysicknerite  (a!  Hydrotaldte,  iii.  219). 

Yoplite — 

Yoiglite — 

Yolborthite — 

—  I  Yolcanic  glasa  (a.  ObaiiUau,  iv.  169). 

—  !  Volcanite — 
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Volgerito 1005 

Voltaic  battery  (a.  Electricity,  iL  414). 

Toltaffometer — 

Voltaite — 

Voltameter — 

Voltzin  or  Voltzite — 

Volume — 

Volume,  Atomic  (s.  Atomic  Volume.  L 

440). 
Voliunenometer  or  Stercometer      .       .      — 
Volzin  and  Volzite  (a.  Voltzin  and  Volt- 
zite). 
Voraulitc  (s.  LazuHte^  ill.  477). 

Vorhauserite 1006 

Vosgite  . 

Vulcaniaation 1007 

Vulcanite 

Vulpic  acid 

Vulpinite 

-Vulpulic  acid,  Vulpulin  (a.  Vulpic  acid) 


W 

Wacke  (s.  Grauwacke,  iL  842). 

Wad 1008 

Wagite — 

Wagnerite — 

Waifa — 

Walchowite — 

Waldheimite — 

Wall  lichen — 

Walnut •— 

Warwickite 1009 

Washinetonite — 

Wasite,Waflium — 

Water — 

Occnrrence,  Propertiea    ...      — 

Keactiona 1012 

Combinations 1013 

Natural  water 1014 

Rain-water — 

Spring-water 1015 

River-water 1017 

Sea-water 1019 

Quality  of  water  uaed  for  economic 
and  technical  puiposea        .        .  1022 

Water-analyaia 1026 

Estimation  of  Fixed  Constituents  .  — 
Uardneaa  .  .  .  1027 
Organic  subatanoea  .  1028 
Acid  constituents  .  1083 
Bases  .  .  .  1034 
Statement  of  the  Results  of  Water 

Analyses 1035 

WavelUte — 

Wax: 

1.  Animal  wax :  Bees-waz     •  — 

2.  Vegetable  wax: 

Chinese  wax :       »        .        .        .  1036 
Cowtree-wax        .        .        .        t      — 

Cuba-wax — 

Japan-wax — 

Stop-wax  or  Propolis  .        .       .  1037 
Wax,  fossil  (s.  Ozocerite,  iv.  822). 

Websterite — 

WehrUte — 

Weissigite — 

Weissite         •       .   •    .       .  •    •       •     — 

Weld — 

Welter's  Bitter  (s.  Picric  acid). 
Wemerite  (s.  Scapolile). 

Wheat — 

Whewellite — 

Whisky — 


White  antimony    •        •        «       «       .  103? 
White  arsenic        •        •        •        •       .    — 

White  copperas — 

White  iron  pyrites  •        •        •       .    - 

White  lead - 

White-lead  ore       •        •         .        •       •    ~ 

White  pigments — 

White  teUuriam 10» 

White  vitriol - 

Whitneyite — 

Wichtisite,  Wihtisite,  or  Wichtjm         .    — 
Willemite,  Wilhelmite,  or  WilUamaite  .    - 

Willow - 

Wiluite - 

Wind-furnace — 

Wme    .         ......— 

Analysis  of  Wine    ....  lOfl 
Wine,  Oil  of  (s.  Etherin,  iL  507). 

Wiserite 1013 

Withamite " 

Witherite - 

Wittichenite  or  Wittichite     .        .       .    — 
Wittiogite      ...        •       •       .    " 

Woad - 

WOhlerite - 

WSrthite - 

Wolchite - 

WolchonskoTte — 

Wolfram IM 

Wolframine  or  Wolfram-ochre      •      .    ' 

Wolfsbergite — 

Wollastonite -~ 

Wongahy  or  Wongsky  .        .       .       .    — 
Wood     . - 

Decay  of  woody  fibre      .       .       .     -- 

Destructive  distillation  of  wood     .  1015 

Weod-oil — 

Wood-spfrit  (s.  MethyL  Hydrate  of,  iii. 

988). 
Wood-tar  (s.  Tar,  p.  670). 
Wool      .        .       V       .       .       .      .  IW« 
Woorara  (s.  Cortn,  iL  186).  ,^- 

Woota 1W7 

Wormseed "" 

Wormseed-oil "^ 

Derivatives:  Cinffbene,  Ciiu*ffl»«' 
camphor,  Ciniephene,  GoKfbMoe, 
Cinasphone,  and  Cioaciol    •      •  ]^ 
Woulfe's  apparatus        .      .      •      '  ™ 
Wrightine      .       .       ,.••'" 

Wuffenite Z 

Wurtxite        ..•••' 


Xanthamide  . 
Xanthamylamida  « 
Xanthamylic  acid  • 
Xanthamylic  ether 
Xanthan         .       •  ^ 
Xantharin  or  Xanthil 
Xanthazarin  .       • 
Xanthein        •       • 
Xantheline     .        • 
Xanthene       .       . 
Xanthydric  acid    • 
Xanthic  acid  . 
Xanthie  ether 
Xanthic  oxide 
Xanthides 

Xanthil  (s.  Xantharin) 
Xanthine 

Xanthinine     .        • 
Xanthinocaipin 
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1051 
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Xantbto-epar  (s.  Wnlfenite). 

Xanthitane 1051 

Xanthite 1052 

Xanthobetic  add — 

Xanthoehymns — 

XanthocoMltie  salts      ....      — 

Xanthooone — 

Xanthocystin  (a.  Tyroaine,  p.  931). 
Xanthogen     ......      — 

Xanthogen-oil       .....      — 

XanthofflobuUn      .....      — 

XanthoTdn — 

Xantholein     ......     — 

Xanthoneth]^lic  add      ....      — 

Xanthophenic  add         .        .        •       -.      — 

Xanthophjll — 

Xaathophyllite  (s.  Clintonite,  1 1026). 
Xanthopicrin  or  Xanthopicrlte       .        .  1053 

Xanthopiotdc  add — 

Xanthopyrite  (a.  Iron-pyritea). 

Xanthorhaxnnin — 

Xanthorrhoeareain  (a.  Acaroidreain  1 2). 

Xantborthite 1054 

Xantlioaiderite — 

Xanthotannic  add         ....      — 

Xanthozylene — 

Xanthoxylin — 

Xanthos^lon — 

Xantharin — 

Xenolite •— 

Xenotime — 

Xenylamine   ......     — 

'Azo-dixenylamine  ....  1055 

Dietbyl-xenylamine       ...      — 
Xenylene^amine .        ....      — 

Xenylenic  aloobol  .        .     •  •        .        •      — 

Xerasite .      — 

XUite(8.XyUte). 
Xilopal  (a.  Xylopal). 

Xuthene — 

Xylene  or  Xylol — 

Ethylbenzene 1056 

Bromo-xylenea       •        •        .        •  1057 


Gbloio-xvlenea 

■XTl 

Azo-xylene 


Kitro-xYlenea 


V 

le 


1058 


Ethyl-  and  Methyl-xylene     .       .  — 
Xylene-diamme  (a.  Xylylene-diamine). 

Xylene-aulphocbloride  ....  — 
XyleDe-aolpburio    add,  Amido-xylene 

aolphuiic  add — 

Xylene-Balphnroas  add         .       •       .  1059 

Xylene-aulpbydrate       ....  — 

Xyleoyl — 

Xylenylamine  (a.  Xylidine). 

Xylidamine — 

Xylidine — 

Dinitroxylidine      .   •    .        •        •  — 

Xylite — 

Xylobalaamum 1060 

Xylocbloeric  add — 

Xylochlore     .        .  '     .        .        .        .  — 

Xylocryptite — 

Xylold — 

Xyloldicadd — 

Xyloldin — 

Nitr03nrloIdin — 

Xylol  (a.  Xylene). 

XyloUte 1061 

Xylonea.       •••••.  — 

Xyloretin — 

XyloBtetn — 

XyloRtenm — 

xviota — 
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Xylyl 1061 

Xylylamine    . 
Xylylene 
Xylylene-diamine  . 

Nitrozylylene-diamine 
Xylylic  acetate,  chloride^  Ac  (a.  Tolayllc 

acetate,  Ac  p.  870). 
Xylj^ic  acid 1062 

Alphaxylylic  acid  ....      — 

Xylylic  aloohola — 

Xylylaulphamic  acid      ....  1063 


Yabicoja 1063 

Yam  A.  Dioacorea,  ii.  835). 

Yanobte,  or  Yantbolite  (a.  Axinite,  i.  477). 

Yeast  (d.  Fermentation,  iL  629). 

Yellow  copper-ore  (a.  Copper-pyritea,  ii, 
77). 

Yellow  copperaa  (a.  Botr^ogen,  L  651). 

Yellow  dyea  (a.  Eyeing,  li.  856). 

Yellow  lead-ore      ...,,— 

Yellow  metal — 

Yellow  ochre — 

Yellow  pigmenta -.. 

Yellow-p<*da — 

Yellow  tellurium  (s.  Sylvanite,  p.  647). 

Yenite  (0.  Lievrite,  iiL  589). 

Yerba  mat4$  (a.  Paraguay  tea,  iv.  349). 

Ypadn-plant  (a.  Coca,  i.  1059). 

Ytterbite,  Ytterite  (a.  Gadolinite,  il  757). 

Yttria — 

Yttrite  (a.  Gadolinite,  iL  757). 

Yttrium — 

Yttrinm-oomponnda        .       .       .  1064 
Detection  and  Estimation  of  Yttrium  1065 

Yttrocerite     ....,,.« 

Yttrooolumbite  (a.  Yttrotantalite). 

Yttroilmenite — 

Yttrotantalite — 

Yttrotitanite — 

Yh 1066 


Zacotinga      ...... 

Zaffie 

Zala  (a.  Borax). 

Zamboni'a  pile       •        •        .        •       • 

Zamtite 

Zanthopicrin  (a.  Xanthopicrlte). 

Zeagonite 

Zeaaite 

Zedoary . 

Zdodeute 

ZeaMalB 

Zein       ....,,, 

Zeolitea 

Zeotin-aaJt 

Zenxmbet-root 

Zinc 

Occurrence.    MetaUuigy 

Propertiea 

Zinc,  Alloys  of       .        .        ... 

Zinc,  Bromide  of 

Zinc,  Chloride  of 

Compound  with  Ammonia 

with  Alkaline  Chloridea 
with  Zinc-oxide    . 
Zinc,  Cyanide  of  (a.  Cyanidea,  ii.  274). 
Zinc,  Detection  and  Estimation  of: 

1.  Blowpipe  reactions      .        .        . 

2.  Reactiuna  in  solution  . 
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Zinc,  Detection  Ac.  (continued) — 

8.  Estimation  and  Separation .        .  1071 

4.  Atomic  weight  of  Zinc        .        .  — 

Zinc,  Fluoride  of — 

Zinc,  Iodide  of 1072 

Zinc,  Nitride  of — 

Zinc,  Oxides  of — 

Zinc,  Oxychloride  of  (p.  1070). 

Zinc,  Peroxide  of  (p.  1071). 

Zinc,  Phosphides  or       ...        .  1074 

Zinc,  Selenidefl  of — 

Zinc,  Seleniocyanate  of  (p.  220). 

Zinc,  Suboxide  of           ....  — 

Zinc,  Sulphides  of:  — 

Protosulphide — 

Oxysulphides           ....  — 

Pentasulphide         ....  1075 

Zinc,  Telluride  of  .        .        .        .        .  — 

Zincacotamide — 

Zincaraide — 

Zincamyl — 

Zinc-ash — 

Zincazurite — 

Zinc-blende — 

Zino-bloom  or  Zinconiae         ...  — 

Zinc-butler — 

Zincethyl  (p.  1076) 

Zinc-fahlore    .*..••  — 

Zinc-flowers — 

Zinc-glass  )  s.  Siliceous  calamine, 

Zinc-grammatite  j     i  718). 

Zincite — 

Zinckenite  (s.  Zinkenite,  p.  1079). 
Zinc-methyl  (p.  1078) 
Zinconise  (s.  Zincite). 

Zinc-phenylamide — 

Zinc-ph}rllite  (s.  Hopeite,  iii.  106). 

Zinc-radicles,  organic     .        .        .        .  — 

Zinc-amyl       .....  — 

Zinc-ethyl 1076 

Zinc-methyl 1078 

Zinc-spar  (s.  dalamine^  i.  713). 

Zinc-spinel  (b.  Gahnite,  i.  767).  * 
Zinc-vitriol  ?s.  Sulphates,  p.  617). 
Zino-vitrite  (s.  Siliceous  calamine,  L  714). 

Zinc-white      ....               .  1079 


Zingiber  (s.  Ginger,  ii.  SSS)  . 

Zinkenite 

Zippeite 

Zircon 

Zirconia . 

Ziroonic  acid  . 

Zirconite 

Zirconium . 

Modifications:  Amorphous 
line,  and  graphitoldal . 
Zirconium,  Bromide  of 
Zirconium,  Chloride  of 
Zirconium,  Detection  and   SstiniatioD 

of        .        .        . 
Zirconium,  Fluoride  of 

Fluozirconates 
Zirconium,  Nitride  of 
ZixY»nium,  Oxide  of 

Hydrates . 

Zirconates 
Zirconium,  Oxychlorides  of   (a^ 

nium,  Chloride  of,  p.  1080^. 
Zirconium,  Sulphide  of 
Zircon-syenite 
Zoiodin  . 
Zoisire   . 

Zomidin .        .        . 
Zoochemieal  Analysea  (a.  AnalyBia. 

250). 
Zoomelanin    . 
Zoonic  acid    . 


Ziroo- 


Zoostearic  acid 

Zootic  acid     . 

Zootine-salt    . 

Zooxanthin    . 

Zorgite  . 

Zoe^ra  . 

Zumic  or  Zymic  add 

Zurlerite  or  Zurlite 

Zwieselite       . 

Zygadite 

Zymic  acid  (s.  Zomio  acid). 

Z3rmic  infusoria 

Zymome 

Z3rmo8cope     • 

Zjvanrgy        • 
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